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[ Docunent Nane] Specification [Title of the

I nvention] Manufacturing Method of Single Crystal

[ Techni cal Field] [0001] 5The present invention
relates to a manufacturing nmethod of a single crystal
usi ng the Czochral ski process (hereinafter, referred
to as the CZ process) and, particularly, relates to a
nanufacturl nmet hod, of a single crystal for.
[RRRUFSRE WY t hePRFHE AT i8ngl e crystal by using the
MCZ process in which 10 a horizontal magnetic field
[Td tapsif el Eovansion L¥annbeetuf Backeytlvehdf Ay IE0DO2Jtal
Recently, high integration and fine structurization
[@kcehepehtBidiay advanced in sem conductor devices,
and accordingly, 15 inprovenent of quality of the
silicomeiingl e crystal, which is a substrate
material, is |ncrea5|ngly demanded. Particularly,

r educig gfes@ﬁe%x}ém%eféﬁa&ég rtedy%%qilu% wglw method

pul i ng of the silicon single crystal 1s strong
ee nethod r ucing the defects
R or  ERehproYEhal koA et Mg B B S gt
crgstal in an g re |on have been proposed, [0003]
CRZLE L0 el e o aye heen Broposed, 1000 eo to

devi ces and reduce manufacturing cost of |C chips,
at Hen g amatrdndoreshed o aspagibe crpsitall Wafersnufacturing
(hereinafter, sinply referred 25 to as wafers)
tbec&iﬂeﬁs:drarsg’egleRec}msﬂd]ybyt beinafEre diCanprecess ilh which

a horizontal magnetic field is applied to a silicon melt.
[Background Art] |

[0002]-

Recently, high integration and fine structurization of
eiements has advanced in semiconductor devices, and accordingly,
improvement of quélity of the silicen single crystal, which is
a substrate material, is increasingly demanded. Particularly,
reducing of Grown—-in defects introduced during pulling of the
silicon single crystal is strongly needed. Many pulling methods
for reducing the defects, for example, methods of pulling a
silicon single _crystal in an N regiocn, have been proposed.

[D0D3]

In addition, to improve the yield of semiconductor
devices and reduce manufacturing cost of IC chips, the diameter
of silicon single crystal wafers (hereinafter, simply referred

to as wafers) becomes larger. Recently, the wafer diameter is
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mai nl y 300mm which is changed from a conventi onal
200mm di aneter. The 300 mmwafers production is
‘increased rapidly. [0004] Because of reduction of the
G own-in defects and increase 5 of the weight of the
raw material for increase of the dianmeter of silicon
single crystals, stability of a silicon nelt flow
beconmes nore inmportant. Mre specifically, to reduce
me fal o it wdédcts oanged | frsgn asicagienekysalal2 00mye
shape of a crystal interface or the tenperature
ddamse ¢ butlhen3Dh mrrevalfens pirpidtgt bén tike ioryséadd rapidly.
interface is significantly inportant, and stable
contr@ooafl the tenperature distribution in the nelt
side is therefore required. [0005] Wth the dianeter

Of,tfHéé%dsEQﬂ@ré&HS&fb&b¥§hﬁlGEB@&S@?Sefé§?§ahéﬁgﬁmease
wei ght of the raw material has to be used for

o%iél’!ei %?%glﬁgcoa gthJaXJ mgggagég%eﬁgggigsgu%rEﬁe diameter

Crucl SO I nNCrease I hcheS of &

~ quartz crugible has been used.for ufact uri ng a 200
O i SEGHE | Cre A rg) BLEP) SRy R CAbIFER S IE Elow

inches of a quartz crucible is being used. 20[ 0006]
beYITET MOXG aRRPEFAThcr desengPerit hed huar tt2 erdersl Bhe
and al so the weight increasing of the filling raw
Grpeeriraldefrataraf xendectinoningle herysitkilcohhaedhiape of a
“becones strong, then it becones necessary to stably
cepfitd olidthke faatusal tigonegidreit ek thet2bbstidicdm the
nmelt. [0007] To sol ve such a problem

viesenty ve tik %E?B!’:ﬁﬁsiﬂﬂ@ﬁ:f%@eliﬁ@si%ﬁ‘f%%ﬁh@ﬂyoi_fm ant,

silicon nelt, it is proposed to apply a magnetic

ahd €rdph @ A6 2 bE A BLhpe FAL LI U BEEYru & PEHZOM et
side is therefore required. '
[C0C5]

With the diameter of the silicon single crystal increase,

a large weight of the raw material has to be used for filling.

Accordingly, the diameter of arquartz crucible is also increased.
A 22 to 24 inches of a guartz crucible has been used for
manufacturing a 200 mm-diameter siliéon single crystal, and now
a 32 inches of a guartz crucible is heing used.

[0006]

With the diameter increasing of the quartz crucible, and
also the weight increasing of the filling raw material, natural
convection of the silicon melt becomes strong, then it becomes
necessary to stably control the natural convection of the

silicon melt.
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5 magnetic field nmethod is proposed for effectively
suppressi ng the natural convection. In such

hori zontal nagnetic field nmethod, there have been
many proposals to nore effectlvely use of
conventional magnetic field intensity, relating to
the magnetic field distribution i'n the silicon nelt.
10[ 0008] . - For exanpl e, Patent Docunent 1
proposes that, since the oxygen concentration.change
in th@O@Tystal growt h direction becones | arge when

t he hei ghtwi se direction between a silicon nelt

surfaseoand sachad bzomtah, pEgaetl £, b wapd¥kssithel @td81a1
than 15 5 cm then the heightw se directi on between

'com@ca&ﬁ CoP TR L 1§%Eﬁcﬁe?@d téﬂ%shg&bgeg&a' %Ea%&%&} G

ux axis set wt h|n cm t'o control the oxy

ncentra str nt
R R R %ré%v@éit A Renen i ontal
oses that, to, enhance t he uni formty of th
masﬁﬁghglwlaﬁ BE PR R ciSoRr 9FOSae £Bﬁ|<?feﬁfcr¥&dﬁém TP Ln9
‘and i nprove the convection suppressing effect of a
thei npeers hetanvsictannent it SUshuepPbl eontak Ragngtiige field
positions of an el ectromagnet and the crucible in the
meviot| ddlerei heet berni Baseprabosal ¢ hatneihe efertei vaky sise
of a coil goes through the depthwi se center part of
oft Bent@htidiult hegerdctbEeend gaemstikiyougbLel myv of drke
center part. [0010] Moreover, Patent Docunent 3
maBE@QP@e@léfﬁudlétglbnglgﬁelﬂﬁtﬂé aiqyevadnsaddl e- shape
coil, to prevent the rapid increase phenonenon of
crys i ameter of a manufactured single crystal, to
performstable pulling, and to avoid deterioration of
t he |n | ane oxygen cong entratiqn, the coil axis,
set U SXBUBLET or by PFURTTha PAAPRRET SrinaL  nel Boe the

surface by 100 | nn1or nore in 10 depth.
oxygen concentratlon change in the crystal growth direction

becomes large when the heightwise direction between a silicon
melt surface and & horizontal magnetic flux axis is larger than

5 cm, then the heightwise direction between the silicon melt

- surface and the horizontal magnetic flux axis set within 5 cm

to control the oxygen concentration distribution in the crystal
growth direction.

(0009]

Moreover, Patent Document 2 proposes that, to enhance the
uniformity of the intensity distribution of an applied magnetic
field and improve the convection suppressing effect of a silicon
melt‘ of an entire crucible, the relative positions of an
eléct_rémagnet and ther crucible in the vertical direction is set

so that the center axis of a coil goes through the depthwise
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[ 0011] Furt hernore, Patent Docunent 4
di scl oses that, to reduce the G own-in defects and to
obtain a high-quality crystal, the nmagnetic field
center in the range that is positioned at 100 15 mm
to 600 nmm deep fromthe nelt surface. [0012] As
descri bed above, many variety of enbodi nents have
been proposed for the positional relationship of the
ceR0E} zontabr maghedd1e fhedihk ickukhg1sidid @@résnehkoﬁ@rﬁ below
vari ous purposes such 20 as for enhancing stability
f°£h% rgoncentration distribution or
uniformty of the magnetic field strength so as to
suppgﬁﬁiﬂthe convection of the silicon nelt and to
redu e Gown-in defects. [ Pat ent
Document 1] Japanese Patent Application 25 Lai d- Open
(koRIGDCONGT » Hrg-ody Dggument 3 propegeg fRatpokitiBRtusy of
Japanese Patent Application Laid-Open (kokai) No.

a HoBvE333Egidle-~shape Pl erfic DoGyeeht LBE Japbhelwcrease
Pat ent Application Lai d-Open (kokai) No. 2004- 182560 -
phbh&atent ocDecysenl dilambapaneSe nRat¢attAppd isdaygilercrystal,
Lai d- Open (kokai) No. 2005-298223 [Di scl osure of the

tol p¥erdinOR)abPE OPhEIENg 0 i@ 86! esh dyictbeibryensh o the

inplane oxygen concentration, the coil axis is set at a position
away from the raw material melt surface by 100 mm or more in
depth. |

(00111

Furthermore, Patent Document 4 di.scloées that, to reduce
the Grown-in ciefe't:t_s and to obtain a high-guality crystal, the
magnetic field center in the range that is positioned at 100
mm to 600 mm deep from the melt surface.

f0012]

As described above, many variety of embodiments have been
proposed for the positional relationship of the horizontal
magnetic field in the siliéon melt for various purposes, such
as for enhanc__ing stability of the oxygen concentration
distribution or uniforrﬁity of the magnetic field strength so
as o suppress the convection of the silicon melt and o reduce
the Grown-in defects.

[Patent Document 1] Japanese Patent Application
Laid-Cpen (kokai) No. H0B8-2312934
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[00131 10When a silicon single crystal is pulled from
a nolten silicon in a quartz crucible, it is
important to keep a crystal thermal history in the
vicinity of the crystal interface constant for
mai ntai ning uniformty of the oxygen concentration in
the crystal longitudinal direction or uniformty of
Gown-in 15 defects in the |longitudinal direction in
t he éPdiadn Deicnglestc? ysiapanepeoiajent Applitré&retiore,
conventional manufacturing equi pnent of a single '
Laid-ysptal (hesan Ng.UCErFB33TOMWhIi ch a quartz crucible 20
housi ng nolten silicon is pushed up in accordance
Wi t hyphes weingblimeht t Bp difanedesbagher appatialatsent hat
a constant distance is maintai ned between an Ar
La$§35f58 §%§%5%fmﬁ%902%g4§58§54d xed position and the

en con surface, 1n other words, thée liquid
surface position o e.silicon i th.r t to
the b sant sprraent af L TPaneER Brhe Arnsosaeh
position in all the ulling processes. [0015]
LaﬂdTQ@@éh(hoﬁ%ﬂeﬁﬁb'@ﬁHSF%%%%$%ng met hod of a single
crystal, the relation between the nolten silicon and
[Didvd osrgaesf ccHd dinyeBtdéent er position of a horizontal
~magnetic field is as shown in FIG 4, Mre
[Prapaehki cal by, sdinreanbiynkhe alnsrationin which a
sufficient anount of a silicon nmelt 43 is housed in a

crugphie; 41, as shown in FIG 4A the magnetic field
center position 45 of the applied nagnetic field

Wwhi ghelis, %ﬁc,fd'no@ih@?el Rl is pulled from a molten

silicon in a quartz crucible, it is important to keep a crystal

.thermal history in the vicinity of the crystal int_erfacé

constant formaintaininguniformity of the oxygen concentration -
in the crystal lbngit}ldinal -direction or uniformity of Grown-in
defects in the longitudinal direction in the silicon single
crystal.

100147

Therefore, conventional manufacturing equ_ipment of a
single crystal has a structure in: which a quartz crucible
housing molten silicen is pushed up in accordance with the
weight of the pulled single crystal so that a constant distance
is maintained between an Ar baffle plate disposed at a fixed
position and the molten silicon surface, in other words, the
1iquid surface position of the siliconmelt with respect to th_e )
Ar baffle plate is maintained at thé same position j.ﬁ all the

5
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10 surface 44 of the silicon nelt 43 in the crucible
41 by a distance His positioned between at .the
liquid surface 44 and a | owest part 46 of the silicon
melt 43. Then, in this state, pulling of the silicon
single crystal is started, and push-up of the
crucible 41 is perforned in accordance with the
pull ed anobunt 15 of a silicon single crystal 47. \Wen
pulpihki pgosésidwe silicon single crystal 47 has
advanced, and the pushed anmount of the crucible 41
becppgss K, as shown in FIG 4B, the state in which
the | owest part 46 of the silicon nelt 43 reaches the
magpeti ¢ | fosl doso @k sahged.cr\hen ,
tthE%Fﬁf%gg%%§£§%£$%$t efhg'ggﬁgég, as shgwn i?EFIG.
4C,_the state.in ich the_l rt, 4 :
theSFeFJr?:thnorhéF%wﬁ .t\ﬂ'g mglttel}l Skgx\g%%\?gat%hee ﬁagﬁe’&f@ field

I'S positione magnet i c

. field center positiaon 45 is attai.ned., Q16] . .
- centRTt Bes Halfif Qgt%ﬁ%dzﬁﬁfﬁgd“‘% i ﬁl%%lw%%‘st%heown o

effects 25 of the magnetic field exerted on the

FIGsi Ui cofprrelspersfian by y indiopy épahta bty & RS ¥PATR f

FIG 4, the state of FIG 4B, and the state of FIG
sufdCcikbAldfjouthent tzheit état imsrd théd isehor rd |ingaiqrucible
surface 44 of the 5 silicon nelt 43 and the nagnetic
41,f L8l Sh&eNLBIFIMNS A} GheARapasses fibi duginitdrepss Bt sl
"FIG 4B and attains the state of FIG 4C in which the

| of ?ﬁgﬁ%gh?é‘é R RRRALY £iB14Nen Mek tiscalrad £eet itk ahautid

netic flield center position 45 of the silicon

su1:'{1%?%\'@:':6%Sﬁll4 oif %hleos by c&)gqnfé%l L OWh NG, Y LSNEY PRP e S tiahce

ircon melt and the silicon single crystal -

i Sgnntd HPIRORBETCoR 151 BhBeht B babTT o i 20l 1 hoveot

applied magnetic field is | ower than the |o

. d t_part
pamdg46fof Heisspiitere Malt 43- e P (il étﬁgf Flidaba

15 of FIG 4C), the tenperature of the silicon nelt
of ithepeil bcbmalinglehangeenl As Ftpskeds ancheushyp fL the
di ameter of the pulled silicon single crystal .is ‘

cruegbileditald pechanged jlimatherdxyst afthory Pudiad|amount

direction, and it becones snmaller than a .
of @Iff %Q%&@bﬁﬂ' sath1d aretenl #hi cWheauseslirieled rheuetliimen
of the :

_siﬁgle crystal 47 has advanced, and the pushed amount of the
crucible 41 becomes K, as shown in FIG. 4B, the state in which
the lowest part 4.6 of the silicon melt 43 reaches the magnetic
field center position 45 is attained. When the pulling has
further advanced, as shown in FIG. 4C, the state in which the
lowest part 46 of the silicon melt 43 is positioned above the
magnetic field center po’sition 45 is attained.

[001é]

In the manufactuﬁing method shown in FIG, 4, the effects

of the .magnetic field exerted on the silicon melt is largely

6
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20 manufactured silicon single crystal ingot. [0019]
To prevent the yield reduction, it is conceivable to
i ncrease the target dianmeter of the manufactured
silicon single crystal ingot in advance.. However,
increasing the target 25 dianeter itself causes yield
reduction, then this nethod cannot prevent the yield
reducti on. [0020] Moreover, in the state of
dlflf!aﬁenﬂ@mohbe:h&t atete pfwhi®h mhethwerb@te off Fu¢ atdBenznd
of the crucible 41 is kept |low to keep oxygen 5 | ow:
+hedBH; £0NANGIRY oe magnetic field in order to further
_suppress the natural convection of the silicon nelt
areHﬁﬁﬁﬁelvable However, under such crystal pulling
con as a unique phenonenon to the horizontal
ma flel [ If a¢ethe
sol @? F%P't$ %egﬁsgra ur e %%lée%?%ﬁag?qﬁhé t
S|I|con melt surface, and solidified
m#mam%%ﬁﬁfg@ﬁh?ﬁiaanésh?af[&te?&n%ﬁ?teﬁep%silnt og &7 %tgg ®
during pulling and causes dislocation in th%[_)lbuled4C
threilphcore stage ot iiSafB arKbréFsins WEovE2bR<Tr iréd
crystal pulling conditions cause yield reduction of
in WAEcHI the arymmiengh eatrysiprtyl 3p0b2e | vabricile A1 TRAERCR
magneti c center position 55 of an applied

-about the magnetic field center position 45 of the silicon melt

45’ 1s lost, the foLlow1ng 1nflue1_1ce appea}rs in tlhe silicon melt
43 and-the silicon single crystal 47 during pulling_.

r0018]

More sPec:J.flcally, when the magnetlc fleld center
position 45 of the applied magnetlc field is lower than the
lowest part 4-6 of the silicon rﬁelt 43 in the crucible 41 ‘(state

of FIG. 4C), the temperature of the siliconmelt is periodically

'changed. As a result, the crystal diameter of the pulled

silicon single crystal is periodically changed in the crystal
longitudinal direction, and it becomes smaller than a
predetermined diameter, which causes yield reduct.ion of the
manufactured silicon single crystal ingot.

[0019]

To prevent the yield'reducticﬁn, it is conceivable to
increase the target diameter of the manufactured silicon single
crystal ingot in advance. However, increasing the target
diameter itself causes yield reduction, thgn this method cannot

7



magnetic field is at a deep position of a silicon
melt 53 in an initial state |ike Patent Docunent 3 or
4 (see FIG 5A), the state of FIG 4C is already
attained as shown in FIG 58 before 20 pulling
conpl etion of the straight body part of a silicon
single crystal 57, that is, before tail-in; and,
fromm ddl e of a single crystal straight body pulling
prefedgesBebefer® deaidetiion.in other words, after the
~state in which a {owest part 56 of the silicon nelt
53 rggshes the magnetic field center position 55 (see
FIG 25 4B) is attained and until the state of
taif} D&Q Gm@ﬁ)e 's%at@totfaff@ddct hﬁqé:gﬁ&@hndwm €he

is cyclically change part of the surface of the

e

di sl ocation is caused, and e ldr ctlon is
loy gadcenhantggp Ahe magnetwéaﬁv%o[ g %ﬁg %giud’r{ "¢

field center position 65 of an applied nagnetlc field
supipgeset the mawhedl owhpestieprt fide &tdnpre, ™S HhEadeti on

that is within 5 cmfroma liquid surface 64 of a
corfieiivapie MelHowgF elri, kendRat enth Doyshehtoul lisgecqdgLiony,

10 generally, a depth L fromthe Iiquid surface 64 of

as thensdild ¢eBnARbho® I o enBiNtMigonnaa eagraithilcef 6idt pahe
point of tail-inis larger than-5 cm and a crystal

ot BUb IS 999550h % EOEBL s itibgULn GeNoH a4 shero
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ove described state of FIG 4B to FIG 4C as shown
reg}:LnonF(!)Eth%lelrpggnefng.rL@ 4409 theqevsidlaiRubhididicon

is finally brought into contact with the single crystal during

" pulling and causes dislocation in the pulled silicon single--

crystal. Therefore, above described crystal pulling

' condltlons cause yield reduction of the silicon 51ngle crystal

[0021]

Moreover, when a magnetic center position 35 cf an ap‘p.lied
magnetic field is at a deep position of a _sil.icon melt 53 in
an initial state like.Patent Document 3 or 4 (see E‘IG. 5a), the
state of FIG. 4C is already attained as shown in FIG. 5B before
pulling completion of the straight body part of a silicon.single
crystal 57, that is, before tail-in; andA, frommiddle of a single
crystal straight body pulling process before tail-in, in other
words, after the state in which a lowest pﬁrt 56 of the silicon
melt 53 reaches the magnetic field center position 55 (see FIG. '

4B} is attained and until the state of tail-in (FIG. 5B} is

3
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15 process, w thout causing the above descri bed
phenonmenon in which the tenperature of the silicon
nelt is periodically changed, reduction of the yield
of the manufactured silicon ingot is not induced by
periodi cal change in the crystal |ongitudina
direction of the crystal dianeter of the pulled 20
silicon single crystal which reduces the crystal
att Gl AL ehotld@Bea3nal istdhan eydesianédy chymgal, part of
di ameter. [0023] However, when the magnetic field
' 8L ROSid AB1 S £90i 66956 4 ibhe: bd quiddh surghacn of
the%ﬁ@ sF?icon nmelt |ike the case 25 of FIG 6A, the
henor t Lhhean el P¥EbecomBSlocation
CO“E%%Y§%E§q§5b€§$%&£§g?¥#c Ia??y &ﬁ%g the wei ght of the
. silicon nelt is large, this: NN, hecenes
is 6%@Wﬁhsﬁnﬂtatkﬁr%%ggﬁﬂi éeongfggﬁﬁggh single crysta
pul ling step, in other words, in the stage of
begi®¥2dg of a necking step, a dianmeter increasing 5
(cone) step, and a straight body step, the . .
t erpemathide, ofhethe SEBPEBAC r@ﬁldoéeaﬁﬁg R A5 e > at
. crystal dislocation is generated. As a result, it has
an BESD: AeGesMatyct biebpeit sdteapr ocelssl v ROISTLAGTL hECT
di sl ocated crystal again and perform ng pulling.
exafq £0024L,Ther&f et pBOoeiatiiny Bt ym dfroa 8i 11U BRgeRce
' s been reduced to.an unignorable |evel. [0025]

64 of a silicbn_méit 63 like Patent Document 1 (see FIG. oRh),
generally, a depth L from the liguid surface 64 of the silicon
melt 63 remaining in a crucible 61 at the point of tail-in is
larger thanAS cm, and a crystal pulling process is.completed

without generating the above described state of FIG. 4B to FIG.

“ 4c as shown in FIG. 6B. Therefore, during the crystal pulling

process, without causing the above described phenomenon in
which the temperatufe of the silicon melt is periodically

changed, reduction of the yield of the manufactured silicon

‘ingot is not induced by periodical change in the crystal

longitudinal direction of the crystal diameter of the pulled
silicon single crystal which reduces the crystal diameter to
be smaller than a desired crystal diameter.

[0023]

However, when the magnetic field center position is too

close to the iigquid surface of the silicon melt like the case

of FIG. 6A, the phencmenon that the silicon melt flow becomes

9.
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Also in the case in which the distance between the
liquid 15 surface of the silicon nelt and the
magneti c center position is |large, the convection of
the silicon nelt al so becones unstable, and a simlar
probl em has been generated. [0026] On the other hand,
i ke above descri bed Patent Docunent 20 2, to enhance
the uniformty of the nagnetic field str .

unstdbst rppetiren damtheuApplLY é’&eﬁard}‘?ew]cg%g Q_@i{ équl

- proposed that the relative positions of the nnin

o1+6 T4 FuTRENES pRAtotéTeTPeedii O H e AfebhT g5F NN
direction is set so that the center axis .of the coil

of 20088; 440 gqgglgh@r}d@ﬁ}h\piu%in@rﬁmprpaﬁtOﬁfeﬁ MWerRErt T n
the 25 crucible or bel ow of the center part.

the £EFRL S NPl B MR g Lo e o e
b s AR Y 05t1d ek
1 Ligat MO CUIRESRAT SO CARIT? B e TSt e g of ihe

sendanedl vbd & o ansldn Gt BEE; D hOITEaTo Lol v L b
procaebsos\/:f ?nee?.?czlngetdhepcrjggllggasﬁe 895.57‘1-31 again and performir}?l

licon
I's

pulling.

[0024] |

Therefdre; productivity of a silicon ingot has been
reduced to an unignérable level.

[0025]

Also in the case in which the distance betweep the liguid
surface—bf‘the silicon melt and the magnetic center position
is iargei'the convection of the silicon melt also becomes
unstable, and a similar problem has_been generated.

100261

on the other hand, 1ike above described Patent Document
2, to enhance the uniformity of the mégnetic'field-strength
distribution,of the appiiedrnagnetic field, it is-proposed'that
the relative positions of the electromagnet‘and the crucible
in the vertical direction is set so that the center axis of the
coil goes through the depthwise center part of the melt in the
crucible or below of the ceht—er part. According to this method,

10
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However, in such nethod, the remaining anmount of the
10 silicon nelt is reduced as pulling of the crystal
advances; accordingly, the distance fromthe liquid
surface of the silicon nelt in the crucible to the
coil center axis is gradually reduced, and the
magnetic field distribution applied to the nolten

silicon. in the vici of he i di ate hel.ow
aher idie; BOLG Y i CHh b rbE TeL L gRioT hr o or o1 (e
pul ling steps of the crystal Therefore, stability of
of tﬁaﬁecex#reﬁa@ g sthe BAONBR 6CeIET RRFICLOR ¥ BpYOw the
applied to the nolten silicon cannot be obtai ned.
dep{i00i28] cefbsr gestrobéteaboMieon nelthe aodrivienceoher axis
manuf act uri ng nmet hods of the silicon single crystal,
of dh@ aehi evenstabiddlnat tion loeshepdtowf ofhd kel irodnh emlt
silicon, particularly stabilization of the nolten

eveélaltl €00 oMk ivhel bE1Virg Ricky . OfTHherpae) dubredingiteloy
bel ow the crystal interface which is directly 25

can %grgh%%te%qretdoc sf,a0i, lé@dt‘l@e%e’&f WE 8- QF 18454 Ith@@ﬂ)ove
e Cr the intensity distribution” of
g#eld applied to the nDIten silicon |n the

des%ﬁ *FHe part inmmediately bel ow the crysta
|nterface has been - required to be controlled to be
al V@P¢7¢onst ant. [ 0029] Enbodi ments of the
present invention seek to provide a manufacturin
weﬁh@ﬁvetralglsuyheﬂeﬁyeﬂalth%WﬁQﬂ@l@éﬁgp@$$uQ¥:ﬂfhghé
crystal stably, which is conpletely free from -

silihcsl eeati ap pedhidwab a® gammas@amétﬂmystabta%hednﬂnCEer
~Sol ving the Problens] [ 0030]

E accordlngly, the dlstance from the liguid surface of the Sll.‘LCOI‘l

melt in the crucible to the coil center axis is gradually reduced,
and the magnetic field distribution applied to the molten

silicon in the vicinity of the part immediately below the

- crystal interface is changed through all the pulling steps of

the crystal. Therefore, stability of the strength
distribution of the magnetic field applied to themolten silicon
cannot be obtained.

[00‘28]

As 'ciescribed.above, in the conventional manufacturing
methods of the silicen single crystal, to achieve stabilization
of the flow of the Iﬁolten silicon, particularly stabilization
of the molten silicon flow in the vicinity of the part
imnediately below tﬁe Crystal interface which is directly
connected to stabilization of growth of a silicon single crystal,

11



According to an aspect of the present invention,

there is provided a manufacturing nmethod of a single

crystal froma raw material nmelt in the Czochral sk

process under applying a horizontal magnetic field to

the raw material nelt housed in a crucible, wherein
theetiiteg sa tiragaeticé bt épe eéntler BRIndiel hofFigbhtapplied to

i ¢ fj.ael. t . j tion |. r it 0
APHSG URS oB PRY DR T SR ey
beatowe tthan S@ysnmrdndietualate® drad edsedhanr&iivgd and be

1 a,single crystal il e keeping the position
C%ﬁ£r9ﬁgggiaﬁi§gsﬁ}V ® TORANt by controlling a
ver tiboabjposition of the cruci ble and while keeping
" the _position of the magnetic field center constant
andFEPodigenst afit HRSt ARGECH BRI HET i Ak Surdzydde a
mawﬁlfgethﬁﬁguabthedOBfl essihhan a.depkh L.Ahemthe Hu11 a
liquid surface of the raw materi al nmel{ remaining in
siphéecr gevblalonstahplet i ohiof pud | i aguofeteloonsims  from
ol p the_ si r - In a
dl%é%%?%%%ﬁr?%% %%?H%&ﬁ%kpghg%%g¥z&%&§%faI accordi ng-
(Meanentiodi fehtsnoftitdePprdsest] | nvention, the single
upryﬁﬁﬁé ﬁs manufactured froma raw material nmelt in
t he 2 bl e by the CZ nethod under applying a
-hor hzeptaingagaebhcakpetd 0 the pavsamt elh@dnt®id, there
. housed, characterized by setting a nmagnetic field
1ScBACELIBE BhBRBLRZORTHIY mBgHEtT ©F i el Hadla positdlotrom
a lowgr theprfali opd 0 surf age0f cLhenboused rdWscess under
material nelt by nore than 50 mm and at a di stance
- appdiandt @ ororsenthanmagdepi® Eifddmicheth¢ quiegr material

eSS e CONCTRLEL photely LU g i icnc

cembpuf a€t thedhsirngbetat ysiahetiss coinplceted. a [[088Mion lower

A preferred.node [s, characterized in that .the
tERfigriet 'P@Slfd'fLSPd %%ntaerﬁ??%ujs t° %5“3603?’? i gipel@RBRT Taw
mab@rmait 8290 B hoew thenl BQuing sudf ageall Ebf @Gt S «@fs than
the Invention] _ [0032] ) Accordi ng to enbodi nents
90ofMEhe 3PesBHELiATet | GiRILRe TENt'er pddilttfonketPine the
poB9ti 2ANtal #mgnet 6 ihi ehg flaseSelofl: A POS) t keRcWRiEhng =
is lower than the liquid surface of the raw materia
vergl €aby Desid iohano50 U apdleitble dpradaride lequakrepongr the

pok 885t hayy t edﬁmgneltiy%etﬂae &%ﬂyéld %Bg%ggﬁ g;ant €t a

raw materi al ne remal ning 1n the cruc
copathnngdbstéhee str dirght thedyigaitl elirttheenwhutactivr edual

single crystal is conpleted; therefore,.unstable
Log SR ST or A ¢ he SF RNt erioll THT A 1 SAPT 9S8t BGe 0
ra®f rhhersanghe 1er yisdnad irild 1110 cad beusuppeessedsompletion

t hereby suppressing generation of dislocation in the
Ofpd??%&ﬂ?ﬁ’n@ﬁb érystafFtarh 0SS, RETFeast unit§| single
crpytiing of the straight body part of the single

crystal is conpleted, the center position of the

magnetic field is not set below the | owest part of

the raw material nelt, the crystal dianmeter change of

the single crystal generated by the tenperature

change of the raw material nelt can be suppressed,

solidification of the rae material nelt can be

suppressed, and generation of dislocation in the

single crystal can be suppugssed. Therefore,

according to enbodi nents of the present invention,

the single crystal which is totally free from

di sl ocation and has a good crystal shape can be

stably pulled. As a result, the yield and

productivity of the manufactured single crystal can

be i nproved. [0033] Mor eover, according to

enbodi ments of the present invention, since the

magneti c center is set at a position between 50 mMmto

90 mm bel ow the liquid surface, the above descri bed



[ Best Modes for Carrying Qut the Invention] [0034]
The present inventor has diligently carried out
studies and, as a result, found out the fact that, in
a manufacturing nethod of a single crystal of

manuf acturing a_single crystal froma raw nateria

mel t-Punder GHPFYE Aigla Hor i 2ot nefnefi ¢ FAEILE t ocTystal
addediay mserdpdlod®ldndoused e a UGB eihhehReskZ the
process, when the magnetic field center of the
s if@iiez SHVAIC afmdRetiag liagitg ried dermar gapogiation alhatelt in
HeS h I gui d~surf of r .
A ey b hoF S FRGiCE0 it and LA 78, ot ahes gneal
magnggpth Lfozld essd romhthe fawui chagunfiade atefihe housed,

paoi_nt of [ling c | etion of a straight bod art
PPk halil S orea SrRgre BRoafste BiBRd, aptySongn the
hotrtheomaghehbgnét et dreeniesti s psetieion POSdt i @MW chiquid

isinthe range that is 50 mMmmto 90 mm bel ow fromthe
SULTRGRd OSutMgc 8OUSCE Hgive MatpEtal WRiLEh Pivs MeBifpI gy 0 mm
antir 8¢ fr osdiaslacaijuan and 1as ascryshals haydg 12 80 tne

shape may be stably pulled. [0035] The
llﬁﬂé@erﬁulif@\fﬁ@ntf?%ntﬁﬁs rpeeitdccompg! ished basednongt he the

S h descr i be udij.es 03

crégﬁg?%af€%$% §ﬁ§23¥§%n?§ 0 t%%é%#ggénp i%Veﬁ%FBn of the
mawiEkcBubed desoylidedrwittdl rief ecepdéettd. drawi ngs. Note
thai O%Qﬁ present invention is not limted to the
enb gl ts described bel ow. [0037] FIG 1is

a sghepetiferee@ssmseeti apal drawapgeelzadsi Agl € that the

crystal manufacturing apparatus suitable for carrying
ma@ﬁgti@ manuf act uri ng net hods of single crystals

according to the enbodi nents of the present

i nventi on.

12a



[ 0038] The single crystal manufacturing

apparatus 100 in the present enbodi nent has, as shown

in FIG 1, a pulling chanber 15 1 having a

cylindrical shape and a crystal take-out chanber 2

whi ch is concentrically disposed above the pulling
Ligighoesn 8T nhd 4°Hi AfetterP Sl 18y @W%égumi kg 90 mm

r&harer 13 andshasaa-cylindrical shape. [0039] 20The
pul I'i ng chanber 1 has a crucible 4 disposed at a

[fehmicdrs odr thef Inwentherrior thereof for housing a
sili It 3 serving as a raw material nelt. The

crucibl’'e’4 has a double structure, conprises a quartz
Cr u¢idgloedingf tbherbndémnestdeoandha grapémt ei cvaici bhe, the

6 .of the .uter side, and connects to a,cruycihle,
0 i S OaTi e SOt PR 1s set at
a dbbyitiprunivhidd dBi VesieandkhLoNtED| $1&hed pasikthel @ff the
the crucible 4 in the vertical direction so that the
THosTE o BeLFqlivd BeFfaddaBa ot The 819  @bn anmefts3nce

edudithe csucible dhhs RhUAYSLEANSE Bty r%:ﬁeh?LiQ#Uild NGirface

chanber 1 in a pulling step of a silicon single

Ofcr e alrawwhitaie 5 als Wesker itead Ibéhow.in nthaddicruenplien when
f ul Lin a 1, . oufside cr.uyci 4 inth

pu&&ﬁﬁ?nggghgwﬁgrQ%E%ﬁégFin%gﬁgaﬂgggl8C§?egégsﬁ%%%%ﬁ%§?ured

siag/leo cogwernlt he coupilbkedd. tRartheraprenstabldeconvection

oibUd PgaShRIReL gy RIcLl, LSl on paLer a1 S0 e
criyBezbot bom 10y i niet W f aG®pressed, thereby suppressing
generation of dislocation in the pulled single crystal. In
addition, at least until pulling of the straight body part
of the single crystal is completed, the center position of
the magnetic field is not set below the lowest part of the
raw material melt, the crystal diameter change of the
single crystal generated by the temperature change of the
raw material melt can be suppressed, solidification of the
rae- material melt can be suppressed, and generation of
dislocation in the single crystal can be suppressed.
Therefore, according to embodiments of the present
invention, the single crystal which is totally free from
dislcecation and has a ‘good crystal shape can be stably
pulled. As a result, the yield and productivity of the

manufactured

13



[ 0040] Moreover, above the crucible 4, for exanple,

an approximately circul ar-cone trapezoi dal Ar gas

current plate 7 for regulating the flow of an

i ntroduced inert gas such as 15 an Ar gas is disposed

S0 .as to cover the crucible 4, and an Ar gas
SN Eh&geE LogefiPRgPE 11 FRTO W Schar gi ng the introduced

Ar gas 333 provided below the crucible 4. Furthernore,

in the pulling chanber 1, for exanple at an upper

par tloReVess, acdPaRtter tontsdrddimgnégnerd 12neorpresent
fRRIOR) NG, G0 GO [ ALLD0L L NG R0e P YS! Al AL oF0f cion

a pul'led siTicon sing cryst al r's provi ded.” 1 004 j)
baVeamwhidle, mt hieo c?Y stral bt bdoe- bue  thanbeér s2r hiase, | the hebove

interiar thereof, a wire 13 i C aes through the
decsrcyrslt:baelgl teggg? ut c%lﬁa%e‘?ejzlaa%iogbt%dﬁ&d‘and a seed
[Rersys takie30irsat tachetn 5040 e dromerciend of the wire

13. Th% upper end of the wire 13 is connected to a
crys[togl 4drivi ng unit 14 di sposed above the crystal

takeneut (gharber ZnvEecsr Yt dMiMphunit dérica  out
causes the seed crystal 30 to be novable in the .
sthygiieiscandi reet fort SAWE T-hef qip@ o3tt dhsul fagthethat, in a
ShlraCelr$hAgkEGEYSLAl 10042l r i
ST LAt At ne cPyetal Fake sit! chanbar e firing 2
siogdeplesyeEmlArfgas enlmwty Ifeforidnt neduciungean appanting a

BT RHED B AT ol R RO SR it i Spovses
inshowarutsbhrTonnacte@ tar 1prbbes#r gasni et widnetic field
.center of the horizcontal magnetic field is set at a
position that is below the liquid surface of the housed raw
material mélt by more than 50 mm and at a distance of a
depth L or less from the liguid surface at'the point of
pulling completion of a straight body part of the
manufactured single crystal, preferably, when the magnetic
field center is set at a position which is in the range
that is 50 mm to 90 mm below from the liguid surface, a
-8ingle crystal which 1is completely free from dislocation

and has a crystal having a good shape may be stably pulled.
[0035]

14
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[ 0043] Mor eover, as shown in FIG 1, the

single crystal manufacturing apparatus 100 has a

hori zontal nagnetic field device 16 for generating.a

hori zontal magnetic field. The 15 horizontal magnetic

field device 16 has a pair of coils 17 and 18. The

pair of coils 17 and 18 are directed in the

horizontal direction so that the axes . of the

r espECEFEFY® getErat et My REET @ F9°8Pdd SaFe Rsserbgl e

to the center axis of the pulling chanber 1 and
resyil§posedtlsy msrei dapryiled axtud e$andwi ch the 20

pul I i ng chanber 1 from outside of the side walls

t het@d¥oland be opposed to each other. Thus, a

hori zontal magnetic field is generated in the pulling

chamdesink fte@044tbodiments of Ehéthessmreinthet Sémglia 1

crystal manufacturing apparatus 25 100 has a
be QYd2eRHa): tRBgaliL bl draginpd i ngodevhee, 19 eWMint

‘causes the horizontal nagnetic field device 16 to be
invARY 20! & d okh%ﬁ{%é&c@d tfllr 8650 @il E%Eh?{‘é STocly,

arrow a o I along the center axis o the

puILé chanber 1 in order to perform positional

adj nt in the vertical direction of the 5

horizontal magnetic field device 16 wth respect to

t heF T udi b & ENqrgdas) cross SECﬁrﬁ%n%Hﬁahwof@g‘ﬁ@ﬂl@

field device 16 is subjected to positional adjustnent
cryByal heamordciowtialg Angatates fwltdbgesiEpr ofanying out

adj usting device 19 so that the vertical-direction
mandif st ancendH rfatomdshe £ magnet ¢ corfvisalad sagi-soddivhg co ithean
- axis of the generated nagnetic field to the liquid ,
embsdihases 3¢ athet heeskbht cofvationd in the crucible 4 is

a constant val ue which is larger than 50 nm and equa

to pgpd@ss than a depth L fromthe |iquid surface 15

3a of the silicon nelt 3 which is remaining in the

crugl bl e 4 -w i -~ -Straj r;

of ke Bttty Pt R e B BPSh e &

in_other words,. at the _point,of . tail-in e Fl
presiyl THoier T pft Al o Aot b CLPRIGnS (Ranber

condi ti ons such as pulling. conditiops, the pair
1 having a cylindrical s%ape argd a crystal take-out chamber 2

which ié concentrically disposed above the pulling chamber 1,
has a diameter smaller than the pulli_ng chamber 1, and has a .
cylindrical shape.

[0039]

The pulling chamber 1 has a crucible 4 disposed at a center
part of the interior thereof for housing a siliconmelt 3 serving
as a raw material melt. The crucible 4 has a double structure,
comprises a quartz crucible 5 of the inner side and a grjaphite
crucible 6 of the outer side, and connects to a érucible driving

unit 15 at the bottom. The crucible driving unit 15 drives and '

15
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15

20

20 of coils 17 and 18 of the horizontal nmagnetic
field device 16 is subjected to positional adjustnent
and fixed by the horizontal magnetic field position
adjusting device 19 so that, in a pulling step of the
silicon single crystal, the magnetic field axis 1 of
the generated nmagnetic field is at a constant 25
QSi,ti beIo the |liquid surface 3a of, the silicon
corftarpsh Bl ot icfheitofae ac UHE foart yhe appat i
| ower therefronbynore than 50 nm and_ posi tioned at
dinegélpar 8O tHE" e eRRE 1B G fi et d ﬁé_‘ﬁftaﬁe Hepth the
fromthe liquid surface of the remaining silicon nelt
sildrcontrelyol hn tok draiclibile. 4 {90463ys constamNekn thetlling
manuf acturing nethod of a single crystal according to
chairbe rpt éseatpudintiodi sesp offos sMmrdigbacéindingcaysthl comich
-single crystal by using the above described single

is GeystabedBiifACt Uth NgIBRIRNGt Us 108 dﬁ\&lllr@echamber 1,
descri bed. 10[ 0047] The i nsi of the pulllng

out% aahele 1-ang1he s Gromd gha { Cﬂé’mbg]@nt?l Lt4n@tRaters
adj usted to a preéeterntn ressure, an as Is
oduce i nto e cha s. 1 an at a .
3 b0 U R rEh P bF e ShareL s a2 T
Then, .a 15 polycrystalllne S|I|con bl ock servi as a
ther Rl b PN M nGRERR £ r T DAL 187 BaheRt kP b 3Re
heati ng heaters 8 at a predeterm ned tenperature and
proyafeddon ghgeper mhentewsiliomemehrfacethicad The atipm
material nelt. Then, the crystal driving unit 14 is
innact satfacso as to i merse the seed crystal 30 in the
20 silicon nelt 3, and the crystal driving unit 14
andjoteocruci ble-driving unit 15 are control |l ed under
predeterm ned conditions so as to performa pulling

st el@of’éod:e‘&l | izpgvthensesehcmyst @, 30r £0048le, an
In the pulling step, the hor i zont al magnetic field

app@%xtfa if %rgalgtlﬁspeseaegztﬁ apply heatz%gt gtlate

mag ne fot insi the I"i con
n the ruci ble 4, The hori zo taI net field
7 fatvt%%uﬁ%tlﬁgxéﬁ o RO Ynar 671 T AT B LEoF Cop=F pich 23
plied magnetic field at a constant E§$|t|on from
an %ﬁegat% afi FERATL §032° I° CRESEi T 6RY 3 AR Ar

above described manner.
gas discharge opening 11 for discharging the introduced Ar gas

is provided below the crucible 4. Furthermore, in the pulling
chamber 1, for example at an upper part thereof, a diameter
controlling camera 12 for monitoring artd controlling the
crystal diameter of apulled silicon single crystal is provided.

[0041]

Meanwhile, the crystal take-out chamber 2 has, in the
interior thereof, a wire 13 which goes through the crystél
take—out charber 2 and is hung, and a seed crystal 30 is attached

to the lower end of the wire 13. The upper end cof the wire 13

16
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5 More specifically, based on the pulling conditions,
posi ti onal adjustnment of the horizontal nagnetic
field device 16 in the vertical direction is
performed i n advance by the horizontal magnetic field
position adjusting device 19 so that the magnetic
field axis 1 of the applied magnetic field is fixed

1o BhpR00R U0 20,1001 dS NPTl bon el hoce oo
o0 B EPRS etL ot 00 Limanctie el & center o,

depth L fromthe |iquid surface of the remaining ,
thess3gE 6RYRRRY 24t te e BoYH1OEN &Y YRRt 195} gegeFtion via
Through this pulling step, the silicon single crystal
the2gire palteduld mbekspaicon2sirgldi amgseali ncreasi ng
part 23, a straight body part 21, and a tail part
whi tho4x) not -shown are sequentially forned; and a
silicon single crystal ingot is 20 formed. The depth
L fmeradhe ldgbhadppend goe of thhe el N@ -l @Riber
nelt at the point of tail-in uses, for exanple, a
2, Y3l ugaMBhEh JdSnpefad @n@gﬁ""lrﬁ}(:?og’ﬁn‘%@o@iﬂk?ﬁ?Cé?lsin@f‘g gas
‘the Tike. [0050] , The ot her part of the

f i f i.ngl ,
| suclBRLT ACTUr ad, gﬁ%‘o&e" c;[htag\%eﬁs:ér?m aﬁf%c?i ‘i‘[c,y‘tfsn%@élrd?dd gnd

enbo

i's"Si

© - conventi onal nuf acturi-ng nmethod of a single

an £F A%, Feot Ry SIS deparT o d8bcr ipttons ERBPEDred to
Wil be omtted. [00511 Herein, the magnetic field

thecprt @S distednd€-H which is the 5 distance fromthe
liquid surface 3a.-of the silicon nelt 3 in the
crutb®M® 4 to the magnetic field axis of the applied
magnetic field will be described. [0052] A maximum
valMeraafvetrhe apaghewncifii et denttér disybmcerydtall is
set as a value so that the magnetic field axis 1 at

mant B8cPOF Mg Qfpdagialtnkn1bs wyerd appedonickh hhgndtomestield
part 3b of the silicon nelt 3 remaining in the

dev%gci@lfoﬁggén_@r%tt%? WORds; »d:Ni& I GEBRLALNY £8PIdN Lrhe
fromthe liquid surface 3a of the silicon nelt 3 when

hor&?g?ééftm%ﬁ%g%% Hél':d %vggei 156 ﬁggaé rf)%qraéftcj&qlgoi"mand \
(0] all -1

accordi ng € presen

18. The pair of coils 17 and 18 are directed in the horizontal

direction so that the axes of the respectively generated

magnetic fields are orthogonal to the center axis of the pulling
chamber 1 and disposed symmetrically so as to sandwich the
pulling chamber 1 from outside of the side walls thereof and

be opposed to each other., Thus, a horizontal magnetic field

'is generated in the pulling chamber 1.

[0044]
Furthermore, the single crystal manufacturing apparatus
100 has a horizontal magnetic field adjusting device 19 which

17
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15 is set as the maxi num val ue of the distance H
[ 0053] This is for the reason that, by this set
condition, the position of the magnetic field axis 1
can be maintained constant with respect to the liquid
surface 3a of the silicon nelt 3 from 20 the _
begi nning until tail-in in the pulling step, and the
convectlon of the silicon nelt 3 in the vicinity of

caysRe bt tImhReaat PR o R AcHSEr R litnter Packe@hie
be maintained in a stable state. In addition, in the

in ghtives tagRILi tg asttéprof di e sianal ghtatbadyopar of FHe. 1)
magnetic field axis 1 can be caused to 25 be al ways

aloalgove ¢dre droweist o pahe B Idhgtdimmbielri lcomomget 8 par fidm
crucible 4 (see FIG 2A). As a result, generation of

posd@nYeAl | oNAlstieoll ensLhé ofeexiaiyll €irehange of dhe
crystal diameter of the pulled silicon single crystal

hoﬁaeﬁgsﬂeta?he@ﬂc Qte%%ile%eel%ﬁmr&@ SOt tgltfHeC@s_tu&rble
of the silicon nelt can 5 be prevented [ 0054]

g After the ta|I-|n, a tail step of formng the tail

" part is started; and, in the tail step, the magnetic

fie g @%ﬂs 1 is sonetines below the | owest part 3b of
the!%Y43%con nelt 3 in 10 the crucible 4 (see FIG

4C). However, even when change of the crystal

di ahRf é’rOféé@HFél|“Hi?crt?§ltcaﬁteg%rdte‘”~ic€ 1§ Ifopubdpaled to

to the yield of the manufactured silicon single

posgtysral ahgotnent by Ithedmy iverte Lirnanstheddmlearosition

detrinment. [0055] 15Furthernore, in the tail step,
adjsbshtreg tdewitcenbersat uhet ofhd rersitatomi madttionsdistance H
- increased by increasing the output of the heating

froheteEnsgSet 1t O deA 4xA st Bdueeht e afirauStsab £ dﬂl@r@érﬁdraﬁlﬁdﬂ
formthe tail part, the nolten silicon does not

mag%@ttelﬂe% £8Nehd N8 PHAbLEMF Ot 38NBEAHOR19f con melt 3
di sl ocation due to solidification '

in the crucible 4 is a-constant value which is 1arger than 50
mm and equal to or less than a depth L from.the liquid surface
3a of the silicon melt 3 which is remaining in the crucible 4
when pulling of‘the straight body part 21 of the pulled silicon _
single crystal 20 is completed, in other wores, at the point
ef tail-in (see FIG..ZB). In other words, based on
manufacturing conditions such as pulliqg conditicns, the pair
of coils 17 and 18 of the horizontal magnetic field device 16
is subjected to positional adjustment and fixed by the
horizontalmegneticfieldpositionadjustingdeviceijasothat,
in a pulling step of the silicon singie crystal, the magnetic
field axis 1 of the generated magnetic fieldris at a constant

position below the liguid surface 3a of the silicon melt 3 in

18
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20 of the nolten silicon is not caused also in
formation of the tail part. [0056] Herein, if the
maxi mrum val ue of the magnetic field center distance H
is set to be the remaining depth of the silicon nelt
25 3 remaining in the crucible 4 at the point when
the tail part is conpleted, in other words, when al
ling step.is.tinished, the valu
the ﬁ&@lﬁég |%‘?@o‘”z:fé1‘ﬁaér1 YeisR e B HEonk e%egfom Py more
nificantly small value that is, for exanple, 50 mm

tha@ﬁ% B2 RS Pk Rd Db dineerRTa thakel P@WJoftOt% higher
silicon nelt 5 becones unstable in an early stage of

than kéepiddting fspmphasl dusich $uelh cehol &he ttymat aipesat decen
di stribution becones unstable, and crystal

melti st odat ipprinacetdr saiTherefore, such condition
deteriorates the productivity of the single crystal
and;dgsgiot ef fective. 10[0057] Not e t hat,
although t he remai ni ng depth L of the silicon nelt at

th%lés%l)c: Nt @f mBHb%w&&% ok tht-sa éfrélgmql%o@s_&ygegi of

t he icon single crysta (point of tall-in)
cha de endln i :
acop TR IR T he oo daar: Fhe ey Senrad s sthgeon
size of the quartz cru0| | e d the resjstivity of
singhe S¥Y'ednDyi HEIBIcHyst Oveg SREFETPoR) LG CrHEtal
remai ni ng depth L are shown in bel ow Table 1 for
many fA@renide appatabire 100 thd lsibfegesrriA quart z
cruci bl es are 28 inches and 32 inches, the
sol [Mi4ilcati on rate at the point of tail-inin 20 the
28-inch crucible is set to 80% and the
solid fingatdeonfr i€ @il ey mhhmbenfltznd-ﬂhm kmyshal
32-inch crucible is set to 80% and 85% so as to

" tax&abeul @giches r@f@'éﬂi}ﬁh@;tgﬁpbb 4 pr@@btbbﬂlmed’“’ﬂﬁ%s&h@é,

“solidification rate at the point of tail-inis

and;gﬁtﬂergasnﬁf eanedolhany e ARowe despetbed Sl eSac -
or mat i on o e tall 25 part becones difficult;
preéeteélenfxiox{e% ftlré% %Q Vefagc?n?(:ﬂﬂeb%gc \égl USRier 10. Then, a
polycrystalline siiicon block gserving as a raw material f£illing
the crucible 4 is heated by the heating heat-e‘r‘s 8 at a
predetefmined temperature and melted to generate the-silicon
melt 3 which is a raw maferial melt. Then, the crystal driving
unit 14 is actuated so aé to immerse the. seed crystal 30 in the
siliconmelt 3, aﬁd the cry.stal driving unit 14 and the crucible
driving unit 15 are controlled under predetermined conditions
so as to perform a pulling step of pulling the seed crystal 30.

[0048]

In the puliing step, the horizontal magnetic field device

16 is driven so as to apply a horizontal magnetic field to the
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are determ ned. [0058] [Table 1] QUARTZ CRUCI BLE SI ZE
I NI TI AL FI LLI NG AMOUNT SOLI DI FI CATI ON RATE AT TAIL-IN
REMAI NI NG WEI GHT REMAI NI NG DEPTH L 28 | NCHES 200kg
80% 40kg , :

inside of the silicon melt 3 in the crucible 4. The horizontal
magnetic field device 16 fixes the magnetic field axis 1 of the
applied magnetic field at a constant position frém.the liquid
surface 3a of the silicbn melt 3 in the above describedlnanﬁer.
More specifically, based on the pulling conditions, positional
adjustment of the horizontal magnetic field device lo in the

vertical direction is performed in advance by the horizontal

magnetic field position adjustingdevice 19 so that the magnetic

field axis 1 of the applied magnetic field is fixed at a position

“that is lower than the liguid surface 3a of the silicon melt

3 by'more than 50 mm and at a constant distance {magnetic field

_center distance H) which is higher than or e@ual to the depth

L from the liguid surface of the remaining silicon melt at the
point ¢f tail-in.

[0049]

‘ Through this pulling step, the silicon single crystal 20

is pulled; a neck part 22, a diameter~increasing part 23, a
straight body part 21, and a tail part which is not shown are
sequentially formed; and a silicon single crysﬁal ingot is
formed. The depth L from the liquid surface of the remaining
silicon melt at the point of tall-in uses, for example, a value
which is set in advance by calculations, and the like.

[OOSQ]

The other part of the manufacturing method of the single

crystal according to the present embodiment is similar to a
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90mm 240kg 80% 48kg 99mm 32 | NCHES 300kg 80% 60k
105mm  85% .

convéntional manufacturing method of a single crystal:
therefore, detailed descripticons thereof will be omitied.

[0051]

Herein, the magnetic field center distance H which is the
distance from the liquid surface 3a of the siliéon melt 3 in
the crucible 4 to the magnetic field axis of the applied magnetic
field will be described.

(0052}

A fnaXim'um value of the magnetic field céntex: distance H
is set as a value so that the magnetic field axis 1 at the point
of tail-in is ove'r_lapped with thre lowest part 3b of 'fhe silicon
melt 3 remaining in the crucible 4, in other wordsr, the remaining
depth L from the ligquid surface 3a of the silicon melt 3 when
the state shown in FIG. 2B is attained at the point of tail-in
is set as the maximum value of the distance H.

[0053]

Thig ig for the reason that, by this set condition, the
position of the magnetic field axis l can be maintained constant
with respect to the liguid surface 3a of the siliconmelt 3 from
the beginning until tail-in in the pulling step, and the
convection of the silicon mélt 3 in the vicinity of the part
immediately below the crystal interface can be maintained in
a stable state. In.aadd:'Ltion,r in the entire pulling step of the
st#aight body part, the magnetic field axis 1 can be caﬁsed to

be always above the lowest part 3b of the silicon melt 3 in the
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45kg 90mm 350kg 80% 70kg 115nm  85% 52. 5kg 96nm
[ 0059] _

crucible 4 {see FIG. 2A). As a result, generation of

conventional problems, for example, change of the crystal
diameter of the pulled silicon single crjstal and generation
of dislocation due to solidification of the silicon melt can
be prevented.

[0054)

After the tail—-in, a tail step of forming the tail part

. 1s started; and, in the tail step, the magnetic field axis 1

is sometimes below the lowest part 3b of the silicon melt 3 in
the crucible 4 (see FIG. 4C?. However, even.when.change of the
cryétal diameter occurs in theftail part, it is not reslated to
the vield of the manufactured silicon single crystal ingot at
all, and there is no practical detriment.

| [0055]

Furthermore, in the tail step, since the temperature of
the silicén melt is increased by increasing the output of the
heating heaters 8 in order to reduce the crystal diameter and
forﬁtthe tai1.part, the molten silicon doeg not solidifies, and
the problem of generation of dislocation due to solidification
of the molten silicon is not caused also in formation of the
tail part.'

{0056]

Herein, if the maximﬁm value of the magnetic field center
distance H is set to be the remaining depth of the silicon melt

3 remaining in the crucible 4 at the point when the tail part

22



10

15

20

25

5As i s understood from above Table 1, although val ues
are slightly different depending on the pulling
conditions, the remaining depth L of the silicon nelt
at the point of tail-in has a value equal to or nore
than 90 nm and equal to or less than 115 nm 10[ 0060]
As descri bed above, in the nanufacturing nmet hod of

. the single .crystal accordin he. pr esent

is fé%%ﬁ%%ﬁ T POAPE nET 1 oL pEn %m%y%%ﬁp is
until at Ieast t he p0|nt of tall-ln t he magnetic

fin{ plepd lis valep Pﬁetfafmi‘llqgé’d?tﬁ@r ﬁz@h@laq:erﬁ@ﬁjh&w@afse H
field is always in the silicon nelt, and the

bechoes zortighimagastle aniadlldviaéuaptyjiatedssofoha&xatntpde, 50
magnetic field axis 1 of the horizontal magnetic '

mn dr ekdsgoes Patont Mecunshedea 0t heha csi bf aor SBlicéh malt
" the crucible 4 at a position having a constant

becgﬂnéé ancd: demihhen | Lo f SWH26¢ B8R O[Buimcf'slt'e%oﬁs
[t 3, in other words,” at the position of the

r
des?a%é‘%%ﬁa‘f opth *iﬂ%%é—"%?&?@ﬂ%iﬁﬂﬂ%»&%f@m PREFLIE,
[ Hereinafter, e of th prese t
and| ﬁmﬂ%ﬁwlprcaséoae%wrbsed Heotns, St Oaéfﬁ%
of a silicon sin Ie.cr¥stal was carried out by
detﬁﬁh%@iﬁ%thﬁg?ﬁﬂc%’@&lﬁﬂ vt §Pﬁgﬁ3é19érey§m$ta&cé8fio%§0t
to the above descri bed enbodi nent, by using the
effgengre. crystal manufacturing apparatus 100 of FIG 1.
Specifically, when the 15 magnetic field center

di steoeg H was 60, 70, and 90 nm pulling of silicon
single crystal ingots was carried out, respectively,

S0 idwal chhe, nuehgaf tHd1ReiBYNt Sg WRpeh Dok wherilEe0n
nm n=4 when H=70 Mm and n=3 when H=90 mm ( Exanpl es

mel‘} 10 t%)e point of pulling end of the straight body part of
the silicon single crystal (point of tail-in) is-changed
depending on specifications such as the initial filling amount
of the silicon melt, the size of the qguartz crucible, and the
resistivity of the silicon single crystal, general values of
the remaining depth L are shown in below Table 1 for reference.
In Table 1, the sizes of‘ the guartz crucibles are 28 inches and
32 inches, the solidification rate at the point of tail—in in
the 28-inch crucible is set .to 80%, and the solidif_-icatipn rate
at the point of tail-in in ti’xe 32-inch crucible is set to 80%
and 85%, so as to calculate the remaining depth L. HNote that,
when the solidification rate‘ at the point of tail-in is further

increased than the above described rates, formation of the tail

part becomes difficult; therefore, the above described values
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[0063] 20In the present ekanples,
gquartz crucible 5 was 28 inches (700 nm,

speci fications such as desired resistivity,

to manufacture a silicon single crystal
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0064]

ffa%$3s%al

‘Her ei n,

grinding so that the crystal
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[0059]

As 1s understood from above Table 1, aithough values are

slightly different depending on the pulling conditions, the

remaining depth L of the silicon melt at the point of tail-in

has a value equal to or more than 20 mm and equal to or less

than 115 mm.

[0060]

As described above,

in the manufacturing method of the

single crystal according to the present embodiment, from the

initial of the pulling step until at least the point of tail-in,

the magnetic field axis I of the applied horizontal magnetic

field is always in the siliconmelt, and the horizental magnetic

field is applied so that the magnetic field axis 1 of the
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20 was put in the quartz crucible 5 and the

pol ycrystalline silicon block was nelt by the heating
heaters 8 while introducing the Ar gas fromthe Ar
gas inlet 10 into the chanbers 1 and 2 and

di scharging the gas fromthe Ar gas discharge opening
11 by using a vacuum punp. 25[0067] After

conpl etion_of . i ng of th p | I si l.i;can

horg PERST b Raghat R o er BB ROt e LR B g
and positioning was carried out by novin

melE At BRE SOy PARI VARG RO TR T Qj'f‘ﬁ?i“%&at}ﬁu‘tmf@nce
thereby adjusting a 5 distance X between the Ar gas

frog heehtdypicaser fRcde CRethe il HeQureaE S, 360 etheRe@ords,
silicon nelt 3 (see FIG 2A) to a predeterm ned

at wtad pesifhen,ofatherdiseercal 1hoges thlanshl intoanpeddgual to
tenperature stabilizing tine for adjustnent to the

lesh eipal ainy echagHifnedddpr i e (mext rstep2a aa@@mt.i C
field of 3000 G was applied to the 10 silicon melt 3

[Exéﬁb% crucible 4 by using the horizontal nmagnetic
freld device 16 at the -magnetic field center

posk&kﬂ_s 60, 70, and 90 mm respectively. [0068]

The elimnate dislocation of the seed crystal in

s U

"the dlaneter-lncrea5|ng step SO that the crystal
des@rister became predeternined size 306 mm the step
was then changed to the straight body part step to
forMQd¥d strai ght body part, and pulling was carried
out until 20 the straight body part becane 1000 nm
[ 0Q6Q]1 i Hae oved ghitl jafort Béngléi coystsdinglhe caystal catt by
the point of tail-in was 6 kg at the
the %a@tteb@tumﬁ%&@%ﬁednﬁr the kihghe @tydthe stcaidiby bodye

part, and 177 kg in total. In consideration of

above described embodiment, by using the single crystal
manufacturing apparatus 100 of FIG.V 1. Specifically, when the
magnetic field center distance H was 60, 70, and 90 mm, ptllling
of silicon single crystal ingots was carried out, respectively,
so that the number of the ingots were: n=4 when H=60 mm, n=4
when H=70 mm, and n=3 when'H:QO mm (Examples 1 to 3).

[0063) |

In the present examples, the diameter of the quart:z |

crucible 5 was 28 inches {700 mm}, based on specifications such

as desired resistivity, in order tomanufacture a silicon single

crystal ingot which had the length of the straight body part

of 1000 mm and the crystal diameter of the straight body part
of 306 mm in consideration of the grinding allowance in
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25 the above described expected remai ning depth L=94
mmat the point of tail-in, the nmagnetic field
center line 1 in the Exanples 1, 2, and 3 is at the
positions higher than the | owest part of the silicon
melt by 34 mm 24 mm and 4nm respectively. [0070]
5Then, a tail part was forned by the weight of 23 kg,

Ll i ngl : ' havi.ng. ot al L.ah
vtk praillyBaplEha LRt Rodrei e "

finished. The remainin mount of the silicon l.t. at
COMPRET PO TRABIC tH&-HuPPi g%&st?@po donpeti Bﬂlmsz%ﬁ&d.ﬂe
10[ 0071] Note that, in the above descri bed
silaaghni ok efns Ereeeardpas|d npvas teaipt ebhdutt il 5 fée
N region, and the pulling speed was 0.50 nm m n.
intp@07F2] oA Hhe tdretcpillei Ag step of the silicon single
crystal, when dislocation is generated in an early
st apen@f] t he necki ng step, dianeter-increasing step,
and straight body step, the pulled silicon single

crygdali agnie e s uenedi hgie i@ el uGiddenagahd che
and nelted, and the pulling Step has to be carried.

abog§2%§§55§ﬁﬁd2§é@ﬁ%%dtBE?BQWE§EnBEEBLU€ﬁFO&e$ Stgﬁihheg

carried out unti a silicon single cr

4By STV Ior 6Pl PO TS s e 1 con &t Mgle

crystal ingot) can be pulled in the early stage of
eXPER eﬁé&#ﬁglﬁéﬁg; dnamet ¥CS ﬁé’ﬁeé%mwﬂgtgeﬁfmaﬁa of the
strai ght 25 body step is the nunber of tries, the
silpgpbarelof nemaesingsin . @g crucible 4 at this point is 43
kg, the reinaining depth L of the silicon melt at the point of
tail-in is expected to be 94 mm. |

{00e5]

Then, by using the horizontal magnetic fileld pesition
adjustiﬁg device 19, the hérizontal magnetic -field device 16
was moved and fixed so that the magnetic field center distance
H is 60, 70, and 9'"0? respectively {see FIG. Zh) .

[0066]

Then, the prepared 220-kg pelycrystalline silicon block
was put in the quartz crucible 5, and the polycrystalline
silicon bloék was melt by the heating heaters 8 while
introducing the Ar gas frord the Ar gas inlet 10 into the chambers
1 and 2 and dischar'ging the gas from the Ar gas discharge opening
11 by using a vacuum pump.

[0067]
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-SlIHS%\F@%t ThRGGE TrGiRd St

in Exanple 1, 1 in Exanple 2, and 1.33 in Exanple 3.
Note that the above descri bed nunbers of tries in the
exanpl es are average val ues of the nunbers of tries
measured in n tines of pulling of a silicon single
crystal ingot. Note that, in Exanples 1, 2, and 3,
the silicon nelt was not solidified, and the shape of

theaefrystalnptas 18A0ds RaltiflAr ke Fa@s AP £ 1Bind he
shape of’ the crystal was significantly good. [0073]

h f t d
s11fA8nWELA0C 20 ﬁ‘&fif‘&:?‘%gﬁl a?“% %St R IR0 BN IR0
73 h t | 1, 2, d 3. 074
a“dAQOEEJFb%? § el She ?%Vﬁélgnﬁaﬁgmq oy

center dlstances wer e changed with respect to the
driyppgeteserupidd e19réXARpl W31t g FRerepyi edn sting &
crystal ingots were generated in the same manner.
dis8pecefX datiweenwhba Ahesamgnetedt ce'ey Tdiestahbe H gwist
150, 25, and 40 mm n=2 silicon single crystal ingots:
sunface Jubf edeiyildach mwase 3 ((CGerpEr@t e tExanpt @stdritimed
3). [0075] 20In Conparative Exanple 1, dislocation

valQeCurifeh dHELbg R PRNOESSSs it Eil stoand1seeomsbrature
pul i ng steps in pulling of both the silicon single

| t | e
sta%&¥§5§1lxv\%§ﬂ%% )[503: %agueug &:%pt‘l‘&?%’éﬁ%?%t‘géi e[a%gk g in

arat ive | in th t
ehel REfle CPIRE 3 hdGad E%Js%a#le.ln]dgs 03840 ¢ M5Bt BaL P che
crystal free fron1d|sloca§|on was snmpothly started;

¥t g iRl o L S T R - ©

ppeared fromthe point when the Iength of the

- fleéfir%‘?‘gliﬁe BBGAE phrtTamRe AT i MreR teReP PgHENc 68, 70,

field center line 1 becane |ower than the .lowest part
andoROt he, sté¢spmtivellty. This generated a remai ned

unground part which did not satisfy desired crystal

di apes&s] 300 when it was ground cylindrically.

Mor eover, at the point when the [ ength of the

st-rahght tQQQﬁnﬁﬁa&e@ﬁsﬁﬁ&ﬂB@n PREheOfeddierssrings wie
the silicon
necking step, necking by the dash method was carr;ed out, a
diameter—increased part was formed in the diameter~increasing
step so that the crystal diameter became predetermined size 306
mm, the step was then Chenged to the straight body part step
toformthestralghtbodypart and pulling was carried out until
the stralght body part became 1000 mm.
[0069]
The weight of the silicon single crystal at the point of
tail-in was 6 kg at the diameter-increased part, 171 kg at the
straight body part, and 177 kg in total. In consideration of

the above described expected remaining depth I=94 mm at the
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10 nelt solidified, and the solidified part was
brought into contact with the silicon single crystal,
t hereby generating dislocation. As a result,
di sl ocati on was generated across 150 nm whi ch was 15%
of the entire straight body part. [0077] 15In
Conparative Exanple 1, the average value of the cycle
ti . 78. [ . . h@gp il PR s e
PO%%ﬂgﬁ???ﬁéel%&gﬁﬁi3%%%%%%cpﬁﬁ?%%g 0 Q%%%%n?hg é?l?%%n
st al ots,. dislaocatio

| e re gener

_ , _ | co
st S LA RIS Er I phe h g, RIT RSkt

third pulling processes, and good silicon single,
pardy gEtdie $hgictad Biette b¥ oth®a- 44 B B0F hpuresRgetively.
process. The average value of the «cycle tinme was
85. 90AF01[ 0079] 25In Conparative Exanple 3, in
average, good silicon single crystal ingots were
f or fednj na 2H. 1t paes o s pdinienyy bpr beesseigyhtThd dvekage
val ue of the-cycle time was 78 hr. [0080] The
sillielat k9Agbetnsan tihengagnedvind ketdrgenierighdi sEance by
H and the nunber of tries (average value) in Exanples
i | . | ; fd ar aidin
= Lo S A Tk e b TR
nunber, tries (average.v e), . le ti
e PE g st b oot e Sl Chyarai s Peapkt fine i

val n i Vi r :
comﬁié%i%h Sag E6QQ£Ct ty (average Value) In

[0071]

Nofe that, in the above described puliing stép, crystal
pﬁlling was carried out in the1N region, and the pulling speed
was 0.50 mm/min.

[OO?Zj

In,the.pﬁlling step of the silicon single crystal, when

dislocation is generated in an early stage of the necking step,

diameter-increasing step, and straight body step, the pulled

silicon single crystal has to be returned into the crucible
again andrmeited, and the pulling step has to be carried out
again. When the number of times of the pulling steps ca;ried
out until a silicon single ciystal ingot which is completely
free from dislocation (hereinafter, feferred to as a good

silicon single crystal ingot) can be pulled in the early stagé
of the necking step, diameter-increasing step, and straight

body step is the number of tries, the number of tries was 1.25
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10 Exanples 1 to 3 and Conparative Exanples 1 and 2
are shown in below Table 2. The good crystal yield
rate is the percentage of a good crystal part in the
strai ght body part where no dislocation, Gown-in

- defects, and the |like were generated. The :
productivity is the ratio of the weight of the good

in g%@gf@? 1151%% gfg%f? rfsgﬁgg.gsgyggg}&ségls §1 Mo@B0inat

the wei of thé goo r't generate
r unit .tine. [0081 bl.e 2 Le 1 EX
end S s LOORAL LI 2 2] BT B L 0 oo
tive o

values of the numbers of tries measured in n times of pulling

of a silicon single crystal ingot. Note that, in Examples 1,

"2, and 3, the silicon melt was not solidified, and the shape

of the crystal was good. Particularly, in.Example.3,'the shape
of the crystal was significantly gocd.

[0073]

The average of the cycle tiﬁe for-generating'one_qood
silicon single crystal ingot was 72 hr, 70 hr, and 73_hr,
respectively, in Examples 1, 2, and 3.

[0074] |

Aécomparativeexamples,merelythenmgneticfieldcenter

distances were changed with respect to the above described

.examples, and n=2 silicon single crystal ingois were generated

in thersaﬁe manner. Specifically, when the magnetic center
distance U was 150, 25, and 40 mm, n=2 silicon single crystal
ingots.were pulled in each case (Comparative Examples 1 to 3).

{0075]

In Comparative Example 1, dislocation occurred during the
process in firstrand second pulling steps in pulling of both
the silicon single crystal ingots, and a good silicon single
crystal ingot was pulled in a third pulling process.

fo07¢]

In Comparative Example 1, in pulling of'both the silicon
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Exanpl e 2 Conpare-tive Exanple 3 Magnetic Field
Center Distance 11 nmm 60 70 90 150 25 40 Nunber of
Tries 1.25

single crystal ingots, pulling of a single crystal free from
dislocation was smoothly started; however, change of the
crystal diameter periodically appeared.fron;the poin£'when.the
length of the straight body part was 700 mm when the magnetic
field center line 1 became lower than the lowest part of the
siiicon melt. This generated a remained unground part which
did not satisfy'desired.crystal diameter 300 when it was ground
cylindrically. Mecreover, at the point when the length of the
straight body part was 980 mm, part of the surface of the silicon
melt solidified, and the solidified part was brought into
contact with the silicon single crystal, thereby generating
dislocation. Asa result, dislocation was generatedacross 150
mm which was 15% of the entire straight body part.

[0077]‘

In Comparative ﬁxample 1, the average value of the cycle
time was 78.3 hr.

[0078]

Meanwhile, in Comparative Example 2, in pulling of both
the silicon single crystal ingots, dislocation were generated
in formation of a shoulder part in first, second and thi;d
pulling processes, and good silicon single crystal ingots Qere

formed in a fourth pulling process. The average value of the

.cycle time was 85.9 hr.

t007%9]

InComparativeEmampleS,jJ1average,goodsiliconsingle
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11.33342.5Cycle Tine hr 72 70 73 78.3 85.9 78
Good Crystal Yield Rate %

crystal ingots were formed in 2.5 times of pulling processes.
The average value of the cycle time was 78 hr.

[0080] .

The relation between the mégnétic field center distance
H and the number of tries {average value) in Examples 1 to 3
and Comparative Examples 1 to 3 are shown in FIG. 3. The
maghetic field ceﬁter distance H, the number of tries (average
value), the cycle time (average value), the good crystal yield
rate (average value), and productivity (average value) in
Examples 1 tc 3 and Comparative Examples 1 and 2 are shown in
beio# Table 2. The'good crystal yield rate is the percentage
of a good crystal part-in the straight body part where o
dislocation, Groﬁn—in defects, and the like were generated.
The productivity is the ratio of the weight of the good crystal

part with respect to the cycle time and shows the weight of the

good crystal part generated per unit time.

[0081]
{Tablé 2]
Exam— Exam- Exam~ | Compara- | Compara- | Compara-
ple 1 ple 2 ple 3 i tive tive tive
Example 1 | Example 2 | Example 3
Magnetic Field €0 70 90 150 - 25 40
Center Distance
H mm

k3|
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60 60 60 45 60 60 Productivity kg/hr 1.88 1.88 1.80
1.26 1.53 1.69 ,

Number of Tries 1.25 1 1.33 3 4 2.5
Cycle Time hr 72 70 73 78.3 85.9 78
Good Crystal 60 60 60 45 0 60

Yield Rate %

Productivity 1,88 1.88 1.80 1.2¢ 1.53 1.69

kg/hr

[0082]

As it can be understood from above Table 2, 1n Examples
1 to 3 compared with Comparative Examples 1 to 3, good silicon
single crystal ingots in which dislocation has not occurred in
early Stages of the pulling step can be created by sﬁaller
numbers of tries, and the cycle time can be shortened. |

[0083]

Moreover, in Examplés 1 to 3, compared with the case like
Comparative Example 1 in which the magnetic field axis 1 becomes
lower than the lowest part of the silicon melt during pulling
of the straight body part, the good crystal yieid.rate is high,
therabaishiqherby]ﬁ%:UlExampleZ,andsiliconsinglecrystal
ingots having large good crystal parts can be geﬁerated.

[0084]

Moreover, in Examples 1 to 3, compared with the case like
Comparative Example 2 in which the clearance between the surface
of the silicon melt and the magnetic field axis is small,
productivity of the good crystal part can be enhanced, and, in
Example 2, the productivity is improved by about 19%.
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[ 0082] As it can be understood from above
Table 2, in Exanples 1 to 3 conpared with Conparative
Exanples 1 to 3, good silicon single crystal ingots
i n which dislocation has not occurred in 5 early
stages of the pulling step can be created by smaller
nunbers of tries, and the cycle tine can be
shogh} jd. [ 0083] Moreover, in Exanples 1 to
3, o%% red wwth the case |i ke Conparative Exanple 1
in which the maghetic field axis, | becones 19 . ower
t hafPHard erondst Spart gt &life Sl FRBM BT &dr tAYSS *°
pulling of the straight body part, the good crystal .
rapidlly radcedi shem gihe MReneaie Tkl grerehydisopige H is
Exanpl e 2, and silicon single crystal ingots having
40 tardge myootherystair pdr tsieani betgbder at erbudlogd4phtly
15Moreover, in Exanples 1 to 3, conpared with the
redGase® WHdee tEenpagadt Me fxanpkenet Miwtiachet Heis 60 m to
cl earance between the surface of the silicon nelt and
70 HAe 1RIngld qulbelkdoaxisids Wl miRiQeNcEd Mid wheh the
good crystal part can be enhanced, and, in Exanple 2,
mag%%@igrfggﬂgtéé/ﬂ%& afs%%%ﬁegs BY, @APOUEHd Wy ek 00832 o5

Feover, "as shown | the nunmber of tries is

. rapidl educed .when.t he nmagnet i . .

s il b RrvE o OB s e T h npar gy SRk giena
stabl e al t hough sliqytky. , . o

center distance H is 70 to 90 mm which is in the vicinity of

the remaining depth L of the siliconmelt at the point of tail-in,

‘and the number of tries is largely increased when the magnetic

field center distance H is largef than 90.

[0086]

Therefore, it can bé understood that, when the magnetic
field center distance H is larger than 50 mm and equal to or

less than the remaining depth L of the silicon melt at the point

of tail~in, a single crystal which is totally free from

dislocation and has a good crystal shape can be stably pulled.

[0087]

According to FIG. 3, to stably pull a single crystal which
is totally free from diélocation and has a good crystal shape,
the magnetic field center distance H is preferred Lo be 70 mm,
and, aé described above, since the remaining depth L of the
silicon melt at the point of tail-in is equal tg or more than
90 mm and equal to or less than 115 mm, the magnetic field center

33



10

15

20

25

5 reduced when the magnetic field center distance H
is 60 into 70 mm and the nunber of tries has a
m ni mrum val ue when the magnetic field center distance
His 70 mm The nunber of tries is stable although
slightly increased when the magnetic field center
distance Hls 70 to 90 mmwhich is in the vicinity of
. 10 the remaining depth L of the siligan nelt at the.
a1 shOPHE o113 BFPEPRCCRP B SRERBEr 6 O BE PeC S o
i ncreased when the magnetic field center distance H
or (L&sFarlft 1h&W-90. [0086] Therefore, it can be
understood that, when the nmagnetic 15 field center
di st@fte His larger than 50 nmand equal to or |ess
than the remaining depth L of the silicon.nelt at the
poi &4 defctabdd bhove, scagheing ysttale manidladtsrtiataldthod
free fromdislocation and has a good crystal shape
of &ﬁﬁspﬁ%ﬁé ablyt pUbLedrq] 9984t ROSssI Gidid 60 thk@redent
to stably pull a single crystal which is totally free
; [ ' . I , .
i EEE) NP RaBNE, A PLMORG, LIS, 2S00 | iscn
.0 and,. as descri bed abov i .he..emyj nj
is G FrRE S Pr e EPTLS] Hel BB TS 1 T e
i.s equal to or nore_tha 5 90.mm and equal to or
thangBte g i 18UFoS e HAGHIR i 1PBN (e bnroPy g Te than
distance His preferred to be larger than 50 nm and
50 mgald set gt mégquqqid#cg'goﬁﬁ;hef odggsance equal to or less

than the depth L from the liquid surfage 3a of the silicon melt
3 remaining in the crucikle 4 at the point of téil—in, prefera.bly,
when it is set at a position in the range of 5b mm to 90 mm,
unstable convection df the silicor melt in an early s{tage of
the pulling step of the silicon single crystal can be suppressed;
therebg suppressing generation of dislocation in the pulled

silicon single ¢crystel. In addition, at least until the point

. of tail-in, the magnetic field center line 1 is not positioned

below the lowest part 3b of the silicon melt 3, change of the

crystal diameter of the silicon single crystal generated by the

temperature éhange of the silicon melt can be suppressed,
solidification of the silicon melt can be suppressed, and
generation of dislocation in the silicon single crystal can be
suppressed. Therefore, according to the manufacturing method
of the single crystal according to the present embodiment, a
single crystal which is totally free from dislocation and has
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As descri bed above, according to the manufacturing
met hod 5 of the single crystal according to the
enbodi ment of the present invention, when the
~position of the magnetic field axis 1 which is the
center of the applied horizontal magnetic field is
| ower than the liquid surface 3a of the silicon nelt
3 nor e t han.50 d SItI n
» oREEAREbEbaIaPe G Po BeE S0P E Rt T he depiAeL s Brere
the |iquid surface 3a of the, silicon nelt 3 reqalnlgg
profjct el Y Qéltﬁ}@em&n‘a\ifa%‘efeﬁbﬁh 10¢° Sappp frystal can
preferably, when it is set at a position in the range
impgpv6@. mrMm to 90 mm unstabl e convection of the silicon
melt in an early stage of the pulling step of the
[BrseEi bescsipiglen ofyshal Drawirtess Isuppressed, 15 t hereby
suppressi ng generation of dislocation in the pulled
sil jemgpisingl e crystal. In addition, at |east unti
the point of tail-in, the magnetic field center |ine
1 is1d0f P@éléérﬁé}&%@ﬁ&%é bect pwest spakinglroh Likgie

S|I|con nmelt 3, change of the crystal dianeter of the
C ry ﬁgpe
cr YF ié@a u?%g%%ﬁh ggﬁgf sfﬁ%@%ﬁﬁéngﬁcéékrylng out a
pressed sol i dification of icon.nelt can be
nang 55 S Uat MR GERer o O b1 SFacAFT OROT TP (e 2
silicon single crystal can be suppressed Ther ef or e,
embééé@?@?n@ftékqIﬂ§eﬁ§ﬁuﬁﬁﬁ?%?¥ﬁb'nethod of the single
crystal according to the present enbodi nent, a 25
si ngIT@s criystral dwhivthgs stentendlpinies Ehomauieesari-oe
and has a good crystal shape can be stably pulled.
methbuf thesyheld capdtpl aductdviiy yodfhe e s raetdimeg ©,
. silicon single crystal can be inproved. [Brief
whelPesartjd i oA soddhenbraviatgsh bEOREY a liquid skiflcd of
is a schematic cross sectional drawing of a single

a sgﬁlé&ﬁl ndBNUHACHULE o @RPaat US a gl tabl@ef BEgCaiing RE
a manufacturing nethod of a single crystal

a p@gﬁof dg@gpt gnegn;%”bfﬁig i o) geh%t%ﬁ%%ttwteexec%l OMuid

are drawi ngs Tor ‘explaining t

Ay I e R

relation between a liquid surface of a silicon nelt

-poigikdof haghetic field axis at the beginning of a

pulling step, and FIG 2B shows the relation between
theFIun$dls a diagram showing the relation between the

magnetic field center distance and the number of tries in
Examples 1 to 3 and Comparative Examples 1 to 3 of the present
inveﬁtion.

FIGs. 4 are drawings schematically showing a eonventional
menufacturing method of a silicon sinqie-crystal.

FIGs. 5 are drawings schematically showing another
conventional manufacturing method of a silicon single crystal.

FIGs. 6 are drawings schematically showing another
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15 surface of the silicon nmelt and the magnetic field
axis at the point of tail-in. FIG 3 is a

di agram showi ng the rel ati on between the magnetic
field center distance and the nunber of tries in
Exanples 1 to 3 and Conparative Exanples 1 to 3 of
the present 20 invention. FIGs . 4 are

\ : . . A tis |
congf%ﬁ\l%?glg%l %QSE@& !%%%ﬁ%%ﬂé@ﬁ% G & SEQEXSF él%%%e %zf}.fstal .

urirng ne a silicon single cryst

FI Gs. 5 are_draw ngs schemat 1y showi ng anot her

[DegRiBRE B qﬁ%ﬁﬁ?ﬁﬁu&%@r%c}ﬁod of a silicon single
crystal . 25FI Gs. 6 are draw ngs schenmatically show ng
anot $¢0] conventi onal manuf acturing met hod of a
silicon single crystal. [Description of Reference

1 NuniBehblilg [@@@9OFr1Pul I'i ng chanber 5 2Crystal take-out
chanmber 3, 43, 53, 63,Silicon nelt 3a, 44, 54,

2  64LCopsichIlswafkaceuBbchdf;e’56, 66Lowest part 4, 41, 51,
61Cruci bl e

3, 43, 53, 63, Silicon melt
3a, 44, 54, 64 . Liguid surface

35, 46, 56, 66 Lowest part

4, 41, 51, 61 Crucible

S Quértz crucible

6 Graphite crucib;e

7, 42, b2, 62 - Ar gas current platé
8 " "Heating heater

9 Heat insulation material

10 Ar gas inlet

11 Ar gas discharge opening

12 Diameter controlling.camera

13 Wire

14 Crystal driving unit

15 Crucible driving unit

ls Horizontal magnetic field device

17, 18 Coil

19 Horizontal magnetic field positioﬁ adjusting device

20, 47, 57, 67 Silicon single crystal
27 Straight body part
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10 5Quartz crucible 6Gaphite crucible 7, 42, 52,
62Ar gas current plate 8Heating heater 9Heat
insulation material 15 10Ar gas inlet 11Ar gas

di scharge opening 12D aneter controlling canera
13Wre 14Crystal driving unit 20 15Cruci bl e driving
unit 16Hori zontal nmagnetic field device 17, 18Coi

19Hori zontal nmagnetic field position adjusting device.
22 Neck part

23 Diameter—increasing unit
36, Seed Crystal
45, 55, 65 Magnetic field center position

100 Single crystal manufacturing apparatus

37



20, 47, 57, 67Silicon single crystal 25 21Strai ght

body part 22Neck part 23D aneter-increasing unit

30Seed Crystal 45, 55, 65 Magnetic field center

position 100 Single crystal nmanufacturing apparatus

[ Docurment Nane] Cl ainms [C ai m 1] A manuf act uri ng

nmet hod of a single crystal froma raw material nelt

in the Czochral ski process under applying a
[Doculientzunmall magnetatm$ield to the raw material nelt

housed in a crucible, wherein setting a

magnetic field center of the horizontal nagnetic
[Clai%i§pd at a position |lower than a position of a liquid

surface of the housed raw material nelt by nore than

50 mm and equal to or less than 90 mm and pulling a

ingle crystal whjle, keeping.the [ t] th

ﬁi F%Péﬁﬁh%%%u%oﬁg gﬁ? 6§pcgn?$gﬁ£§%ghggsg%%icaOHl @ e

materpasi tment ofirt heher uckbterahdkwhipmdesepi ngdele applying =z
~ position of the magnetic field center .canstant .and af .

horizgngghsiapnedist &ncdIHr S KéM i"GUid f‘%?@% s S
crucibSefdipl Lo or less than a depth L fromthe liquid

surface of the raw material nelt remaining in the |

seticibbe on conpletion ofebdl | FAREEF acondtgnt horizontal

magnegggn%%%&dp%Etap%xkﬂﬁi%kp%d%é¥WGﬁéﬁ'a position of a liquid
surface of the housed raw material melt by more than 50 mm and
equal to or less than 90 mm; and

pulling a single crystal while keeping the position of the
liquid surface constant by bontrolling a vertical position of
the crucible and while keeping thé positicn of the maghetic
field center constant and at a constant distance H from the
liguid surface which is equal to or less than a depth L from
the liguid surface of the raw material melt remaining in the
crucible on completion of pulling of a constant diameter part

of the single crystal.
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[ Docunent Nane] Abstract [Title of the Invention]
Manuf acturing Method of Single Crystal [Abstract]

[ Cbj ective] To provide a manufacturing nmethod of a
single 5 crystal which can stably pull a single
crystal which is totally free fromdi sl ocation and
has a good crystal shape. [Means for Sol ution] The

[ DobRhEOE CRrPr isesradteps of actuating a crystal driving

unit 14 so as to inmerse a seed crystal 30 in a

rriShbi SORNEB dved e 18R He@Rieh oLk NG fbendd w%tﬁngg@i YEpG a1

unit 10 14 and a crucible driving unit 15 under
' rmned conditions so as to pull the seed
[Pb§?§§$%f In this pulling step, a horizontal magnetic

field devi.ce 16 is dri,ven so as to.apply.a nagnetic .
(1 ek ePISREERE) nip ISHEAF AImPBErT o OO R Per g brate
the silicon nelt 3 in _a crucible 4. The hori zontal
5 cryghghetiieht ¢at gtably g ldeafingd-e15r e tRgghlet ¢t i BPR1LY
axis 1 of the applied magnetic field at a constant
frepofien ghisflpoatio iaqdi dasur fareod Savwifalt BbaBgel i con nelt
3. More specifically, positional adjustment of the
hor (remalfomagmedt ionf]i el dTHewartodibconptisesvetepralf
direction is carried out in advance by a hori zontal

actUBENGS hGrivkeh d Reshhh Qniadjausd kg oderieege BsedNbr 2 al
the magnetic field axis 1 of the applied nagnetic

30 %\#%{lﬁiL@cc{H X8 & 8nBQSInki-8M Oy *nCQISLHREY SHiSLaRCGKIt
ich i1s I h

ower than the liquid surfacé 3a of the

silicon l,t by, nore..than 50 mm . .
I e e e
surface_of .the remaining silicon nelt at the. point of

30 3RFP AL PSSRk CH 6t Brawr’h g FPE 1 Step, & horizontal

magnetic field device 16 is driven so as to apply a magnetic field
in the horizontal direction to the inside of the silicon meltA 3
in a crucible 4. The horizontal magne?‘ic field device 16 fixes

15 amagnetic f_iéld axis 1 of the applied magﬁetic field at a constant
position from a liquid surface 3a of the silicbn melt 3. More
specifically, positional adjustment of the horizontal magnetic
field device 16 in the vertical direction is carried out in advance
by a horizontai magnetic field position adjusting device 19, and

20 the magnetic field axis 1 of the applied magnetic field is fixed
at a position of a constant distance which is lower than theAliquid
surface 3a of the silicon melt 3 by more tha1_1 50 mm and at the
same level or higher thah a depth L from the liquid surface of
the remaining silicon melt at the point of tail-in.

25 {Selected Drawing] FIG. 2
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