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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 % %gllégco gthJaXJ mgggagég%eﬁgggigsgl'éﬁrEﬁe diameter

Crucl al SO 1 nCrease 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 ¥r i SHRRESSS: dhe Makur alsiepnveehheny ofmdie ant,

- silicon nelt, it is proposed to apply a magneticC

el 1 o E o hor |
w4 St R bE O Ebhee ERL WALy e
suppressi ng.the natural  convection. In such
sﬁ%?%f%%%fﬁgéﬁﬁﬁef?%u*ﬁ%ﬁd net hod, there have been
many proposals to nore effectively use of

conveit®Pshal magnetic field intensity, relating to

the magnetic field distribution in the silicon nmelt.
10[ 0Gdgh 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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For exanpl e, Patent Docunent 1 proposes that, since

t he oxygen concentration change in the crystal growth
di rection becones | arge when the hei ghtw se direction
between a silicon nelt surface and a hori zontal _
magnetic flux axis is larger than 15 5 cm then the
hei ghtw se direction between the silicon nelt surface
and the horizontal magnetic flux axis set wwthin 5 cm
to control the oxygen concentration distribution in
the ¢oy&tjal growth direction. [0009] 20Moreover

Pat ent Docunent 2 proposes that, to enhance the

uni fes Bbl ye @luchhepbob BAS| wc@lm_sw,l PYeRreks @he natural
appl i ed magnetic ?leld and i mprove the convection

coRYRREESST N &fd %qtlletmaméié' GQn ;oe &oggs@a entd r%ar},e

crucrble, the relati've positions of an electro
th i ble th iC [ set
ne A e o Ak B i goRe ot R odg o
thwi se center part of the _nelt_in the cru0|ble ar
magagglff Bk i 31 PE R S £ 67 Prtct ifgdyoFupPressing
‘Moreover, Patent Docunment 3 proposes that, in the use
thef n&turalreanyesidene- sﬁ’aﬁ@C@ohprlﬁ@nﬁbmﬁn&m@ fapid
I ncrease phenonenon of crystal dianmeter of a
melthndf adiaeellasd hglee mans pabposal peofmome stfdbbeively use
pulling, and to avoid deterioration of the inplane
0 FO¥YHEEN EINCEN Maghke®ic fhelLoidtemslisyl, Sra@htatg &o the
position away fromthe raw material nelt surface by
maéggtf@‘ Pfe IR i L0t d6R I dH0LENicon melt.
urt hernore, Patent Docunent 4 discloses that, to
reduF Eﬂe Grown-in defects and to obtain a '
hi gh-qualiity crystal, the nagnetic field center in

the range th |s 03| ioned at 100 15 nm

deechﬁ'% %)atalément 1 proposemha% s:mce the
oxygen concentration change in the crystal growth direction
becomes large when the heightwise direction betwean 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
electrémagnet and'thercrucible in the vertical direction is set

so that the center axis of a coil goes through the depthwise
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[0012] As descri bed above, many variety of
enbodi nrents have been proposed for the positiona
telationship of the horizontal magnetic field in the
silicon nelt for various purposes, such 20 as for
enhancing stability of the oxygen concentration
distribution or uniformty of the nagnetic field
strength so as to suppress the convection of the

cefitbl Y tBkt t@nchd10 | aduce rhei S oWy ighcdetBebSgh below
[ Patent Docunent 1] Japanese Patent Application 25

Lai d- i) No. HO08-231294 : Pat ent
eland @%é akai ) [
° Docunent 2 lf)Japanese Pat ent Application Laid-Qpen

(kokﬁj . H08-333191 [ Pat ent Docunent 3]
e

Japa 5¢ Ipat ent Application Laid-Open (kokai) No.

2004- 182560 5[ Pat ent Docunent- 4] Japanese Patent
App | NEREVER - L2 (= Tp ERCERBR RIS PROPO TR0 51988203 the use of
[ Di scl osure of the Invention] [Problens to be sol ved
a pyryérd dafidgdetisbape[ 00181 tOWr@veatsihe corpsi nglarease
crystal is pulled froma nolten silicon in a quartz
phentceireef ictr yiss ail rRpiGmediatr 402 keepfactnystigingherarlstal,
history in the vicinity of the crystal interface
toCpastant sh-ap188abil Bidy NGndnth Ve iy defet-theroxygent the

concentration in the crystal |ongitudinal direction
inBEaM§b§9§@$E%ngéng§9%@6ﬁptheCcilaxisjj;setata;xmition
away from the raw material melt surface by 100 mm or more in
depth. |

(00111

Furthermore, Patent Document 4 discloées that, to reduce
the Grown-in &efebts 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 enhancing stability of the oxygen concentration
distribution or uniforﬁity 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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15 defects in the longitudinal direction in the
silicon single crystal. [0014] Ther ef or e,
conventional manufacturing equi pnment of a single
crystal has a structure in which a quartz crucible 20
housing nolten silicon is pushed up in accordance
with the weight of the pulled single crystal so that
a constant distance is maintained between an Ar
baf f [ Baipirat doduspgosed] afapankesgedapsh tArpd 1&ad +Phe
molten silicon surface, in other words, the liquid
LaidHohase (ROB4 1) arb.ofi0BRe33193 con nelt with respect to
the 25 Ar baffle plate is naintained at the sane

posi { b Okt pkhimkRe 3 PWddanesBr pgesse Rpd10¢helion
In such a general manufacturing nethod of a single

__crystal relati begyeen the nolten silicon and
Laﬁ4%§pﬁﬁgﬁ§%g%”fﬁ%?d2§6ée§%er position of a horizontal
Cpocrbaad Poumtal s b e le b e i eqeon
sufficient amount of a silicon nelt 43 is housed in a
LaigQerBl ékahailadishélf T A" H<G 4A, the magnetic field
center position 45 of the applied nmagnetic field
[Distiloburs afvayhe rlowenhaéoni quid 10 surface 44 of the
~silicon nelt 43 in the crucible 41 by a distance His
[PfRSletis Obe thdbeioiean dy the Inwantdosdrface 44 and a
| owest. part 46 of the silicon nelt 43. Then, in this
statggipyl ling of the silicon single crystal is
started, and push-up of the crucible 41 is perforned
N RRCATHANGE il RibAge Put]At1ATRUPH1 154 Ofxdh S e
single crystal 47. ‘Wien pulling of the silicon single
.Crystal 47 has ad - : pushe apnun
s {33bi Bt & %a%ezcgﬁég?%&aéﬁgﬁsomﬁo Lo, &y

wn I n FI , the state

- in which the | t .46 t.h L . '
neAthBS EREY ool SOFFER BY CBh(OF GRUPEEon Bt et

attained. Wien the pulling has 20 further advanced,. n
congf agiioiay MG nINg WiHe Bl Y @ i ThapreFet ARRFotest-+o"
part 46 of the silicon nelt 43 is positioned.above |
in the crgghel ilonbi éhdisehtérepbsn penddoryify off Feryn-in

[ 0016] ~In the manufacturing nethod shown .
defigbtll & dhet hengffieting 128ioéct it nagnbei eiliebn single

exerted on the silicon nelt is largely '
crystal. '

[0014]

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 silicon melt with respect to the )

Ar baffle plate is maintained at the same position in all the
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different anong the state of FIG 4, the state of
FIG 4B, and the state of FIG 4C [0017] Wen the
rel ati on between the liquid surface 44 of the 5
silicon nelt 43 and the magnetic field center
position 45 passes through the state of FIG 4B and
attains the state of FIG 4C in which the symmetri cal
property in the vertical direction about the magnetic
pulfliiebdpeentesequosition 45 of the silicon nmelt 43 is
lost, the follow ng influence appears in the silicon
mel {0dPsA3 and the silicon single crystal 47 during
pul I'i ng. [0018] ' More specifically, when the

magneli s % %;gﬂl%aclelﬂ%ﬁlﬁfap&ﬁirtiin%rlné@lo@foﬂ he:appkiggstal,
magnet 1 c eld 1s Tower than"the | owest part 46 of
th )i melt 43 in .t i bl :

ene S BT AR A P S b st
: i odi cal I h d. As l.t., th .yst al . .

corranBYEI IOt PRes FOFLEANSPT IO Sfigh e &1 yS af Tn io

peri odi cal ly- changed in the crystal_ | ongitudinal

FIGdi Aectiare sardificapbboned swafiPékithaaye 0 which a

predet ermi ned di aneter, which causes yield reduction
sufaficihat 2amnud Act siédosi neddnd8ilgheusey smaf quvgatle
[ 0019] To prevent the yield reduction, it is
41,CoBCRIMADER #1%.i NR| easenbbhect b dakldi Gateer positiven 45
~manufactured silicon single crystal ingot in advance.

| of 'ﬂ%‘é’e‘égﬁiié?gﬁﬁ@tﬁ% trthe1 b aggetn 2% dwvapetesmitdmellfiquid

causesS yl e reduction, then this method cannot
sul@’a%\éeépflt OJE ri‘:%eysliellig,olfl%i%t 4% the crucible 41 by a distance 7

H :i's positioned between at the rliquid surface 44 and a lowest

‘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 performed in accordance with the pulled amount

of a silicon single crystal {17. Whenlpulling of the silicon
_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.

[0016]

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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[ 0020] Moreover, in the state of FIG 4C, the
state in which the nunber of rotations of the
crucible 41 is kept lowto keep oxygen 5 | ow and
enhanci ng the magnetic field in order to further
suppress the natural convection of the silicon nelt
are concei vabl e. However, under such crystal pulling
condi tions, as a unique phenonenon to the horizontal
dlfﬂ@ﬁ@ﬁt laﬁaoﬁgeil”ﬁé spaté¢ odf FIthe 4hpltthenssat ¢ ednFEGr 8¢ eand
solidifies in a lowtenperature 10 regi on of the

' thesg{&g&nﬁngﬁb syrface, and the solidified silicon is

“finalTy brought into contact with the single crystal
durt uII|ng and _causes dislocation in the pulled
silfcon S|ngle crystal Theref ore, above descri bed

crystal mll con | |on I eductson o
t he'l g1 it Snr%fﬁbﬁe ery st ﬁ &@%%gg§%? %%%eoveﬂ4 &ﬁeﬁh%

magnetic center p05|t|on 5 an -app g
silirepmels 43 and §RBFGHErLT rJre ST ﬁ?:oosnjde 2P “5?@‘[’19 RS
an initial state |ike Patent Dog:umsnt 3. or 4é\%ﬁ§ e
thrBhGh B8 stebe & 4HE-of B EANG 25ER18° diFealy atd d 85
shown in FIG 58 before 20 pulling conpletion of the
in whiahgtie bydyepaitabfpromintycén shagreriaad dirsgtion
that is, before tail-in; and, frommddle of a single.

. abo%y@{@haéﬁéﬁcgmeb@d:yanpuklpdsgtppocﬂefsgfkréfeoqselxmn nERt

in other words, after the.state in which a | owest

45’ Pant <26 e f@flévhﬂgci’ﬂfluence appears in the silicon melt

43 and the silicon single crystal 47 during pulling_.

[0018]

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 melt 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



melt 53 reaches the magnetic field center position 55
(see FIG 25 4B) is attained and until the state of
tail-in (FIG ‘5B) is attained, the crystal dianeter
is cyclically changed, part of the surface of the
nolten silicon is solidified and brought into contact
with the crystal during a pulling process,
di sl ocation is caused, and a large yield reduction is
prdvadiic ete ﬁi@ﬂ£2kxmctlon Meanwhi | e, when a magnetic
~field center position 65 of an applied nmagnetic field
is g$gbo@f a shallow position, for exanple, a position
that is within 5 cmfroma liquid surface 64 of a

si | ,con, % J.ﬁatl# EE%E@%@?I@OQ@We drbecaenFhiG cbfhe

10 genera L fromthe liquid surface 64 of
Ilcon r emai.ni t.Lhe
TR L BPEE R ﬁf% AR B s e RS B B
pul ling process is conplete hout enerat the
lovaiadecaart it d st giaeggFl?:l ée"% Lt‘ﬂoo %z%l%gﬁom
in FIG 6B. Therefore, during the crgstal pullln% 15
supprecesshe vha ol @@@ﬁ’ﬁﬁ@l%é%%\%% SEPT o)t ar
phenonenon in which the tenperature of the silicon
com@litrabie petioseiveal, | yndshrasged crystastigd iof edraliyiiend:
of the manufactured silicon ingot is not induced by

as Bethogic dhehbRBgen itd the ynisbalkal ongitatdicnfiteld, part
direction of the crystal dianmeter of the pulled 20

ot 31601 &5 89} Pcsh Xahab BN disdugesn Uheops ysigalrature

10
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I amet er to e smaller than a desired crystal

re%llgﬁ%rr(gf %rh fzg’(; nggvsq{r’fa\e‘ge%ﬁ&‘@h%@@l?lfé&%ﬁ icon

on IS o close’'to the I'iquid surface of

the sil |con i ke the cas
is ERBRABRERSHYE t“ﬁﬁ:’ecgﬁ?%toﬁ’l ttzhef Srggv\gjbecogé‘ta'tL Qﬁnrmg
unst abl e appears. Particul arly when wei ght  of.

SRS ebitn Yunbis
obvi ous. At the beginning of a silicon S|n%g§10rystal
crysulalli.ngUst L oren ebhee doTesibac cEHatat

-begi nni ng of a necking step, a dianeter increasing

- conditions cause yield reduction of the silicon single 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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5 (cone) step, and a straight body step, the
tenperature of the silicon nelt becones unstable, and
crystal dislocation is generated. As a result, it has
been necessary to repeat the process of nelting the
di sl ocated crystal again and perform ng pulling.
10(0024] Therefore, productivity of- a silicon ingot
has been reduced to an uni gnorable I evel. [0025] Also

atthinddle c6asE st awhii Cimd ther dbstariceaBayweiemadse Prghicf
15 surface of the silicon nelt and the nmagnetic -

ﬁhe%%lr%tf%e RQSidd Q5 £ Sn bR1 96en B QAYECEE @nddfrdught into

siTicon nmelt al so beconmes unstable, and a simlar
ropl e S : ; &e, atbescheish

conf.)?cr{e w‘;jg]&hc%e g?f&%gﬁ%g{xg% pP0238] pEhcé c

ve déstr nt” Docunment 20 2, to enhance

. the uniformty of the netic.field.styength

is gpe¥%9/b @0 i@rvwlaeaprﬁaﬁsguﬁ%a%%ﬂ% i % it is
proposed that the relative positions of the
el edt0Z8tagnet and the crucible in the vertica

direction is set so that the center axis of the il

goas hunddgh Wihen dopERAFSEC GBS CBAFET IOt e RePt 11
an ggglied magnetic-field is set at a shallow_position, for
example, a position that is qithin 5 em from a liqgidksurface
64 of a silicbn_méit 63 iike patent Document 1 (see FIG. 6RA),
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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25 crucible or below of the center part. According to
this nmethod, when the weight of the silicon nelt is
| arge, the center axis of the coil, that is, the
magnetic center position is bel ow the depthw se
center part of the silicon nelt, and the center axis
of the coil is never below the | owest part of the
silicon nmelt 5 even at the end of th | $1 £8P0
unstibee@@@eerssu§WIélﬁ§@ﬁBHY&Qﬁnﬂa“%%%%iﬁgég'¢§9%e an
- effective nmethod for solving the above degc%ibggning
ne1cPrObh 1. £ NOREn bloamenrebeCote SAASH et Hd ¢ HE®
renaining amount of the 10 silicon nelt is reduced, as
of 2PULLidh Qfinkhe erystal padyangesteracsdr Ayl Yo ehe 7
distance fromthe liquid surface of- the silicon nelt
in the_grucible tor{heGahh eest ea dirinstes igcagadiry
thng ng?*%ﬁgﬂﬁﬁg magnetic field distribution applied
to the nolten sili. LOqd NG ey, Cid ttympkrahergantt the
(coneqmitria &7 Bel ow %r%g iiS %r ys}bal interface i s changed
‘through all the pul Li ste f,sthe giysddlcion is
siliTiver BEbE PSS |”int'3§ia§?et haerpczt(%feyr?gth di'stribution of
- the magnetic field applied to the Sild QR the
genaatedt be abtesidd. l[tobéé]b%?fhs“eﬁeegg%‘%g&i abo@%, in

t he conventional manufacturing nethods_ of .t I Li.con
pro@si0be menyshalthe diakpeanas STABIE 28?%‘6%”&‘?%%%%18‘%

of the nolten silicon, particularly stabilization of
pulffﬁbfm”ten silicon flowin the vicinity of the part

I mredi ately bel ow the crystal interface which is

dir %Ehx 25 connected-to stabilization of growh of a

silicon“single crystal, the intensity.distrib%%ion

of the nmagnetic. f.iel.d,; Lired &o0lidee dokgbenhad |Has8n

in _q%§engFhi §°% é%#ﬁs%ggrtinnediately bel ow t he

crystal interface gf%-ﬂgﬁﬁ”required to be controlled
nt . - :

redpeeHealdNayS+E8REE

[0025]

Also in the case in which the distance betweep the liguid
surface of ‘the silicon melt a_nd the magnetic center position
is .large,- 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 ma.gnetic'field -streng.th
distribution of the appiied magnetic 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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[ 0029] Enbodi ments of the present invention
seek to provide a manufacturing nethod of a single
crystal, which can pull a single crystal stably,
which is conpletely free fromdislocation and has a
good- shape crystal. [Means for Sol ving the Probl ens]
[0030] According to an aspect of the present
ntlo ere is .provi nufact rin

aneq P RB e Y 66 a1 g o P TaCbrFal Mol e o (e
Czochral ski process under applying a horlzontal

of Ypgghetlcthprblid t Bhe REIPaht PAIPAPeI L RO 881 P the
cruci bl e, wherein setting a magnetic field center of

deptihel deockzvat @rireghéhecs Fliialat aeltl podithonenboemnxis
than a position of a liquid surface of the housed raw

of tnet esiali sebtebperowetiddnwb8tnmamndfedualsil dcon medss
than 90 nm and pulling a single crystal while

eveK@8PERY dnlde, Pasid bem By khepl | quicteSUi-E AGR120A Sicttod
by controlling a vertical position of the crucible

can %@dt—towel%e%ec%%&%ntétﬁf&%%'vfe' Rl Bhe sFRgns Lcﬁefalb%kz@

er constant and at const ant di stance fromthe
uid surface which is equal to or less than a depth
des??#h%ﬂnp éﬁ??ﬁU|d surface of the raw material. nelt
remai ning in the crucible on conpletion of pulling of
a dOR¢tant di aneter part of the single crystal.
- I'n a manufacturing nethod of a single crystal
actowdivay, 1o drfoderbats Yo tHaindsananeiemt She
the single crystal is manufactured froma raw -

silimiremiedl el tedurdcheascputibhe &Ff thee c€Zstel hodvanegsr
applying a horizontal nmagnetic field to the raw

o accd’ﬁﬁiﬁfq‘l@l ﬂ'@cﬂlé’iﬁifc%dfr&ﬂ’lﬁlﬁ@@ﬁq&m@drlﬂacée‘ft’dhﬂagsﬂlcon

magnetic field center of the horizontal nagnetic

meld %ﬁl 4 aty 2 iR9sidd ORe 'c@!ﬂ@rcetnﬂéﬂ Hilsl W?E‘a&k&lﬁ@’cﬁe&fced

ouse raw material nmelt by nore than 50 nmm and

d |
and sﬂ'xealrrialgaf Qgef egi'laa &fS%trgE’u£§§§ ;S o gil quu}e Lmet%'H

Surt@ce raw ma remai ni ng
in the crucible when ng_of.a straight. b rt
sisdgon 1 R ichrds o0 ﬁbﬁepgﬁswﬁl&#ﬁegxpte o A
[ 0031] A preferred node is, characterized in

- crystvdt ipherfiagmdi 6hanged Fheengarall ThEPEH NG 557k GF

between 50 nmto 90 nmfromthe liquid surface. -
the [@Effstetls ofhatefdreventibh}lifoodR]the strepgllvrding to
enbodi nents of the present invention, the center
disthogidtion ©f thdeaboet voniald mppheed ¢oftitel molierset Liatona
poSition which is.lower than the Iiquid surface of
canddie dAwWnratgghal nelt by nore than 50 nmand at a
di stance equal to or |less than the depth L fromthe
|Iq%lg eurface of the raw material nelt remaining in
the cru0|ble when pul ling of the straight body part
of e TRDKLACtUEA SLROLACEdH At dohaGORRhEE &buring

there Of €, Unstabl 6 ‘convecti on of the raw materia
Ln_an ear sta e of th S
neofFSl ob Ted ok S A% byt sﬁlﬁptéésﬁﬁétéis‘t%%ﬁ%#%%
dlslocatlon in the pul | ed S|n%ﬁ ys gy . g
of tRAdFLPOmT AheRRIETUAL LoDt IFiG Br eheY SPRI-BHE> BTy
part of the single crystal is conpleted, the center
of osindleenobil heowalFeR iie thel FiFinHeY Yeit’BePBHEt he
- lowest part of the raw material nmelt, the crystal
immet armiler behangehefct yetadi rig}rteréaystldticgeriér gt seichly
the tenperature change of the raw material nelt can
comt@c@éao% ess881 i st idH bf gabiven «afz sheicaesimybs taystal,
nmelt can be suppressed, and generation of dislocation
in the single crystal cap be suppressed. Therefore,
accordi ng 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



single crystal can be inproved. [0033]
Mor eover, according to enbodi nents of the present
i nvention, since the magnetic center is set at a
position between 50 mMmmto 90 mm below the |liquid
surface, the above described effects can be reliably
tf@btla‘illtﬁéléltﬁfBéStStW@Hé?,l@@r ofatlhyi heyeit i hele ket loifd to
0Q034] re
i rien, 4t SEPARE LML RSl sately

beflaet tthat , crgsaafanuhactfiacag et hdckad arsjunigleed to  be
nuf cturl |ngle crystal froma raw
CW%#%@?SF %8 %?y%ﬁﬁ%V1 Y4 horizontal rmagnetic
fielldovojthe ram1nater|al melt housed in a crucible

“in the CZ process, when the magnetic field center of
t he ERBPHZBAE AP ﬁﬁgﬁ@?l@r??%nﬁ fveptioft pYosit imrpvide a

mahn@facltarbﬁbowemsdl logwad s%.lﬂlg;fléc%r%fsttaﬁe heysed L@aWpu11 2
material nelt by nore nm and af a di stance of

siggdept ﬁr[\zszéall e§§abmm tﬁblqsh bqui e seriabetaly t heree  from
Nole] p | c [ i ght body part
dlggogﬁggé%n%#%c$%?e% %éﬁﬂéﬁ%}ycggﬁkggreferably, when
{MEhesnﬁgneSvaim@Ithexﬂuahiam$]set at a position which
. 552 range that is 50 mmto 90 nm bel ow fromthe
Ilqﬁ g rface, a single crystal which is conpletely
freecteonidistecati appand bAStRe CpysSiaht hﬁWélQ:l&JrQOOﬂuere
shape may be stably pulled. [0035]
lspPé@@ﬁﬁeﬁnéeﬁﬁpHﬁaﬁE@rb%%hm%@HﬁhﬁW?§héﬂ”ﬂé§%d16ﬁﬂﬁﬂefrom

a reail tgaplrthe apove descrinhedcstudig8sxf0036lcess under
Her ei nafter, enbodi nents of the present invention

- apRilVENG e Hestrobedl wieaneeier dacedt d-adr bink ngeyw Notterial
metllﬂahauEQS Eﬁeﬁe%uEQ%?gt ' %e%fﬁor&éﬁ%ﬂfﬂc} ed J o048 ¢ rielg

enbodi nent s desecr|i el o
center of the horizontal magnetic field at a position lower

than 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 controlling a
vertical position of the c¢rucible and while keeping the
position 6f the magnetic field center constant and at a
constant distance H from the liquid surface which is equal
to or less than a depth L from the liquid surface of the
raw material melt remaining in the crucible on completion
of pulling of a constant diameter part of the single

crystal.

12



FIG 1 is a schematic cross sectional drawi ng of a
single crystal manufacturing apparatus suitable for
carrying out 10 nmanufacturing nethods of single
crystals according to the enbodi nents of the present

|nvent|on % The single crystal
nmanufactdr i R 1008 FHPY heCpr esentS Erbigi nehystal

adi@Sdiasg SBQVWbrﬂHchlln%nt]s arputhd ng,,chamher 119cbtion, the
having a cylindrical shape and a crystal take-out
SiglARbE V2 TR éls |@M@@éﬁﬁfﬁﬁc§|rloyt @u me@t&b@xﬁel theelt in

th%uu[ I Ng g-ha@ﬁ % g%(sj ggbgngly |ndr| all lnﬁgag] ﬂglelzontal

map®©39p 20Thelgpul [tong chanberaﬂ_tumauwrQBQC|bme14 housed,
di sposed at cent art of the interior thereof faor
TGOS RE A8 YoonC el 893 %P TG He & PAW retire O the

hoﬁ&hbntimemagn@tbbefﬂeh@Saa glopibh et BIA UChwl €, than a liquid

conprises a quartz crucible 5 of the inner side and a
SUgtapRi P& &Pﬁc.hﬁwéesi eVt HEtegter Eedé, PandadEnridens S0 mo
anti0 a@ GI UGIsRh@cdr ievuRd 29 Wi t1ka ahahhe BRidomr Ten the

crucible driving unit 15 drives and controls the
Liggdft sy fofcet et cEDei Ble 4rdterikd verkt capmdinésyi én the
t p tji;on of a he
crﬁg Fggn‘hﬁﬁl %ﬁll e %fuc%b%ﬁé%ls a|§§§§' gég%an he
mahnfahEUpaﬂl$I@9kﬂﬁﬂﬂxﬂtaﬂ|u$ aoppllEindg.step of a
SI|I§§§ flngle crystal, which 5 is described bel ow
In dddrt in the puIIing chanber 1, outside the
crugi bbee4ekrpedihempukl i ng,chambetcterheatii ngnheatets the
8 are disposed so as to cover the crucible 4.
MaghEthermore, in the pul ling chanber 1, thernm

insulation materials 9 are provided on the periphera

wal | inner surfaces and the bottom

-
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10 i nner surface. [0040] Moreover, above the crucible

4, for exanple, an approximtely circul ar-cone
trapezoidal Ar gas current plate 7 for regulating the
flow of an introduced inert gas such as 15 an Ar gas

Is disposed so as to cover the crucible 4, and an Ar
Lifdd of <t g&° opBhi A B BOFLhidcheigiary the mn to 90 mm
rAdit rreguaed, Ay dasrksSeprovided bel ow the crucible 4.
Furthernore, in the pulling chanber 1, for exanple at
[Ffagdserrfpghe theeebionh di aneter controlling canera

12 f 03rzfqnitoring and controlling the 20 crystal

di aneter "of a pulled silicon single crystal is

pr oicteddip@04t] embodimeMeanwhi ke phesefiyst@bention, the
ke- out .chanber ha in the.interior thereof, a
1EE BETRER Goes i g THe lofyorst Faraegg 1o set at
a Chasberor? andet SiBUNGweandarseetk CLYS§hal surface of the

30i sattached 25 to the |lower end of the wire 13. The
TRippBFLentRbf PERE Y eM2Be it§aBontkclBd A6 adkr yst@istance
edE@lViddg 4ini tedd disposed abkgye theChystal fakerPWyrface
chanber 2. The crystal driving unit 14 causes the
Ofseblte crpst atat30ritad bechbvalsiie lnanghednverhé¢ calrucible when
et | vi,a, t .re. 13 p he .siljcon_singl

En%ﬁﬁggaISES[ 42%%fglg%t NB%@%V&%%ﬂ%t%gh E%%erm%%ﬁ éﬁyred
sitnlyd ecroygtsab 1t dakecouplehadberh2refore exampt &) lancdivection

inlet 10 for introducing an i nert gas such as an,
o i SRR 2 halBer s T S 2o prbetacht dne amngle
crAistgas peeding ded Cese WHghhriessBal, SBOMWReb¥S suppressing

connected to 10 the Ar gas inlet 10. _
generation of dislocation™ in the pulled single crystal. In

t
C

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



[ 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
f| | d device 16 has a pair of coils 17 and 18. The
SFEYESEs C17 BRIIEBTA¥  directed in the
horifzentzal direction so that the axes of the
respectively generated magnetic fields are orthogona
to te&ccentrer agrPsTeing he-puldihrgidivarser of aﬁbe present
d tr I dyw.c h
e%IF?:I‘l%% Cf%:fg% 111‘9%3 hY, %éj%%?déé’% @%‘hg’ks'}ﬁ% S a position
bammmﬂnﬂﬂbnmnUH)dﬁba&edb¢bpmatheoﬂh@uldThwsfaee, the above
ta netic fie enerated in the pullin
n%ae%l ffffeﬁgfmfan be redllasb]%urekh Id b 9

&r'hiore, the single
[%s)tswmdeﬁ&lﬁbﬁacaﬂfyﬂgg appareidsirdeznt@@nhas a
horlzontal magnetic field adjusting device 19 which
causédthe hori zont al magnetic field device 16 to be

‘movable if-dheveritdwedltod retdd ong{diJastionsc Hf v out
arrow a of FIG 1) along the center axis of the

styglicsngichander 21 j9pWrider fewnpeppdr rilsosfa¢onahat, in a

ma%%lflé%tt%gfxg' ﬁeEHSdVS técgllagiéeg:gggaff hﬁalﬁufacturlng a
hori zont al “magneti c |eI vice respect to

Slmlqéecrwsttlad 4fr¢r®045]raw mate il hmeiﬁ’zormh&brnwgupéiylmg a

fi.el d d vi ce 1 ected 0 p03|t1 dj ust ment .
Rogy ZPRES orﬁﬁgﬁt %ég Si'efrafdT 8%f¥1oﬁ?f3 mele Foused

lnad-; ustiuagbhdeviae th% S thabcébe, Vahth&IhedIIﬁeﬁﬁ'Ieit(m: field
distanc% H fron1the magnetic field axis_1 which is an
- CeRYFE oP Lt helgendr et B ifeign BRSNS dtt§ifhelfi gBfH 2t =
posikhage-Batofi st Be1skl teen: Mhia3shpribe 6f u@ﬂlélﬁmﬂsé& raw
a constant value which is larger than 50 nm and equal
mat-gropll e tt heih Bosepthap fTbmrhendi @i de sdifhercgsof a
des@nOfr the si I al |n| the .
egrucﬁb 2 4§ﬁﬁ§n pul |%@§0?HF%2 s??g t Hggykggr?%ift of
pudfitnpe pwirpdd tdphi corf siangl etceyghal EOdys cempl etodd, the
ma O e et g B R "t ueRg i maomeric
fieoddiddmnrs sikchsas mﬂIangoemndbhlmm&cmtmspanrtZ@(ﬁange
h glls 1% and 18 % t he horlzo { netlc field
thayilde 1% M2 dibj 22t BR £610Hs] ?%%aF QdidsthEntuaigce, @

- sihbxed & dthe herizontal %@ﬁ@lj' eldePasidd O siocation
adjusting device 19 so that, in pul ling step of the

angj Ppgon STwgFel Arasin alqg@dﬁﬁéﬁéﬁl@afléﬁdsbﬁb%YJpQﬁled
the;ggnerated nmagnetic field is at a constant

14
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25 position below the liquid surface 3a of the
silicon nelt 3 in the crucible 4, specifically,
aposition |l ower therefronbynore than 50 nm and
positioned at the part that is equal to or higher
than the depth L fromthe liquid surface of the
remaining silicon nelt at the point of tail-in.
[004§% Next, .the manufacturing.nethod of a
si nghe PEPFERRITHERS AP T §oFPRE FioaRenf PGSt the
for manufacturing a silicon single crystal by using
resphgs apbviEdederichdassr iged THWEes- manuf acturi ng
apparatus 100 will be described. 10[0047] The-
i ns{@@3@f the pulling chanber 1 and the crystal
t ake-out chanber 2 are adjusted to a predetermn ned
Pr essts Ba fard , aBmAsd AtertSs oft thdunedanit Ontdetion will
chanbers 1 and 2 at a predetermned flow rate from
be dd@: rAbedas thitete rHce telrawi s POk YEE ¥aEa! kinkGresent
silicon block serving as a raw material filling the
inv‘ékﬁg&?'fs 4okes1hgat &4y (hhee @tﬁf[rﬁ@i&%eagg{:?i@e@tb ow.
predeterm ned tenperature and nelted to generate the
sil[g melt 3 which is araw material nelt. Then,
t he ¢€Qtal driving unit 14 is actuated so as to
i mer se the seed crystal 30 in thgﬂfo silicon nelt 3,
and®t%re TckS 813N FANCNGT AT FoEh oY CREVEPIGTHREINTLE
driving unit 15 are controlled under predeterm ned.
crysdadi TaOHREHrd89dt aPperfbrin s if@hilen§ost epriofingu|ditng
the seed crystal 30. [0048] In the pulling
manstfeptutirey hertihzost af shgnkt | arfdtelld devoc@dind kb ths
~ driven so as to apply a horizontal magnetic field to
embbigmehfiSidgle wfe Phesshti covemEldn.3 in the crucible 4.
The-horizontal magnetic field device 16 fixes the
magngeddg field axis 1 of the applied magnetic field
at a constant position fromthe |iquid surface 3a of

h 1 ‘ . . .
nen L 1L SO STBL Y | Thddor Ahas destAbec mperis She
preglce)g]l:gelz no%i@%%%gﬁ%%:sp%segg %heirtl%llgz. OP,E:?E% 8g§igggélc%amber

evi vertical i're

performed_in advancg by th horizonial magneti c fiel%
1 haBihq i RYLHTEEtFhy S880PcR A & SEYPhat THE magneRFEPer
field axis 1 of the applied magnetic field is fixed
whigh 15 FOSCENBR1ADL b ha sSPSEEvRrOth RS e Jingurgamber 1, -
surface 3a of the silicon nelt 3 by nore than 50 mm
hasaadd pinatgossbaher dilstraride pmadhey i chdnberd lceanérhas a -
di stance H) which is higher than or equal to the
cyldepthcdl farampet.he 1iquid surface of the remaining
silicon nelt at the point of tail-in.

[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



10

15

20

15[ 0049] Through this pulling step, the
silicon single crystal 20 is pulled; a neck part 22,
a dianeter-increasing part 23, a straight body part
21, and a tail part which is not shown are
sequentially fornmed; and a silicon single crystal -
ingot is 20 fornmed. The depth L fron1the liquid

urfac of the .remai_ni SI|I t the oi t of
corgon 2 B R S B rarpre S U R whi Che i B
advance by cal cul ations, and the |ike. [0050]
dirpesigenes Gt the ?%lmpéc@u}mgl%@@ﬁéacaﬂwéf the
single 25-crystal according to the present enbodi nent
sililgoginglitar in gha croonbentd ohal vamhobastant hy tivetrhod iof
a single crystal; therefore, detailed descriptions
chatrberebfinng Idulid nenstéedf § 5 tokes gidl,e thestagnethich
-field center distance Hwhich is the 5 distance from

is Weeckh B bSiwif.acen 3aa@ft itdhe shl teOMNUMEl the3 dhambhe 1,
crucible 4 to the magnetic field axis of the applied

out@&ggettﬂe chLc.e_queV‘ﬁ ;L e 9@ d&@ﬁam&%%ﬂheét%é'ﬂ%é@

va ue of the magnetic fle center stance

as_a value s that t na i el.d 1 at
3 af% e B ey s appéggvé'thlf Eﬁ?a&%rs ‘in
3b of the silicon nelt remai ning in

thecPH&MaP% @awrotlhthwa% ll’tfwelartéﬁﬁ. ﬂ?*ﬁ@rbee]p% K are

fromthe liquid surface -3a of - the silicon nelt 3 when
provhdedten ¢hshpaminhemaiGralB inpegt sar reearndhehgdiatton
of tail-in 15 is set as the maxi num val ue of the
inngirssantacdd [ 0053] This is for the reason. that,
by this set condition, the position of the magnetic
fiefgosaxis 1 can-be maintained constant with respect
to the liquid surface 3a of the silicon nelt 3 from
Moreover, above the crucible 4, for example, an
approximately circular-cone trapezoidal Ar gas current plate
7 for regulating the flow of an introduced inert gas such as
an Ar gas is disposed 30 as to cover the crucible 4, and an Ar
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 and 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 crystal

take-out chamber 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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20 the beginning until tail-in in the pulling step,
and the convection of the silicon nelt 3 in the
vicinity of the part imredi ately below the crystal
interface can be maintained in a stable state. In
addition, in the entire pulling step of the straight
body part, the nagnetic field axis 1 can be caused to

1o E3pheselpass hayesd o s et Spiabale sthiean.

in the
f .conventio for ex

neration | prohl . ( l, e
Cry R AR GE KT Or R Eeat - QAR TG T S ToGE OF o
single crystal and generation of dislocation due to
thesgpqlirtvehtl of b9 PehBosihicon e veEhhcal gdrection via
prevent ed. [0054] After the tail-in, a tai
theswépe ol fior mudg the salicparsinglescaysedli-and, in the
tail step, the magnetic field axis 1 is sonetines
bel pw4He | owest part 3b of.the silicon nelt 3 in 10
the crucible 4 (see FIG 4C). However, even when
changee Bfet, her 8 hYHipalr $HAeh @ heQaGRS i th k@ utatdamber
part, it is not related to the yield of the

2, fePutkachubed Shhigan:shpghe ebystalrohNg9hgaln dhére 334
‘there 1's no practical detrinent. [0055]

| sucf’5§gr§r{]%\r rag% i{;ﬂ%tﬂ? .tc%iaknb%‘ifgﬁl.ﬁcp%e 1'Sh rovjbc)l/ed, and

enper at ur Sttrcon ne i'S 1ncreased

' i ncreasi ng,the output of the heating heaters 8 in

an BF G35 L6oH R A HIRE P )RFAIL P RAet 7% ma o GPTRTFIES to
tail part, the nolten silicon does not solidifies,

theafl ghe BHEH éM-of generation of dislocation due to
solidification 20 of the nmolten silicon is not caused
al sEG4BX ormati on of the tail part. [0056] Herein, if
t he maxi mum val ue of the magnetic field center -
di starwcered,i assehotn be Ik rigemahei agngbptdrieftatihe
silicon nelt

manufacturing apparatus 100 has a horizontal magnetic fleld

device 16 for-generating a horizontal magnetic field. The’
hofizontal 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 respectively generated.
Iﬁagnétic fields are orthogonal to the center axis of tile pulling
chamber 1 and disposed symmet;ically éo 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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25 3 remaining in the crucible 4 at the point when
the tail part is conpleted, in other words, when al
the pulling step is finished, the value of the
magnetic field center distance H becones a
significantly small value that is, for exanple, 50 mm
or less like Patent Docunment 1, the flow of the
silicon nelt 5 becones unstable in an early stage of
CAYRE DUF I HY SSER BAHHT B 14bETEICT HE FRnBRritAkete
. distribution becomes unstable, and crystal ‘
in ghg|iseatceh GerantsonThe: B erenssaéhmtondpyiowt FIG. 1)
deteriorates the productivity of the single crystal
aloagd-hescargtereifiectf voe ALO10QFHhamber 1 iNotdet hatper form
al t hough the remaining depth L of the silicon nelt at
postifieonel Nddafstpghnlti g end wérdheilstiiaegbiobosly eyt of

the silicon single crystal (point of tail-in)
hoﬁﬁoﬁhéﬂgﬁgnggp@&%ma ¥ 1 eRey &iﬁ@ké@ﬁécts LIS fth@scfd@mle
initial filling amount 15 of the silicon nelt,

4 Size of the quartz crucible, and the reS|st|V|ty of
“the silicon single crystal, general values of the
engég%gg depth L are shown in below Table 1 for
f In Table 1, the sizes of the quartz
cruci bl es are 28 |nches and 32 inches
sol TRt ficE&EPBR2 + dtAm&i- 1Ch &L pHE Hevoret %ﬁ |1% ﬁubheczbeqi e
28-inch crucible is set to 80% and the

| posgblipaa} adansonentabe tae hdnd Zooital nsflgnegill- ﬁwhdrpqshétlon

32-inch crucible is set to 80% and 85% so as to
adjoatk tud ateyitchel $ erathang-tdepeltLcaNeditdwtionnbiat dtee H
solidification rate at the point of tail-inis

frohWHdRaghdei caseld thar 1 heiahomeafdesdrs @ﬁdhéa;@serated
formation of the tail 25 part becones difficult; :

magh@@[@fﬁrefld Egetl?@q %TQQSEuffl?éje Vial JeSthels8 1icon melt 3
determ ned. [0058] [Table 1] QUARTZ CRUCI BLE SI ZE
in the crucible 4 is a-constant value which is 1arger than 50
mm and equal to or less than a depth L from.thé 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 worﬁs, at the point
éf 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
horizontalmégneticfieldpositionadjustingdeviceijasothat,
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
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INITIAL FILLI NG AMOUNT SOLI DI FI CATI ON RATE AT TAIL-1N
REMAI NI NG VEI GHT REMAI NI NG DEPTH L 28 | NCHES 200kg
80% 40kg 90mm 240kg 80% 48kg 99mm

the crucible 4, specifically, aposition lower therefromby more
than 50 mm and positioned at the part that 1s equal to or higher
than the depth L from the liquid-surface of the remaining silicon
melt at the point of téil-—in.

(00461

_ Next, the manufacturing merthod cf a single crystal

according to the present embodiment for manufacturing a silicon
single crystal by using the above described single crystal
manufacturing apparatus 100 will be described.

[0047]

The inside of the pulling chamber 1 and the crystal

- take-out Chamber 2 are adjusted to a predetermined pressure,

and an Ar gas is introduced into the chambers 1 and 2 at a
.predete—rmined flow rate from the Ar gas inlet 10. Then, a
éolycrystalline silicon block gserving as a raw material filling
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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32 | NCHES 300kg 80% 60kg 105nm  85% 45kg 90mm 350kg
80% 70kg 115mm N

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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85% 52. 5kg 96mm [ 0059] 5As is understood from above
Tabl e 1, although values 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 Iess than 115 nm 10[ 0060] As descri bed

, in the manufacturing nmethod of the single

CO“X?%%%F"?‘%&‘P&P&PH@“F On¢ HEE s Ent 2 efibd SETtY S trlom t he
initial of the pulling step until at |east the point

theppiengd -datailke AagREIPEldiethesarps Yibf hehemifpefed
hori zontal nagnetic 15 field is always in the silicon
mel t40nid the horizontal magnetic field is applied so
that the magnetic field axis 1 of the horizontal
Megnalidic, f tied Aagaesit mielbhertRsi #es endeh® WhiilchCo the
melt 3 in the crucible 4 at a position having a

dlsfé&méé aﬂtorrmtﬁeam&uﬂ ertfla%el BOuid surtace.3a fi1d heiy

l1con nelt 3, in other words, at the position of

the c:']}%CQbfc“Léqlnfo th%ﬁl%%ﬁleﬁ:h?%léqer%lgnc% Sy Q%E;L?eh%%%ne@"i‘m

emal ni n

fleggxwzﬂjl %e] described.

(00523

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 liguid surface 3a of the silicon melt 3 when
the state shown in FIG. 2B is ai;tained 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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[ 0061] Herei nafter, exanples of the present

invention will be described. 1J 0062] Pul l i ng

of a silicon single crystal was carried out by the

manuf act u i ngnmet hod of the single crystal according

to.the above descri bed enbodi nent, by using the

single crystal nanufacturing apparatus 100 of FIG 1
c field,center

S fi h
cru ng L S pathooal ¢ s> TREBREL S ddR deSRIBE

| e cryst |ngots was carried out, respectivel

Con‘é%n ek Wéoﬁﬂrﬁ’aér bPT tHE ot §g‘®69% O%%PWSFE 0
mm n=4 when H=70 mm_ and n=3 when H=90 nm ( Exanpl es

diameteyx )t theowallexdisd likenps teelr cavafplednd tgpneration
di aneter of the quartz crucible 5 was 28 inches (700

of diylodeased dnesiperadliiddtfionsisucdt ahedesiiedh melt can
resistivity, in order to manufacture a silicon single

be Sf¥sdmded.ngot which had the length of the straight

- body part of 1000 mm and the crystal diameter of the
st r@gigghty body part 25 of 306 nmin consideration of
the grlndlng al | owance |n cyllndrlcal grindi ng so

8 SR TR T SR A B

s $%¥%¥¥%?s Ereﬂgnth€FB| 5 terk%Bnegat Ejlhilthe

when the silicon single crystal got havi ng t he
is HPeFdrgeskeivedhgesored: sRapes’ sofp PeedlicRe felght in
of the single crystal silicon pulled at the point of

thetaiucibheis (expdtitedi€b. béloWETeky; ewndvhen wbangheof the
remai ni ng anount of the 10 silicon nelt remaining in
crysthel eiackbbe okatrst hh sthpoicat lisad3 ko, id hetrese michyo
‘depth L of the silicon nelt at the point of tail-in
the Iy5 A¥PEEL L AnREa8Auf@d 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
forﬁtthQVtail.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
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[ 0065] Then, by using the horizontal nmagnetic field
position 15 adjusting device 19, the horizontal
magnetic field device 16 was noved and fi xed so that
the magnetic field center distance His 60, 70, and
90, respectively (see FIG 2A). [0066] Then, the
pr epar ed 220 kg polycrystalline silicon block 20 was
ut jnt uartz crucible. 5, t he poJycrystalline
15 Botp Lehfd ok ChEr oDy W Badt FRG Mok K1 36 Skhf P
i ntroducing the Ar gas fromthe Ar gas inlet 10 into
fing peedhdiiserglucand Qh%ﬁ@ﬁ%%éﬁaﬁgﬁha TR QJasiisiteRrend
Ar gas discharge opening 11 by using a vacuum punp.
bec2bf 06 Fignificant ]l Afsmerl lcoaphetilot df, mBbtiewpngfle, hél
pol ycrystalline silicon block, a nagnetic field was
mm A0t eappliiedriosna Doltuhent andepesilidwonf ReWas1 LesH imedt
" out by noving the crucible 4 by driving the crucible

becgﬁéyilﬂgsﬂ%ﬂe 13, atheseby Adisticngnha é{lﬁﬁ{%a@(i%pxas

etmeen the Ar gas current plate 7 and the liquid

desg Sbgge Ejr h:lem?er?‘ﬁgge ttr%b&ﬁfgn% g’bmgé)uns?aﬂle,

ern1ne héen ter several hour

SI|IC erature stapjlizj time

andaafmﬁ%eﬁf 6o ERECT T ur PP BRI e S RERERon
step, a magnetic field of 3000 G was applied to the

detepierataohlfgttoata vERE o Ebﬁbﬁiél%ewrmﬁﬂg apfgls not
hori zontal magnetic field device 16 at the magnetic

efféceldvecenter positions 60, 70, and 90 mm
respectively. [0068] Then, to elimnate dislocation
of tdusgeed crystal in the 15 necking step, necking
by the dash nethod was carried out, a

di ampternhpcraasRdgharte %ﬁaﬁﬂlﬂ@dﬂép‘ﬁhtﬂ%f the silicon
di anmeter-increasing step so that the crystal dianeter

mel?%@’ﬁgppg?ﬁg%qpﬂ%? ﬁ!tngncﬁ% M e hePpiay ﬁa&@c”of

change raig ody part stepto formth

enoSALPAIDL PR 810, L) 08 v L o il

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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[0069] The wei ght of the silicon single crystal at
the point of tail-in was 6 kg at the
di aneter-increased part, 171 kg at the strai ght body

part, and 177 kg in total. In consideration of 25 the
above descri bed expected remai ni ng depth L=94 nm at
the point of tail-in, the magnetic field center line

1inthe Exanples 1, 2, and 3 is at the positions
arehighernihan the lowest part of the silicon nelt by 34
mm 24 mm and 4mm respectively. [0070] 5Then, a
“tai Od?gf was formed by the weight of 23 kg, a
silicon'single crystal ingot having a total weight of
%ﬂ fg was generated, andthepul | i ngst epwas fi ni shed.
[Tahhe tEmmi ning anount of the silicon nelt at the point

of The pulTing STEpP conpletion was 20 Kg. J0[ 0071

| QUARBE e t hatNIGIALt he| BBVRL HEFGOb E@WIIMIH& qFeHAINING

crystalj pulling was carried out {in the N reggion, and
CRUCHhBLpul | g I36eed| RABE OISR TIMIM (WEJDBO72] 13EPTHEhE
pul l'ing step of the silicon single crystal,|] when

sizdi sl ocataMpuNTs geperated in an egarly stage |of the
necking step diaheter-increasing step and straight

28 p@@yE§tep 25 pu | ed sighkcon S|nglq0@%ystal ha$ 0

be returned [l he .cruci ble agai_n an lited, and
t he pMI|rEh§ﬁfp has toagg carriled %%&g Somm
32 INCHES 300kg 80% : 60kyg 105mm
85% 45ky 90mm
350kg 803 70kg ' 115mm
85% 52.5kg 96mm
[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 fq or less
than 115 mm.

[0060]

As described above, in the manufacturing method of the
single crystal according to the present embodiment, from the
inifial 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 again. Wien the nunber of times of the pulling
steps carried out until a silicon single crystal
ingot which is conpletely free from di sl ocation
(hereinafter, referred to as a good silicon single
crystal ingot) can be pulled in the early stage of
t he necki ng step di anet er-increasing step, and

t 25 ody, s th N er_of .tri
horpefEkP brdRePES Hiza Bl Shfomeliniatied P frediiren
2, and 1.33 in Exa l e 3. hbte t hat the above
melfdseh FEEFMGHHeP BF ARITL 4 tﬂwr@(amn&aatéhstam
average values of the nunbers of tries neasured in n
fromitipesl G ishs ¥y frreoda afsilg ebhi SPBREt chvyst aFDRRAFOEAS,
Note that, in Exanples 1, 2, and 3, the silicon nelt
at wbaspnetttﬁohiaﬁ thed:;lisa:nadlctehEas@apEthn bheuwcaypdtafuataso
good. Particularly, in Exanple 3, the shape of the
lesSryisdlciasefibgni fd Caaddy 1gae@de FQO732A and 2B). The
average of the cycle tinme for generating one good 10
n single crystal ingot was 72 hr, 70 hr, and 73
Exﬁmﬁifﬁgpectlvely, in Exanples 1, 2, and 3. [0074] -
3rat|ve exanpl es, nerely the magnetic field
cen er "di stances were changed mﬁth respect to the
above ‘descri bed 15 anpl_e silicon S|n
o VAL TR S TS S B athel TIFTHE SMETRARREr Ll be
" Specifically, when the magnetic center distance H was
desgsipeds5 and 40 mm n=2 silicon single crystal ingots
were pulled in each case (Conparative Exanples 1 to
3).[q0@Xa5] 20l n Conparative Exanple 1, dislocation
occurred during the process in first and second
puldulng rst epsa i i Jpuwdn Bgngle bot ysttdie waisl ceonisd nglteby
crystal ingots, and a good silicon single crystal

the inRGQY 2 W8 r P hREhbA & thé d npakl dﬂ}&tﬁﬂo&ﬁﬁﬁrdﬂr@oﬂ@khe
251 n Conmparative Exanple 1, in pulling of both the

above | 4EQ Y iped 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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single crystal ingots, pulling of a single crystal
free fromdislocation was snoothly started; however,
change of the crystal dianeter periodically appeared
fromthe point when the |ength of the straight body
part was 700 mm when the magnetic 5 field center |ine
1 becane |ower than the | owest part of the silicon
nel.t. This generated ermai ned _ungrqund_part i.ch
crlapdhee <Ey el Fiatcrystar Sdranat e 500 Uneid t
s_ground cylindrically., Mreqver, at the point when
ComPagTE GGt s brar e DAty IpaEt SvES SR T e
of the surface of the silicon 10 nelt solidified, and
silipensil 9@k fiasd PFaPEr@dsabrougit Magesiabntaet Wiltts the
silicon single crystal, thereby generating
intdrsbocaf iOmre cAstcabiiesdlt, dislocation was generated:
across 150 mm whi ch was 15% of the entire straight

bodyogesit. [0077] 151 n Conparative Exanple 1, the
average value of the cycle tine was 78.3 hr. [0078]

Meaiubi il:£, whén @@@gmwﬁs@s?mc&y&am d hBei®f the
both the silicon single crysfal ingots, dislocation

wer Q. iyn ' f A | i
ool 8 SENLAL SO AT hOETH) 0t ShO R B O
ngots were. f a faurth

..Ssilicon single.cr stai r med
SLnB4P| e T ocdsd SonBEAVET dtie W GS2BF § het e I o
“was 85.9 hr. [0079] 25In Conparative Exanple 3, in
cxP§GEPAJE PGobH’ SF9i GAR - sTHRTR ther Fetain ity are b the
formed in 2.5 times of pulling processes. The average
silygbuanelft tiemadyéhe innghavesuz8bhe . 4 [008b]sTheint is 43
relation between the nmagnetic field center distance
kg, the remaining depth I of the silicon melt at the point of
tail-in is expected to be 94 mm.

{00e5]

Then, by using the horizontal magnetic field position
adjusting device 19, the horizontal magnetic field device 16
was moved and fixed so that the magnetic field center distance
H is 60, 70, and 90, respectively {see FIG. 23).

[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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5 H and the nunber of tries (average value) in
Exanples 1 to 3 and Conparative Exanples 1 to 3 are
shown in FIG 3. The nagnetic field center distance
H, the nunber of tries (average value), the cycle
time (average value), the good crystal yield rate
(average value), and productivity (average value) in
10 Exaapl &pnph k9ol éﬁdm@rfmﬂ%%tfi ¥8Ex81Pt £5s th 18NGh 2
are shown ir%j]igel gw Tabl e 2. "The gog?c%s]fe}zsl yield
..r.ate is. the _perce e- of 0 r .4 ' ]
N R et A A R
defects, and the |ike re generated. The .
and, PEALELORIRY 476 CRETEAE: B0 bToX M eGP of T REP Ao dk BY
crystal 15 part with respect to the cycle tinme and
drighBsthhecTitiidne Srivheo gt rSsttaerphrt 2gbner e d
per unit tinme. [0081] [Table 2] Exam pie 1 Exam
disphace ExXmhwepine tBe Conprracurirebt Bxbafpt & &ndonparkiquid
tive ' : . :
surface 3a of the siliconmelt 3 (see FIG. 2B) to a predetermined

value. Then, after several hours of silicon melt temperature
stabilizing time for adjustment to the temperature reqguired in

the next step, a magnetic field of 3000 G was applied to the

siliconmelt 3 inthe crucible 4 by using the horizontal magnetic

- field device 16 at the magnetic field center positions 60, 70,

and 20 mm, respectively.
[0068]

© Then, to‘eliminaté dislocation of the seed crystal in the
necking s1;ep, necking by the ciash method was carrried out, a
diametgr—increased part was formed in the diameter~incréasing
step so that the crystal diameter became predetermined size 306
mm, the step was then Chénged to the straight body part step
to form the straight body part, and pulling was carried out until
the straighﬁ body rpart: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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Exanpl e 2 Conpare-tive Exanple 3 Magnetic Field
Center Distance 11 nmm 60 70 90 150 25 40 Nunber of
Tries 1.25 1

point of tail-in, the magnetic field center line 1 in the

‘Examples-l, 2, and 3 is at the positions higher than the lowest

part of the silicon melt by 34 mm, 24 mm, and 4 mm, respectively.

[0070]

Then, a tail part was formed by therweight of 23 kg, a
silicon sinéle erystal ingot having a total weight of 200 kg
Wasgenerated[andthepullingstepwasfinished.lThergmaining
amount of the silicon melt at the point of the pulling step .
completion was 20 kg.

[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.

[0072§

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 carried
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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1.33 3 4 2.5 Cycle Time hr 72 70 73 78.3 85.9 78 Good
Crystal Yield Rate % 60 60

in Example 1, 1 in Example 2, and 1.33 in Example 3. Note that

the above described numbers of tries in the examples are average

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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60 45 60 60 Productivity kg/hr 1.88 1.88 1.80 1.26
1.53 1.69 [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 in which dislocation has not occurred
in5 early stages of the pulling step can be created

sin8¥635¥§4é31 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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nunbers of tries, and the cycle tinme can be
shortened. [0083] Moreover, in Exanples 1 to
3, conpared with the case |ike Conparative Exanple 1
in which the magnetic field axis | becones 10 | ower
than the | owest part of the silicon nelt during

pul l'ing of the straight body part, the good crystal

d. rat hi t
oS L S 2 s D b P

| arge good crystal parts_can be genera [0084]
ThelGWBF% b eFa iy o &REI E¥Che 10T ﬁéﬁngﬁrga with the
case |i ke Conparative Exanple 2 in which the
cl eB?®Htle between the surface of the silicon nelt and
the magnetic field axis is small, productivity of the
goothe medbaliopardtvcam bie erdeted, L centExatipitenze
the productivity is inproved by about 19% [ 0085]
H aMareevefumbas showniéf Fhverade thvudunibeExafpleseb tics 3
rapi dly reduced when the magnetic field center

anddtéﬁmﬁggf&ﬁ'é S AR1es60 m 3the nurker iaf FiEi es, | She
stabl e al though slightly 5 reduced when the magnetic

magﬁaﬁ,bg f:i% tdeéer?ﬂ %ﬁqg%aﬁcé% 60,1 0 LR £0 fn@rlggd(atvtéq:a

tr T'es has a m Ri fum val ue when the nagnetlc

fiel d of
Lo o % il (&1 7HIT Yo EL £ 00 s cpRgnt V1ei®

magnetic field center dlstance HIls 70 to 90 mm whi ch
rates (PREHEE Viaddius vy 36l POCEREE ek nPNGTaept FELUDf he
silicon nelt at the point of tail-in, and the nunber
Exapblesidd § dud geinpamdigastermhas fhandeg A&t ehevrelig
.center distance. His larger than 90. [0086]
belbheT&tor @,. |Th@a;mcbbcmgd’east§u®ddt hate m@het]h@l’centage
magneti c

of a good crystal part in the straight body part where no
dislocation, Grown-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.

[00B1]
{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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15 field center distance His larger than 50 nmm and
equal to or less than the remaining depth L of the
silicon nelt at the point of tail-in, a single
crystal which is totally free fromdislocation and
has a good crystal shape can be stably pulled. [0087]
20According to FIG 3, to stably pull a single

~crystal which is fotallyl!fr 1;on1dislocation nd
Numﬁ3¥°%T§HﬁU cryét all shape, fﬁg gnétic |field ceptef >

distance H[iS preferred [o be [0 mm_ard, as _
CvcHeSerd bed above, since the Emini Ay dept h®E-of Ihe 7

]l . A ) H i S - | [
srrecof-nelrt—at—tnepornt—of—tarr=rnTrsequar—tp o1

Goodm@resthhan 25 99 mm ard equadt t ¢ or4d es§ thah 115 nmac
the magnetic field centeq 33 distance{His preferred

vietOrbE: karger than{50 mm and equal to or{ I ess than 90
mm [ 00881 As des¢rihed above laccording to the

Prmﬂ@ggﬁ@gturingqﬂﬁthongsof the $ingle criystaks 1.69
according to the enbodi nent of |the pregent inveption,

kg/mpen the positionjof the|magnefic fielq axis 1 which

i's the center of the appllied haorizontal| magnetic

field is Tower than the Tiquid surface 3a of the
sil1e®¥¢helt 3 by nore than 50 mm and set at the
position of the distance equal to or less 10 than the
deplé it feonbe hedarglicgdsirdracecss Brblne sipj gwmples
melt 3 remaining in the crucible 4 at the point of
1 tbal lcompared efichabbypanieive Expspdes latoald pgsietli ehligen
the range of 50 mMmto 90 mm unstabl e convection of
singhe Siydteaningbts iin aniaadliylstageornhatheopulckrged in
step of the silicon single crystal can be suppressed,
ea % EEQ?@QV@% 833179508085 atdPHeOl-rdibsbachY | Sl Ter
the pulfled silicon single crystal. In addition, at
| east ' h [ il-in, _ th j ield
R o e R e e ot BT vest part
3b Eé @?F silicon nelt 3, change of the crystal
di ahg? of the silicon single crystal generated by
the 20 tenperature change of the silican. ngelt canﬁggg

suplBPERRERE . LBIHEAMHIES T &7 of CORBRERE Ol Hf €265

suppressed, and generation of dislocation in the
Compialrp & dne Sixagpée dr yB WA chdihepsagifipiceSsetr 2xhareperanes

according to the manufacturing nmethod of the single
loweryshah {Aecoodeny partt bé presditicentosl thehmring pulling
of the straight body part, the good crystal yield rate is high,
the rate is higher by 15% in Example 2, and silicon single crystal
ingots having large good crystal parts can be generated.

[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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25 single crystal which is totally free from

di sl ocation and has a good crystal shape can be

stably pulled. Thus, the yield and productivity of

the manufactured silicon single crystal can be

i nproved. [Brief Description of the Draw ngs] 5[ 0089]

FIG 1 is a schematic cross sectional drawi ng of a

sinﬁb% rystal manufacturing apparatus suitable for

car |ﬁﬁ out a manufacturing nmethod of a single
crystal according to an enbodi nepnt of the preset .

i VBRSO L 18E %ﬁ‘?“’@ Hr & I&ra\%l nbgef%‘fmb&mo% %r’fﬁast hé
manuf act uri ng net hod of the single crystal accordin
rapi@ly W@cbwggeﬁhe@nﬁwmﬁﬁplﬁh%%%i% CeRGET 2AL SRS thes
relati on between a liquid surface of a silicon nelt
40 ‘amdampaghbei muiltice] dfaxrseatis rdabdgi ahtiguadf sgightly

pulling step, and FIG 2B shows the rel ation between
redtBed Lt @hiSnsgdane fafelheestét cbstamct Hnis tdlen to
magnetic field axis at the point of tail-in.

70 £hG ay theA ndh8eE agE shp Nthdhe hehahh®nydeiaeernt BRe
magnetic field center distance and the nunber of
tries d.n - n r ak

raopgt 5SS REATE afsbinch Bofh TOTRRY SEhY CuRERILES £les

presen i nventi on.
, d ' icall how ' -
s Sl bPPRg rABh g E T e A RONERM PRl se1d
FIG. 5 are drawi ngs schematically show anot her
centeRErR I HraRul Gt Tk il o 18 EPFi toR Uty P

crystal. 25FIGs. 6 are drawi ngs schematically show ng
theamoeherng 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

conventional manufacturing nethod of a silicon single
crystal. [Description of Reference Nuneral s] [0090]
1Pul Il'ing chanmber 5 2Crystal take-out chanber 3, 43,
53, 63,Silicon nelt 3a, 44, 54, 64Liquid surface 3b,
46, 56, 66Lowest part 4, 41, 51, 61Crucible 10
5Quartz crucible 6C}aphite crucible 7, 42, 52, 62Aw

o FateF bRt SR R o S
or less than 90‘mmf

[0088]

As described above, according to the manufacﬁuring method
of the single ¢rystal according to the embodiment of the present
ir;vention, when the position of the magnetic field axis 1 which
is the center of the applied horizontal magnetic field is lower
than the liquid surface 3a of the silicon melt 3 by more than
50 mm and set‘-'at‘ the position of the distance 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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12D aneter controlling canera 13Wre 14Crysta
driving unit 20 15Crucible driving unit 16Hori zont al
magnetic field device 17, 18Coil 19Hori zont al
~magnetic field position adjusting device 20, 47, 57,
67Silicon single crystal 25 21Strai ght body part
22Neck part 23Di aneter-increasing unit 30Seed Crystal

2 o4 GPAPE A hahTPRCT T PR Pl At ke - hb8!! ehEy R Ra
productivity of the manufactured silicon single crystal can be
improved.
[Brief Description of the Drawings]

[0089] |

FIG. 1 is a schematic cross secticnal drawing cf a single
crystal manufacturing apparatus suitable for carrying out ar
manufacturing method‘of a single crystal according to an
embodiment of the preéet invention. |

FIGs. 2 are drawings for explaining the manufacturing
method of the single' crystal according to the present embodiment,
wherein'FIG. 23 shows the relaﬁion between a liguid surface of
a silicon melt and a magnetic field axis at the beginning of
apulling step, and F1G. 2B shows the relation between the liquid

surface of the silicon melt and the magnetic field axis at the

~point of tail-in.

FIG. 3 is 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.;4aredrawingsSchematicallyéhowingz&éonventional
ménufacturing 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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[ Docunent Nane]d ainms [Cai m 1] A manuf acturi ng
nmet hod of a single crystal froma raw material nelt
in the Czochral ski process under applying a

hori zontal magnetic field to the raw material nelt
housed in a crucible, wherein setting a
magnetic field center of the horizontal nagnetic

' conbb8 Qoﬁglgaﬁggggwmogow@{hw% glse@%%@@n%&e%}gﬁg%ggq

surrace o oused” raw mat eri al y nore

50 nmm and equal. to or less than 90 nm and pulling a
[Degrdp l%?y%ggﬁﬁﬁﬁﬁpgekg%%?ﬂ%ﬂ%he position of the
liquid surface constant by controlling a vertical

post¢9Yh of the crucible and while keeping the
position of the magnetic field center constant and at

1 a cbabtiam aiesbamnce Hfromthe |iquid surface which
is equal to or less than a depth L fromthe |iquid

2 surfagstaf take-paw obdmesemal nmelt remaining in the
cruci ble on conpletion of pulling of a constant

3, dzanegerepart of1iden siengl e crystal. [ Docunent Nane]
Abstract [Title of the Invention] Mnufacturing

3a,[ ihogl, PfBﬁSi not ey shdlelAbst ract |

| ective] To provide a manufacturing nethod of a
~si,ngl g5 yst ' an stably pull a single
Bb'cflyg/é.t g?’ (lgch ?J%W%Aéoklt g{}:\rﬁ: free fromdislocation and
has good crystal.  shape. [Means for Sol ution] The
4 ﬁéthga'cghprisggu%% of actuating a crystal driving
- unit 14 so as to imerse a seed crystal 30 in a
5 siIQ%%ﬁﬁ%nﬂqﬂQ3P18nd controlling the crystal driving
unit 10 14 and a crucible driving unit 15 under
6 pre@erEricneducdhditi ons so as to pull the seed
crystal. In this pulling step, a horizontal magnetic
7, Hrbel d2degi ce 1Brigadréwerergopdstto apply a magnetic
field in the horizontal direction to the inside of
g theysitigpmea®lel: 3 in.a crucible 4. The horizontal
magnetic field device 16 fixes 15 a nagnetic field

9 aXigeode of  thecappl hedspmgpnetic field at a constant
p03|tionr}ron1a ['iquid surface 3a of the silicon nelt

3. r pegci fically, positional adjustnent of the
hor%gd%?iﬁgﬁﬁﬁhetic field device 16 in the vertica
direction |s carried out in advance by a horizontal
TagRE1F2° (A g0ET PPEIAH] ust i ng device 19, and 20
the magnetic field axis 1 of the applied magnetic
fi ePHENRLYY ¥OPTFCLAIPBSFETOIE of a constant di stance
which is lower than the liquid surface 3a of the
13 silWcoa nelt 3 by nore than 50 mm and at the sane

| evel or higher than a depth L fromthe |iquid
14 surtagetaf dheimgmanning silicon nelt at the point of
tail-in.

1

e

1

=

1

[\

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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25[ Sel ected Draw ng] FIG 2

22 rNeck part

23 Diameter—increasing unit

36, Seed Crystal

45, 55, 65 Magnetic field center pésition

100 Single crystal manufacturing apparatus
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[Document Name] Claims
[Claim 1]

A manufacturing method of a single crystal from a raw
material melt in the Czochralski process under applying a
horizontal magnetic field to the raw material melt housed in a
crucible, wherein

setting a magnetic field center of the horizontal
magnetic field at a position lower than a position of a liquid
surface of the housed raw material melt by more than SO_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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