[ Document Nane] Specification [Title of the Invention] Mnufacturing Method
of Single Crystal [Technical Field] [0001] 5 The present invention relates
to a manufacturing nethod of a single crystal using the Czochral ski process
(hereinafter, referred to as the CZ process) and, particularly, relates to

a manuf aciidd pgetit 0f gpsknghesgiystal for manufacturing the silicon
single crystal by using the MCZ process in which 10 a horizontal nmagnetic

field is applied,t i Li t K Art]. [0002] _ Recently, high
|t ogr ot DR ARICF IS0 BUFBREAPT 2O B 1ot shant BORAL Satdnegaral O

sem conduct or devi ces, and accordingly, 15 inprovenent of quality of the
silicon sifRfieriGaistiaieldshi ch is a substrate material, is increasingly
demanded. Particularly, reducing of Gown-in defects introduced during
pul l'ing of the [0idlilcon single crystal is strongly needed. Many pulling
met hods for reducing the defects, for exanple, nethods of pulling a 20

silicgn singlegryptakcht alvALf 88 A1 Have Lhegn, preposedrind 4R0O3]od n

addition, to inprove the yield of sem conductor devices and reduce

et or o (HEh BHATT G SrPhpTy T aioF Pod S s LAV BF T SDRETHEe s s
Recently, the wafer dianeter is 1
referred to as the CZ process) and, particularly, relates to
a manufacturing method of a single crystal for manufacturing
the siliceon single crystal by using the MCZ process in which
10 a horizontal magnetic field is applied to a silicon melt.
[Background Art]
[0002]
Recently, high integration and fine structurization of
elements has advanced in semiconductor devices, and accerdingly,
15 improvement of quality of the silicon 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
20 silicon single crystal in an N region, have been proposed.
[0003]
In addition, to improve the yield of semiccnductor
devices and reduce manufacturing cost of IC chips, the diameter
of silicon single crystal wafers (hereinafter, simply referred

25 to as wafers) becomes larger. Recently, the wafer diameter is
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mai nl y 300mm which is changed from a conventional 200nm dianeter. The 300
mm waf ers production is increased rapidly. [0004] Because of reduction of
the Gown-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

mel t 1 ow, haGoMRHD! &HiIMRO My a MIL SRECIH 'C%Qﬁlvle)h’tlto%arle@%?rﬂ he
Gown-in defects of a silicon single crystal, the shape of crystal

|nterfac%ior the t%@p épbure dl?trlbutlg {n the 10 V|C|nu% he crystal
interface % S|dﬁ|flgh drrantPTARa-stant ® ContT6i° ﬁﬂ% Yenper at ur e
distribution in the nelt S|de is therefore required. [0005] Wth the

di aneter of thd?90Hilcon single crystal increase, 15 a large weight of the
raw material has to be used for filling. Accordingly, the dianeter of a

quartz cruci bl @eicaualesor ireeiueased. of Ah22GtowR4inh edfes tef aad quarez ser uci bl e
has been used for manufacturing a 200 nn}dianeter silicon single crystal,

and ngw & 321 pehest Ur %h%“%ékzmﬂé’ﬂg? efdzs r@asgssﬁ 120 di! %ﬁde W th the

di anet er |ncrea5|ng of the quartz crucible, al so the wei ght increasing
of the fil raw materi al ectlo e S|Iu%ﬁg |t becones
I

strong, t ﬁli cﬁ@c&ﬁﬁglengé¥§gaﬁ§ t8t§$£¥F§yc%ﬁt$d?l HePhdt Shvection

of the 25 silicon nelt. 2
becomes more important. More specifically, tc reduce the

Grown-in defects of a silicon single crystal, the shape of a
crystal interface or the temperature distribution‘in the

10 vicinity of the crystal interface is significantly important,
and stable control of the temperature distribution in the melt
side is therefore reguired.

[0005]

With the diameter of the silicon single crystal increase,

15 a large weight of the raw material has to be used for filling.
Accordingly, the diameter of a quartz crucible is also increased.
A 22 to 24 inches of a quartz crucible has been used for
manufacturing a 200 mm-diameter silicon single crystal, and now
a 32 inches of a guartz crucible is being used.

20 [0006]

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

25 silicon melt.



[0007] To solve such a problem recently, to suppress the natural
convection of the silicon nelt, it is proposed to apply a magnetic field to
the silicon nelt. Particularly, a horizontal 5 magnetic field nethod is
proposed for effectively suppressing the natural convection. In such

hori zontal magnetic field nethod, there have been many proposals to nore
effectively USﬁj dﬁj conventional nmagnetic field intensity, relating to the
magnetic field é%stribution inthe silicon nelt. 10 [0008] For exanpl e,

Pat ent Docunent 1 Eroposes that, since the oxygen concentration change in
the crystal gricWBflde et aprabdesnesetar gy wiens uprer s §heiiaslaisik ecti on
between a silicon nelt surface and a horizontal nagnetic flux axis is

| ar ger tdemvddt foremf ttten 4kl died gid Wi s el i ieqitapodet weemnggdiey sd | i con el t
surface and the horizontal nmagnetic flux axis set within 5 cm to control

the oxygenyconcent baki@ntdsdihMd ae1tn t@@r@{é’@f_é‘%ly,g%%xﬂi%ﬁ@:@%;on-

[ 0009] 20 Moreover, Patent Docunment 2 proposes that,” to enhance t

uniformty of 1he.intensi di stribution_of ap_applied nmagnetic ,field and
i mpr g)ve W%@%%h@?&%qgﬁmgﬁbéfieggiF;{dDPeCfsfeeC&fogfegfggﬁgg Y SIERIGISH entire
crucible, the relative positions of an electronmagnet and the crucible in
t he vertikalnaiyeet i oMmyecsen 25 180 spigdt howd zeawedr nagnetdét 4iedid goes
t hrough the depthw se 3

method, there have been many proposals to more effectively use

of conventional magnetic field intensity, relating to the
magnetic field distribution in the silicon melt.

10 [0008]

For example, Patent Document 1 proposes that, since the
oxygen concentration change in the crystal growth direction
becomes large when the heightwise direction between a silicon
melt surface and a horizontal magnetic flux axis is larger than

15 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]

20 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 cf asilicon
melt of an entire crucible, the relative positions of an
electromagnet and the crucible in the vertical direction is set

25 so that the center axis‘of a coil goes through the depthwise



center part of the nelt in the crucible or goes through below of the center
part. [0010] Moreover, Patent Docunent 3 proposes that, in the use of 5 a
curved saddl e-shape coil, to prevent the rapid increase phenonenon of

crystal diameter of a manufactured single crystal, to performstable
pulling, and to avoid deterioration of the _inplane oxygen concentration,
the coi IS PerdePlatNg Post titbiheaR&lichPam Ched?aty PRt @9 abad surface
by 100 nmor nore in 10 depth. [0011] Furthernore, Patent Docunent 4

di scl osest tiet ,cargareduwed - 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 mmto 600 mmodegp fromthe nelt surface. [0012] As described above, nmany
vari ety of enbodi nents have been proposed for the positional relationship
of the horizontal gnet | [ inthe silicon |t f.or . yarious purposes,
such 20 as fOP&%ﬁﬁg%%Vngggggéiﬁ%#%ﬁ%ﬂtt 8r8§96§ﬁ %%%%@ﬁf}g ?o%sedvgtribution
or uniformty of the magnetic field strength so as to suppress the

conveéct idrF U &headdiceihans cddd tte medvEat the Gl imdersa s. [ Pat ent
Docunent 1] Japanese Patent Application 25 Laid-Open (kokai) No. H08-231294
4 phenomenon of crystal diameter of a manufactured single crystal,

to perform stable pulling, and tc avoid deterioration of 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
10  depth.

[0011]

Furthermere, Patent Document 4 discloses that, to reduce
the Grown-in defects and to obtain a high-quality crystal, the
magnetic field center in the range that is positioned at 100

15 mm to 600 mm deep from the melt surface.

[0012]

As described above, many variety of embodiments have been
proposed for the positicnal relationship of the horizontal
magnetic field in the silicon melt for various purposes, such

20 as for enhancing stability of the oxygen concentration
distribution or uniformity of the magnetic field strength so
as to suppress the convection of the silicon melt and to reduce
the Grown-in defects.

[Patent Document 1] Japanese Patent Application
25 Laid-Open (kokai) No. H08-231294
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[ Patent Docunent 2] Japanese Patent Application Laid-Open (kokai) No.

HO8- 333191 [ Patent Docunent 3] Japanese Patent Application Laid-Qpen
(kokai) No. 2004-182560 5 [Patent Docunent 4] Japanese Patent Application
Lai d- Open (kokai) No. 2005-298223 [Disclosure of the Invention] [Problens to

be sol ved by tﬂ% | nv ni)i o% [tO%J]B] 10 When a silicon _single crystal is

pul L ed from a mORCEERT SAGHEERT 1 1a JGRANES c FaERBIte APPL 1icetil@Bor t ant to keep
a crystal thermal history in the vicinity of the crystal interface

const antLdig¥-Qramt bf oy UFe f GtHE133 %% he oxygen concentration in the
crystal longitudinal direction or uniformty of Gown-in 15 defects in the

| ongi t udi nal di[regtkin@n Dodulde@ tSi3l)i CapapicR@l ®atehysShahli@@i4l Therefore,
conventional manufacturing equi pnent of a single crystal has a structure in

which a guatt ucj ;2 oUs silicon is pushed up in accordance
&g%t o&%‘% )pmcpe?d sq%g]lr%%ﬁs

with the wei tal so that a constant distance

i's i ntai ned hetween an Ar baffle plate disposed at a fixed position and
the rolten sililcanheSar PREEREN, JdhdPPRBESS, Fehént PAERd C&lifEce position of
the silicon nelt with respect to the 25 Ar baffle plate is maintained at the
sanme poskaidropen alfokdhe M. 2005-298223

[Disclosure of the Invention)
[Problems to be solved by the Invention]
[0013]

10 When a silicon single crystal is pulled from a molten
silicon in a quartz crucible, it is important to keep a crystal
thermal histery in the wvicinity of the crystal interface
constant formaintaininguniformity of the oxygen concentration
in the crystal longitudinal direction or uniformity of Grown-in

15 defects in the longitudinal direction in the silicon single
crystal.

(0014]
Therefore, conventional manufacturing equipment of a
single crystal has a structure in which a quartz crucible

200 housing molten silicon 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
liquid surface position of the silicon melt with respect to the

25 Ar baffle plate is maintained at the same position in all the

S



pul l'ing processes. [0015] In such a general manufacturing nethod of a
single crystal, the relation between the nolten silicon and the nagnetic
field 5 center position of a horizontal nagnetic field is as shown in FIG
4. More specifically, in an initial state in which a sufficient amunt of a
silicon 1. 43 is housed in a crucible 41, as showmn in FIG 4A the
nagnetlémﬁ%ﬂqpcﬁﬁﬁ%ﬁ Position 45 of the applied magnetic field which is
away fromthe I| uid 10 surface 44 of the silicon nelt 43 in the crucible 41
by a di stance [494i3 positioned between at the liquid surface 44 and a | owest
part 46 of the silicon nelt 43. Then, in this state, pulling of the silicon
single crystadn isScﬁtaa@éleélraBnﬂnﬁhlf&htumi@fg hdithod bEca Bhagd: dsypesformed in
accordance with the pulled amunt 15 of a silicon single crystal 47. \Wen

pul I'i ng ©fe the 58 'o'nCBQtwééHQJ}?e &k »1%%' s#71bas a%f’a'%%eﬂa aQQl{:] Pushed
anount of the cru0|b e 41 becones K, as shown in FIG % e state in
whi ¢ t he | owest . of, t he si

I| on nelt. 4 s _the nagnetlc field
cent &r podttT o4y lsonaf:’ af gt L EARRRE H@%lﬁ%%}%‘?i?ciﬁ PAriReY advanced, as
shown in FIG 4C, the state in which the |owest part 46 of the silicon el t
43 is pd%ﬁiio%edwﬁﬁ@v§pﬁﬁéflﬁﬁéﬁéblénf@@Idﬂéén@érS§@§ﬁtﬂ@nW@50hsaattalned
[0016] In the manufacturing nmethod shown in FIG 4, the effects 25 of the
magnet i csuf €l o exersmednanothe =illiconmekt 48sid argaded i6 a crucible

41, as shown in FIG. 4A, the magnetic field center position 45
of the applied magnetic field which is away from the liguid
10 surface 44 of the siliconmelt 43 in the crucible 41 by a distance
H is positioned between at the liquid 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
15 of a silicon single crystal 47. When pulling of the silicon
single 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 46 of the silicon melt 43 reaches the magnetic
field center position 45 is attained. When the pulling has
20 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 position 45 is attained.
[001¢]
In the manufacturing method shown in FIG. 4, the effects

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

6



different anong the state of FIG 4A, the state of FIG 4B, and the state
of FIG 4C. [0017] Wen the relation 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

_ and attains the state of FIG the
Center pom (ron e e RSSO R TR 4 1% oEP¥ ok M6 B0 i | uence

appears in the silicon nelt 10 43 and the silicon single crystal 47 during
pul i ng.HocFigte M € <pedTical Iy, when the magnetic field center position
45 of the applied magnetic field is lower than the |owest part 46 of the
silicon nelt 4301¥]lthe crucible 41 (state 15 of FIG 4C) , the tenperature
of the silicon nelt is periodically changed. As a result, the crystal

di aneter of thaukhed resizkicanyeingke erysiakuig perkgdical!yr changed in
the crystal longitudinal direction, and it bécones snaller than a

pr edet eru ned. dj t i.ch_causes vi.eld, reduction aof. the_20 manufactured
sili gon gsgllrnllgcldoerl {énrgggt a a|nngo © ma?BS&f oelpdr 838ﬁ?rt310e5l%le?ndﬁPeDcﬁfc%?son, it is
conceivahle to increase the target dianeter of the manufactured silicon

singl e R tHfgstats advante. AR &Lt inG dhsi B§atRectaf et 45 di aneter
itself causes yield reduction, then this nethod cannot 7
in which the symmetrical property in the vertical direction
about the magnetic field center position 45 of the silicon melt
43 is lost, the following influence appears in the silicon melt
10 43 and the silicon single crystal 47 during pulling.

[ools]

More specifically, when the magnetic field center
position 45 of the applied magnetic field is lower than the
lowest part 46 of the silicon melt 43 in the crucible 41 (state

15 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 reduction of the

20 manufactured silicon single crystal ingot.

[0019]

To prevent the yield reduction, it 1s conceivable to
increase the target diameter of the manufactured silicen single
crystal ingot in advance. However, increasing the target

25 diameter itself causes yield reduction, then this method cannot

7



prevent the yield reduction. [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 enhancing the magnetic field in order to further
suppress the natural convection of the silicon nelt are conceivable.
However nder ch Crys ull.ing conditions, as a unique phenonenon to
t he horlf%%f%t:ﬁﬁgn éﬁ#leﬁé?'%%r of the nDIten silicog squace
solidifies in Iom#tenperature 10 region of the silicon nelt surface, and
t he solldlfleJQQQQ(xN1 is finally brought into contact with the single
crystal during pulling and causes dislocation in the pulled silicon single
crystal . Ther éforeveahove tes crtishedo €riykt aldCput hé nge acondint wiohsh aause yiel d

reduction of the silicon single crystal. 15 [0021] Moreover, when a

magnet i qumlebfmatﬂl%ééfocfh@eraepbnech1 H@%ﬂﬁﬂ €ofii& debp By %ﬁﬂeep
position of a silicon ne t in an initial state like Patent ument 3 or
4 (see FIG. SA t he of Fl |.r ead attal s shown in FIG
5B bgf ore 2 3 I}hn‘_"gncclor1 &a%% césjteﬁa tz%frsi licon
single crystal 57, that |s before tail-in; and fron1n1dd|e of a single

wyﬂmfﬁmﬁ%ﬁT&%W%&W%@%ﬂ%&%ﬁﬁﬁﬂ@%éﬁ#@nmﬂ&m#immds after
the state in which a |owest part 56 of the silicon nelt 53 reaches the
magnet i ccdncd idradeldt .er Hpasiveironubde f seecFkGys2514Br1 i snatdaidiad caryd until the
state of tail-in (FIG 5B) is 9
as a unique phenomenon to the horizontal magnetic field, part
of the molten silicon surface solidifies in a low-temperature
10 region of the silicon melt surface, and the solidified silicon
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
conditions cause yield reduction of the silicon single crystal.
15 [0021]
Moreover, when a magnetic center position 55 of an applied
magnetic field is at a deep positicn of a silicon melt 53 in
an initial state like Patent Document 3 or 4 (see FIG. 5A), the
state of FIG. 4C is already attained as shown in FIG. 5B before
20 pulling completion of the straight body part of a silicon single
crystal 57, that is, before tail-in; and, frommiddle of a single
crystal straight body pulling process before tail-in, in cther
words, after the state in which a lowest pért 56 of the silicon

melt 53 reaches the magnetic field center position 55 (see FIG.

25 4B) 1s 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, dislocation is caused, and a large yield
reduction is induced. 5 [0022] Meanwhile, when a nagnetic field center
position 65 of _an applie netic field is.set at a shallow position, for
exanpl e, 2 & 3§ i i<t ﬁgysggm{w%t%r cm FrYGﬁF&aI ryuFbaearfack? =6, f a
silicon nelt 63 |ike Patent Docunent 1 (see FIG 6A), 10 generally, a depth
L from tHee phglirdesur theand4 ot sihecenlisconl igefiedandhupubhy int@ crucible
61 at the point of tail-inis larger than 5 cm and a crystal pulling

process d¢enhweaiphetadthaidrRaittalganet agi agutihe ngbpyecdeserdad Staten of FIG
4B to FIG 4C as shown in FIG 6B. Therefore, during the crystal pulling 15

process,; Wd fhgégﬁiQg]EnﬁgfggﬁglpqﬁﬁﬁgﬁggFF9§pg%§ﬁg%ﬁ?n whi ch t he

tenperature o i con tt1s perio reduction of the
yield of the W%EﬁfﬂCtured silicon ingot is not induced by periodical change
in the crystal G gitudinal direction of the crystal dianeter of the pulled
20 silicon single crystal which reduces the crystal dianeter to be snaller
t han a desir edlegmydtidle divhrat érmapoerdt fHehdverntanheprsheiomdrietdic field
center position is too close to the liquid surface of the silicon nelt |ike
the casar?ZmilHdGnAAetiite fikarbnenaed at 4 haSilldwe goamitorf,| Gwbeconmes 9
example, a position that is within 5 c¢m from a liquid surface
64 of a silicon melt 63 like Patent Document 1 (see FIG. 6A),
10 generally, a depth L from the liquid surface 64 of the silicon
melt 63 remaining in a crucible 61 at the point of tail-in is
larger than 5 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
15 process, without causing the above described phenomenon in
which the temperature of the silicon melt is periodically
changed, reduction of the yield of the manufactured siliccn
ingot is not induced by periodical change in the crystal
longitudinal direction of the crystal diameter of the pulled
20 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 liquid surface of the silicon melt like the case

25 of FIG. 6A, the phenomencn that the silicen melt flow becomes

9



unst abl e appears. Particularly when the weight of the silicon nelt is
| arge, this phenonenon becones obvious. At the beginning of a silicon
single crystal pulling step, in other words, in the stage of beginning of a
necki ng step, a dianeter increasing 5 (cone) step, and a straight body step,

h |
EZII gl ggm%é%’%fe %gjﬁeeggffsem bl Eglcﬁsﬁjr %n‘?)%a%ﬁné)ctagggr# tCa‘:?rlapeat t he

process of neltlng t he di sl ocat ed crystal again and performng pulling. 10
[0024] TheYef8rie TI5robles PAeRPIERoR %ﬁfq?‘PI&%%OIbN@@PSha’E t beerPeFigtidetl to an
uni gnorabl e level. [0025] Also in the case in which the distance between
the |iquwid a ¥ lsurcihacengflet keysichilcpnlithty andpt hén negnet i wo st eirm posi tion
is large, the convection of the silicon nelt also becomes unstable, and a

simlar gobkagehas eamg e?eeetaeeleckh%@&e@ atBS?ax‘ReJE'@E fadadike above

descri bed Patent Docurent , to enhance the uniformty of the magnetic

field st t.\h istribution of t |ed netic field, it roposed
that(g Q§ re aFF% posgtlo%%ra%gh% ectﬁgnggggtEEQHefﬂéus? fﬂﬁgg in the
vertical direction is set so that the center axis of the coil goes through
the depthinSeeditldr Rganet whdarle. iahd meyvzFak wHiviecasriBelidw of the
center part. According to this nethod, 10

generated. As a result, it has been necessary to repeat the

process of melting the dislocated crystal again and performing
pulling.
10 (0024]
Therefore, productivity of a silicon ingot has been
reduced to an unignorable level.
[0025]
Also in the case in which the distance between the liquid
15 surface of the silicon melt and the magnetic center position
is large, the convection of the silicon melt also becomes
unstable, and a similar problem has been generated.
[0026]
On the other hand, like above described Patent Document
200 2, to enhance the uniformity of the magnetic field strength
distribution of the applied magnetic field, it is propesed 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

25 crucible or below of the center part. According to thismethod,

10



when the weight of the silicon nelt is large, the center axis of the coil,
that is, the magnetic center position is below the depthw se center part of
the silicon nelt, and the center axis of the coil is never bel ow the | owest
part of the silicon nelt 5 even at the end of the pulling step. Therefore,

such a met hod, can .be concejved, 1o be an effective nethod for solving the
above g@@%?i S0 Y56 teﬁg_t%60§#§10$%dﬁéhﬁ,l% ad@em RBEhBBI tEhe?F¥Frai ni ng
amount of the 10 silicon nelt is reduced as pulling of the crystal
advancesef &b¢cofdi hglihat Ae . df ke amaneiismeehé el ps$ bt som fiscbedbwittes si | i con
melt inthe crucible to the coil center axis is gradually reduced, and the

magnet i cddpethwli b stemitut baptappliredstioithe m@lt emndithiccoantartdeiyicinity
of the part imediately below the 15 crystal interface is changed through

Il th | dp t I , i L t th
G st 11 bUEs oo Che wagnet! C L 8 aph? T aat (et nS ol Lot S FUedh Cbannot be

obt ai_.ned. [ 0028 20 As described,.above, in the conventional nmanufacturing
met hdds %‘f‘iri‘ ﬁé— %PFi eo% %ﬁd r%aeepe 3%9% SLER: achihiE Wb PCRat i "ot the I ow

of the nolten silicon, particularly stabilization of the nolten silicon
flow i n ¢tdebe comieived tichlee gar ¢ £ T ¢ ahede atsdihpdbébowalneireg yoeadbda er f ace
which is directly 25 connected to stabilization of growh of a silicon
singl e cdysé¢pibed Idroblems.
[0027]
However, in such method, the remaining amount of the
10 silicon melt is reduced as pulling of the crystal édvances;
accordingly, the distance from the liquid surface of the silicon
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
15 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 cbtained.
[0028]
20 As described above, 1in the conventicnal manufacturing
methods of the silicon single crystal, to achieve stabilization
of the flow of the molten silicon, particularly stabilization
of the molten silicon flow in the vicinity of the part
immediately below the crystal interface which is directly

25 connected to stabilization of growth of a silicon single crystal,

11



the intensity distribution of the nmagnetic field applied to the nolten
silicon in the vicinity of the part imediately below the crystal interface
has been required to be controlled to be always constant. 5 [0029] It is an
obj ect of the present invention to provide a nmanufacturing nmethod of a

single st al ich.can.pull a ingl e crystal. .stabl which |s conpletely
free fr§ﬁ¥Jéﬁér%%g%igﬁggﬁaBHE%OQ‘6§8§95W%BE¥%%%§?§$E‘i%P%k%%ﬁ§>Fﬁ? Sol vi ng
the Problens] [0030] In order to achieve the above described object, a
nmanuf actot FRY Fret HeRl of d-he glce ndriysof] thecprdtngrredipbel grieseny

i nvention, which manufactures the single crystal from15 a raw material nelt

in the thec:hiedly inherC2crehhsdbamdearquapprldytoga dwrtizantsal taagaetic fiel d
to the raw material nelt housed, is characterized by setting a magnetic
field cgp@g¥soéong@§n@prizontal magnetic field at a position | ower than a
liquid surtface of the housed raw material nmelt by nore than 50 mm and 20 at
a dh§tance eqﬁg# éP or less than a depth L fromthe liquid surface of the
raw nmat eri al % remai ning in the crucible when pulling of a straight body
part of the manufactured single crystal is conpleted. [0031] 25 A
preferred nodet iss Thatad@r ided it RIRAehel HERjHetde tad provide a

manufacturing method of a single crystal, which can pull a
single crystal stably, which is completely free from
dislocation and has a good-shape crystal.

10 [Means for Solving the Problems]

[0030]

In order to achieve the above described object, a
manufacturing method of a single crystal according to the
present invention, which manufactures the single crystal from

15 a raw material melt in the crucible by the CZ method under
applying a horizontal magnetic field to the raw materizl melt
housed, is characterized by setting a magnetic field center of
the horizontal magnetic field at a position lower than a liquid
surface of the housed raw material melt by more than 50 mm and

20 at a distance equal to or less than a depth L from the liquid
surface of the raw material melt remaining in the crucible when
pulling of a straight body part of the manufactured single
crystal is completed.

[0031]

25 A preferred mode is, characterized in that the magnetic

12



field center is set at a position between 50 mrmmto 90 mmfrom the liquid
surface. [Effects of the Invention] [0032] 5 According to the present

i nvention, the center position of the horizontal magnetic field is set at a
position mhich is lower than the liquid surface of the raM/nateriaI melt by

d d I h d L f
[rﬁ(rael i qui % sur cteer}oflét ﬁgt I%t%gfog%ecaua we%%%ﬁs : ?@ %:e d r(ﬂnhm bl ;om

when pul ling of the straight body part of the nanufactured single crystal

i s conplféted4Hér e'dri&ceunst abl e  convection of the raw material melt in an
early stage of the single crystal pulling can be suppressed, thereby

suppr esslitig e generfattihen Iofvetitsloodati on in the pulled single crystal. In 15
addition, at least until pulling of the straight body part of the single
crystal is conplogbgd, the center position of the magnetic field is not set
bel ow t he | owest part of the raw material nelt, the crystal di amet er change

ft | t ted by the t t f th
i orial ol AS6CREn e CGups GOESEn S O A T LGRE | bAC oo TN ARG Mt Bl el 1

can be suppressed, and generation of dislocation in the single crystal can
be supprds$6€. NTHEFRRBR b NAmTiR g Stle LReSPF exfeRt POBhVEARI WML Ch HE si ngl e
crystal which is totally free from dislocation and has a good crystal shape
can be dgialdry tpahl ede 25pAsd & urdsudet o ft hiee ol daard iprlodattiby moref t he
manuf actured 13
than 50 mm and at a distance equal teo or less than the depth
L from the liquid surface of the raw material melt remaining
I0 in the crucible when pulling of the straight body part of the
manufactured single crystal is completed; therefore, unstable
convection of the raw material melt in an early stage of the
single crystal pulling can be suppressed, thereby suppressing
generation of dislocation in the pulled single crystal. 1In
15 addition, at least until pulling c¢f the straight body part of
the single crystal is completed, the center pesition 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
20 can be suppressed, solidification of the raw material melt can
be suppressed, and generation of dislocation in the single
crystal can be suppressed. Therefore, according to the present
invention, the single crystal which is totally free from

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

25 As a result, the yield and productivity of the manufactured

13



single crystal can be inproved. [0033] Moreover, according to the present
i nvention, since the nagnetic center is set at a position between 50 nmto
90 mm below 5 the liquid surface, the above described effects can be
reliably obtained. [Best Mddes for Carrying Qut the Invention] [0034] The

pr esent Sj.rhv nt or h%s ldi I ing ntlg.%/[ﬂcarri d out studies 10 to achi eve the above
descri bed Ghjectt Yahd " &€ h TedMH°'F5und out the fact that, in a

manuf acturi ng nmethod of a single crystal of manufacturing a single crystal
froma raw matl@%3a! melt under applying a horizontal magnetic field to the
raw material nmelt housed in a crucible in the CZ process, when the magnetic
field 15 cent ¢rebvielre hocbrzohhal taredrebireskinel dnivensebnats on@osiHd on  t hat
is belowthe liquid surface of the housed raw material nelt by nore than 50

mm and afafhediist aBELePfi AsdeRtthalp 1 4 €55 bhEQEent £18 vk AVt SHifacs, at the

poi nt of pulling conpletion of a straight body part of the manufactured
singke cgrystal, .20 prefera ,_.when the etic field center is set at a
posi fi o(r;lckygi/\lﬁ'l%%l%s&rrrﬁf%é ?h%gaeb?‘ﬁeafjeisgrgg%ﬁrﬁ%‘(g)e 0° r‘ﬁ‘?ﬁle}P%vTv’ef?@%l%e i qui d
surface, a single crystal which is conpletely free from dislocation and has
a cryst &btedviash a good shape can be stably pulled. 25 [0035] 14

[Best Modes for Carrying Out the Inventioni
[0034]
The present inventor has diligently carried out studies

10 to achieve the above described object and, as a result, found
out the fact that, in a manufacturing method of a single crystal
of manufacturing a single crystal from a rawmaterial melt under
applying a horizontal magnetic field to the raw material melt
housed in a crucible in the CZ process, when the magnetic field

15 center of the horizontal magnetic field is set at a position
that is below the liquid surface of the housed raw material melt
by more than 50 mm and at a distance of a depth L or less from
the liquid surface at the point cf pulling completion of a
straight body part of the manufactured single crystal,

20 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 liquid
surface, a single crystal which is completely free from
dislocation and has a crystal having a good shape can be stably
pulled.

25 [0035]

14



The present invention has been acconplished based on the results of the
above described studies. [0036] Hereinafter, enbodi nents of the present
invention will 5 be described with reference to drawi ngs. Note that, the
present invention is not limted to the enbodi nents described bel ow. [0037]
FIG 1is as mati c [oss sectional draw ng of a sin crystal
nanufacturing%gﬁbEFﬁﬁﬁg S{HY§Hﬁ¥§mng ScBPRYi g BRL L SitE ﬁ&?&k?@wﬁqﬁb net hods
of single crystals according to the enbodi nents of the present invention.
[0038] WREWitRIE dhstadiovramfsstidchgtapiarsat us 100 in the present
enbodi nent has, as shown in FIG 1, a pulling chanber 15 1 having a
cylindrical sﬂ@m@and a crystal take-out chanber 2 which is concentrically
di sposed above the pulling chanber 1, has a dianmeter snmaller than the

pul |1 1g chambele b st 1aS oo ERAL! 62! tﬁga;pleesér%%%i el G, A |1 NG

chanber 1 has a cruci bl e’4 disposed at a center e i nteri or

t her eof _for hous i on nelt servin as a ram/naterlal nmelt. The
crucPbl €4RESTL 8@&’&% E?f%?rb‘?%to TApiEes Ho4GaMSt cFERASSSiof t he

inner side and a graphite «crucible 6 of the outer side, and connects to a
cruci bl elrgrdntiimg 25 uwitt L1Biaedt he bb@t@nbOd'heermt%lciEtﬁ@rJd:r&dnhfglqml t 15
drives and 15

[0037]
FIG. 1 is a schematic cross sectional drawing of a single
crystal manufacturing apparatus suitable for carrying out

10 manufacturing methods of single crystals according to the
embodiments of the present invention,

[0038]
The single crystal manufacturing apparatus 100 in the
present embodiment has, as shown in FIG. 1, a pulling chamber

15 1 having a cylindrical shape and a crystal take-out chamber 2
which is concentrically disposed above the pulling chamber 1,
has a diameter smaller than the pulling chamber 1, and has a
cylindrical shape.

[0039]

20 The pulling chamber 1 has a crucible 4 disposed at a center
part of the interior thereof for hcusing 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 graphite
crucible 6 of the outer side, and connects to a crucible driving

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

15



controls the position of the crucible 4 in the vertical direction so that
the position of a liquid surface 3a of the silicon nelt 3 in the crucible 4
is always constant in the pulling chanber 1 in a pulling step of a silicon
single crystal, which 5 is described below In addition, in the pulling

chanber 1 out side the cruci bl in the pulljng chanber 1, heating heaters
8 are di SPUSE %otd%es R vt Cifﬁet l&’?”{ﬁ’ﬁﬂe ‘Ldrpt HetHof -t 357 t he pul 1ing

chanber 1, thermal insulation materials 9 are . provided on the peripheral
wal | i nrié¥retirfaces &gt Rdeborsemion0oinaet igut flagerf§00484 ofortemver,
above the crucible 4, for exanple, an approximately circul ar-cone

t rapezoigial i Afn g8t QUL @Ak Phad ol 4110 a I gk alonk@ stritei f kew @f1 amd nt roduced
inert gas such as 15 an Ar gas is disposed so as to cover the cruclble 4,

and an i@géi i schar [ 11-for_ .di.schargi t ' oduced Ar gas

IS provféeéa e g“?ﬁﬁiigﬁdgﬁﬁfg@%P éﬁf?ﬁgﬁﬁbrgiS?hggﬁeggﬂ%P%%gqﬂEﬁ%hber 1,

f or gxanple at a| %f er. part _thereqf, a dianeter controlling canera 12 for
T GG

moni Por i 11y Hf g t B8 2609y SPal 18 &R6t BM1dENE FOPME&Tsilki con
single crystal is provided. [0041] Meanwhile, the crystal take-out chanber
2 has, iouttdiede theeriwriltivedeof tha mikleirkBchhinbhrgoesethiogdtedter <ryst al
t ake- out chanber 2 and is hung, and a seed crystal 30 is attached 25 to the
| over erd sofe tihepwkea d3.asThe vpper el afudirgawre 23rtdérmore, in
the pulling chamber 1, thermal insulation materials 9 are
provided on the peripheral wall inner surfaces and the bottom
10 inner surface.
[0040]
Moreover, above the crucible 4, for example, an
approximately circular-cone trapezcidal 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
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
20 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

25 to the lower end of the wire 13. The upper end cf the wire 13

16



is connected to a crystal driving unit 14 di sposed above the crystal

t ake- out chanber 2. The crystal driving unit 14 causes the seed crystal 30

to be novable in the vertical direction via the wire 13 to pull the silicon
single crystal. 5 [0042] Mreover, at an upper part in the crystal take-out

chanber . 2, axaml.e At _gas._inl 10.for,infroducing an inert gas
such asjﬁﬁcfﬁgghs iht o thggﬁ%ﬁ%eégaghgﬁdugl£s{%r%&§ e%ﬁdeék Van gas
feedi ng device, which is not shogwn, is connected to 10 the Ar gas inlet 10.
[0043] WorEsVer2Xgso8hatltPiEFra ADe e SSitdghel B+ 98t t FARFERGUri ng
apparatus 100 has a horizontal magnetic field device 16 for generating a
hori zonttdle segretivstakl3d. tTHee B viadrliezDnttdie veghetriad fiebdtderiwin 16 has a
pair of coils 17 and 18. The pair of coils 17 and 18 are directed in the
hori zont@le wideecti omb smitihatnd he 1axes ofiddie raspeactivel y generated
magnetic fields are orthogonal to the center axis of the pulling chanber 1
and gi sposed %%%M?trically so as to sandwi ch the 20 pulling chanber 1 from
out side of the si é wal I s thereof and be opposed to each other. Thus, a
hori zontal nmagnetic field is generated in the pulling chanber 1. [0044]
Furthernmore, tHESSRgre?tPYstRRE hRAGTaT GPPigF Epsy BRES ~CR5 ATIfAS a
hori zontal magnetic field adjusting device 19 which 17

2, for example, an Ar gas inlet 10 for introducing an inert gas

such as an Ar gas intoc the chambers 1 and 2 is provided, and
an Ar gas feeding device, which is not shown, is connected to
10 the Ar gas inlet 10.

[0043]

Moreover, as shown in FIG. 1, the single crystal
manufacturing apparatus 100 has a horizontal magnetic field
device 16 for generating a horizontal magnetic field. The

15 horizontal magnetic fieid 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
magnetic fields are orthogonal to the center axis of the pulling
chamber 1 and disposed symmetrically so as to sandwich the

200 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

~25 100 has a horizontal magnetic field adjusting device 19 which

17



causes the horizontal magnetic field device 16 to be novable in the
vertical direction (directions of an arrow a of FIG 1) along the center
axis of the pulling chanber 1 in order to perform positional adjustment in
the vertical direction of the 5 horizontal nmagnetic field device 16 with

respect to the .crucihl.e ._[0045] . .The  horj zont al ghetic field device 16
i s subj e(%’:gt‘%sde? ot%epgjsqlﬁz ﬁgﬁlalaa]al%{eﬁéﬁt efl})?quhée%ﬂezgﬁt BP Haghefikigiel d
position 10 adjusting device 19 so that the vertical-direction distance H
from t hel hadifetPE ti Fal dlbxe st Aomhidir 9ot insawifsanfarhew gendr BI€d 1mgnetic
field to the liquid surface 3a of the silicon nmelt 3 in the crucible 4 is a

const anta Malqiehwhistit drsak & gerttidian 150 ngranansk eyual ot @e Pt ol @Ssrdkan a depth
L fromthe liquid surface 15 3a of the silicon nelt 3 which is remaining in

the crucidd & Anyhem pididir ofn tﬂf‘e S\;%ﬂﬂéﬁl Qﬁlqyecp@ircg e Afpd he pul led

silicon single crystal 20 1s conpleted, 1n other words, at the point of
tail-in (see FI.G ZB%. kn af.her, wor ds 2_l(bsfiscad}aon manuf act uri ng candi tions
Such Sas 511191 HofAPEronS [ te Parfoe g o CRGrEECEr HhdnTE oot
hori zontal nagnetic field device 16 is subjected to positional adjustnent
and fixet 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 jgoerlated magnetic field is at a constant 25 position bel ow
the liquid surface 3a of the silicon nelt 3 in 18
The horizontal magnetic field device 16 is subjected to
positional adjustment by the horizontal magnetic fieldposition
10 adjusting device 12 so that the vertical-direction distance H
from the magnetic field axis 1 which is an axis of the generated
magnetic field to the liquid surface 3a of the silicon melt 3
in the crucible 4 is a constant value which is larger than 50
mm and equal to or less than a depth L from the liquid surface
15 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 words, at the point
of tail-in ({see FIG. 2B). In other words, based on
manufacturing cenditions such as pulling conditions, the pair
20 of coils 17 and 18 of the horizontal magnetic field device 16
is subjected to positicnal adjustment 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 magnetic field is at a constant

25 position below the liquid surface 3a of the silicon melt 3 in

18



the crucible 4, specifically, a position |ower therefromby nore than 50 nm
and positioned at the part that is equal to or higher than the depth L from
the liquid surface of the remaining silicon nelt at the point of tail-in. 5
[ 0046] Next, the manufacturing nethod of a single crystal according to the

present .enbodi nent for_ manufacturing a silicon single crystal by using the
above detgﬁ' Fbegt iEﬁél’es}a?(i%%h?aﬂr%hgf%ﬁhﬂ%gaﬁﬁﬁr ?fsefl%G“WIrqc}/rﬁe

descri bed. 10 [0047] The inside of the pulling chanber 1 and the crystal

t ake- outtlearBanm 2ngk goadf ished ato thepradetidat hedpiadssgrer highean Ar gas
is introduced into the chanbers 1 and 2 at a predetermned flowrate from

the Ar gdsr thetdebdh THewnm thd 3 ipaliYcsysiatd biectsd kerannbhgak 1SefaH ng as a
raw material filling the crucible 4 is heated by the heating heaters 8 at a

pr edet erqdined; ¢ eReRIHe And Jreltied to generate the silicon nelt 3 which
is araw material nelt. Then, the crystal driving wunit 14 is actuated so as

dri ving unit 180984 the crucible  driving unit 15 are control|ed under
predetgrnined conditions so as to perfo?n1a pulling step of pulling the
seed crystal 3@xt,[ toegpantgfals usdG Agtéoep oft he shogileostralstmgnetic fiel d
device 25 16 is driven so as to apply a horizontal nagnetic field to the
19 according to the present embodiment for manufacturing a silicon
single crystal by using the above described single crystal
manufacturing apparatus 100 will be described.
10 [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
predetermined flow rate from the Ar gas inlet 10. Then, a
15 polycrystalline siliconblock serving as a rawmaterial filling
the crucible 4 is heated by the heating heaters 8 at a
predetermined temperature and melted to generate the silicon
melt 3 which is a raw material melt. Then, the crystal driving
unit 14 is actuated so as to immerse the seed crystal 30 in the
20 siliconmelt 3, and the crystal 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.
[C048]
In the pulling step, the horizontal magnetic field device

25 16 is driven so as to apply a horizontal magnetic field to the
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inside of the silicon nelt 3 in the crucible 4. The horizontal nagnetic
field device 16 fixes the nagnetic field axis 1 of the applied magnetic
field at a constant position fromthe liquid surface 3a of the silicon nelt
3 in the above described manner. 5 More specifically, based on the pulling

condi ti .« positi.onal. . .adj.us .of _t he hor.i. zont, al neti.c field device
16 in tﬁg]%l\#e%rglkc% © %ilrlé%tognorﬁélfg%épf%kll(la’recciwicﬁb&(fv nceﬂgé htof{elZ‘r?(glrtiazlont al
magnetic field position adjusting device 19 so that the magnetic field axis
1 of thE&HFHEAIABGAATE §9 dPdfisesibhimagngtpesii¢bh 220 haf ithd ower t han
the liquid surface 3a of the silicon nelt 3 by nore than 50 nmand at a
const antapdilstemnoe gbragnefieldiat d coesttentdpstahéenHiravhitwdte ild guigher than
or equal to the depth L fromthe liquid surface of the renmaining silicon

nelt at dhe&aROBAto P nkabl i Bon k110049 HY auehetdy Sc PbLd RGP, the

silicon single crystal 20 is pulled; a neck part 22, a dianeter-increasing

part523,Mare g%raight P?dYkPaQ%j%%Wj%Qduﬂltail art._which_is .not _shown are

sequéntially orived; “and’ & 5197 €on S|ﬁgle189y5 At %ﬁﬁﬁ’igg%ﬁ5395ﬁ d. The

depth L fromthe liquid surface of the remaining silicon nelt at the point
of tail -ﬁq*j%@?,ntf@& éRgnpreizanval usagnpt e fickétdeni eRivihde Byre
cal cul ations, and the Iike. [0050] The other part of the manufacturing
nmet hod oferttheadi nglrect2bncigspak faeneddingadoat be lpr esenthcentxadita|nt i s
simlar to a 20
magnetic field positicon adjusting device 19 so that the magnetic
field axis 1 of the applied magnetic field is fixed at a position
10 that is lower than the liquid 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 equal to the depth
L from the liguid surface of the remaining silicon melt at the
point of tail-in.
15 [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 crystal ingot is
20 formed. The depth L from the liquid surface of the remaining
silicon melt at the point of tail-in uses, for example, a value
which is set in advance by calculations, and the like.
[0050]
The other part of the manufacturing method of the single

25 crystal according to the present embodiment is similar to a

20



conventional manufacturing nethod of a single crystal; therefore, detailed
descriptions thereof will be omtted. [0051] Herein, the magnetic field
center distance Hwhich is the 5 distance fromthe liquid surface 3a of the
silicon nelt 3 in the crucible 4 to the magnetic field axis of the applied
magnetic_field wll be descrihed. [0052 maxi mym val ue of the nagnetic
field ceﬁ%’re“&ﬁlﬁ"é‘&c@aﬁudff@ti%% %é?‘%/é’ltﬁ@ $dG&r TS YRdgnetic fiel d
axis 1 at the point of tail-in is overlapped with the |owest part 3b of the
si li con theglaf Feredsitdiidgd dleasve ipticinsl éhereof otifdr brorods tttelds r emai ni ng
depth L fromthe liquid surface 3a of the silicon nelt 3 when the state
shown in FIG [2B5i1§ attained at the point of tail-in 15 is set as the
maxi nrum val ue of the distance H [0053] This is for the reason that, by

this set condhteirean,tgmﬁe ﬁ%%é%ttii%anQl&rEeer{?eng?gisEahi:glfgwg)iiczlf%%Cc%% be

mai nt ai ned const ant ith pect to the Tit surface 3a he silicon
Convct (5 P C6m FE6n LAGPLOSSHALERE VF cPhi 155 oLV HORALE e at ol y
bel ow the crystal interface can be maintained in a stable state. In
addi t i orthe areheb batdi te tpalndgupstepiof dtdw s st ridisghpo bods mpaytst itche
magnetic field axis 1 can be caused to 25 be al ways above the | owest part 3b
of the siildiepmimal bed deydh®eddl
[0052]
A maximum value of the magnetic field center distance H
10 1is set as a value so that the magnetic field axis 1 at the point
of tail-in is overlapped with the lowest part 3b of the silicoen
melt 3 remaining in the crucible 4, in other words, the remaining
depth L from the l1iquid surface 3a of the silicon melt 3 when
the state shown in FIG. 2B is attained at the point of tail-in
15 1is set as the maximum value 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 siliconmelt 3 from
20 the beginning until tail-in in the pulling step, and the
convection of the silicon melt 3 in the vicinity of the part
immediately below the crystal interface can be maintained in
a stable state. 1In addition, in the entire pulling step of the

straight body part, the magnetic field axis 1 can be caused to

25 be always above the lowest part 3b of the silicon melt 3 in the
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crucible 4 (see FIG 2A) . As a result, generation of conventional

probl ens, for exanple, change of the crystal dianeter of the pulled silicon
single crystal and generation of dislocation due to solidification of the
silicon nelt can 5 be prevented. [0054] After the tail-in, a tail step of

form ng the qp 4pq o %%G§t§rted,Agt pg??ugge %giééatﬁBPCSEe magnetic field

axis 1 s sonmstines bel'ow't e Iomes melt 3 in 10
the crucible 4 (see FIG 4C). However, even when change of the crystal
di anmet eCBVEHS AR lt BEobdierspater examp lgot chengted it het gavigitalld of the

manuf actured silicon single crystal ingot at all, and there is no practi cal
det ri nemtianfe@@55pf theFunihednwi Bicom $ing1eﬂdryﬁﬁﬂ1 Fideerida tienper at ur e
of the silicon nelt is increased by increasing the output of the heating

heaters & 'd'isqro@%"tlb‘ﬂ nedues g@h&w%@{lgh%@t@&e 35“_Ldl d mdihe La | part,
the nmolten silicon does not solidifies, and the probl en1of generati on of

dlslgca&¥pn due to olidification 20 of the nolten silicon is not caused
al s0°i n Forhat o SF the tail part. [0056] Herein, if the nmaxi num val ue of
the magnetic field center distance His set to be the remaining depth of
the silicon méPP523 3 remmining in the crucible 4 at the point when the tai
part 22

After the tail-in, a tail step cf 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

10 the crucible 4 (see FIG. 4C). However, even when change of the
crystal diameter occurs in the tail part, it is not related to
the yield of the manufactured silicon single crystal ingot at
all, and there is no practical detriment.

[C055]

15 Furthermore, in the tail step, since the temperature of
the silicon melt is increased by increasing the output of the
heating heaters 8 in order to reduce the crystal diameter and
form the tail part, the molten silicon does not solidifies, and
the problem of generation of dislocation due to solidification

20 of the molten silicon is not caused alsc in formation of the
tail part.

[005¢]
Herein, if the maximum value of the magnetic field center
distance H is set to be the remaining depth of the silicon melt

25 3 remaining in the crucible 4 at the point when the tail part
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is conpleted, in other words, when all the pulling step is finished, the
val ue of the magnetic field center distance H becones a significantly smal
value that is, for exanple, 50 nmmor less |ike Patent Docunent 1, the flow
of the silicon nelt 5 becones unstable in an early stage of the pulling step

as descri bed t.he tenperature distri ion b mes unstable, and
crystal ‘i SIG¥; gﬁ%&‘if'ocléh %efhe‘?’ H G e WhEHe lﬁo %1(%& &5 dt%es t he

productivity of the single crystal and is not effectlve. 10 [0057] Note
t hat, alftimgigdiedhed heevailnien @ fddybteh magofe trilve fidlidc eenteel disttarive poi nt  of
pulling end of the straight body part of the silicon single crystal (point

of tail Yayoriess ghanged fidapendi Bga0n specefikati pos saehasngihe igv tial
filling amount 15 of the silicon nelt, the size of the quartz cruci bl e, and

the | resbbvidy. ofs dhessLhi oonsiagl 8 crya! Ao, asneral cvel uss oy the

renalnlng are s own in or erence le 1, the
S|ze§ of the quartz crucibles are 28 i nches and 32 _.i.nches, the
i

sol i Qi f IREHTET rRSE 3RS HE Fo1 KT S4A9S R T 10 Pid 199L iSYER @Sucible s

set to 80% and the solidification rate at the point of tail-in in the
32-i nch deyriiiles! dlgovet the BefpenaduBs %l sto ids: tierché cuhas ensttebrlenai ni ng
depth L. Note that, when the solidification rate at the point of tail-inis

further addes Lgﬁ‘ﬁ:@q tian de iakovwe descri bedreates, tarAatbaRiefichhe tail 25
|

part becones fficult; therefore, the above described values 23

deteriorates the productivity of the single crystal and is not
effective.
10 [0057]

Note that, although the remaining depth L of the silicon
melt at the 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

15 of the silicon melt, the size of the quartz 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 soclidificaticn rate at the point of tail-in in

20 the 28-inch crucible is set to 80%, and the solidification rate
at the point of tail-in in the 32-inch crucible is set to 80%
and 85%, so as to calculate the remaining depth L. Note that,
when the solidification rate at the point of tail-in is further
increased than the above described rates, formation of the tail

25 part becomes difficult; therefore, the above described values
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are determned. [0058] [Table 1] QUARTZ I N TI AL SOLI DI FI CATI ON REMAI NI NG
REMAI NI NG CRUCI BLE FI LLI NG RATE AT TAIL-1N WEI GHT DEPTH L SI ZE AMOUNT 28
| NCHES 200kg 80% 40kg 90nm 240kg 80% 48kg 99nm 32 | NCHES 300kg 80% 60kg
105mm 85% 45kg 90mm 350kg 80% 70kg 115mm 85% 52. 5kg 96nmm [0059] 5 As is
under stood from above Table 1, although values are slightly different
dependi ng-omndihepuldd hg conditions, the remaining depth L of the silicon
nmelt at the point of tail-in has a value equal to or nore than 90 mm and
equal to or l%@@S than 115 mm 10 [0060] As descri bed above, in the

manuf act uri ng tﬁ&d of the single crystal according to the present

enbodi nent, fromthe initial of the pulling step until at |east the point
of tail-iTRble Hd magnetic field axis 1 of the applied horizontal magnetic 15

field ifs—atways—+n—the—stt+eonr—rett—and—therhortzontal—aghret+~e—H el d is
appl i eq ErETEAt t herwemrret i ¢ |f50el O IGRTI 00f | RPBATRENG | REMAINING
CRUCIBLE FILLING RATE AT TAIL-IN | WEIGHT DEPTH L
SIZE AMOUNT
28 INCHES 200kg 80% 40kg 90mm
240kg 80% 48kg 99mm
32 INCHES 300kg 80% 60kg 105mm
85% 45kg 9 0mm
350kg BO% 70kg 115mm
85% 52.5kg 9 6mm
[0059]
5 As 1s understood from above Table 1, although 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 90 mm and equal to or less
than 115 mm.

10 [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 1 of the applied horizontal magnetic

15 fieldis always in the siliconmelt, and the horizeontal magnetic

field is applied so that the magnetic field axis 1 of the
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hori zontal magnetic field goes into the inside of the silicon nelt 3 in the
crucible 4 at a position having a constant distance fromthe liquid surface
3a of the silicon nelt 3, in other words, at the position of the distance
| arger than 50 mmand equal to 5 less than the remaining depth L (see FIG

mvent| QST B "AGCEF bont s 1) 0065 tPul Hig 1O S T LB S HgTD. cr yst al

was carried out b t he manufacturing nmethod of the single crystal according
to the Mddvé %Eg?i%%@i%wwwr}q@aw@gﬁ fgnetenystigtance

manuf acturing apparatus 100 of FIG 1. Specifically, when the 15 magnetic
field cemaor tdedtianca Huinascé6Ba 30, thendi DDcommedd B} ngh ovhesiWdrea singl e
crystal ingots was carried out, respectively, so that the nunber of the

i ngots V&l @heN54sWedn G HEN18T4ncehedr FEAO IR ANdnadqvWhens HEQ0 mm
(Exanmples 1 to 3). [0063] 20 In the present exanples, the dianeter of the

quartz crucible was 28 .inches, (700 _mm d.gn specif.ications such as
desi trsed lreesssi NERY tSCyh,e imorder ge%at(r%’quac(tsl?ree Si I2%t(?ﬁld§;‘2|r‘gdl'e crystal ingot
whi ch had the |l ength of the straight body part of 1000 mm and the crystal
di anet er[FsfamHesst r ai ght body part 25 of 306 nmin consideration of the
grinding allowance in 25

[0061]

Hereinafter, examples of the present invention will be
described.

10 [0062]

Pulling of a silicon single crystal was carried out by
the manufacturing method of the single crystal according to the
above described embodiment by using the single crystal
manufacturing apparatus 100 of FIG. 1. Specifically, when the

15 magnetic field center distance H was 60, 70, and 90 mm, pulling
of silicon single crystal ingots was carried out, respectively,
sc that the number of the ingots were: n=4 when H=60 mm, n=4
when H=70 mm, and n=3 when H=90 mm (Examples 1 to 3}.

[C063]

20 In the present examples, the diameter of the quartz
crucible 5 was 28 inches (700 mm}, based on specifications such
as desired resistivity, in order tomanufacture a silicoen single
crystal ingot which had the length of the straight body part
of 1000 mm and the crystal diameter of the straight body part

25 of 306 mm in consideration of the grinding allowance in
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cylindrical grinding so that the crystal diameter of the conplete product
woul d be 300, 220 kg of a polycrystalline silicon block was prepared as a
raw material that fills the interior of the crucible 4. 5 [0064] Herein,
when the silicon single crystal ingot having the above described desired

shape is | . . fhe i ght of t i.ngl ystal. silicon l.| ed at the

poi nt ofcfglf}c?lldlnc‘%ls g%%cg%}t%dgcf o{}gaet ?‘}gegkcgr;ycgatna ) a%ﬁazngéeﬂ?ﬁeofgn%el ni ng anount
of the 10 siJicon nmelt remaining in the crucible 4 at. this paint is 43 kg,
the r omdf ARG CopIPAar HHE-RiT8 COP me140 a9 Ho DOTTRYGRYS TR} 0% | 5
expected to be 94 mm [0065] Then, by using the horizontal magnetic field
posi ti orsl il Gujistdhgrae e d®d tde hordwomttarimgnstdtc fikld tdevice 16
was noved and fixed so that the magnetic field center distance His 60, 70,

and 90, respecdt vef VrHseerddiG1£LA).. [0066] Then, the prepared 220-kg
polycrystalline silicon block 20 was put in the quartz crucible 5, and the
pon%rystaIIierﬁggﬂ con block was nelt by the heating heaters 8 while _
i ntroducing the Ar ‘gas fromthe Ar gas inlet 10 into the chanbers 1 and 2

and dischargiggathe gas fromthe Ar gas discharge opening 11 by using a
vacuum punp. qqyy87rhgg the si1licon single crystal ingot having the

above described desired shape is pulled, the weight of the
single crystal silicon pulled at the point of tail-in is
expected to be 177 kg; and, since the remaining amount of the
10 silicon melt remaining in the crucible 4 at this point is 43
kg, the remaining depth L of the silicon melt at the point of
tail-in is expected to be 94 mm.
[0065]
Then, by using the horizontal magnetic field position
15 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. 2A).
[0066]
Then, the prepared 220-kg polycrystalline silicon block
20 was put in the quartz crucible 5, and the polycrystalline
silicon block was melt by the heating heaters 8 while
introducing the Ar gas from the Ar gas inlet 10 into the chambers
1 and 2 and discharging the gas from the Ar gas discharge opening
11 by using a vacuum pump.
25 [0067]
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After conpletion of nelting of the polycrystalline silicon block, a
magnetic field was not applied for a while, and positioning was carried out
by noving the crucible 4 by driving the crucible driving unit 15, thereby
adjusting a 5 distance X between the Ar gas current plate 7 and the liquid
surface 3a of Afesiddgoned®id & mecﬁg&o@@hé QA RAAGLETNed  val ue.
Then, after several hours of silicon melt tenperature stabilizing tinme for
adjustnment,to t nper at.ure.r.eq i n next .ste magn tic field
of 3000 %%O%%%O&d ton}aﬁéleltows%:lleg n i8Sl PO ?ﬁpﬁhsd EBEI %y usi ng
the horizontal magnetic field device 16 at the magnetic fleld center

posi t i ordNGROFOL Loy 902 IrRaFesPeci vty MY 0DBB] therHc bl @l 4 mnat e

di sl ocation of the seed crystal in the 15 necking step, necking by the dash
met hod wésicang i et outyc bt adeterng neteasked, patdretms dd7weding 4 he

di aneter-increasing step so that the crystal dianeter became predeterm ned

si ze 530641 $mndde; %@d%é/@qs ttﬂée@rclaa@,%qr&@nfthslg%avggﬁdba@a Pﬂg&lét ep to

formthe straight body part, an |ng was carried out until 20 the
t ht_b 000 ht of th | I
cryetal St TYE pBi Bt COF StGITOT Rouds 0oRg Ot B T AR SOt TRTRHAER part e

171 kg at the straight body part, and 177 kg_in total. In consideration of
25 the abdlee deddrimbedfERpet®BArd &M i@ IdEpth CLEIRC hin gmperat yre

stabilizing time for adjustment to the temperature required in
the next step, a magnetic field of 3000 G was applied to the
10 siliconmelt 3 in the crucible 4 by using the horizontal magnetic
field device 16 at the magnetic field center positions 60, 70,
and 90 mm, respectively.
[0068]
Then, to eliminate dislocation of the seed crystal in the
15 necking step, necking by the dash method was carried 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 changed to the straight body part step
to form the straight body part, andpulling was carried out until
20 the straight 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

25 the above described expected remaining depth L=94 mm at the
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point of tail-in, the magnetic field center line 1 in the Exanples 1, 2,
and 3 is at the positions higher than the | owest part of the silicon nelt
by 34 mm 24 mm and 4 mm respectively. [0070] 5 Then, a tail part was
formed by the weight of 23 kg, a silicon single crystal ingot having a

total wepghic0bs200: kippaengenesaleds ANd1ENE-RULLI g, SteD; as, i ni shed.

The remaining anmount of the silicon nelt at the point of the pulling step
conpl etign_was 20 kg. 10.[0071 te that, in the above described pulling

st ep, cryé?%Pfe%3VI%hgaﬂgéy&gr%FB%“%ﬁ SP%lpﬂé N-PRGF J f“h%%etL%w%ﬁfling
speed was 0.50 mmmn. [0072 15 In the pulling step of the silicon single
crystal ,PakRerrt 8hslvddtqonmest densldued 2idimman aagr § yist agepettitelrecki ng
step, dianeter-increasing step, and straight body step, the pulled silicon

single crystal (@50t o be returned into the crucible again and nelted, and
the pulling step has to be carried out 20 again. Wen the nunber of tines of

the pulling stepsy carried ute Yald lrdmeld bGORhs! mgggh%rxﬁ%t ak kg,qog which is

conpletely free fromdislocation (hereinafter, re red to as good
ecki ng StLRCOR BHGE LY -G Tier s Fr St 4BV 2 P aPgnt 38 oty 2P8p<Ts the
nunber of tries, the nunber of tries was 1.25 28
was generated, and thepulling step was finished. Theremaining
amount of the silicon melt at the point of the pulling step
completion was 20 kg.

10 [0071]

Note that, in the above described pulling step, crystal
pulling was carried out in the N region, and the pulling speed
was 0.50 mm/min.

[0072]

15 In the pulling 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 and melted, and the pulling step has to be carried cut

20 again. When the number of times of the pulling steps carried
out until a silicon single crystal ingot which is completely
free from dislocation (hereinafter, referred to as a good
silicon single crystal ingot) can be pulled in the early stage
of the necking step, diameter-increasing step, and straight

25 Dbody step is the number of tries, the number of tries was 1.25
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in Exanple 1, 1 in Exanple 2, and 1.33 in Exanple 3. Note that the above
descri bed nunbers of tries in the exanples are average values of the
nunbers of tries measured in n tines of pulling of a silicon single crystal
ingot. Note that, in Exanples 1, 5 2, and 3, the silicon nelt was not

sol i di fi ed,m.angithe  shape ex@hphber Crysd al, Masngedhofard i cubak! ynat n Exanpl e
3, the shape of the crystal was significantly goo&? [0073] The average of

t he cycl i fo ing,one d. 10, silicon_single crystal ingot was
72 hr 7oAyt dEREE A iR BV i e e B TS ST R 0Ta) A
conparative exanples, nmerely the magnetic field center distances were
changed WitRe? dfpedie PYTPRESaBbvEr Hes dlsdBr oA 5 e XakpMes, CAnhEDdNG | i con
single crystal ingots were generated in the same nanner. Specifically, when
t he magnefix widnteem sdinstlanceybtadsidsot . 25 otand @ ,mim Axampilkscbn si ngl e
crystal ingots were pulled in each case (Conparative Exanples 1 to 3)

[0075 20, | o Gompaiad e e Rlea t1wadl 8b@CaL1 91 @¢6H! r 8dqdunbngnihe process
in first and second pulling steps in pulling of both the silicon single

iy v pur TS BFOREad “TO0781" 28 Th. Cobpat Bt Ve ERAREE S A LBt T i ng o
both the silicon 29
of the crystal was significantly good.
[0073]
The average of the cycle time for generating one good

10 silicon single crystal ingot was 72 hr, 70 hr, and 73 hr,

respectively, in Examples 1, 2, and 3.

[0074]

As comparative examples, merely the magnetic field center
distances were changed with respect to the above described

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

[C075]

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

[007¢6]

25 In Comparative Example 1, in pulling of both the silicon
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single crystal ingots, pulling of a single crystal free from dislocation
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 line 1 becane | ower than the | owest part

of the sikdronnplial T_ng%tgbqn@ruqtz%gaorfegaismﬁglgngfpgﬂglp@féeVﬂj&ﬁl did not
satisfy desired crystal dianeter 300 when it was ground cylindrically.

Mor eover . . DOI Iﬁng; f e . strai,ght bod art was 980
nm partdlo ?%Ag@%%}f@%sev%}f&?%@i |coér1lecg’0 ﬁréslfefv%%li%%?%%,o%n T he

solidified part was brought into contact with the silicon single crystal,

t her eby Generat Chgmedied] Beat POhca pky 2nraaned faprs) veaticdm twabegeres at ed
across 150 nmmwhich was 15% of the entire straight body part. [0077] 15 In
Conpar atleegtixanplthel strhéghvebade wvattueraaf 7lfemcyshen thaenawmset78: 3 hr.
[0078] Meanwhile, in Conparative Exanple 2, in pulling of both the silicon

singlse cryst@lcdmiaot siifll sl eeatien 1wekLe 9aRAr ahed120-5p forreti omof a
shoul der part in first, second and third pulling processes, and good

5410 08 AL 2 MOLEMELE. o U PEHRA R (O RY kg agess. The
XAMPLe B o Vel 898 AT ch9elat dimeter 300 when it was ground
cylindrically. Moreover, at the point when the length of the
straight body part was 980 mm, part of the surface of the silicon
10 melt sclidified, and the solidified part was brought into
contact with the silicon single crystal, thereby generating
dislcocation. As aresult, dislocation was generated across 150
mm which was 15% of the entire straight body part.
[0077]
15 In Comparative Example 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 ingoets, dislocation were generated
20 in formation of a shoulder part in first, second and third
pulling processes, and good silicon single crystal ingots were
formed in a fourth pulling process. The average value of the
cycle time was 85.9 hr.

{007¢]

25 In Comparative Example 3, in average, good silicon single
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crystal ingots were forned in 2.5 tines of pulling processes. The average
val ue of the cycle tine was 78 hr. [0080] The relation between the nagnetic
field center distance 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

magneti c.{i el th cenars %‘e%%a%ﬁmé'd {he ’“5“'{"1%{ Eft%hﬁl&gvﬁf&% sd@l ue), the

cycle ti rre (average val ue) e good crysta I el rate {(average val ue),

and produyctivit ave e val ue 0 Exa Ies to 3 and Conparative
Exanpl e%ea%%e%aé‘? ‘%ﬁ%\’/\ﬂo t%%e?% ot 2“""‘Sl'h71B gbod crystal yield rate is
the percentage of a good crystal part in the straight body part where no

di sl ocation, G®&Plin defects, and the |ike were generated. The

productivity is the ratio of the weight of the good crystal 15 part with

respect to thermayeleeatiiog Badwsbawshs hegmitght rakluheengeoditstysiad part
generated per unit tine. [0081] [Table 2] Exam Exam Exam Corrpara-

o T u DU SR U208 Qi Rl ve Bamle Beme 2
of Trlesandagomparé%aézz%é%mples 1 to 3 are shown in FIG. 3. The
magnetic field center 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
10 Examples 1 to 3 and Comparative Examples 1 and 2 are shown in
below Table 2. The good c¢rystal yield rate is the percentage
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

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

gocd crystal part generated per unit time.

[0081]
[Table 2]
Exam- Exam- Exam- Compara- | Compara- | Compara-
ple 1 ple 2 ple 3 tive tive tive
Example 1 | Example 2 | Exanple 3
Magnetic Field 60 70 90 150 25 40
Center Distance
H mm
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Cycle Time hr 72 70 73 78.3 85.9 78 Good Crystal
Rate % Productivity 1.88 1.88 1.80 1.26 1.53 1.69 kg/hr
be understood from above Tabl e 2,
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[0082]
As 1t can be understcoed from above Table 2, in Examples
1 to 3 compared with Comparative Examples 1 to 3, good silicon
single crystal ingots in which dislocation has not cccurred in
early stages of the pulling step can be created by smaller
numbers of tries, and the cycle time can be shortened.
[0083]
Moreover, in Examples 1 to 3, compared with the case like
Comparative Example 1 in which the magnetic field axis 1 becomes
10 lower than the lowest part of the silicon melt during pulling
of the straight body part, the good crystal yield rate is high,
the rate ishigher by 15% in Example 2, andsilicon single crystal
ingots having large good crystal parts can be generated.
[0084]
15 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
the productivity is improved by about 19%.

Example 2,
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Moreover, as shown in FIG 3, the nunber of tries is rapidly reduced when
the magnetic field center distance His 40 to 60 nm the nunber of tries is
stabl e although slightly 5 reduced when the nagnetic field center distance
His 60 mto 70 nm and the nunber of tries has a m ninum val ue when the
magneti c fiequﬁﬁﬂﬁer di stance His 70 mm The nunber of tries is stable
al t hough slightly i'ncreased when the nagnetic field center distance His 70
to 90 mmwhich is in the v%ﬁfnity of 10 the renmainin d%pth,L of the silicon
Ces 9's

melt at the pdlFfEDIaid® iSO and tHE nidmbd Sof Wl YradFely? i ncreased
when the magnetic field center distance His |arger than 90. [0086]

Ther ef ormapidlcaredwashddest ¢o¢ mhanetikehiehd cagheridistsnéedl dizent er
distance His larger than 50 mm and equal to or |less than the remaining
depth L of gdhes(sin, cahemBhibat bhec pobstisoftdsié -d nehaugh nal @iy kst al  whi ch
is totally free from dislocation and has a good crystal shape can be stably

| | ed. i FL-G , - i t al
Phi ch 1ot T aRY Mtk d TP chloBL A K eRHLL 2 ELID RIS e
magnetic_ field center distance His preferred to be 70 nm _and, a
degcri Ibe70O Ié%ve?n%itﬁ’tee rlf‘*}s{@errerfhﬁ rﬁ!r?i‘gepsd $h 3 THATHEN Vsaiji‘%ecd‘fb%ltthe;t t he

point of tail-in is equal to or nore than 25 90 mm and equal to or |ess than
115 mm ndnetpighdtied df ¢ehtdec ahitsdranc@3Hdi st/dnoes . H Thse prugbenrr efl tidse | ar ger
than 50 nm and equal to
is stable although slightly increased when the magnetic field
center distance H is 70 to 90 mm which is in the vicinity of
10 theremainingdepthLof thesiliconmelt at the point of tail-in,
and the number of tries is largely increased when the magnetic
field center distance H is larger than 90.
[G086]
Therefore, it can be understood that, when the magnetic
15 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 ke stably pulled.
[0087]
20 According to FIG. 3, to stably pull a single crystal which
is totally free from dislocaticn and has a geced crystal shape,
the magnetic field center distance H is preferred to be 70 mm,
and, as described above, since the remaining depth L of the
silicen melt at the point of tail-in is egual to or more than

25 90 mm and equal to or less than 115 mm, the magnetic field center
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or less than 90 nm [0088] As described above, according to the

manuf acturing nmethod 5 of the single crystal according to the enbodi nent of
the present invention, when the position of the magnetic field axis 1 which
is the center of the applied horizontal nmagnetic field is lower than the

liquid syr Egﬁ$ f ili.co t t 50 n et at the
positioﬁﬂﬁ% t é§3%gfhkggf§5§§ﬁ ?Sng% %g§§¥589§%%n§$ﬁgn&aﬁﬂgéﬁéiiﬁ%the

| i quid surface 3%10f the silicon nelt 3 remaining in the crucible 4 at the
poi nt of°% &i9%9 "9k et%™bly, when it is set at a position in the range of
50 mmto 90 nm unstable convection of the silicon nelt in an early stage
of the pullin@0$Bdp of the silicon single crystal can be suppressed, 15

t her eby suppressing generation of dislocation in the pulled silicon single

crystal. In addi 4é90rigdd la@ase, Wtddrdhey peitHe mehutatkukingta HERGNEL i C
field center line 1 is not positioned belowthe |Iowest part 3b of the

i ‘ <t . L Cnal
crystal Donnraran By Frerah Tems ke AL e rehe o IR ean be
suppressed, solidification of the silicon nelt can be suppressed, and

gener at i O Gt iy BEERI ‘O PR St 03 PF ddie BpAGRELEr St Ml ads be'hisiippr essed.

Therefore, according to the manufacturing nmethod of the single crystal
accor di nigg toettenipresént herdigdi imshhprazgstsilmpenerystfdle lwhi shldwet ot al |y
free fromdislocation and has 34 a good crystal shape can be stably pull ed.
Thus, theéhat elhé aAduid surface 3a of the silicon melt 3 by more than
50 mm and set at the position of the distance equal to or less
10 than the depth L from the liquid surface 3a of the silicon melt
3 remaining in the crucible 4 at the point of tail-in, preferably,
when it is set at a position in the range of 50 mm to 90 mm,
unstable convection of the silicon melt in an early stage of
the pulling step of the silicon single crystal can be suppressed,
15 thereby suppressing generation of dislocation in the pulled
silicon single crystal. 1In 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
20 temperature change 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
cf the single crystal according to the present embodiment, a

25 single crystal which is totally free from dislocation and has
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productivity of the manufactured silicon single crystal can be inproved.
[Brief Description of the Drawings] 5 [0089] FIG 1 is a schematic cross
sectional drawing of a single crystal manufacturing apparatus suitable for
carrying out a nmanufacturing nmethod of a single crystal according to an

e ol LhesPEERRIJINEN O k] D1 o 2 S0 (L SMAO5, LOG SEPI 21 1 1O

the ma cturrn the sin stal according e present
enbodi nment , erein El 2A shows the relation petween a liquid surface of
a sili cﬂ%?%h%%oﬁa&%ﬁ@%%&t&%ﬁ §lgt1°9ﬁe3b%%}%rﬁrﬁ’&t@fl CaNRAF | i ng

step, and FIG 2B shows the rel ation between the liquid 15 surface of the
silicon Weptowswh t he magnetic field axis at the point of tail-in. FIG 3 is
a diagram showi ng the relation between the magnetic field center distance

and the reurbef mfsdiri@sidm ofExamlmsawitgs3 and Conparative Exanples 1 to 3
of the present 20 invention. FIGs. 4 are draw ngs schematically show ng a

convent i onal acturing nethod of a silicon single crystal. FIGs. 5 are
drawi ngs schematically showi ng anot her conventional manufacturing nethod of

a silicon sinﬁbg%Cﬁyst%I. 25 FIGs. 6 are dngmﬁgqi schena%icalhé;shomjng

anot her 35 co t ol HERGFAttardhRy hefRbEBR Lo st 1RIP T G yst al .
crystal manufacturing apparatus suitable for carrying out a
manufacturing method of a single crystal according to an
embodiment of the preset invention.

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

15 surface of the silicon melt and the magnetic field axis at the
point of tail-in.

FIG. 3 1s 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

20 invention.

FIGs. 4 are drawings schematically showing a conventional
manufacturing method of a silicon single crystal.

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

25 FIGs. 6 are drawings schematically showing another
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[ Description of Reference Numerals] [0090] 1 Pulling chanber 5 2 Crystal

t ake-out chanber 3, 43, 53, 63, Silicon nelt 3a, 44, 54, 64 Liquid surface
3b, 46, 56, 66 Lowest part 4, 41, 51, 61 Crucible 10 5 Quartz crucible 6

G aphite crucible 7, 42, 52, 62 Ar gas current plate 8 Heating heater 9
Heat i nscib@édoni ot Eaah £ abh ulkQ ndr mgasod nifel dill AForgas ndilschay geappening 12
Dianeter controlling canera 13 Wre 14 Crystal driving unit 20 15 Crucible
driving i i zopt Jpgnet i i evice 17, 18 Coil 19 Hori zontal
magnet i CP]?%%?%%&(;%F?i%ﬂ }géj usting %l’ler%%%ﬂsgo, 47, 57, 67 Silicon single
crystal 25 21 [Sﬁdfdjght body part 36 22 Neck part

1 Pulling chamber
5 2 Crystal take-out chamber
3, 43, 53, 03, Silicon meit

3a, 44, 54, 64 Liquid surface

3b, 46, 56, 66 Lowest part

4, 41, 51, ol Crucible
10 5 Quartz crucible
& Graphite crucible
7, 42, 52, 62 Ar gas current plate
8 Heating heater
9 Heat insulation material

15 10 Ar gas inlet

11 Ar gas discharge opening
12 Diameter controlling camera
13 Wire
14 Crystal driving unit
20 15 Crucible driving unit
16 Horizontal magnetic field device
17, 18 Coil
18 Horizontal magnetic field position adjusting device

20, 47, 57, &7 Silicon single crystal
25 21 Straight body part
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23 Dianeter-increasing unit 30 Seed Crystal 45, 55, 65 Magnetic field
center position 5 100 Single crystal manufacturing apparatus 37 [Docunent
Nane] Clainms [Claim1] A manufacturing nethod of a single crystal froma
raw material nelt in the Czochral ski process under applying a 5 horizontal
magnetig,fiel raw material nmelt housed in a crucible, wherein
setti nggc% nngﬂ%’%ligc‘g%?cel d center of the horizontal magnetic field at a
position |ower than a |iquid surface of the housed raw material nelt by
nore thad 50 NI atREr R SIHCE 1O equal to or less than a depth L from
the liquid surface of the raw material nelt remaining in the crucible on
conpl et Bon ofSepdlTrngtal a straight body part of the manufactured single
crystal. [Caim2] 15 The manufacturing nmethod of the single crystal
according, t9, ckgi Magnavier &f i the-dmgnetdssfield center is set at a
position between 50 Mmto 90 nm below fromthe liquid surface. 38

5 100 Single crystal manufacturing apparatus
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[Document Name] Claims
[Claim 1]

A manufacturing method cf 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 liguid surface of the
housed raw material melt by more than 50 mm, and at a distance
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 straight body part of the manufactured single
crystal.

[(Claim 2]

The manufacturing method of the single crystal according

toclaiml, wherein themagnetic field center is set at aposition

between 50 mm to 90 mm belcw from the ligquid surface.
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