1 SPECI FI CATION TI TLE OF THE | NVENTI ON SI LI CA GLASS CRUCI BLE 5 AND METHOD
FOR MANUFACTURI NG THE SAME TECHNI CAL FI ELD [0001] The present invention is
related to a silica glass 10 crucible ysed for pulling up a silicon crystal
and a nethod for manufacturing the silica glass crucible. In particular,
the present invention is related to a silica glass crucible which has a
hi gh degree of roundness and which is used for pulling up a silicon single
crystal 15 used as a sem conduct yppRLeT@Areba@ POl ycrystalline silicon
used as a solar cell material. BACKGROUND OF THE | NVENTI ON [0002] 20 A
silica glass crucible is used for pulling up a silicon single crystal such
as sem conductor material or a polycrystalline silicon such as a sol ar
cell. For exanple, single crystal siliconis nainl& manuf actured by a
nethod in which a silicon nBEETE:E RFadhBEd WNVENTIAN 25 a pol ycrystalline
silicon nugget which has been charged 2 in a silica. glass crucible,

di pping a seed crystal in SILICA GLASS CRUCIBLE

5 AND METHOD FOR MANUFACTURING THE SAME

TECHNICAL FIELD

(0001]

The present invention is ;elated to a silica glass

10 crucible uscd for pulling up a silicon crystal and a
method for manufacturing the silica glass crucible. 1In
particular, the present invention is related to a silica
glass crucible which has a high degree of roundness and
which is used for pulling up a silicon single crystal

16 used as a semiconductor material or a polycrystalline

silicon used as a solar cell materjial.

BACKGROUND OF THE INVENTION

[0002]

20 A silica glass crucible is used for pulling up a
silicon single crystal such as semiconductor material
or a polycrystalline silicon such-as a solar cell. For
example, single crystal silicon is mainly manufactured
by a method in which a siliconmelt is produced bymelting

25 a polycrystalline silicon nugget which has been charged



the silicon melt and pulling up the seed crystal. The silicon
for a solar cell material is manufactured by the sanme pulling
has a 5 | ower yield of single crystalli2ation than the silicon
crystal used for a sem conductor material. [0003) The silicon
pulled up while applying a heat uniformy to the silicon nelt

crystal used
up net hod but

single
crystal is
by rotating

the silica 10 glass crucible. In this case, if the roundness (level of
roundness icorpas &d itoa agp@FecEIsiThep ofdthein gt er sere durracet ahdin

exterior surface of the crucible is |ow because the |evel of
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single crystal used for a semiconductor material.

[(0003]

The silicon crystal is pulled up while applying a

10

15

20

25

heat uniformly to the siliconmelt by rotating the silica
glass crucible. 1In this case, i1f the roundness (level
of roundness compared to a perfect circle) of the
iﬁterior surface and exterior surface of the crucible
is low, because the level of vibration of tﬁe silicon
melt becomes large due to horizontal swaying when
rotating the crucible, the oxygen in-plane distribution
becomes non~uniform and the yield of crystallization
decreases. Therefore, it is preferable that the silica
glass crucible used for pulling up silicon crystal be
as close to a perfect circle as possible.

[0004]

A rotation mold method is known as one
manufacturing method of a silica glass crucible. 1In
this method, the crucible is manufactured by depositing
silica powder to a predetermined thickness on inner

surface of a crucible shaped rotation mold and this layer



of silica powder is heated and nelted while rotating the nold to be
vitrificated (Japanese Patent Applications Laid-open Nos. S56-17996 and
S56-149333) . In addition, a nmanufactuging nethod of a silica glass
crucible is also 5 known in which silica. powder which is partially nelted
is attached to the interior surface of a rotation nold (Japanese Patent
Application Laid-open No. HOL-148718). [0005) 10 In the nethod for

manuf act wsf ngi aisid ipcawdkasd s treuct blea sdatmed addveh idhenr ¢ he ttihi gkniess of a
silica powder |ayer or silica glass |layer which is attached to the

interior gyntage ofeavinl #i ks deyan,(deaheeness erpf ARSI PEARiinsur face
of the glass crucible is reduced 15 and the yield of crystallization can not

be i " i _ L t L doj i : th
or | 2ont S S DG beRee Tt hae Thén S &t irig 108 cruck DI LTSARA e of

crystallization _is  reduced even when the roundness of the exterior. surface
20 of theh GRRIERE § SEEAE TSMARY B2 FEL LRVERTIARE BB66P Thet Hrvsaft

invention solves the conventional 26 problens described above with regard
to a §iliknograsisnawhich silica powder which is partially melted

is attached to the interior surface of a rotation mold

(Japanese Patent Application Laid-open No.
H01-148718).
[0005]

10 In the method for ménufacturing a silica glass

crucible stated above, when the thickness of a silica
powder layer or silica glass layer which is attached to
the interior surface of a mold is uneven} the roundness
of the interior surface of the glass crucible is reduced
15 and the yield of crystallization can not be increased
when pulling up the silicon crystal, In addition,
because the horizoﬂtal sway;ng becomes larger when
rotating the crucible, the yield of crystallization is
reduced even when the roundness o0f the exterior surface

20 of the crucible is low.

SUMMARY OF THE INVENTION

[0006]
The present invention solves the conventional

26 problems described above with regard to a silica glass



cruci ble used for pulling up silicon crystal, and shows the standard of
roundness of a silica glass crucible for achieving a fixed yield or above
of crystallization of a silicon crystall. More specifically, the present 5

i nvention shows a permtted range of roundness of the silica glass crucible
for obtaining a crystallization yield of 80%or nore. [0007] The present

i nventi on has been achieved to solve 10 the conventional problem a silica
gl ass crueirkleih0e pwldd nbo vppa 15id hgoapceystiat oacearyd vglt,0 atrhe it esent

i nvention has a roundness Sx of an interior surface of the silica glass

crucible apd 3 PUAdRLES S PindR e LXISFI OTs SUELACY 10 s Ehereidi5R0kBSS
crucible in at least 15 a wall part of the silica glass crucible both being

0.4 or less (Sx.[. M5 ¥I< 0. i tg'ckn ss__Min the
sane neasﬂF%‘r‘?e%Ylﬁg gaht&agbt é/{r% ﬁldﬁerssagofgo%ﬁﬂgg{pa\ $K % Wk O;;rt of
the silica glass crucible, 20 because the roundness_Sx of the interior
surface of thellGuei FFeY&TR Y he r8adthesP Tyl qhblant efifdt AHFAEBT of
the crucible is 0.4 or less (Sx / M<- 0.4, Sy / M5 0.4) to the maxi mum
t hi ckriessibviant he rsoneomesasarpgemit heidghtang et et r pondnds s 5 sveh the
crucible is used to 25 pull up the silicon crystal, the oxygen in-plane

silica glass crucible for obtaining a crystallization

yield of 80% or more.

[0007]
The present invention has been achieved to solve

10 +the conventional problem, a silica glass crucible for
pulling up a silicon crystal according to the present
invention has a roundness $Sx of an interior surface of
the silica glass crucible and a roundness Sy of an
exterior surface of the silica glass crucible in at least

16 a wall part of the silica glass crucible both being 0.4
or less (Sx /M=0.4, Sy /M<£0.4) to a maximum thickness
M in the same measurement height as the roundncss.
[0008]

In at leasl a wall part of the silica glass crucible,

20 vbecause the roundness Sx of the interiox surface of the
crucible and the roundness Sy of the exterior surface
of the crucible is 0.4 or less (Sx / M < 0.4, Sy / M <
0.4) to the maximum thickness M in the same measurement

height as the roundness, when the crucible is used to

25 pull up the silicon crystal, the oxyden in-plane



5 distribution of the silicon crystal is uniformand a crystallization of
nore than 80% can be obtained. [0009] Furthernore, the silica glass
crucible for pulling 5 up a silicon crystal according to the present
invention has a distance L between the center of an interior surface of
the silica glass crucible and the center of an exterior surface of the
silica glass crucible in at least a wail part being 0.01 or less (L 5
0.01D) of dtihet 2@ bhonpest €&t eheor sdildneder c@ wé tklle Sl ucal gbass «ndcidl e.
Because the distance L between the center of the interior surface and the
center of thesexteri of Wi ase ahotBe tiaHCi e £a0- 94 @i gsneld. 5 0.001
D) of the longest dianeter D of the exterior surface of the crucible, the
15 oxygeng%ﬂjgb?ne distribution of the crystal is uniform and a

crystallization'of.nore than 80% can be obtained. [0010] In addition, a
manuf acturi ng net hod of the silhca .gl ass crucible accordi to thf_present
invention 20 i AMILGRE *THbEirt FAG St k@2 pdhaés GF wntPiterir Rt 40 of a

rotating crucible shaped nold, vitrificating by heating at a high
t enper @t un® & Isaylel com taey sitlailc @ ¢ powddrn gkt ¢ et hige Prst Be NGt Anezs nBAGD
controlling an anmount- of horizontal sway of the interior surface of the
mol d has a distance [ between the center of an interior
surface of the silica glass crucible and the center of
an exterior surface of the silica glass crucible in at
least a wall part being 0.01 or less (L £ 0.01D) of the
10 longest exterior diameter D of the silica glass crucible.
Because the distance L between the center of the interior
surface and the center of the exterior surface of the
crucible is 0.01 of less (L £ 0.001 D) of the longest
diameter D of the exterior surfacevof the crucible, the
15 oxygen in-plane distribution of the crystal is uniforn
and a crystalli;atioh of.more than 80% can be obtained.
[0010])
In addition, a manufacturing method of the silica
glass crucible accorxding to the present invention
20 includes depositing silica powder on an intexior surface
of a rotating crucible shaped mold, vitrificating by
heating at a high temperature a layer of the silica
powder while the mold rotates, and controlling an amount

of horizontal sway of the interior surface of the mold

25 to 0.1% or less of an interior diameter of the mold.



25 to 0.1%or less of an interior diameter of the nold. 6 According to
manuf acturing nmethod of the present invention, when manufacturing a si

glass crucible by a rotation nold nmethad, by placing a dial gage on the

exterior surface of the nold and controlling the amount 5 of horizontal

of the interior surface to 0.1%or |less of the internal dianeter of the

mold, it

is possible to maintain the roundness (Sx ratio and Sy ration

M L ratixnc¢ordimg the shei ceaghd&ss cuuding emeitthv ¢ tle thangerssatred
above. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS - [0011) The above and ot her

obj ects, figafHnesSi @AY wddVRNHAGRSE HE LY Bnnuenii DRcW Id1 HeeomBr HBE® 1e
apparent 16 by reference to the follow ng detailed description of the
FG L s 4Dt e e ol pRCEAPEIN LR LAY 695 MRS
FTG 2 is a hori.zontal c¢ross sectjonal view of a  siljica _glass.crucible;
FIG 3 | s SXBPAGEm SRFER Tt 5 HE St AE YbARMAeSEn o bl dnRitr e FROS or
&ﬂfacg; of horizontal sway of the interior surface to 0.1% or
less of the internal diameter of the mold, it is possible
to maintain the roundnecss (Sx ratio and Sy ration to M,
L ratio to D) of the silica glass crucible within the
range stated above.
10
BRIEF DESCRiPTION OF THE DRAWTNGS
[0011]
The above and other objects, features and
advantages of this invention will become more apparent
16 by reference to the following detailed description of
the invention taken in conjunction with the accompanying
drawings, wherein:
FIG. 1 is longitudinal cross sectional view of a
silica glass crucible;
20 FTG. 2 is a horizontal cross sectional view of a
silica glass crucible;
FIG. 3 is a diagram which explains the roundness
of a crucible interior surface;
FIG. 4 1is a diagram which explains an axis
25 misalignment between the center of an interior surface

t he
ica

sway

to

20



FIG 4 is a diagramwhich explains an axis 25 m salignnment between the
center of an interior surface 7 and the center of an exterior surface; and
FIG 5 is a flowhart which shows the mahufacturing nethod of a silica

gl ass crucible of the present invention 6 DETAI LED DESCRI PTI ON OF THE
EMBODI MENTS [0012] The present invention will be explained in detail Dbelow
based on the enbodinents. FIG 1 is a longitudinal 10 cross sectional view
of a silicangl &3 coacitd 2. oAs showxtiarEle@ Jdurtfwecsi|l izoadgl ass cruci bl e 10
of the present invention is used for pulling up a silicon crystal and
includes a cylimrgcad vald fuast ch@At avh beht emcpas tt HOBn anmahgedulel oav t he
wal | part. 10A, and 15 a corner part 10C positioned between the wall part
10A and thecRoid ompard 10B1ildy aty) £3st the, sebh pards 104 cof prhg sitica
gl ass cruci ble 10 of the present invention, the roundness Sx of the -
interior surface pof the crucible and the roundness Sy of the exterior
surface of*tHRE™0 %Fucible are 0.4 or less (Sx /| M5 0.4, Sy /| M<_0.4) to
t he maxi mumthi ckness Min the sanme height as the height nmeasured for the
roundn@ss Sx and Sy.

DETAILED DESCRLPTION OF THE EMBODIMENTS

(0012]
The present invention will be explained in detail
belowbasedcnmtheempodiments. FIG. 1is a longitudinal
10 cross sectional view of a silica glass crucible., As
shown in FIG. 1, the silica glass crucible 10 of the
present invention is used for pulling up a silicon
crystal and includes a cylindrical wall part 10A, a
bottom part 10B arranged below the wall part 10A, and
15 a corner part 10C positioned between the wall part 10A
and the bottom part 10B. In at least the wall part 10A
of the silica glass crucible 10 of the present invention,
the roundness SxX of the interior surface of the crucible
and the roundness Sy of the exterior surface of the
20 crucible are 0.4 or less (Sx / M £ 0.4, Sy / M £ 0.4)
to the maximum thickness M in the same height as the
height measured for the roundness Sx and Sy.
[0013]
FIG. 2 is a horizontal cross sectioﬁal view of a

25 <crucible wall part (side wall) when the silica glass



[0013] FIG 2 is a horizontal cross sectional view of a 26 crucible wall
part (side wall) when the silica glass 8 crucible showmm in FIG 1 is cut at
an arbitrary position shown by the daslBed |ine. Furthernore, the roundness
of the interior surface 11 of the crucible in FIG 2 is shown in FIG 3.
When the interior surface 11 is 5 sandw ched by inner and outer concentric
circles (perfect circles) A)- Bas is shown, in FIG 3, the roundness Sx of
the intercoucsidlacehbivnsi exBLEssdd ilsy cut setrianli anbtidrr @oyr pots iohi bat ween
the circle A and circle B when the interval between these concentric 10

circles AghBvwis BY itirse saaldest. 1@8inel e Aucoith 82t e h t e pabtuminébe
crucible interior surface 11 which projects the furthest outward, and

circle B gontaed ot bh o Pabhe OfcbNE 10Ul e LRLRI BN eSYhf 3oL 11onaisC

h
projects the urthest 1 nward. t hough not shown in t iagram the 15

sanme as th% crucLbIeékggeri r sugﬁace %%EQMMen ;he exterigrc%yrﬁ ce.l2 is
sandwi ched &/} nrig} outer cOAGEht HEE citrtl 851 The FHTAGTSss of° t he
“crucible exterior surface 12 is expressed by a sem -dianeter correction
when tthhe BRMGIWAFhSA weRl t RESER Eon@&ift r i RULRH CiGRNESTIGL AC i sl BFAPISest .
[ 0014] : :

(perfect circles) A, B as is shown in FIG. 3, the

roundness Sx of the interior surface 11 is expressed by
a semi-diameter correction between the circle A and
circle B when the interval between these concentric
10 circles A, B is at its smallest. Circle A contacts with
apart of the crucible interior surface 11 which projects
the furthest outward, and circle B contacts with a part
of the crucible interiox surface 11 which projects the
furthest inward. Although not shown in the diagramq.the
15 same as the crucible interior surface 11, when the
exterior surface 12 is sandwiched by inner and outer
concentric circles, the roundness Sy of the crucible
exterior surface 12 is expressed by a semi-diameter
correction when the interval between these concentric
20 circles is at its smallest.
(0014] |
The roundness Sx of the crucible interior surface
11 and the roundness Sy of the crucible exterior surface
12 of the silica glass crucible 10 of the present

256 invention are 0.4 or less (Sx / M £ 0.4, Sy / M £ 0.4)



The roundness Sx of the crucible interior surface 11 and the roundness Sy
of the crucible exterior surface 12 of the silica glass crucible 10 of the
present 25 invention are 0.4 or less (S¢ / MS 0.4, Sy / Ms 0.4) 9 to
(refer to FIG 2) the maxi mumthickness Mof the crucible wall part which
is neasured by the sanme height as the roundness. (0015] 5 If the roundness
Sx of the crucible interior surface 11 or the roundness Sy of the crucible
exterior ctsurfae€eel? to Imrge, 2 he tithd ckreessndid fieh erden ©f st He odf uchlel e
wal | part.becones |arger and when the crucible is rotated because the

hori zont af rs\ve, 08 e Bigheenvd ARl { sWhleGhs b seahdigath b ns bR wrdicghke
becones |l arger when the crucible is rotated. It is therefore preferable

that the rqu qﬂ S are as small as possible. The interval between
t he cruci%Feqi %eipgpngﬁgﬁgﬁé 11 and the crucible exterior surface 12 is

the thickness 15 of the crucible and the roundness Sx of the interior
surface ahf0hel roundness Sy of the exterior surface are related to the
t hi ckness of the crucible. [0016] According to the present invention, if
the 20 roundne¥f Skhef triraindnersor Surfafe Whe tdcucunligessnterior

surface 11 or the roundness Sy of the crucible exterior
surface lé is large, thé thickness difference of the
crucible wall part.becomes larger and when the crucible
is rotated because the ﬁorizontal sway of the silicon
10 meltwhichiﬁ;chérgedjjlthecruciblebecomeslargerwhen
the crucible 1is rota£ed. It is therefore preferable
that the roundness Sx and Sy are.as small as possible.
The interval between the crucible interior surtface 11
and the crucible exterior surface 12 is the thickness
158 of the crucible and the roundness Sx of the interior
surface and the roundness Sy of the exterior surface are
related to the thickness of the crucible.
[0016]
According to the present invention, 1if the
20 roundness Sx of the interior surface and the roundness
Sy of the exterior surface are controlled to less than
0.4 to the maximum thickness M of the crucible wall part
10A in the same measurement height as the roundness, it.
is possible to make the oxygen in-plane distribution

26 within the crystal uniform and also achieve a high yield



Sy of the exterior surface are controlled to less than 0.4 to the- maxi num
t hi ckness M of the crucible wall part 10A in the sanme neasurenent hei ght as
the roundness, it is possible to nake e oxygen in-plane distribution 26
within the crystal uniformand al so achieve a high yield 10 of
crystallization. [0017] In manufacturing the silica glass crucible,

al t hough the roundness Sx of the crucible interior 5 surface and the
roundness o ek desenucibtecexterior surface are made as snall as possible
to approach a perfect circle, in the actual manufacturing process it is
difficult ﬁ@ogﬁﬂduce a perfect circle. Therefore, it is a great advantage
and discovery that it is 10 sufficient to control the roundness Sx of the

~crucible interior surface and the rouyndness.Sy. of the crucible _exterior
surface to vvithiIrPthr&aEBlojs%cgflattje’agco%gﬁi o%éﬁlﬁlcr‘éng@%b%/sfhe clprr%%é (L

i nvention. {0018] 15 Because the fluid level of the silicon nelt which is
charged i RihBodighcd Brassevpdeinte gtadRf | yhaectersdb ke okt hE LS wal |

part (wall part) to the <corner part by pulling up the silicon crystal, the
cruci bbe iswefiaare sanfadeh ¢ oupndiredseSx dhy bdife theicchluecible exterior

surface are made as small as possible to approach a
perfect circle, in the actual manufacturing process it
is difficult to produce a perfect circle. Therefore,
it is a great advantage and discovery that it 1is

10 'sufficient to control the roundness Sx of the crucible
interior surface and the roundness Sy of the crucible
exterior surface to within the above stated conditional
range by the present invention.

[0018]

16 Because the fluid level of the silicon melt which
is charged in the silica glass crucible gradually
decreases from the side wall part (wai; part) to the
corner part by pulling up the silicon crystal, the
crucible interior surface roundness SX and the crucible

20 exterior surface roundness Sy are expected to meet the
above stated conditions (Sx / M £ 0.4, Sy / M £ 0.4) in
at least the wall part of the crucible.

[0019]
In addition, @s shown in FIG. 4, in the silica glass

25 crucible used for pulling up a silicon crystal, when the



20 exterior surface roundness Sy are expected to neet the above stated
conditions (Sx | MS 0.4, Sy / M5 0.4) in at least the wall part of the
crucible. [0019] In addition, as shownlln FIG 4, in the silica glass 25
cruci ble used for pulling up a silicon crystal, when the 11 distance
(msaligned axis) 1, fromthe center of the interior surface of the
crucible to the center of the exterior surface of the crucible is |arge,
the hori zbin¢ bhnsymy (ofi 3 & ignedblex Waen Tt firomottdiedc® heednest | &lge. |1t
is therefore preferred that this msaligned axis is made as snall as

possi bl e. Howevdror burifadef biftuthet @ moapbdiel yoelid nata tdre oifsalligned
axis in the, actual manufacturing process. [0020] 10 Here, according to the

present | yg0Lian, o 11 sifieraBlesald gnedraxi schuxiated abioye sy 01 ordess (L
< 0.01 D), or nore preferably 0.005 or' less (L < 0.005 D) of f he | ongest

dlaneter whi.ch es_t hrou ce t ruci | e, ext or,
surface, i1°F&%5 dg f |eqY8Yha§g gtheg%%fﬁg%iﬁnhgréne 5?str?bu %%ﬁ%ﬁ?*nn
the cr stal unlforn1and al so achleve h yield o crystalllzatlon when
pul | i né upb?fﬂ‘léms‘*ierl&G‘rf-“‘i:?ystét 1B'Ec§@§’er? oL St enried o Lol et S
elimnate the m saligned axis

misaligned axis 1s made as small as possible. However,

it is difficult to completely eliminate the misaligned
axis in the actual manufacturing process.
[0020]
10 Here, according to the present invention, 1Lf the
misaligned axis L stated above is 0.01 or less (L £ 0.01
D), or more preferably 0.005 or less (L £ 0.005 D) of
the longest diameter D which passes through the center
of the crucible exterior surface, it is possible to make
15 the oxygen in-plane distribution within the crystal
unifoxm and also achieve a high yield of crystallization
when pulling up: the silicon crystal. Because it is
difficult to completely eliminate the misaligned axis
in the actual manufacturing process, iﬁ is a great
20 advantage and discovery that it is sufficient to control
the misaligned axis to wiﬁhin the above stated
conditional range.
(0021]
In manufacturing the silica glass crucible by

25 depositing silica powder on the interior surface of a



in the actual manufacturing process, it is a great 20 advantage and

di scovery that it is sufficient to control the msaligned axis to within

t he above stated conditional range. [0Q21] In manufacturing the silica

gl ass crucible by 25 depositing silica powder on the interior surface of a
12 rotating crucible shaped nold and vitrificating by heating this silica
powder | ayer under a high tenperature while the nold is rotating, the
silica gl asst aeriucy bleer ot itdiee pretsepe d nueritd omrcdn et ranid astureg % py
placing a dial gage on the interior surface of the nold and controlling the

anmount of horizenf al csiay ok i thes | ienber SUH.fa%Q?rtodrﬁiért hap Onk%pf the
nold's interior dianmeter. [0022] 10 FIG 5 is a Iomchart mhlch shows a

manuf act ur,i n et 0 l 25 5 t e
|nvent|on't?ﬁ PEfe g%%uf%é%ﬁr%se¢éqﬁ%93| ?cg glggéﬁgeru f?%sgli e
armount of hori zont al sma of the interior syrface of the nDId i's a?;usted
whi | e rot ¥ R§1FE¢he rnﬂfae(etr@pww) LRVEAFL Q% ned Mt e BT BFtY

hori zontal sway is adjusted to less than 0.1%of the interior diameter of
t he nobd Byyupilrgingdi @ dhgé. ddexe, on the interior surface of the

mold and controlling the amount of horizontal sway of
this interior surface to less than 0.1% of the mold’s
interior diameter.

[0022]

10 FIG. 5 is a flowchart which shows a manufacturing
method of the s8ilica glass crucible of the present
invention. In the manufacture of the silica glass
crucible, first the amount of horizontal sway of the
interior surface of the mold is adjusted while rotating

15 the mold (step S§11). At this time, the amount of
.horizontal sway 1s adjusted to less than 0.1% of the
interior diametexr of themold by using a dial gage. Next,
silica powder is deposited on the interior surface of
the rotating mold and a silica powder layer is formed

20 (step S12) . Folléwingthis,.vitrification igs performed
by heating the silica powder léyer within the rotating
mold at a high temperature and a silica glass crucible
which has the basic shape shown in PIG.j.is formed (step
S13). 1In a silica glass crucible manufactured in this

26 way, because the crucible interior surface roundness Sx



silica powder is deposited on the interior surface of the rotating nold and
a silica powder layer is fornmed 20 (step S1.2). Followi ngthis"vitrification
is performed by heating the silica pomﬂfr | ayer within the rotating nold
at a high tenperature and a silica glass crucible which has the basic shape
shown in FIG 1 is fornmed (step S13). In a silica glass crucible

manuf actured in this 26 way, because the crucible interior surface roundness

Sx 13 and _the.crucihl erjor. surfa rooundn t ot o] st at ed
condi ti on%n(dsg ne I\ﬁrs‘gﬁszf’?ﬁ%yé#(eﬁ%%h%%rrfoa ggl gg?tn%%gg\%alulw%‘aer‘?@oﬁ‘/ﬁtehe
crucible, it is possible to nake the oxygen in-plane distributjon within
the 5 cryépéﬂv%ngFéltrﬁ%nﬂoélds]otheﬁisev(es% giﬂhsypellﬁ' o?Y &r¥sfaldidhtitdn when
pull'ing up the silicon crystal. [0023] The present invention is in no way
limted to tlweasaf Griedrevtildnaria 8ivbodf nehes cpacibdider 1fariduposiible

nodi fications are possible within the scope of the invention as recited in
the clai nBo andkrat thal |yxyhese inpdbibeat i aAS tar ebuncl ededv i hhim the scope

of the invention. [0024] 15 For exanple, the silica glass crucible of the
preseny ipygd{gn i n8ff ekl VEnfPr P Lbingcd &v&i | hCORigh yield of-
crystallization when pulling up the silicon crystal.
[0023]
The present invention is in no way limited to the
aforementioned embodiments, but rather various

10 modifications are possible within the scope of the
invention as recited in the claims, and naturally these
modifications are included within the scope of the
invention.

[0024]

15 'For example, the silica glass crucible of the
present invention is effective for pilling up a silicon
single crystal used as because it is possible to achieve
a high yield of crystallization. However, the silica
glass crucible of the present invention 1is also

20 effective for pulling up a polycrystalline'silicon used
as a solar cell material because it is possible to make
the oxygen in-plane distribution within the crystal
uniform.

[0025])

25 (Examples)



single crystal used as because it is possible to achieve a high yield of
crystallization. However, the silica glass crucible of the present
invention is also 20 effective for pullifg up a polycrystalline silicon used
as a solar cell material because it is possible to nake the oxygen in-plane
distribution within the crystal uniform [0025] 25 (Exanples) 14 The
present invention is shown in detail using exanples and conparative exanpl es
bel ow. [0026] theanpkesdnt- ¥ venA Sbhi cas glsasswar uoh blde € 82 1i nebiinnf eri or
dianeter) of the present invention was nmanufactured and a silicon single

cryst al “@iagele%h%% Upr UndesnbRe £00¢it ioRgmghons pen dable 1. At this tine,

the silicon gle crystal was pulled up while rotating the silica glass
cruci bl e é%(ﬁg hat the silicon nelt was uniformy heated and the oxygen
i n-plane di's Pbution within the crystal becane as uniformas possible. The
rotation speed of the silica glass crucible was 5 rpm Next, the
crystal | i Z&%¥®APLyfi®l § andd bxygen in-plane distribution within silicon 15
single crystal which was pulled up was neasured.

5 A silica glass crucible (32 inch interior diameter)

of the present invention was manufactured and a silicon
single cxystal was pulled up under the conditions shown
in Table 1. At this time, the silicon single crystal
was pulled up while rotating the silica glass crucible
10 so that the silicon melt was uniformly heated and the
oXygen in-plane distribution within the crystal became
asuniformas possible. The rotation speedof the silica
glass crucible was 5 rpm. Next, the crystallization
yield and oxygen in-plane distribution within silicon
15 single crystal whicﬁ was pulled up was measured.
[0027]
The oxygen in-plane distribution within the
crystal was measured from four points of oxygen density
in a radial direction which includes the center of a
20 wafer cut from a silicon ingot. Usually, the oxygen
density decreases gradually in a radial direction from
the center of the wafer. However, this reduced amount
is particularly noticeable near the periphery of the
wafer. Therefore, the points to be measured are usually

25 located at (1) center of the wafer, (2) a position r/2



[0027] The oxygen in-plane distribution within the crystal was neasured
fromfour points of oxygen density in a radial direction which includes the
center of a 20 wafer cut froma silicon_ingot. Usually, the oxygen density
decreases gradually in a radi al directidh from the center of the wafer.
However, this reduced anount s particularly noticeable near the periphery
of the wafer. Therefore, the points to be neasured are usually 25 | ocated
at (1) center of the fer, ( a position r/2 15_ (r. is _a radius romthe
center of thelwafer* V%uﬁ) p%%loﬂ oJﬁﬁfo Crr‘?ﬁ‘fi’red:m?ﬁe AP &%f?rdf %ﬁi Vit er,
and (4) a position 5 mmfromthe periphery of the wafer. The oxygen

i n-pl ane di®sitiuwrn ohl ofrmafwgert DasreviRBeesy 2§ itk AeWRd9 Bwi AR ) I n
the case where all the neasured values of these four points are within a
pr edet er maeplo sriangen Pomeanspeciri | thlel \pe r hpthleer gasd vhizee wiehite al.|  Thee
measured values are within 10% of the oxygen density at the center of the

waf er, the, ¥yaen im-phanee 18idistibhuiion Wi hi nwhlfe £ryskale v 51 gansdder ed
[uniforn], and in the case where these values are not within this range,

non- ur T ok PearSAZERA GalE " b Se BT B PR AR £ uge 4 e

wafer is 12.55 . . . .
values of these four points are within a predetermined

range, more specifically, in the case where the all the
measured values are within 10% + of the oxygen density
at the center of the wafer, the oxygen in-plane
10 distribution within the crystal is considered [uniform],
and in thé case where these valueslare not within this
range, the oxygen in-plane distribution within the
crystal.isconéidered[non—uniformj. For example, when
the oxygen density at the center of the wafer isI12.55
15 (x 10" atms / cm®), if another measured value is within
the range 11.30 - 13.80 (x 10" atms / cm®), then the
oxygen density 1is uniform. Furthermore, the oxygen
density within. . the crystal was measured by a Fourier
transform infra-red spectrophotometer (commonly called

20 FTIR).
(0028]
The yield of crystallization was measured by the
weight of the straight body part of the silicon single
crystal which was pulled up divided by the weight of

25 silicon material put into the crucible. That is,



15 (x 101" atnms / cnB), if another neasured value is within the range 11. 30
- 13.80 (x 1017 atrns / cnB), then the oxygen density is uniform
Furthernore, the oxygen density withinighe crystal was neasured by a
Fourier transforminfra-red spectrophotonmeter (commonly called 20 FTIR) _
[0028] The yield of crystallization was nmeasured by the weight of the
strai ght body part of the silicon single crystal which was pulled up

di vi ded bypdbeuwai ghit 0412504 kitoons hiterdralmelit wittch t hetbraucibheiblhat i s,
16 because not all of the silicon nelt within the crucible is consunmed and

only the sty aights ipd¥ RHd &xalwding sttheaighPasbdgngd Akl <patiuafimg
silicon ingot is used in the calculation of 'the yield of crystallization.

rystal |1 20t For ot drATTs Befow TODSP ARG Foyoral £ F ot BotHan: B0k Fhe
e pl ane. diBta DS BRAAERT T AE GRS = Lricd ENBRH 9P 16 ~Fab 87 HC030]
(Conparative Exanples 1 - 3) Asilica glass crucible with a 32 inch interior
5 if a sufficient silicon single crystal is pulled up, the
crystallization yield is below 100% and favorable if
more than 80%. The results of the yield of
crystallization of the silicon crystal and oxygen
in-plane distribution within the crysﬁal are shown in
10 Tabkle 1.
[0029]
(Comparative Examples 1 - 3)
A silica glass crucible with a 32 inch interior
diameter was manufactured and a silicon single crystal
15 was pulled up under the conditions shown in Table 1.
Next, the same as in the example stated above, the
crystallization yield and oxygen in-plane distribution
within silicon single crystal which was pulled up was
measured. The results are shown in Table 1.

20 (0030]

(Table 1)



di aneter was manufactured and a silicon single crystal 15 was pulled up
under the conditions shown in Table 1. Next, the sane as in the exanple
stated above, the crystallization yiela7and oxygen in-plane distribution
within silicon single crystal which was pulled up was neasured. The results
are shown in Table 1. 20 [0030] (Table 1) 17 Interior EXterlor maxi num
Roundness ratio Oxygen surface surface thi-knee in-plane crystallization
roundness roundness Interior Exterior vield (8 A Distribution Sx Sy

surface Sufface Expitpiree” Mex i Roundd¥Ed Ba:19 | 0. dxlgn 8 2 5.3mm
5. 7mm | brm 0. 35 o. ?lfgu énegs- 'ou:éxé }igkn8ss 0 TS 15n-[pmn@ %Y)E!‘%g(g:bto%o
Exanpl e 4 B. Omm 6. Dmsx13m 6420 0. %0 D s8iace Covmperal i ve> 6 Iim | = 15mm
0.45 0. 1d E&pleﬁxanplsﬁj Co,mpaﬂratshzve Exanpl 8.2 I Erme 7. 2fm 155}371 D12 o. a8
X 47 conp;rati»c e Ho 05— X exarptert—{rote)
roundness [ &F®ei%s| a® Pt ilo 0 the*fdupdfgss |t 8 3L&he maxd muny t hi ckhess M in
the same T@ﬁ&HﬁQﬁEn&oﬁﬁl IRtonA@S| t Qs I QUBARESS ¢. 20 0 80

Example 4 3.0mm 6. Oram 13mm 0.2C 0.40 0 81

C;:izgizizs 6.9mm | 2.imm 15mm 0.45 0.14 ¥ 52

cgﬁi;;izize l.emm | 7.20m | 15mm 9.12 2.48 X 07

ngg;;igige 7.1mm | 7.7rm 15mm 0.47 ¢.51 X 51

(note) voundness rztio is 3 ratio of the roundness to the maximum thicknesg M in the
same rneasurement height as the roundness.

“0” indicates that the oxyge: in-plane distribution is unifcrzm and “X” indicates
non-uniform.

[0031]
(Examples 11 - 13)
Asilicaglass crucible (32 inch interior diameter)
5 of the present invention was manufactured and a silicon
single crystal was pulled up under the conditions shown
in Table 2. Next, the same as in the example and
comparative example stated above, the crystallization
yield and oxygen in-plane distribution within the
10 silicon single crystal was measured. The results are
shown in Table 2.
[0032]
(Comparative Examples 11 - 12)
A silica glass crucible with a 32 inch interior
15 diameter was manufactured and a silicon single crystal
was pulled up under the conditions shown in Table 2.

Next, the same as in the example and comparative example



"0" indicates that the oxyge:: in-plane distribution is uniformand "X"
indicates non-uniform [0031) (Exanples 11 - 13) A silica glass crucible
(32 inch interior dianeter) 5 of the pﬁgsent i nventi on was manufactured and
a silicon single crystal was pulled up Under the conditions showmn in Table
2. Next, the sanme as in the exanple and conparative exanple stated above,
the crystallization vyield and oxygen in-plane distribution within the 10
silicon single grystal was su S - arg. in T

00321 ( Comber it | RS Aml e e A i L hSg e Therd kG,
inch interior _15 di aneter. was, manufactured and,a ,silicon_single cryst.al

was pul | ed UpP hAdG et it t+ BRsWS ni?lh?aﬁllglfonl\%ﬂlglt EBhAEs in
the exanple and conparative exanple is stated above, the crystallization

yi el d and wexygeradwrpkdane W&t micoue Lds Wi FRi Bhidensiiin cBabsiegle cryst al
was neasured. The results are shown in Table 2. [0033] 5 (Table 2) Axis
Longest  [0033]

b (Table 2)

Axis Longest
misalignment L |diameter D Bxis Oxygen s
berween interiox of misalignmentz in-plane CrySFaiéxiaulon
surface and extarior ratio Distribution yie iz
exterior surface| suxface
| Example 11 4. lrm 825mm 0.005 0 88
Example 12 S.8mn ‘ 825mm 0.007 0 83
Exarple 13 8. 3mm 82 Smm 0.010 Q 80
Comparative . - )
Example 11 2. 9rmm 82 5mau 0.012 X 65
Comparative
Example 12 12. 4 82 Sma 0.015 X 43

(note) Axis misalignment ratic is a ratio of the axis misalignrent L to the
longest .dismeter D of the extarior surface.

(0034]
As is shown in Tables 1 and 2, in the silica glass
10 crucible of the present invention the oxygen in-plane
distribution within the silicon single crystal was
uniform and the yield of crystallization was high. dn
the other hand, in the silica glass crucible in the
comparative examples the oxygen in-plane distribution
15 within the silicon single crystal was non-uniform and
the yleld of crystallization was low. In addition, as
is shown in examples 11 to 13, the yield of
crystallization was at its highest when the axis

misalignment ratio was 0.01 or less, and the larger the



m sal ignment L dianeter D Axis Oxygen ation between interior of

m sal i gnmen= in-plane crystallization surface and exterior ratio
Distribution exterior surface surface Exgnple 11 4.1aa 825mm 0.005 O 88
Exanpl e 12 5. 6nm e25mm 0. 007 0 83 Exanple 13 8.3nm 825mm 0. 010 0 80
Conparative g Exanple |1 3mm 825mm 0.012 X 65 Conparative 124xmm 825nm
0.015 X 43 Exanple 12 (note) Axis m _salignneat ratio is a ratio of the
axi s m salagngent sk ltioghhend angestowé anehery DeQfd bife cext et hon iszatdesm
(0034] As is shown in Tables 1 and 2, in the silica glass 10 crucible of
the presenf, i nyenti on, Lha OxXygen ¢ n- pkanes di fibhipul Fow i kB t;hth't'H&OH

single crystal was ‘uniform and the yleld of crystallization was

t he ot her han in the sil] cible _in ra |ve exanples

t he oxygeﬁ”i%gSI ane]P di g% ’?llg‘naziit it hi n" e sé? conq'g?ﬁgl &1F ysPAT as

non-uni formand , the yield of cry§talllzat|on s low _In addition, as 1is

shown in &éa%ﬁlléégrifﬁepd'— 132%3R Vicdl dOoff O 2r ¢t | FiPAat &6 s thre | e ghest

when the axis misalignment ratio was 0.01 or |less, and the larger the
5 misalignment the higher the yield of crystallization

became.



19 axis m salignnment the lower the yield of crystallization becane.
Particularly, as is shown in exanple 11, the vyield of crystallization was
88% when the axis msalignnent ratio v 0.005 and the |ower the axis 5

m sal i gnment the higher the yield of crystallization becane. 20 Wat is
claimed is: 1. Asilica glass crucible tor pulling up a silicon crystal
havi ng a roundness Sx of an interior 5 surface of the silica glass crucible
and a roundressi Sy cdfaameektesior surface of the silica glass crucible in

at least a wall part of the silica glass crucible both being 0.4 or |ess
(Sx / Ms 0.4, Sy / M5 0.4) to a maxi num thickness Min the sane

nmeasur enent height as the 10 roundness. 2. A silica glass crucible for

pulling up a silicon,crystal. CoOgprising, >yl4 ndrd cal ; t;. 15.a
bottom part ar riz‘;lhgedr}%)el%lv\%E ?ﬁé’ I Ias;éar%;rgﬁg)blagcofrcggr %@#?lgﬁ angpéda

between the wall part and . the bottom part; and wherein_ at a.certain height
 of m:Iea§ﬂ%W@oﬁmqrbaﬁilmh@Nlng a roundness Sx of an interior

5 surface of the silica glass crucible and a roundness Sy
of an exterior surface of the silica glass crucible in
at least a wall part of the silica glass crucible both
being 0.4 or less (Sx /M< 0.4, Sy /M<0.4) to a maximum
thickness M in the same measurementlheight as the

10 roundness.

2. A silica glass crucible for pulling up a
silicon crystal comprising:
a cylindrical wall part:
16 a bottom part arranged below the wall part; and
a corner part arranged between the wall part and
the bottom part; and
wherein
at a certain height of at least the wall part, when
20 a roundness of an intexior diameter of the silica glass
crucible is Sx, a roundness of an exterior diameter of
the silica glass crucible is Sy, and a maximum thickness
of the silica glass crucible is M, Sx and Sy are both

0.4M or less (Sx £ 0.4M, Sy £ 0.4M).



20 a roundness of an interior dianmeter of the silica glass crucible is Sx, a
roundness of an exterior dianeter of the silica glass crucible is Sy, and a
maxi mum t hi ckness of the silica glass @tucible is M Sx and Sy are both
0.4Mor less (Sx 0-4M Sy S 0.4M. 25 21 3. The silica glass crucible
according to claim?2, wherein at the certain height when L is a distance
fromthe center of the interior dianeter of the silica glass crucible to
the center of tBe extE®hieors idi anet erl s of crlve shllecacpt @ssiargicibl @l admd D i s
the largest exterior diameter of the silica glass crucible, L is 0.01 or

less (L S20. OlPbrAinAati ldi6d @leassa ehugidd gnkonypehl iThdi #paa q ildr ghldecon
crystal having a distance L between the center of an interior surface of

the sili ' . of : ' f .t
i1 ca of SAORCE BratT 8 ar s alf ATRFF s hENRT S0t Tor et s
0.01D) of the longest exterjior dianeter D of the silica 15 glass crucible.
5. A methSd 388 ﬁ%ﬂj At Frihg 558 158t R aset éﬁ\ﬁ:i%f*é%ﬁ digpeter

depositing silica powder on an interior surface of 20 a rotating crucible
shapeddnoladf the silica glass crucible, and D is the largest

exterior diameter of the silica glass crucible, L is 0.01

or less (L £ 0.01D).

4. A silica glass crucible for pulling up a

10 silicon crystal having a distance L between the center
of an interior surface of the silica glass crucible and

tﬁe center of an exterior surface of the silica glass
crucible in at least a wall part being 0.01 or less (L
£0.01D) of the longest exterior diameter D of the silica

15 glass crucible.

5. ' A method for manufacturing a silica glass
crucible comprising:

depositing silica powder on an interior surface of

20 a rotating crucible shaped mold;

vitrificating by heating at a high temperature a
layer of the silica powder while the mold rotates; and

contxolling an amount of horizontal sway of the
interior surface of the mold to 0.1% or less of an

25 interior diameter of the mold.



vitrificating by heating at a high tenperature a |ayer of the silica powder
while the nold rotates; and controlling an anount of horizontal sway of the
interior surface of the mold to 0.1% or ¢ess of an 25 interior dianmeter of
the nold. 22 6. A nethod for manufacturing a silica glass crucible
conprising: adjusting an anmount of horizontal sway of an 5 interior surface
of a nmold to 0.1%or less of an interior dianeter of the nold, the

hori zontal sway being generated when the nold having a cruci ble shape is
rotated at a predeterm ned speed; depositing silica powder on the interior
surface 10 of the roBatmaghesd dfior wiiaghe f e thor L rantal Siwafcias gadjasst ed;
and vitrificating a |layer of the silica powder by heating at a high

t enper at ureer WBi ba ¢ he ofay £li satay es.

adjusting an amount of horizontal sway of an
5 interior surface of amold to 0.1% or less of an interior
diameter of the mold, the .horizontal -sway being
generated when the mold having a crucible shape 1is
rotated at a predetermined speed;
depositing silica powder on the interior surface
10 of the roﬁating mold in which the horizontal sway is
adjusted; and
vitrificating a layexr of the silica powder by

heating at a high tcmperature while the mold rotates.



