Description Title of Invention POLYCRYSTALLINE SILICON INGOT CASTING MOLD AND METHOD
FOR PRODUCING SAME, AND SILICON NITRIDE POWDER FOR MOLD RELEASE MATERIAL
FOR POLYCRYSTALLINE SILICON INGOT CASTING MOLD AND SLURRY CONTAINING SAME
Technical Field [0001] The present invention relates to a polycrystalline silicon ingot casting mold
and a method for producing the same, silicon nitride powder for mold release material for a
polycrystalline silicon ingot casting mold and a slurry containing the same. Background Art [0002]

As one type of semiconductor substrate forpseducing-a salar cell, polycrystalline silicon is widely used
and its production amount rapidly increases every year. Polycrystalline silicon is generally formed
either by filibd S#icor melty whichds melt by heating at high temperature, in a mold formed of a quartz

crucible, a dividable graphite crucible, or a quartz crucible jnstalled inside a. g ite crucihle, the inner

surface of Whith'i& ¢oated with a W%@as}é&%gﬁérig%ﬁ s?érgy%o%r)@; l?é‘% ﬁ%@ﬁ%ﬁ:@émula,

followed by:seligtficatien senhy, Mmaling st aSNGOR TR 1 DE POWDER FOR MOLD RELEASE
MATERIAL FOR POLYCRYSTALLINE SILICON INGOT CASTING MOLD AND

SLURRY CONTAINING SAME

Technical Field
[0001]

The present invention relates to a polycrystalline
silicon inget casting mold and a method for producing the same,
silicon nitride powder for mold release material for a
polycrystalline silicon ingot casting mold and a slurry

containing the same.

Background Art
[0002]

As one type of semiconductor substrate for producing
a solar cell, polycrystalline silicon is widely used and its
production amount rapidly increases avery vear.
Polycrystalline silicon is generally formedeitherby filling
silicon melt, which is melt by heating at high temperature,
in a mold formed of a quartz crucible, a dividable graphite
crucible, or a guartz crucible installed inside a graphite
crucible, the inner surface of which is coated with a mold
release material by spray or by using a brush or a'spatula,

followed by solidification, or by melting first a silicon



material added in the mold followed by re-solidification. [0003] The release layer prevents
incorporation of impurities to a silicon ingot and adhesion of heat-melted silicon melt onto an inner
surface of a crucible as a mold, and thus plays an important role of releasing a solidified silicon ingot
from a mold. As for the mold release material, from the viewpoint of having generally high melting point
and little contamination for silicon ingot, high purity powder such as silicon nitride, silicon carbide, and
silicon oxide, or their mixture powder is used. For increasing productivity of silicon ingot, many
researchesan stugdies:havedeen made regatdifng almethad of farming a mold teleaseomaterial layer
on a mold surface, a mold obtained by such treatment, or a method for producing a silicon ingot by
using suchi#8fei3 f0004] For example, Patent Literature 1 discloses a release layer of a mold for
casting a silicon in %tewpicfeig;%rﬁl%d giﬂsili}_gon gitﬂdeingwder ogt ined bé%hermal decomposition of
silicon diimide and fine ifica powder 4§ a Friold release material and includes’a first I%;lyé?9 Ocated on

an inner side (ke Mold side) of the alensesiaver apd Havingawhigh. has high rafie of silicon nitride
containing non-crystalline silica layer on surface of silicon nitride particles, and a second layer located
on an outerside (e, isilicon Fgotside) of the reteaséd layer and voritdining fineisilicapewder mixed
therewith so that powder particles are strongly bound to each other. It.is also disclosed that, due to

the presenicB 6fthe FeiBaseTaysr, Yamayas ocliitihg dh L doiitftied éiﬁ&&?fﬁdﬁt%ﬁﬁ 5%8id can be
reduced duripg, releasg.Jn-addifign, jf is disclased.Jn Ratent Literature 2, that, by, using a release layer

based on a mixture in which coarse melt silica sands are coated with silicon nitride powder, reaction
between molten siicamand siliez iszinhipitech $g that thel peirfaymapee. ofa battery farisotargpower
generation can be enhanced. Citation List Patent Literatures [0005] Patent Literature 1: JP
2005-959249 Patehit & ftérafurec® JP 2000198648 A Shirmedary of ifvertionder such as

siliconnitride, silicon carbide, and silicon oxide, or their
mixture powder is used. For increasing preductivity of
silicon ingot, many researches and studies have been made
regarding a method of forming a mold release material lavyer
on a mold surface, a mold cbtained by such treatment, or a
method for producing a silicon ingot by using such mold.
[0G04) |

For example, Patent Literature 1 discloses a release
layer of a mold for casting a silicon ingot which is formed
of silicon nitride powder obtained by thermal decomposition
of silicon diimide and fine silica powder as a mold release
material and includes a first layer located on an inner side
(i.e., mold side) of the release layer and having which has
high ratio of silicon nitride containing non-crystalliine
silica layer on surface of silicon nitride particles, and a
seccond layer located on an outer side (i.e., silicon ingot
side) of the release layer and containing fine silica powder

mixed therewith so that powder particles are strongly bound



Technical Problem [0006] Meanwhile, with regard to the mold for silicon casting described in
Patent Literature 1, the second layer containing fine silica powder mixed therewith so that powder
~ particles are strongly bound to each other (i.e., a layer on outer side of a release layer) has high
oxygen content, and there is a high risk of having sticking onto a mold surface as a result of forming a
solid solution with silicon melt. Further, since the method for forming a release layer disclosed in
Patent Literature 1 requires preparation of a slurry of mold release material with difference silica
concentration aadithetehis almostnosdiference incdobereaf eachtslutinye ancindosrgct €sating:order may
be employed by mistake. [0007] Further, the method of forming a release layer of Patent
Literature 2{s proilerhstiChtRat, SiKEE it iS'GifRER fo /e toatsdmeR sificassants tbvéied with a
release layer,-melt silica sands are dispersed on outer surface of the release layer, and as a result of
forming a ssojﬁ%ijé%i)u%ojﬁpﬁi%tsiﬁggg ?ne(%? is(tfcﬁﬁa %ea Jr:neo(? sur aggl is'caused %ixi\%ﬁgs'se%ccur when
releasing axsplidifiedrsjlicon ingotyieldingslewer yielek {Q008] 1.1+ Meapwhile ssirge the meld release
material disclosed in Patent Literature land Patent Literature 2 has high alkali metal or alkali earth
metal impurities in silicalpowderlto herabided dt mnecadsaHpy tepiepareiighpurinsgowdeét: However,
as described abhove, with regard to the release layer fo be formed in a polycrystalline silicon ingot

casting mold, it érthancedthe adfesivéitedd benvder 5 PEiduselayst &rd 4 Mold &Ad 4158 the binding
property among; silicon nitide, particles in aselease-layer, and thus;agdition of siliga,is beljeved to be
effective. However, the release layer containing silicon melt and silica adheres onto a mold by solid
solution reaetiohcantbbecomes thecause:of |d8ses o Hamagesdhateocarwhéna salidified silicon

ingot is released,
enhanced.

Citation List
Patent Literatures
[C005]
Patent Literature 1: JP 2005-95924 A

Patent Literature 2: JP 2001-198648 A

Summary of Invention
Technical Problem
[0006]

Meanwhile, with regard to the mold for silicon casting
described in Patent Literature 1, the second layer containing
fine silica powder mixed therewith so that powder particles
are strongly bound to each other (i.e., & layer on outer side
of a release layer) has high oxygen content, and there is a
high risk of having sticking onto a meld surface as a result
of forming a solid solutionwithsiliconmelt. Further, since

the method for forming a release layer disclosed in Patent



and thus there is a problem that it is difficult to produce a high quality silicon ingot with high yield.
[0009] The present invention is completed in view of the problems of prior art as described above,
and it is an object of the present invention to provide a polycrystalline silicon ingot casting mold and a
method for producing the polycrystalline silicon ingot casting mold, with which a high-quality silicon
ingot can be obtained at high yield by suppressing sticking of the casting mold surfaces and the silicon
ingot, or losses and damages that occur when the solidified silicon ingot is released from the mold,

and also ta provicerai siicon-itside poywderfor mold releasemateriad forarpalycrystalling silicon ingot
casting mold and a slurry containing it. Solution to Problem [0010] Inventors of the present
invention coRblGéted intehsive Studies nsoive thelsrablems-dederibed @abovedardas & résult found
that, by using a Sél-ic%% ngrj{%efgowder, to, which_other particles having different gxygen content and

different particie diamatet are aH38F as'a r&d hidtefidl Gta Mol teldade Mdtetial BAKMG temperature

for enhancing,adhesgivengss ofa &elg%see@@%%hb%wmrgg%qgeqt low level and a resulting casting
mold provided with a release layer having no crack or peeling caused by shrinking is excellent as a

casting mold fo ‘producing a silicon ingot. The present invention is completed accordingly.Specifically,
according to the present invention, there is provided a method for producing a polycrystalline silicon -

ingot casting mold Fa&irngs releA8ayE HINEnTREUdES t6riEa SRirkP BY iking atsiicbn nitride
powder with, Walt. [l shigon igde powder being,ohigined by biending a sllicen aiyide powder (A)

having an average particle diaméter along the short axis of 0 fo 13 p%n and ah oxygen content of 0.3

to 1.0% byuweightavith a:siliserenitride powdes {Bjbavingan-avarage paricle diameteyalong the short
axis of 0.1 to 0.3 pm and an oxygen content of 1.3 to 20% by weight at a weight ratio of 5:5t0 9 : 1,
coating thé'drface ot Hie mekwWith the Slufriysasd heatingthe okt at=1001e 8900F intdreatmosphere

containing oxygen, aft_Ler the coating of the slurr .£0011% , i )
reivase layer, and asg a resuit of forming a solid sclution

with silicon melt, sticking on a mold surface is caused and
losses occur when releasing a solidified silicon ingot,
yvielding lower yield.

{0008]

Meanwhile, since the mold release material disclosed
in Patent Literature 1 and Patent Literature 2 has highalkali
metal or alkalil earth metal impurities in silica powder to
be added, it 1s necessary toc prepare high purity powder.
However, as described above, with regard to the release layer
to be formed in a polycrystalline silicon ingot casting mold,
it enhances the adhesiveness between a release laver and a
mold and also the binding property among silicon nitride
particles in a release layer, and thus addition of silica is
believed to be effective. However, the release layer
containing silicon melt and silica adheres onto a mold by
solid solution reaction and becomes the cause of losses or

damages that occur when a solidified silicon ingot is released,



Further, according to the present invention, there is provided a silicon nitride powder for mold release
material for a polycrystalline silicon ingot casting mold, which contains a silicon nitride powder (A)
having an average particle diameter along the short axis of 0.6 to 13 pm and an oxygen content of 0.3
to 1.0% by weight and a silicon nitride powder (B) having an average particle diameter along the short
axis of 0.1 to 0.3 um and an oxygen content of 1.3 to 20% by weight at a weight ratioof 5: 5t0 9 : 1.
Still further, according to the present invention, there is provided a slurry containing the silicon nitride

powder forgneldielease, material far g pelyceystalline siicon ingot casting mold, in which-the silicon
nitride powder is mixed with water, and a polycrystalline silicon ingot casting mold, in which a release
layer is formedigrhaniimét surfaceldfeomoldigpiising the silicon nitriclecpowder. Advantageous Effects
of Invention i§0012§ As described above, according to the present invention, there can be provided
a polycrysté ine Slicon ingot casting mold which enables obtainment of a high-quality silicon ingot at

high yield by suppressing an ocgurrenge of cracks oLpeeling caused by shunking ofqa rejease layer

during baking step and suppressing an occurrence of losses or damages when a solidified silicon ingot
is released-and-a snethod for producing the polycrystalline isitice irgot casting moldisikeon nitride
powder for mold release material for a polycrystalline silicon ingot casting mold, and a slurry containing
it. Brief De8dripfiéhiof Brawings (0823} 7 tRIGr P 4 @ch A1 ehatrarm liflistrating & State in which
particles are localized in a.release layer according to the present.invention. FIG. 2,is a SEM
photograpﬁ”?%% 0 rﬁggsn%f}éla(%ionfn%agﬁwea%ﬁéng %art%igsc |8§1etefr%¥ongptﬁ8ds\ﬁ8ﬁna?ds.t%e

polycrystalline silicon ingot casting mold, with which a
high-quality silicon ingot can be obtained at high yield by
suppressing sticking of the casting mold surfaces and the
silicon ingot, or losses and damages that occur when the
solidified silicon ingot is released.fronlthe mold, and also
to provide a silicon nitride powder for mold release material
for a pelycrystalline silicon ingot casting mold and a slurry

containing it.

Solution to Problem
(0010}

Inventors of the present invention conducted intensive
studies to solve the problems described above, and as a result
found that, by using a silicon nitride powder, to which other
particles having different ongen content and different
particle diameter are added, as a raw material of a mold
release material, baking temperature for enhancing
acdhesiveness of a release layer can be suppressed at low level
and a resulting casting mold provided with a release layer

having no crack or peeling caused by shrinking i1s excellent



FIG. 3 is a diagram illustrating a difference in oxidationbehaviorofsiliconnitridepowderhavingdifferent
particle diameter. Description of Embodiments [0014] In the method for producing a polycrystalline
silicon ingot casting mold having a release layer according to the present invention, by coating an
inner side of a mold with a slurry containing silicon nitride powder obtained by mixing silicon nitride
powder with water, the silicon nitride powder being obtained by blending a silicon nitride powder (A)
having an average particle diameter along the short axis of 0.6 to 13 pm and an oxygen content of 0.3
to 1.0% byaveight avdthia silicen itricle pewderd(B) having anaverage particlerdiampetes along the short
axis of 0.1 to 0.3 pm and an oxygen content of 1.3 to 20% by weight at a weight ratioof 5: 5t0 9 : 1,
at the time ‘of @bsdrption byicapillayrforcetefd mald dineddartdles are attfaotedi Mbre folthe mold near
mold surface based on a difference in movement rate according to particle size, and thus fine particles

are localiz& 67 AR TAier Side' {. & © Fidfd'Side) 67 A reRaseaFerwhild thay 58 Pradet P4 lower
amount ongn.oWer, side of a rglease.layer (i.e.; silican mﬂggﬁ)ﬁé‘}@%ﬂ% @ﬁﬁ'%az%% layer

containing localized coarse partiCles is formed. Consequently, as i ated in FIG. 1, a Layer in which
fine particles:with figh exygenscontentds-locatizedhon adneld sider of a relgase dayer apdeparse
particles with low oxygen content is localized on a silicon ingot side can be formed. Further, it
becomes pbsgibletto Ye & wiftshrinRade” stréssieitifg drying Wit adivesivehass tihegratiticles with

high oxygen copient on, & mold side {0 petfonm, a haking lieatment aLlow tempsraluys of,400 to 800C
for increasing the adhesiveness of a release fLayer. IFi5 also poss@le to lower slrﬁlrlnkage stress during

baking and-fexm convenieatly adelease; laysrat low egstivithouthaving aiphenemenonpficracks or
peelings. It is also possible to obtain high density as and high purity, excellent adhesion strength

between pewdersccoristifuting the refeasedayer ary exceliert adhésiof Withthecmbld) farealso to
prevent permeation of a melt caused by cracks or damages of the release layer. [0015] According

to the methiBH 1BF protiicihg®a PolyeRRtalfe ditéon MGEESHstinG mAA T MES ré 85 Aer
according {o.the presen jnventian, a mold,with 2 release layerformed at low gostcan be produced,

the obtained mold has a release layer which contains little amount of metal impurities and has high
density so thatexgekentasdhesineness is.abtainedbetveen dhierralease layes and the awold, and since
permeation of a silicon melt caused by cracks or damages of the release layer is prevented, solid

solution re&dtion Betweeh the'sificortmal hnd the feledse Ryer isuppredsel and Eisd-by having

areatly mprgved releasabilty of a solitfied ifeon inggf 1o (g eld, an oocurrence,of asses or

containing oxygen, after the coating of the slurry.
[OOllj

Further, according to the present invention, there is
provided a silicon nitride powder for mold release material
for a polycrystalline silicon ingot casting mold, which
contains a silicon nitride powder (A) having an average
particle diameter along the short axis of 0.6 to 13 um and
an oxygen content cf£ 0.3 to 1.0%byweight anda siliconnitride
powder (B} having an average particle diametexr along the short
axis of 0.1 to 0.3 pm and an oxygen content of 1.3 to 20% by
welght at a weight ratio of 5 : 5 to 9 : 1. Still further,
according to the present invention, there is provided a slurry

containing the silicon nitride powder for mold release



damages at the time of releasing the solidified silicon ingot is suppressed, and thus a high-quality
silicon ingot can be obtained at high yield. [0016] With regard to the method for producing a
polycrystalline silicon ingot casting mold having a release layer according to the present invention, the
forming of the slurry is a step for forming a slurry by mixing a silicon nitride powder with water, the
silicon nitride powder being obtained by blending a silicon nitride powder (A) having an average
particle diameter along the short axis of 0.6 to 13 pm and an oxygen content of 0.3 to 1.0% by weight
with a silicgn, pitride;powder @MW@&%@@%@ag;@k%i@m%@%engghs,eta ta¥$©0f0.1100.3
pm and an oxygen content of 1.3 to 20% by weight at a weight ratioof 5: 5to 9 : 1. [0017] As
described hereir; thé 'average particte diametdeatomgdhe shortaxis dndicates:an averagelparticle
diameter along the short axis that is determined by size measurement of a SEM image. The average
particle diafhetér alérg fhiePshbt&issthat fsdeterifited By Sizé hredsaretnent Bf #'SEM infage is

obtained by drawing a gitgle tp £aniagi 50 19,200 Rarficles.of 5000 SEMimage, ilustiated jn FIG. 2,
measuring the particle diameter along the short axis for alf the particles in contact with tﬁegcwcle, and
calculating+the: avarage particle: diameter Hgwever, for coarse particles, x500 SEM image is used,
while for fine particles, x10000 SEM image is enlarged (400%) to give a copy, which is then used for
measurement after drawing a circle as explained above. [0018] In the present invention, the
silicon nitrige Bowger used foEjgfrelegse la er.can b% obtained by a method which includes pulverizing
. R dvan agePus ec a %ﬁ/ naf%n 1O e . .
a nitrogen-containing’silane compound obtaified by reaction between silicon halide and ammonia or
non-crystallige sificon nitride powder obtained by thermal decomposition of the nitrogen-containing
silane compound and briefly pulverizing it after crystallization (i.e., imide method). [0019]
Controlling particleZsize @ndparticiesghape otsikicondiitride: powde hn ises imtidenmethodacan be
performed by adjustment of crystallization rate based on heating temperature and oxygen content for

thermal deColfipSsition EtHE fiMe 4t Pragafrihg moRdristaling siliconGhttide gGwder dnd Bdjustment of
particle growth fale, based on lemperaturg increase rate durng galcination for grystallizaion.
at high yield by suppressing an occurrence of cracks or
peeling caused by shrinking of a release layer during baking
step and suppressing an occurrence of losses or damages when
a solidified silicon ingot is released and a method for
producing the polycrystalline siliceon ingot casting mold,
silicon nitride powder for mold release material for a
polyerystalline silicon ingot casting mold, and a slurry

containing it.

Brief Description of Drawings
(00131

FIG. 1 is a conceptual diagram illustrating a state in
which particles are localized in a release layer according
to the present inventicn.

FIG. 2 is a SEM photograph (x5000 magnification) for

measuring particle diameter along the short axis.



[0020] When non-crystalline silicon nitride powder is prepared, as heating temperature for thermal
decomposition is higher and also oxygen content in the obtained non-crystalline silicon nitride powder
is higher, the crystallization starts at higher temperature and crystallization rate becomes faster.
Further, since high temperature increase ratebetween1100 and1250Cis employed, needle-like crystal
particles or fine agglomerate particles are easily produced in conjunction with rapid progress of
crystallization, and as a result, it becomes difficult to obtain silicon nitride powder with uniform particle
size. On the other hand, as the heating temperature, for thermal decompesitign.to-prepare
non-crystalline silicon nitride powder is lower and also the oxygen content in non-crystalline silicon
nitride powdel. iszsmallel #rexerystaltiZation. starvts atilowed tepypedature ayie lding! iofwer .oeystallization
rate. Further, since low temperature increase rate between 1100 and 1250C is used, the crystalline
particle gravth ‘ptégressEsmbrelowly, and thus coarse particulate crystalline particles are easily
obtained and silicon nitride powder with uniform particle size is obtained. Particulate crystals of silicon
nitride powder indicate the particles of hexagonal system with aspect ratio of 1.5 or less, that are not
needle-likererysialsor colunyrarcrysialsmit is-Rossible to prepare, by controlling a preparation
condition based on the above characteristics, the silicon nitride powder (A) having an average particle
diameter aldhg e short axis of 0.6 to 13 pm and the silicon nitride powder (B) having an average

particle diameter a@ggt e szglé){%axés f0.1t0 0.3 pm. 0021]O l@’&]%?{%%%{ﬁpéﬁ??ﬁ@ﬂﬁ (é[)%e obtained
a e cl rticle

non-crystalline silicon ni fidé powé’er to%ﬁe%&?e%‘f Yat coarse

diameter of 30 pin erMOKe I teHms fparticle diareter accarding.to the yolymetric. partigle size
distribution, which is measured by using laser diffraction scattering method, are not contained,
productionmof parictesiwitte noruniforimyparticle sizg and particle diamieter fue tosiriultangous
production of coarse particles, needle-like crystal particles, and fine agglomerate particles due to
abnormal Gy3taf GrowiPadrng ddléinatibon For chystalliZatiorrale St e SSet Anehthtisit Bécomes

possible to produce, siieon pitide powder with unform parfile.size. 100221 .., The siicon niride

powder prepared by the met cribed above is fine particles. Further, alﬁ%ou%ﬁ:)%ergls a step of
briefly pulvetzing the agglormerate; the medium used forrpulverization is.a getah ball.coated with resin
or a sintered silicon nitride product, and thus the incorporation amount of metal impurities is extremely
small, i.e., #nséverdlgspmor 56 Landtilisanis epowdersuitable for@rave materdd df nfoldrelease

material for gapoﬁ/cr%%galline silicon ingot casting mol%bAs described in JP 2007-261832 A, electric
power genératidh etficienty SFX $6ar CoR kSitpaired by metal impurifies tHat &R indiudedin a silicon

ingot. Itis partigularly @H@ﬁ%@atég%ggigien@y)im@@%% is significant when palyyalgntmetals are
incorporated. It is well known that the purity of a raw powder material itself as a mold release material
has an infléencesonspowérgenerationtefficiency] andihiislesss 0.3 pm and an oxygen

content of 1.3 to 20% by weight at a weight ratio of 5 ¢ &

to @ ¢ 1, at the time of absorption by capillary force of a

meld, fine particies are attracted more to the mold near mold

surface based on a difference in movement rate according to

particle size, and thus fine particles are localized on an

inner side {i.e., mold side} of a release layer while they

are present in a lower amount on an outer side of a release

layer (i.e., silicon ingot side). As a result, a release

layer containing localized coarse particles is formed.

Consegquently, as illustrated in FIG. 1, a layer in which fine

particles with high oxygen content is localized on a mold side



incorporation amount of metal impurities in a raw powder material as a mold release material is
believed to be desirable. Preferred examples of the imide method include those described in JP
2907366B1, JP 2907367 BI, and JP 3282456 EI. With regard to the imide method, by controlling
heating temperature for thermal decomposition and oxygen content at the time of producing
non-crystalline silicon nitride powder and also by controlling temperature increase rate during
calcination for crystallization, silicon nitride powder with different particle diameter can be obtained.
[0023]  LExamples of the.nitrggen-containing silane ﬁ@m@e@é a,raw,materialjnclyde silicon
diimide (Si(NH)2), silicon tetraamide, silicon nitride imide, and silicon chloroimide. They are prepared
by a methadcknowntinithe lart; f0riexarple, a method of réacting silicoa kalidelstichaassilicon
tetrachloride, silicon tetrabromide, or silicon tetraiodide with ammonia in gas phase or a method of
reacting thé $iitaR halide- iRt R BRaSeRith RdGidEmmvhk. Eifther Bs oK tehoht&sstalline silicon

nirde powet, \op-crystalige licon. e nowder preparectby g knownmethod. for xample

thermal decomposition e nitrogen-containing silane compou e temperature range of 1200 to
1460C undex pitrogensi asmmopia gasatrosphese o omethoshofyeasting silicon: halige-such as
silicon tetrachloride, silicon tetrabromide, or silicon tetraiodide with ammonia at high temperature, are
used. [0024} -coRurtherdwmrtakingtlvantagelsf atdiffebdhedin dridationcrateddpendingon particle

size iIIustratec}lin FIG. Séage-deterniined arfount of oxygen ca be includlig in the iilicon_ nitride
powder by%%e%%ﬁﬁ e—f‘r%atsme?ﬁf uhdér oex?/a%n-ggn‘?gihing atr%%s% 8rePP6rs cﬁecgsc’e, sificon nitride
powder hagiﬂgiiﬂwggicl@%ié mere- prane o, exidation by heating undgrexygen-coptaining
atmosphere, while silicon nitride powder having coarse particle size is less prone to oxidation.
Accordingly ssilisonaittide powdér Havingooxidized. particle susface with diffesentroxygen cdntent can
be prepared by an oxidation treatment under heating at a pre-determined temperature, and thus the

silicon nitriffé povwaer{A) R&Ang A Averalk paftic 'diaméter aloRd thet shortbds 8f 076 €113 pm and
an oxygen gantent f0,3 to_l, %ﬁjyéﬁei%;}]@%rgi,nbgl}%ve Jrrelfgggd toas tglg Os'lic%rp: QitrideE Rowder (A))
avingan

and the silicon nitride powder (B) Ing an average particle diameter a?ong the Short axis of 0.1 to 0.3
pm and anioxyger: soptant ot . 3 th28%hyrweight H{bereinbelow, refesred: to:as thes sitieenr: nitride
powder (B)) can be prepared. [0025] The silicon nitride powder (A) used for the forming of the
slurry has &4 agerage patiidle disgmatet Alorfgtheashopt axis of 060t P prirandgreferalblyz0.66 to 12.9

pm. Further, shas Qygen sontent of 0.3 19 1.0% by weiah, and preferably 0.3 19.0,96% by weight

[C015]

According to the method for producing a polycrystalline
silicon ingot casting mold having a release layer according
to the present invention, a mold with a release layer formed
at low cost can be produced, the obtained mold has a release
layer which containg little amocunt of metal impurities and
has high density so that excellent adhesiveness is obtained
between the release layer and the mold, and since permeation
of a silicon melt caused by cracks or damages of the release
layer is prevented, solld solution reaction between the
silicon melt and the release layer is suppressed, and alsc
by having greatly improved releasability of a solidified

silicon ingot from the molid, an occurrence of losses or



[0026] When the silicon nitride powder (A) has an average particle diameter along the short axis of
less than 0.6 pm, there is only a small difference in particle diameter compared to the silicon nitride
powder (B), and thus localizing particle size in the release layer by utilizing a different movement rate
depending on particle size may not be achieved during coating the mold with a slurry blended with
silicon nitride powder and having it absorbed onto the mold based on capillary force. On the other
hand, for producing particles which have average particle diameter along the short axis of more than
13 pm, it ismecegsarthat ibermaldecomposition tempesaie islowered 4a ternpgraturejewer than
500C, or temperature increase rate between 1100 and 1250C is lowered to rate of lower than 10C/hr
during calcirationbi &y sttlization withieat pelfoenmguhériial decompositiongarid taus the
productivity is ver or and it is practi agy not useful. [0027] Further, when oxygen content in the
silicon nitrigéﬁg\"}v gr (A‘%s%rn%%t%% .0% by weight, although the adhesiveness among the particles
of a release fayek pn silicon ingot side and strength of the release layer are improved, reactivity with
silicon melt is increased as oxygen concentration is higher, and therefore undesirable. When oxygen
content in the silicéfhinitride pewderi(A) isdess than 0.3%thyaweight deweradhesiveness between
particles and lower strength of a release layer are obtained, which leads to peeling of a release layer,

and thereft8 UAdBYratie {B2sF L 1 1¥RE siitsh hifife bW eRTAT chr BrrobtairetsyR&rs imide
method, fof & pé%é@g@n%diﬂ%ti@%gis%% égn’%p%%’ﬁé%%'e“{@' d?%%%‘@gg%‘ti%’ during
e ytaine

preparation of non-crystalline silicon nitride powder, oXygen concén ration i O non-crystalline
silicon nitride pewder, and tempgrature iferease fate dyring eglcination for.crystallization, the average
particle diameter along the short axis and oxygen content in the silicon nitride powder (A) can be
controlled. J6029}de  popeksficatly tihevsilicon nitrite péwderqA)icahbiedebtainedsby apiocess in which
heating temperature for thermal decomposition for preparing non-crystalline silicon nitride powder is
adjusted to” g(f %o%é,yo%%%%%cbﬂgeﬁtrﬁﬁgﬁ 4’ gas itrodft dea Hiifing therhalddednibsition is
adjusted to;lpss than 2 ypi%.dhe nen:crvstalling silicon nittidgpowder.is pulyerized to the extent that
coarse agglomerate particles with particle diameter of 50 pm or more in terms of particle diameter
according tottherviolumetricypartiole:size distfisutivn, avhiahsisopeasuted:-byiusing lasen diffraction
scattering method, are not contained, and the temperature increase rate between 1100 and 1250C
during calé?ﬂ&ii’éh%r%%%l?zdtﬁ)h Regtistedtorfpisrchrrticle diameter along

the short axis of 0.1 to 0.3 pm and an oxygen content of 1.3
to 20% by weight at a weight ratioc of 5 : 5 to 9 : 1.
[0017]

As described herein, the “average particle diameter
along the short axis” indicates an average particle diameter
along the short axis that is determined by size measurement
of a SEM image. The average particle diameter along the short
axis that is determined by size measurement of a SEM image
is obtained by drawing a circle to contact 50 to 200 particles
of x5000 SEM image illustrated in FIG. 2, measuring the
particle diameter along the short axis for all the particles
in contact with the circle, and calculating the average
particle diameter. However, for coarse particles, x500 SEM

image is used, while for fine particles, x10000 SEM image is
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[0030] For example, when the heating temperature for thermal decomposition is higher than 800C
during preparation of non-crystalline silicon nitride powder, even when the temperature increase rate
between 1100 and 1250C during calcination for crystallization is adjusted to 10 to 50C/hr, the average
particle diameter along the short axis of the powder obtained after calcination for crystallization
becomes easily less than 0.6 pm, and further, as the non-crystalline silicon nitride powder having high
crystallization rate is used as a raw material, needle-like crystal particles or fine agglomerate particles
are producee landsthas it i difficult to preducesilieen pitridgrpoveden with- yaiform pagticlesize and it is
also difficult to produce the silicon nitride powder (A) having an average particle diameter along the
short axis 61516 pREHEmbre: Bhe therefore wndasitablie (8031 e xp\Whienate hieatisg temperature for
thermal deg%rgﬁ?%jition is between 500 to 800C during preparation of non-crystalline silicon nitride

~ powder and oxygen content in the obtained non-crystalline silicon nitride powder is low, silicon nitride
powder having larger, avgragepasticle diameter along the shart axisgan he produced by further
lowering the temperature increase rate between 1100 and 1250C during calcination for crystallization
to slow dowss ¢k frogressceficrystallizaticarpartioletgronttt. §0032] by Eurthem dhereiarg coarse
agglomerate particles with particle diameter of 50 pm or more in terms of particle diameter according

to the volurmefricitificRsiZeedisFiblifors, Whith s ritasarebirti ishiy faser Biffrasisrstattering
method of fe non-erysialine.siliconiride.pander.,caarse pafticles, needie-Ike, rvstal particles, and

. amn{L 1 % ?I
fine agglomerate particles are simultaneously produced in the coarse agglomeérate particles due to

abnormal crystakgrowth ocaueedsduringsealginatian:forcrystallizations se thatpartigles with nonuni
form part icle size and part icle diameter are produced, making it impossible to produce silicon nitride
powder witAR R paftichersize tibbetdimes @fficdivtoicohrohthe paricte dianetsn @rditherefore

undesirabI%.r[J(_)g%ﬁ] Further, when the tegngerature increase rate between 1100 and 1250C during
calcination 1or GrystallZatior s highet than BOCHT, itis diffiedit to?cantiol partice growith e due to

rapid crystgliization; easily yielding needle-like crystal particles or fine agglomerate particles, and
therefore it is difficult to produce uniform silicon nitride powder with an average particle diameter along
the short axis®@f Hi6 pm or more. Further, even when the temperature increase rate between 1100 and
1250C is lower than 10C/hr, although the silicon nitride powder (A) with an average particle diameter

along the short axis Of B tb 1P edit bE pfodliiésdeim e TEared Foradicmatiohlfof efystallization
totherebyggg@ggéh%ggg&lgglvg% a@%é@”%mide method can be performed by

adjustment of crystallization rate based on heating
temperature and oxygen content for thermal decomposition at
the time of preparing non-crystalline silicon nitride powder
and adjustment of particle growth rate based on temperature
increase rate during calcination for crystallization.
[0620]

When non-crystalline silicon nitride powder is
prepared, as heating temperature for thermal decomposition
is higher and also oxygen content 1in the obtained
non-crystalline silicon nitride powder is higher, the
crystallization starts at highexr temperature and
crystalllization rate becomes faster. Further, since high

temperature increase ratebetween 1100 and 1250°C is employed,
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undesirable. [0034] Further, even without undergoing an oxidation step again, by performing
calcination for crystallization of the obtained non-crystalline silicon nitride powder as a raw material,
the siliconnitridepowder(A) having oxygen content in the range of 0.3 to 1.0% by weight can be
obtained. [0035] Specifically, when a silicon nitride powder having an average patrticle diameter
along the short axis of 13 pm is to be produced, for example, by setting heating temperature for
thermal decomposition for producing a non-crystalline silicon nitride powder to 500C and oxygen
concentration e gas ntiodyced fuyiag hereal decomposiio,iodess thad ¥ole.d . .
non-crystalline silicon nitride powder which enables lowering the Crystallization start temperature
during calcinagion feyicrystallizationandislowing the ctystallization ratercan herproduced, @hd then it is
pulverized to the extent that coarse agglomerate particles with particle diameter of 50 pm or more in
terms of patticte Baeter adcvrding 6 thesvalurhesic Particlé sie estisutibht Whith'is ni€asured by

using laser diffraction scattering methaod, are not contajned in_the non-crystalline silicon nitride powder.
By using sUch-rioricTystaliing siifcoh it eog(giﬁge‘fgé% ?th}nf;Ofﬁ% Fearﬁp%g%?e%ﬁér%as&%te between

1100 and 1250C during calcipation far ceystallization to,10C/r the erystallization padicle; growth is
allowed to occur slowly, and thus a silicon nitride powder having an average particle diameter along
the short axis ob 13 pai and oxygen corteat ef the sameyorttighertkansd. 3% by: weightbgtdess than
0.6% by weight can be produced. [0036] Further, when a silicon nitride powder having an average

particle diaRfetériony tHa'§HoR A& OFE.& P SEHPFE SToaIEEHT P Xampie 153/ -Setting freating
temperature fqr;thermal decomnosition for praqueing a nop.crystalline siliconnitdde;pawder to 500 to

800C and oxygen concentration’in the gas introduced during thermal decomposition to less than 2
vol%, a nonr-erystalline siligen pitride-poweeranhich enables ineregsing the erystatlizatian start
temperature during calcination for crystallization and increasing the crystallization rate can be
produced, &k thed thesprodeced o BstallineiliéaT HieTtRepbH RIS brilverizéd 16 the @xtent that
coarse agglomerate particles With£article dia e#g,r of 50 pm ,ore{gore in terms of$article diameter

vV

according to4h& volurfiethit phartidid §ize distfiBution WHith'is hreasuréd By Uisihg 84et tiffraction

scattering methgd, arenat.contajned thergin. By disingssuchnan-erystalline silispawnitride powder and
setting the temperature increase rate between 1100 and 1250C during calcination for crystallization to
50C/hr or lessy thecdrystallizaticregdrtictésgraintle s atlowedlto ocoun Stowly capd thisravsilicon nitride

powder having an average particle diameter along the short axis of 0.6 pm and oxygen content of the

same or highiek FRaTOmYs by WeigRt Bt 168s Hr L 086 by Wetdhtcan e froatgggaLs of

silicon nitride powder indicate the particles of hexagonal
system with aspect ratio of 1.5 or less, that are not
needle-like crystals or columnar crystals. It is possible
to prepare, by controlling a preparation condition based on
the above characteristics, the silicon nitride powder (A)
having an average particle diameter along the short axis of
0.6 to 13 um and the silicon nitride powder (B) having an
average particle diameter along the short axis of 0.1 to 0.3
pm.
(0021]

| Further, by pulverizing the obtained non-crystalline
silicon nitride powder To the extent that coarse agglomerate

particles with particle diameter of 50 pm or more in terms
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[0037] Since the silicon nitride powder (A) obtained by calcination for crystallization is in brief
agglomerate particle state, when it is dispersed in water to prepare a slurry, slurry viscosity may easily
increase. Thus, it is subjected to a brief pulverization treatment. For a step of briefly pulverizing
agglomerate, the medium used for pulverization includes a metal ball coated with resin or a sintered
product of silicon nitride. As the silicon nitride powder contains extremely small incorporation amount
of metal impurities, i.e., in several ppm or so, it yields a powder suitable for a raw material of a mold

release material of a polycrystalline silicon ingot casting mold, [00 + The.silican nitride powder
(B) used irPthe¥6rting of the-alify fids %%ggfjaig%gpagrﬁd%%?anilfegt?ggﬂlgng the ghort axis of 0.1 t0 0.3

pm, and pretezrablyjph 15 ﬁggtergnFurth{ii@ﬂas OXyger senteatiof L3 to2O%mby weight rand
preferably 216 18% 5y weight. [0039] When the silicon nitride powder (B) has an average particle

diameter alopgthe shoraxis of mera thame 3y, there iswnlga Shrillifbrénce I partitle diameter
compared to the silicon nitride powder (A), and thus localizing particle size inct[he relecafgllgyer by
utilizing a differertr novamentthtd depeRting g faridd 5iz& tanriot be athieved during coating the

mold with a slurry blended with silicon nitride powder and.havingjt-absarbed ontoaimoldshased on
capillary fo?cb?%%%ﬁ/ﬁiﬁvégﬁ%f%qp%?ﬁc es haging an average particle diameter along the short

axis of less thap 0.1 pmds diffickit 4@ achieye by inidesmethedwhichi toes netiadlode epuiverization
step. For example, when a non-crystalline silicon nitride powder which enables increa in%é)xygen
or

concentratipa thereaf: increasing thercrystallizatiors st @rpekature Gafvg Carcnatid

crystallization and increasing, the crystallization rate as a raw material by increasing.heating
temperaturé $67 tierir 8écompdsitich 8 produdiRg %Bﬁ-%%/’sta%lﬁe s}%ji%:{on nitride powder to 1100C or

higher and n%\gg%%qgethwx D £engentration dn the nopserystalinesiticoninitide: powdemby having
oxygen conctentration of 5 vol% or more in the gas introduced during thermal decomposition is used, if
the temperayre:inerease rate between 1100 and 1250C during calcination for crystallization is
increased to rate of more than 100C/hr, the production can be made. However, as the production ratio
of needle-likeé>€atal particles or ultra-fine agglomerate particles is also increased, a pulverizing step is

necessary. Thus, fo producing particles naying ag Aveiaoe At diamster aloag iashort axis of
less than 0.1 pm, a% R/eﬁillng Step is'necessary, which inevitably leads to incorporation of metal
impurities, and therefare it is,wadlesirable, as araws matesial of a:mold rreledssmatstiatnere
is a step of briefly pulverizing the agglomerate, the medium
used for pulverization is a metal ball coated with resin or
s sintered silicon nitride product, and thus the
incorporation amount of metal impurities is extremely small,
i.e., in several ppm or so, and thus it is a powder suitable
for a raw material of mold release material for a
polycrystalline silicon ingot casting mold. As described in
Jp 2007;261832 A, electric power generation efficiency of a
solar cell is impaired by metal impurities that are included
in a silicon ingot. It is particularly believed that the
efficiency impairment is significant when polyvalent metals
are incorporated. It is well known that the purity of a raw

powder material iltself as a mold release material has an

influence on power generation efficiency, and thus less
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[0040] Further, when oxygen content in the silicon nitride powder (B) is more than 20% by weight,
reactivity with silicon melt is increased, and therefore undesirable. On the other hand, when oxygen
content in the silicon nitride powder (B) is less than 1.3% by weight, adhesiveness among particles is
poor even after baking the release layer, which leads to lower strength and peeling of a release layer,
and therefore undesirable. [0041] Similar to the silicon nitride powder (A), the silicon nitride
powder (B) can be obtained by an imide method, for example, and by adjusting heating temperature

for thermal decomposition during preparation of non-crystalline, silicon..nitride ggwd [, 9Xy¥gen
concentratibh 9 8Btk dh-EXstailihe LiicBIF hit del%)%)v}/ldte]f%ﬁdg telrﬁ}pe?ature in%r%ase rate during

calcination fort0é¥s£gljriza§8n, éhen@é(f&agggggg&m%g@g along the spert _aggbsg_zgn be _a@justed._ _
Subsequerll?l?/, by performing an oxidation calcination treatment, surface of the silicon nitride particle is

oxidized, apd therefore. powdler with coatrelediplygencdontért canibteobtainedd[0042] e By

increasing the heating temperature for thermal decomposition for producing non-c line_silicon
nitride powtiércard decreasihg dxyert coRBdrtFisH m Sbtamed fdntcrys %}ng %i%%ér]%lr%ﬁ%?%e

powder,crystalline Wparticle pow%rt%h%%ehé% higlew_% g‘cﬁéaéliz@gprbgtg\gltgmpgwéu%mm

crystallizatigﬁ rate, %ﬁ& dmalier average particle diameter along the short axis can be obtained.

However, tQ syppress abrormal particle growth-duingscaldinatiam forcorystatiizatiort or:preduction of
mixed particles including needle-like crystal particles and fine agglomerate particles, it is necessary to
carry out the palverizatioh to-thévextent that coarse haglbhictate paficled witt paRidE Giinieter of 50
pm or more in terms of particle diameter according to the volumetric particle size distribution, which is
measured BFdsifg-RSer Hifracidn Scattenify Matho ,“ri‘a%rcleJ hot clor}l(fwl%%é |%n téﬁ%nﬁ%&ﬁ ine silicon
nitride powder, Further, by adjysting, the.temperatureinciqasesaite between: 1400 ead #250C during
calcination for crystaﬁllzation and suppressing formation of needle-like crystal particles and fine
agglomerate particles, which-is accempanied with rapid fregress ot ss&tallization, calcined silicon

nitride powder with uniform particle size can be produced. [0043]

[0023]

Fxamples of the nitrogen-containing silane compound as
a raw material include silicon diimide (S1i(NH)2), silicon
tetraamide, silicon nitride imide, and silicon chloroimide.
They are prepared DY a method known in the art, for example,
4 method of reacting silicon halide such as gilicon
tetrachloride, silicon tetrabromide, or silicon tetraicdide
with ammonia in gas phase or a method of reacting the silicon
halide in liguid phase with ligquid ammonia. Further, as for
the non-crystalline silicon nitride powder, non-crystalline
siliconnitridepowderpreparedbyzaknownmethod,forexample,
rhermal decomposition of the nitrogen-containing silane
compound in the temperature range of 1200 to 1460°C under
nitrogen or ammonia gas atmosphere or a method of reacting
silicon halide such as silicon tetrachloride, silicon

tetrabromide, or silicon tetraiodide with ammonia at high

temperature, are used.
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Specifically, the silicon nitride powder (S) can be obtained by a process in which heating temperature
for thermal decomposition for preparing non-crystalline silicon nitride powder is adjusted to 800 to
1100C, oxygen concentration in a gas introduced during thermal decomposition is adjusted to the
same or higher than 2.2 vol% but less than 5 vol%, thus obtained non-crystalline silicon nitride powder
is pulverized to the extent that coarse agglomerate particles with particle diameter of 50 pm or more in
terms of particle diameter according to the volumetric particle size distribution, which is measured by
using laser [%?ggon scattering method, are not contained, and the temperature increase rate
between 11 1250C during calcination for crystallization is adjusted to 50 to 100C/hr to produce
powder after calcination for crystallization.iang themthe wbtained powderiaffef catsimationt for
crystallization is subjected to an oxidation treatment by heating at 800 to 1200C for 0.25 to 4 hr under
oxygen-containitgtgasatmospheres [004aY on YHEh.thetehifetatire s Iower thahBE0E, -almost no
oxidation occurs during an oxidation treatment by heating under oxygen- Ini S osphere to
produce thé silRoRTiridE powaeras), ahditis d%fﬁcﬁﬁ{f/oggbl}aﬁ]a&l%%n ﬁlr(t;lr(? ?{%vr%%egﬁw}?ﬁ%esired

oxygen constggé, op thel_gmq;i_t@gd, ig/g@aége hg@tingaterﬁ!%%@%gfortqﬁ@aﬁ@@ﬂ@atmﬂbby heating is
higher than ]OC,rt]he oxidation occurs very rapidly, making it difficult to control oxygen content and

yielding highek teactivitynwith silicen meltduspiocexeessiveroxidationfand-thefefore trdésifable. In this
regard, by performing an oxidation treatment by heating at a pLe,-determined tem erartl%retog 800 to
1200C for O125% 10-8 hir DATEEGXYYBH-CORtaining gBS afmosphere; ifis Postibietoobtain the silicon
nitride powder ( aving an average artig{g iamel ong.the short axis ofQ:1 1. A3pm and an
oxygen con?é’?ft%%[;%ot% o éye \?vgljgrﬁ | (0045 F%rr her, when the hi?gﬁng temperature for thermal

decompositjaq: fpk praducingnon-crystrlline sitieen mitide: powder ischighert:than 4 100C=and the
obtained non-crystalline silicon nitride powder is used as a raw material, the crystallization start
temperature becomesaeven higherahdahé erystalliPationtidfesecomes v f Alghdr during®

crystallization, and thus even if the temperature increase rate between 0_and 1230C during
calcination R ¢RRfalliz4idHiS édntrdifed HEis %%fﬁgueft 0} Jf)g)%ﬁ%ewé" éiﬁ%l%it%dé'étgv%dgr’having

uniform particle siz twitg an averageparticle dignetes alongdhe short axis 9t 8dde Gudpmrin
addition, thé:Poyﬁr%eaﬁon ra%o of neta-:%lee%ﬁ%e crystaP;)articles or fine agglomerate particles is higher in the
powder aftey, galeinatjontfor erystallization, aneddersitycof atrelease ayris Wwercafier- é6:ting. In
addition, the difference in movement rate depending on particle size durin ,coatin% the mold with the

slurry blended withdRersilicdn itrde PONUBLaRAH RGP SbREMet basstt- 6 Capitary e of a mold

may not be utilized as it is hampered by needle-Jike crystal particles, and therefore ugdesiraple. When
a non-cryst&ﬁm% Eiﬁ@&ﬁtnﬁlﬁidlespgﬁocljgr' ﬁa\%ﬁg %:Jéa ﬁ?g temperatur%ﬁ%r thermal decomposition of lower

than 800C is ysed g5 aJaw,material, the exystalizetion start temperatuse dsslowes antlithe on
crystallization rate is lower, making it difficult to obtain powder after calcination having an average
particle diameter-alongthedhort axis Ghoi3qim oridss; andrthersiee BSHESH rittidé pEwaEr having
if ticle si ith ticle di ter al t axis 0f 0.1 to 0,3 tb
(l;g![;rnrgdp.)ar écne ggg}y\{lalgeagg\é?:r:?gfepacﬁ%ge’ltaer@e gﬂgr?ggt g Ss Ograg(lgigj_s og % > P nay not be
0.3 um and an oxygen content of 1.3 to 20% by welght

(hereinbelow, referred to as the silicon nitride powder (B))

can be prepared.

(0025}

The silicon nitride powder (A7) used for the forming of
the slurry has an average particle diameter along the short
axis of 0.6 to 13 um, and preferably 0.66 to 12,9 un. Further,

it has oxygen content of 0.3 to 1.0% by weight, and preferably

0.37 to 0.926% by weight.
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[0046] Meanwhile,dependingonoxygencontentin non-crystalline silicon nitride powder, particle shape
or particle size varies in the powder after calcination for crystallization. For example, when the oxygen
concentration in a gas introduced for thermal decomposition for producing non-crystalline silicon nitride
powder is 5 vol% or more, needle-like crystal particles or fine agglomerate particles are easily formed
during calcination for crystallization, lowering the density of a coated release layer, and therefore
undesirable. Further, when the oxygen concentration in a gas introduced for thermal decomposition for
producing n[%bgg?talline silicon nitride powder is increased to a higher value, silicon oxynitride
particles having different crystal shape are yielded, which leads to localization of an oxidized layer on

surface of original silicon nifFde particlesnanrgd as @d@s%b@a@sivgggs%ggrir}gqbaé({;ggr_%@%strength of
a coated release layer may not be improved, and therefore undesirable. [0047] Further, when the

temperature #itréasesraté detlean 2100.andI@59Cduringdaicinatidn for criystallizationtis higher
than 100C/hr, needle-like_crystal particles or ine agglomerate particles are produced due to rapid

crystallizatibh aha fapid paktidlE rowt maRking RdificuiP b Cortrof parfidle size oF AR avéfage particle
diameter alppg theshart axis gf 0.1.om ox higher, and thegsfore undesicable. [0018), ; , i§oaecif ically,

when a silicon nitride powder having an average particle diameter along the short axis of 0.1 pm is to
be producedzfor exampie, by setting heating sempeeatere for therinal deeempositionderproducing a
non-crystalline silicon nitride powder to 900 to 1100C and oxygen concentration in the gas introduced

during therRal 88 hpositin 46 228 Bivelor Ta ReR-ehjstaline 3Ridenhifride pewaieR whithenables
increasing the crystallization start temperature during calcination for crystallization and increasing the
crystallizatié%%t}éqs (f)(r)cc)el u%:relg, g&? tﬁ%oni?ﬁlewplr% uéed %&%K/s aﬂlﬁﬁedéécgnl%%rifelg&ﬁggr is

pulverized toithe exteptihatcoarse agolomerate pasticleswitharticlerdiapeter 930 pm,gr more in
terms of particle diameter according to the volumetric particle size distribution, which is measured by

using laseraliffradtionrscattering .meflrod, tarecnidtecoritamedd therein By usingsushiricinzérystalline
silicon nitride powder and setting the temperature increase rate between 1100 and 1250C during

calcination forcrystAfiz 58K T 76 ToRODEHT thel EAREHIF AR Bt ER GO fs Affdvied fo occur fast

and more than 13 ym, it is necessary that thermal decomposition

temperature is lowered to temperature lower than 500°C, or
temperature increase rate between 1100 and 1250°C is lowered
to rate of lower than 10°C/hr during calcination for
crystallization without performing thermal decomposition,
and thus the productivity is very poor and it is practically
not useful.

[0027]

Further, when oxygen content in the silicon nitride
powder [(A) i1s more than 1.0% by weight, althcugh the
adhesiveness among the particles of a release layer on silicon
ingot side and strength of the release laver are improved,
reactivity with silicon melt i1s increased as oxygen
concentration is higher, and therefore undesirable. When
oxygen content in the silicon nitride powder {(A) is less than

0.3% by weight, lower adhesiveness between particles and
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also formation of needle-like crystal particles and fine agglomerate particles, which is accompanied
with rapid progress of crystallization, is suppressed, and therefore a calcined silicon nitride powder
having uniform particle size with an average particle diameter along the short axis of 0.1 pm can be
obtained. In addition, according to an oxidation treatment of the obtained silicon nitride powder by
heating at 1120C for 4 hr under oxygen-containing atmosphere, a silicon nitride powder with oxygen
content of 20% by weight can be produced. [0049] Further, when a silicon nitride powder of 0.3
bm is to be pradyced. far axample. 2 non ehystalling silcan atrids powder whieh. spaples ncreasing
the crystallization start ter%erature during crysta iz&tion and increasing the crys(t:a lization rate by
setting heating terapearature fordheemal gdecomppsition ferpreducing a:nonerystalling;silicon nitride
powder to 800 to 900C and oxygen concentration in the gas introduced during thermal decomposition
to 2.2 to 4 Vdl9i8 Lsed. Further, the produced non-crystalline silicon nitride powder is pulverized to
the extent that coarse agglomerate glarticl,e with @article diameter of 50 pm or more in terms of

particle diameter accbrding t6 tavalmetTCparttSsize! distribttion Swhidh s fedshiredby using
laser diffragtion scattgrng method: are nof contained thereing By ugigl%L%@Q n-grystallipg silicon
nitride powder and setting the temperature increase rate between 1100 and I250C during calcination
for crystallizatiareto 60106 FC/ritherenydtallizatiom padictecgrowih s allpwed to-accus dasttand also
formation of needle-like crystal particles and fine agglomerate particles, which is accompanied with
rapid progrB&§$of-i&ystaftizatici is suppressed: and theFetoreta calchtetsifoon nitriteystiwider having
uniform paréiglr?csézec\évitte flgnaveirlagoeb%%rgglg Cgi%met_eé alosng C_;[Eq suplgrt Sax?ogooﬁs m_can be obtained.
In addition, accordrllng fo-an oxidation treatment of the obtained silicon Ritride powder by ﬁlé’ating at
1130C for 4 Bi;uBder axyger-espriaiing-atmasphers casiliconnitridepewder with oxygen sontent of
12% by weight can be produced. [0050] Since the silicon nitride powder (B) obtained by
calcination forcystallizationlisin bridgfeaagglomergte partidle state, dvhsmeit isrdispersed inlwater prepare
a slurry, slurry viscosity may easily increase. Thus, it is subjected to a brief pulverization treatment. For
a step of briety Pulférizing Aggfierate, IA& hdtium uddetror bulvenZafidit intililesy iretal ball
coated with(ﬁgﬁir?c%rna gigt%gggg%gyfggf_silicor_l nitrio_lg. As the_silicon nitride powder. co_ntains
extremely small incorporation amount of metal impurities, i.e., in several ppm or so, it yields a powder
suitable for @rEmematerial of a mold release material for a polycrystalline silicon ingot casting mold.
[0051] With regard to the production method according to the present invention, it is important
that blending of theS§ifcohirigrie nowdel ¢AFand - the'silicbh hitfide povder (B)Yis 55& 1018 1 in terms
of weight ratio. When the weight ratio of the sjlicon nitride powder (B) is higher than 5 : 5, for example,
particles si?(iD Eraaj(“:ﬁleen(% %yaaré%éys%elgﬁe% %gs%%jcoqn%ae i%ér%%ceefﬁpn%g\? 5?% %}5 i r}laeczélg nce with
particle sizey san he-abtaingd during.coating the meld with a slfry;gontaining2 hlend: ofisilicon nitride
powders and absorbing it based on capillary force of the mold. However, on a side which is closer to a
silicon ingob sidedhan the state: illustratedbind- o 15 tatia pf fing particlesinereases and, allhough the
overall adhesiveness and strength of a release layer are improved even at low baking temperature,

there is a IigH #igk ot generiting CFask6r Bamages KFshiiRage Blffgbakiag. U Bdditioh, as the
oxygen concentialion,ina yelease layer,at, slicen 1ngot side.fsigher,, iha, feactiyly with slicon me't s
S heist bl et whert s WeoRt et e Sl ;

increased, and therefore undesifable. e weight ratio of the silicon ﬁ?ﬁ%eepowder (B) is
lower than 95 L.forexample, ashesiveressef axalease:layer with e-meldand.sirengthnef a release

layer are significantly lowered, and therefore undesirable.
with particle diameter of 50 ym or more in terms of particle
diameter according to the volumetric particle size
distribution, which is measured by using laser diffraction
scattering method, are not contained, and the temperature
increase rate between 1100 and 1250°C during calcination for

crystallization is adijusted to 10 to 50°C/hr.

[C030]
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[0052] The slurry containing silicon nitride powder, which is used for the forming of the slurry, is a
slurry containing silicon nitride powder for forming a release layer of a polycrystalline silicon ingot
casting mold, in which a silicone powder obtained by blending the silicon nitride powder (A) and the
silicon nitride powder (B) having different particle size and different oxygen content described above at
a weight ratio of 5: 5t0 9 : 1 is dispersed in water. [0053] Mixing of the slurry containing silicon
nitride powder can be carried out by adding the silicon nitride powder to a vessel together with distilled
water, filling a metz%l ball coatedlwithﬁrggini r a.ball of sint%red%)rod ct of silicon nitride, ind mixing

for a pre-determinedotfmeéxu%rflr% aefnixmg crus eerhéau‘_:%:?'nJ“amsqvi Bration mi flﬁraﬁl milf; ahdeﬁar?ﬁ‘t shaker, and

when no balkis ised<using a stimenwith wing:such ag paddieing, ar  high=speed planetary stirrer.

However, a treatment of long period of time using a wet-type attriter or a bead mill having high

crushing efficiency isstridesirable, bedadusethere tsra disk of haviag impervities indorporated from a

medium or a vessel or having high viscosity. [0054] In the method ofProducing a polycrystalline
4

silicon ing.oJ'f %@%%Bﬁh%r&%@as@éfer%gﬁm té%ﬁ&pl@%?ht ﬁ%ﬁ%n?ﬁ@é&ting step of
the slurry is,g sian.al.coating,old syface with ihe glurty santaing,sticon,nitride povyder, while

maintaining t ity of the partictes. The slurry containingsilicon nitride powdeér is used’for coating a

mold release: materiatdaewhich innersudfage of a guartz srucible withqerosityiof 161026 as a mold
is coated wi th a release material us ing a spray, a brush, or a spatula, and the fluidity is preferably

maintained®stithdkat etcoatedislufry is Aot fEldasedsftorf’a meldito the extent tatattdess not inhibit

the movement of silicon nitdde particles in 2 coatgd felease layery 0% her, as the
non-crystalline silicon nitride powder having Thigh
crystallization rate is used as a raw material, needle-like
crystal particles or fine agglomerate particles are produced,
and thus it is difficult to produce silicon nitride powder
withuniform particle size and it is also difficult to produce
the silicon nitride powder (A) having an aﬁerage particle
diameter along the short axis of 0.6 pmcn:mére, and therefore
undesirable.
(00311

When Lhe heating temperatﬁre for thermal decomposition

is between 500 to 800°C during preparation of non-crystalline
silicon nitride powder and oxvygen content in the obtained
non-crystalline silicon nitride powder is low, silicon
nitride powder having larger average particle diameter along
the short axis can be procduced by further lowsring the
temperature increase rate between 1100 and 1250°C during
calcination for crystallization to slow down the progress of

crystallization particle growth.

F0032]
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With regard to the slurry containing silicon nitride powder with which a mold is coated, due to
absorption based on capillary phenomenon caused by fine pores present in the mold, fine particles are
attracted more to the mold near mold surface region. As a result, a release layer in which fine particles
are localized on an inner side (i.e., mold side) while coarse particles are localized on an outer side
(i.e., silicon ingot side) by reduction of fine particles is formed, and a state of the conceptual diagram of
FIG. 1, which illustrates the localized state of particles in a release layer, is obtained. Thus, when
viscosity of the slur. taining silicon nitride powder is 500.P (poise) or higher, movement rate of
silicon nitride partic é}és%%%agrre‘le%feﬁéfeﬁecga{t%cf with ?ﬁe%ﬁﬁ"rlyoég% aa?r%i% g |5&ncé%r?dgjp5 der is slow,

and thus it jssdifficult 0 haverearticle localization, 1a adgition, when viscsity,of the, slutry containing

silicon nitride powder described above is 1.5 cP (centipoise) or lower, the release layer coated with the
slurry cont&laipgssilicon nitfide powder is easilytsagged ohaking itidifficgttotmaihtain thezrelease layer.
Thus, it is necessary to adjust the, slurry viscosity which can maintain fluidity of the particles and does

not allow afy 8agding [0656] " {Vheha FOBSSF RyePis dfhad byaiiy thesidiay EéMRining silicon
nitride powdehaccording Lo e prasent nveption, comparad 1p;a ase g Wi, each of shyrries with
[ sili [ e

different mixing ratio of silicon nitride powder and fine silica powder is coated as sciibed in Patent

Literature Ipdordexamptes itds ynnetessasy: fowerey abaut ferming-af an praperiect eleasegdayer that is

caused by an incorrect coating order, since the same single slurry is coated. In addition, even with a

single coatint8 &0ffidiRRtEReE oo feldasea et is Bhtdined: amdahe effert izt impaired by

multi-layer 88%%‘}% Furtkh%rmas pgrmeatiog .of§ilicon me tci)s rohibited and releasa ility of a solidified
g A5 7T

silicon ingof is improved, Tigh yield is obtained " & hetiod for bidducidg @Polycrystalline

silicon ingat gasting-molghhaving a-releaselayeracegrding.todhe present inventionmay, further include
a step of permeating moisture of slurry into the mold in order to have more suﬁicientabsorptionof
thecoatedshirryjconisdmingsilicoromnitridefzowde r based. enscapilany phenamenendysfinedgsores in a

mold. The step of permeating moisture includes dryinlgf; at 30 to 120C. [0058] As described in Fig.
1, as a resif BrpermB&hiny MGi&hre it fs PoRSBR D 8rﬁwoaﬂ§y€?1ilﬁ%lﬁéﬁ figen nitride

powder with uniform particle size, 1t becomes difficult to
control the particle diameter, and therefore undesirable.
[C033]

Further, when the temperature increase rate between
iiOO and 1250°C during calcination for crystallization is
higher than 50°C/hr, it is difficult to control particle
growth rate due to rapid crystallization, easily vielding
needie-like crystal particles or £fine agglomerate particles,
and therefeore it is difficult to produce uniform silicon
nitride powder with an average particle diameter along the
short axis of 0.6 um or more, Further, even when the
temperature increase rate between 1100 and 1250°C is lower
than 10°C/hr, although the silicon nitride powder ({(A) with
an average particle diameter along the short axis of 0.6 to
13 um can be produced, time is reguired for calcination for

crystallization to thereby degrade the productivity, and thus
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particles with high oxygen content are localized on a mold side in release layer and coarse particles
with low oxygen concentration are localized on a silicon ingot side, and the shrinkage stress during
drying is compensated with adhesiveness of fine particles with high oxygen content that are present on
a mold side. Further, since the baking for improving adhesiveness of a release layer can be performed
at low temperature such as 400 to 800C compared to conventional high temperature such as 800 to
1200C, shrinkage stress during baking can be reduced, and thus a release layer having high purity
“and high densify, without an occurrence of cracks or peeling phenomenon can be simply produced at
low cost, and excellent adhesion strength between particles which constitute the release layer and to
the mold cajolss obtained and permeation of melt caused by cracks or damages in a release layer can
be prevented. [0059] Further, in the method for producing a polycrystalline silicon ingot casting
mold having a releds&fajérraccsitiny t6the preserfindertion theHeafirg B3 s@p fér@ifrying out a
heating treatment of a moldr%oated with the slurgg/tcoontai inlg éigl_jc%'} gifrridie p(%v:\{der atf4(% éo 800C

under oxyg%ﬁ-a%:%rﬁfain%gp gtmo%]f) &re? Whar the béklﬁg é)mper ureof a rze?e_as%qa?/er IS 10wer than

400C, melt:adhesionbetween-particles of adelgase laygr doasnetoceurand-adhesiveness and
strength are poor, and therefore undesirable. On the other hand, when the baking temperature of a

release layewr isshighér, thiare 800C, shrinkage stregsdas tigh ([during bakingand; permeatien of silicon
melt may occur due to cracks or damages in release layer, and therefore undesirable. [0060]

Further, sint8 iti8 po5&iBRetoIdwer the Tkyder GoRderatioh in £781e885e RYEFSA §fficon ingot side

after baking[,éré% activity with silicon melt is lowered. By using a polycrystalline silicon ingot casting
mold having such release layer, the solid solution reaction between silicon melt and release layer is
suppressed, and thggdhe raleasability ©f arsolidiied isticoningetifiamsomeld-canr be gseatly improved
and also, by suppressing an occurrence of losses or damages during release of a solidified silicon
ingot, a high Ry sicontiagdtcahiseishainetlda g ield o061] 2 = L sTHetpdlyciy@tallfhe silicon
ingot casting mold produced by the method fqr praducing a polycrystalline silicon ingot casting mold
Paing a releAseTeb B ARG T g G IESeh imiehtom e Kol ar (A TG o aycrystaline
silicon ingot; yyhieh, includes aurelaase daver cantaining silicen: nitride, pewderformed on adnner side
of a mold. In the release layer, easily oxidizable fine particles with high oxygen content are localized
on the innek side dbe., mald sitle) whiledardly oddizableebarse particles:with towe oxyger. gontent are
localized on the outer side (i.e., silicon ingot side), and therefore the mold side has high oxygen

content and-th2 Eiftéon rigot Siierhs ibh 8%y JEIFESent B PTEIRG apoRierystafiesiiBm ingot

Cotg ol MDY o SRS R 8 e S nald ek W e st bl
enables lowering the c¢rystallization start temperature
during calcination for crystallization and slowing the
crystallization rate can be produced, and then it is
pulverized to the extent that coarse agglomerate particles
with particle diameter of 50 pm or more in terms of particle
diameter according to the volumetric particle size
distribution, which is measured by using laser diffraction
scattering method, are not contained in the non-crystalline
silicon nitride powder. By using such non-crystalline
silicon nitride powder and setting the temperature increase

rate between 1100 and 1250°C during calcination for

crystallization to 10°C/hr, the crystallization particle
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oxygen-containing atmosphere, and close adhesion between particles and a mold, and the outer side
(i.e., silicon ingot side) of the release layer has lower oxygen concentration and can prevent
permeation by suppressing solid solution of silicon melt, and thus the releasability of a solidified silicon
ingot from a mold is greatly improved. Further, an occurrence of losses or damages during releasing
the solidified silicon ingot is suppressed, and thus a high-quality silicon ingot can be obtained at high
yield. The material of a mold is not particularly limited, and examples that can be generally used

include a quarnzemcible;and-a guariz erucible installed within agraphite crycible. 10062 5. The

polycrystalline silicon ingot casting mold related to the present invention has, on the inner wall side of
a mold, a releasi:laybrformedwof aameldargtegsermatelial idiwhieh the silicoronitride powder (A) and
the silicon nitride powder (B) described above are blended at a weight ratio of 5 : to 9 : 1. Specifically,
it is a mold dbtaéd by Toating e THE? HallctiaRe 'of afqudte ErelIesr BHdaRE ckidble which

may be instglled within, 2,qraphils cryalble. bavingparosit rafio 46 10,2696, wile fhe slurmy
containing silicon nitride ggowder of the present invention using a spray, a brusﬁ, or a spatula followed
by drying at;3@ ts3120C, performing a baking treatment by heating at a pre-determined temperature of
400 to 800C under an atmospheric condition, and fixing a release layer onto a mold. [0063] By
using the silicon nitfide powtervdteording io-therpresent iwantiodca refeasedayershavinga dense
layer with high dhelsion strength on a mold side of an inner wall of a mold for casting silicon ingot and
a layer hav%g%rs %)Cp:reessga‘ar@g%:ttﬁ/ﬁy R'&HlicoR T éit'6n Siligsh gt side RaHbeBrméd Bflow cost,
and with suppesssed epcuisancaohipases o damagesdiring seleasing asoldiied slicepngot 2
high-quality silicon ingot can be obtained at high yield. [0064] Further, the mold for polycrystalline
silicon castingeaccaiding tatheppresentdnvertion is@rmalddiaving the releasedayerfoimed on an inner
wall surface of the mold, and the mold for polycrystalline silicon casting of the invention has, compared
to a mold dfséfosedin Pateht Lierature 1S for example dPwhich a Eldase lagacis fermaEby coating
the mold with each of slurries with different mixing ratio, of silicon njtridg powder and fine s'FLica powder,
lowerreactivitywith silicon melt and impfoved refeasability of a Solidified Sificort ingot. and therefore can
exhibit highjdeldmposition to less than 2 vol%, a non-crystalline silicon

nitride powder which enables increasing the crystallization
start temperature during calcination for crystallization and
increasing the crystallization rate can be produced, and then
the produced non-crystalline silicon nitride powder 1is
pulverized to the extent that coarse agglomerate particles
with particle diameter of 50 um or more in terms of particle
diameter according to the volumetric particle size
distributicn, which is measured by using laser diffraction
scattering method, are not contained therein. By using such
non~crystalline silicon nitride powder and setting the
temperature increase rate between 1100 and 1250°C during
calcination for crystallization to 50°C/hr or less, the
crystallization particle growth is allowed to occur slowly,
and thus & silicon nitride powder having an average particle

diameter along the short azxis of 0.6 um and oxygen content
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Examples [0065] Herein below, the present invention is explained in greater detail in view of the
specific examples. [0066] (Examples 1 to 9) First, silicon diimide required for the present invention
is prepared by reacting a toluene solution in which silicon tetrachloride concentration is 30 vol% with
liquid ammonia followed by washing with liquid ammonia and drying. [0067] Next, the silicon
diimide powder was subjected to thermal decomposition at 500 to 800C under flow of air-nitrogen
mixture gas (oxygen concentration in the mixture gas: 0.4 to 2 vol%) in an amount of 70 liter/hr per
kilogram of é)ov%%eer to orgéaigra Hclan-c%st%ulin% s&lif:_ 3 rgjitrid‘g loqudterbfg pﬁ%dsuscir%%ghr? ﬁiloi%qﬁn ni_tride
powder (A). The resulﬁng non-cryg alline silicon nitride HOW erwas pulverized by using a’continuous

vibration millfilled withimetahballs ¢nated: with nylon, and then added to a crucible made of carbon,
and the temperature was increased from room temperature to 1100C for 4 hours, from 1100C to

1250C at 1048 80C/hr, and from 1250C to 1550C for 4 hours. After keeping it at 1550C for 1 hr
followed by cooling, the powder was, taken out and subjected to brief pulverization for agglomerate by

using a continuous Vitaion ThHift filEtIWitiP hetalbdils CoatBa Hitinyloh or Balsdfsiftered product of

Shicon niride, o ohiain e silgon e padey (8) havina.an auergepartals digmelgealons the

short axis of 0.66 to 12.9 pm and oxygen content of 0.37 to 0.96% by weight. [0068]
particle state, when 1t is dispersed in water to prepare a
slurry, slurry viscosity may easlly increase. Thus, it is
subjected to a brief pulverization treatment. For a step of
briefly pulverizing agglomerate, the medium used for
pulverization includes a metal bkall coated with resin or a
sintered product of silicon nitride. As the silicon nitride
powder contains extremely small incorporation amount of metal
impurities, i.e., in several ppm or so, it yields a powder
suitable for a raw material of a mold release material of a
polycrystalline silicon ingot casting mold.
[0038]

The siliceon nitride powder (B) used in the forming of
the slurry has an average particle diameter along the short
axis of 0.1 to 0.3 um, and preferably 0.15t0 0.3 um. TFurther,
it has oxygen content of 1.3 to 20% by weight, and preferably
2 to 18% by weight.

[0039]

When the silicon nitride powder (B} has an average
particle diameter along the short axis ¢f more than 0.3 um,
there is only a small difference inparticle diameter compared
to the silicon nitride powder (A), and thus localizing

particle size in the release layver by utilizing a different
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Specifically, the silicon nitride powder (A) described in Examples 1 to 4 was produced as follows. First,
the silicon diimide powder was subjected to thermal decomposition at a heating temperature to 500C
in an oxygen concentration in the gas introduced for thermal decomposition adjusted to 0.4 vol% to
produce a non-crystalline silicon nitride powder. The obtained non-crystalline silicon nitride powder
was pulverized using a continuous vibration mill filled with metal balls coated with nylon to the extent
that coarse agglomerate particles with particle diameter of 50 um or more in terms of particle diameter
according tg dhe yolumetrie paicle.size distgbution. whish.ismeasuired by laser diffraction. scattering
method, are not contained. The pulverized non-crystalline silicon nitride powder was added to a
crucible matierof:graphite; ang thetemperaturensmas:incleased to 1400€fow4 hiouss, frosp£100 to
1250C at 10C/hr, and to 1550C for 4 hours. After keeping and calcining it at 1550C for 1 hr followed by
cooling, thépdviidelsvastaken it andXuibjetted tobriet paReérigatich By Bsikg Pesritihudts vibration
mill filled wiéré1 m.eﬁlé&allsgga%ed Witplen Ir(l)nhto oebtain rsili&on nitride o%/deliacc%rding to Examples 1 to
4, which has a%laveraéfe paﬁlcFe'diame er al%)ng th& SRGT Gxis 0f 1279 [:)Lr% and ofy‘ée%%o%?ent of
0.37% by wajghts §0069]. « : Nextatha-siicon nitridepowder(A) dessrbed i Examples,5,to 7 was
prepared as follows. First, the silicon diimide powder was subjected to thermal decomposition adjusted
to 700C in &n bxygenxahcEhtration:in: the gas introducedrfor theratal decompdsitioreadjusted to 0.9
vol% to produce a non-crystalline silicon nitride powder. The obtained non-crystalline silicon nitride

powder was PalveAZed Bsing A dontinGdls dibrationShill filediwith nfefartHE coatddRfith Aylon to the
extent that coarse agglomerate partigles with particle. diameter of 50 lam ar. more @nt [ms, f particle
diameter accordings?o ttﬁe vo?ur%etric partelelzle size (%Stgbution?)\?vhlc IS rﬁqeajéured by %ser giffraction
scattering method zaremet esntained. Jhequiverized non-erysiadiing, silicon nikde pgwderdvas added
to a crucible made of graphite, and the temperature was increased to 1100C for 4 hours, from 1100
and 1250C &k 20CHr-, andl 16 A556¢ 6tt4 hours sAfdrkeeping ahdtaleiring ftat 1550C ot 1 hr

followed by cooling,.the powder was taken out and suty‘gﬁted to b(gi(ﬂet| pulverization b +usir1%/a
continuous VibF&tiGh- mil flled Witt atal SIS TBARE Wit n§ioh 36 Dbtair SifisSH nftAdE pdwder
according tg Examples5-t0.7, whichhas.an ayerage-particle-diameteralong fhe.shad axisiof 6.6 pm
and oxygen content of 0.52% by weight. [0070] Next, the silicon nitride powder (A) described in
Examples &and@weasiprepares asfolaivs: Firstpthe-siicon tdiimitle pawderawas stubjectdd to thermal
decomposition at a heating temperature adjusted to 800C in an oxygen concentration in the gas
introduced fsttREal decomptkifion @8justéd i6 1.8 981% td Brodwee Bidon-eRfstaliife $fidon nitride
powder. The gbtained non-crystalling sificon nitride, nowder was pulverized sing 2 continuous
vibration millfilled with-métal bails coated with nW)n 1o the extent that coarse agglo?nerate particles

with particle diamaeter gf 2@ Y:or mere interns of paticlesdigmefer acgereing to thevalymetric
particle size distribution, which is measured by laser diffraction scattering method, are not contained.
The pulverized non:epgstallifiersilicon hitddepowderwas addeditora craciblesvadeiof graphite, and the
temperature was increased to 1100C for 4 hours, from 1100 and 1250C at 50C/hr , and to 1550C for 4
hours. Aftef REGFHFG aHd Raldif MESRAE1550ES 0P E R fsiiBwed by c88ithg? thepowderndsitaken out
and subjectedhta fyfief pulyerization by using;a centigueus vibragion Jaill flled with meta] balls coated

with nylon to obtain silicon nitride powder according to Examples 8 an% 9, which has an average
particle diameter alongdhe, short axis0f0:66 vmpand-axygen sertent ofi8v96%hy weight-[0071]
Further, as a next step, the silicon diimide powder was subjected to thermal decomposition at 800 to
1100C undBicfisliz oF aiphitrsenimixtare gas@ky§en-édicerfration i themiXidrelgas: 3510 4.7
vol%) in an a]mQun_tgf 70 Iiter/hrlper kgjo%ram of E wd(ir to ohtain afon-cr%/stalline silgon nitride
powder for1[’:1)'r‘otdﬂacingltﬁe sificoh n?fﬁ%éapo(\a/vdé)ra( .ll%eersesuftﬁ]g ﬁor%—%rys Afiiné Sificon nitfide powder
was pulverized by usinga ,continigus yibratien. milkfilled with metakballsicoated, with,nylkan, and then
added to a crucible made of carbon, and the temperature was increased from room temperature to
1100C for o hatrscfrem 1100C w=250@ a8 56 100G e ahidkfrerh <2500 tay 1550 G fardchours. After
keeping it at 1550C for 1 hr followed by cooling, the powder was taken out and subjected to brief

pulverizatiot®ofaggfon&dte by @Bing-d coMtinubUB RABTEHGT AMAPfilfdcEWith PétansaHE To%ted with
nylon or b f sinter roduct of sili itride. to_obtain, after oxidation-calcination, the silicon
nitride pov%%rg(%il h%/?gr%iog%%%irggeeép%a%%%el|acrr%)éf ?Dgé:ﬁg %ﬁe%ﬁgﬁe g)%% gfl%)ﬁg%gc 0.2 ‘om and
oxygen cordent aftled trd8.4% by weightiesirable as a raw material of a mold

23



[0072] Specifically, the silicon nitride powder (B) described in Examples 1 to 3 was prepared as
follows. First, the silicon diimide powder, was subjected to thermal decomposition at a heating
temperature adjusted to 800C in an oxygen concentration in the gas introduced for thermal
decomposition adjusted to 3.8 vol% to produce a non-crystalline silicon nitride powder. The obtained
non-crystalline silicon nitride powder was pulverized using a continuous vibration mill filled with metal
balls coated with nylon to the extent that coarse agglomerate particles with particle diameter of 50 pm
or more in @é@g%gaﬁg:ee@gguﬂer according to the volumetric particle size distribution, which is
measured by laser diffraction scattering method, are not contained. The pulverized non-crystalline
silicon nitridenpawder was added to a crucible made of graphite, and the temperature was increased to
1100C for 4 hours, from 1100 to 1250C at60C/hr, and to 1550C for 4 hours. After keeping and
calcining it at 1550€4ai L &E followed byeooting, the alkihed polvder was iaken outtahddribjected to
brief pulverization by using a continuous vihration mil] filled with metal balls coated wjth nylon to obtain
silicon nitrié)eoﬁ'&ﬁﬁeﬁi\ﬂﬁg%ﬁra é:r%a@ 5a8rfi g diamé Falgﬁﬁ%%l%}g aWstc& 5.32'916?%}"
Subsequendly, aftersthe-Prief pulvgrization.the siliegn nitride powder havingan auerageparticle
diameter along the short axis of 0.29 um was densely laid in a dish-shaped alumina container to a
thickness af. 48 danmworeso, @anddhen subjeeted tooxidatien. ¢alcination by kéepmgqitifar 4{Bours in a
batch type electric furnace at 1000C under atmospheric air flow followed by cooling to obtain the
silicon nitride’pofdier (B acdordindto Examiples 1963 wHRATES dFavsraepartidié Hidmeter along
the short axis of 0.29 pm and o n_content of 7.6% by, weight. After calcination by-keeping for 4
ours i & BALG e BT oL L0 TOROC s S Comere A Tt Tod poitdes Samiied
slightly fused: partigles in-a SEMJmage qHeyvever, whea the-SEM jmage 19000, magnification) was
enlarged by 400% to give a copy image, which was then used for measurement based on drawing a
circle as desoriised. abdves there was no change in the average particle diameter along the short axis.
[0073] Further, the silicon nitride powder (B) described in Example 4 was obtained by modifying
the oxidatioh“¢bndition using a batch type electric furnace under atmospheric airflow, which has been

used for producing the, silicon piride pawder (B), of Examples, 1 10,3, Specifically, the;siicon nitride

powder having an average particle diameter along the short axis of 0.29 pm was densely laid in a
dish-shaped atumina contairer torm thickneiss of 20 mmeot seindhe samesmaanersand then subjected
to oxidation calcination by keeping it for 4 hours in a batch type electric furnace at 1100C under
atmospherie & oWefollewed By casling folsistaithé Siligort pitiGe powder (B) actbriitpt Example

4, which has an averageupl)article diameter anr;g the shortfa%(]is of 0.29 pcrgllafd oxysgiefit:cogrgent of

15.2% by We?é:rﬁfmxﬁesr ca ((:jlrz?zatﬁfjlrﬁ]C fjff (ﬁe%%?r%a of 4°hours in"a bateh ¥ysbe elactric farmaceat 1170C

under atmogphericsair flow, the-powdergxhihited slightly. fused.particles in 3 SEM/imaggowever,
when the SEM image (x10000 magnification) was enlarged by 400% to give a copy image, which was

then used fopmeasyremeant basedson.drawingd. tircléas desciibed above, thereowas nomhange in the
average particle diameter along the short axis. [0074] Further, the silicon nitride powder (B)
described it ExaRipiés Fand ovérebt&ined by Modifyingthe oxidatin toAditién tisingEbatch type

ebcvmfu”§§§fw8§%articlecﬁameteraiongijxashoxtaxis<xﬂlbeadjusted.
Subsequently, by perfeorming an oxidation calcination
ftreatment, surface of the silicon nitride particle is
oxidized, and therefore powder with controlled oxygen content
can be obtained.
[0042]
By 1ncreasing the heating tfemperature for thermal
decomposition for producing non-crystalline gilicon nitride

powder and increasing oxygen concentration in obtained
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atmospheric air flow, which has been used for producing the silicon nitride powder (B) of Examples 1
to 3. Specifically, the silicon nitride powder having an average particle diameter along the short axis of
0.29 um was densely laid in a dish-shaped alumina container to a thickness of 10 mm or so in the
same manner, and then subjected to oxidation calcination by keeping it for 4 hours in a batch type
electric furnace at 115000 under atmospheric air flow followed by cooling to obtain the silicon nitride
powder (B) according to Example 7 and 9, which has an average particle diameter along the short axis
of 0.29 pm o) tent of 18.1% by weight. After. calcination hy keeping for 4 hours in a batch
type electrié:Eil ?l?rng(}flg %%%goﬁo%%ﬁnde% ét{rﬁgéép ericné"i??\ﬁé—'ivdv,e the Bgvvggr%xhibﬁgg %%g%‘[@/%ﬁged particles
in a SEM irpage; Howeves when therSEM image (x310000magrification):was enlarged by400% to
give a copy image, which was then used for measurement based on drawing a circle as described
above, thereSHRSHG ERdRge inthe sverage partisle diameteralonpthe shorhakis siP0 5k »
Subsequentl\;J/,ethe silicon nitrioéje p($wder B) described in Example 5 was pre%ared as follows. First, the

silicon diimidepowder Was stbfedted 15 thefnial YeEompoStion atahdating tafperatdrediusted to
1050C in an oxygen-coneentration in- the.gas introdyced f(%;atg%rm decgmposition adjusted to 3 vol%
to produce a non-crystalline silicon nitride powder. The obtained non-crystalline silicon nitride powder
was pulverized usimgta cantiffuous wibyationl millfited wvith metab ballscoated withr nylondethe extent
that coarse agglomerate particles with particle diameter of 50 pm or more in terms of particle diameter

according t8hé VEFTethE paricle siz8 artisutibhkfhichyis rdasirad: by laser aifffaéiarescattering

method, are tained. The pulverized nop-crystalline silicon nitride powder was added to a
crucible mad%‘%}gg%%ﬁﬁrﬁ% ahd ﬁ%elt%%wepsefatﬁ“rne Was increased. f%yll%ﬁc 614 Hmﬁg,tfro 19100 to

1250C at 190 G/Br: andite d830C faedhows Aftes keepingsand calcining ifaf 1330G for Jhr followed

by cooling, the powder was taken out and subjected to brief pulverization by using a continuous
vibration mitlifiledowitiy inetal lsallsreetted withifylemto obtain ¢he silicenmnitrid® pewderqB) according
to Example 5, which has an average particle diameter along the short axis of 0.18 pm and oxygen

content of L4686y feight §66761 -9 Furffer, With reg&r 4o #e dificorPifiidePvde? B described in

Example 6.{he sflican nitdde powder (BLdesaribed In BXamals Bvas.used J e, dluas depsely laid in

a dish-shaped alumina container to a thickness of 10 mm or so, then su Jecte(?to oxidation

calcination byeepingriyferd-houts in adateh type electricfurrace.at 4800C spderatmaspheric air

flow followed by cooling to obtain the silicon nitride powder (B), which has an average particle

diameter afohd K& Bhork 4%i5 b1 8. 1851 &b -oxygeh wohtent of 13:3% Byweinht naftettalcination by

keeping for 4 hours in a batch tg e electric furnace at 1080C under atmoﬂjlgheric air flow, the powder
i

exhibited sfightly Fh&&d particlBS 14 TEM ige® RIoWetBr, Whel tie' SENMintage 16666
magnification) Wassnargee Ry 400% 10:19iye a:copy image,which was then Lsed.for measurement

based on drawing a circle as described above, there was no change in the average particle diameter
along the sherdkis: [00&F krystal particles and fine agglomerate particles,
which is accompanied with rapid progress of crystallization,
calcined silicon nitride powder with uniform particle size
can be produced.
[0043]

Specifically, the silicon nitride powder (B) can be
obtained by a precess in which heating temperature for thermal
decomposition for preparing non-crystalline silicon nitride
powder i1s adiusted to 800 to 1100°C, oxygen concentration in

a gas introduced during thermal decomposition is adjusted to

the same or higher than 2.2 vol% but less than 5 vol%, thus
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Further, with regard to the silicon nitride powder (B) described in Example 8, the silicon nitride powder
(B) described in Example 5 was used, i.e., it was densely laid in a dish-shaped alumina container to a
thickness of 10 mm or so, and then subjected to oxidation calcination by keeping it for 4 hours in a
batch type electric furnace at 975C under atmospheric air flow followed by cooling to obtain the silicon
nitride powder (B), which has an average particle diameter along the short axis of 0.18 pm and oxygen
content of 5.5% by weight . After calcination by keeping for 4 hours in a batch type electric furnace at
950C unde ric air flow, the.powder exhibited. slightly fused particles in a SEM image.
However, vx%hgetér%%sép%%M ?lnéaﬁg(;g x%gt%o%a%%ﬁcgtés (\?v(g% en[%%g%er t;ayﬁz‘ﬁoo%3 %%g%% a%:%py image,

which was themusedfermeastrementhasedomedraning a€irsleas described gbpve Ltheke was no
change in the average particle diameter along the short axis. [0078] 10 g of mixed silicon nitride
powder obtédred By iiixifg ahdisiiedn aitride pewder (X) and (B).at & sveightoratipaof 5Lt 9:1,40 g
of distilled \gater, and 100 % of silicon nitride balls (10 mm_ in diameter) were packed in a 100 cc

polyethylene bottie < fixed Sy & VibtAfon il with AmplitadeBFS ithT and fraqdéncy of 1788 spm, and
shaken for 9.naip,te;qive; . 20% by weight agueous slurey, [0078] 1 Aguaz eriible (width x depth:

5 cm x 4 cm) with porosity of 16%, which has been previously heated to 40C,was coated with above
20% by weight aguecus;siurry by $prayirg, falloweshhnadrying, at40€. The quaitz cruaible«after coating
was again dried overnight at 40C. After drying, the temperature was increased to a predetermined
temperaturé’sf befveer 206 &rISeTTwithi 4distirs Ander atmbsplierie corditidn osingoe box type

electric furnace, After keeping it for 4 hours at a predetermined t erafure of between 400 and 800C
followed by cooling E t%]ézr%?%%l%le} lay&r v%% Bgtkceg onts th%51 quta(‘?tz?trwci% & Thibkndss 6t Eath release

layer was 150ia200-pras anaverage valierof five-peintmeasirerngnt. [Q089]+ - Inithe quartz
crucible with baked release layer, 75 g of 2 to 5mm Si granules having purity of 99.999% were filled.

Using a bostypreislectrie furfiace, # Wasmaialaided: for Srhoficscuntit $606C 13 hatirsdfron 4000C to
1450C, and 4 hours at 1450C under Ar flow of atmospheric pressure followed by cooling. After cooling,

it was takefi 08¢ 6FhaFurAaRB arfd bderoad ror evdlaating feleasabiity2 Eutthers Silmak “fermeation
state in ceryigr.boftorm pagt of the. cycible was observed with:a naked,eye. Fupther, after embedding
the center bottom part of the crucible with an epoxy resin, a cross-se%tlon was chout, and then a
cross-sectignal adgw
When the temperature is lower than B800°C, almost no
oxidation occurs during an oxidation treatment by heating
under oxygen—-containing gas atmosphere to produce the silicon
nitride powder (B), and it is difficult to obtain silicon
nitride powder with desired oxygen content. On the other hand,
when the heating temperature for oxidation treatment by
heating is higher than 1200°C, the oxidation occurs very
rapidly, making it difficult to control oxygen content and
vielding higher reactivity with siliconmelt due to excessive
oxidation, and therefore undesirable. In this regard, by
performing an oxidation treatment by heating at a
pre-determined temperature of 800 to 1200°C for 0.25 to 4 hry
under oxygen—containing gas atmosphere, it is possible to

obtain the silicon nitride powder (B} having an average
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of the release layer (x100 magnification) was obtained by using FE-SEM to observe and evaluate the
Si melt permeation state. The results are described in the Table 1. [0081] [Table 1] Classification
Blend ratio of silicon nitride particles Evaluation result of release layer Silicon nitride powder (A)
Silicon nitride powder (B)

particle diameter along the short axis of 0.1 to 0.3 um and
an oxygen ccntent of 1.3 to 20% by weight.
[0045]

Further, when the heating temperature for thermal
decomposition for producing non-crystalline silicon nitride
powder is higher than 1100°C and the obtained non-crystalline
silicon nitride powder is used as a raw material, the
crystallization start temperature becomes even higher and the
crystallization rate becomes even higher during
crystallization, and thus even 1f the temperature increase
rate Dbetween 1100 and 1250°C during calcination for
crystallization is controlled, it is difficult to produce a

~sillicon nitride powder having uniform particle size with an
average particle diameter along the short axis of 0.1 to 0.3
pm. In addition, the formation ratio of needle-like crystal
particles or fine agglomerate particles i1s higher in the
powder after calcination for crystallization, and density of
a release layer is lower after coating. In addition, the
difference in movement rate depending on particle size during
coating the mold with the slurry blended with the silicon
nitride powder and having it absorbed based on capillary force
of a mold may not be utilized as it is hampered by needle-1like
crystal particles, and therefore undesirable. When a
non-crystalline silicon nitride powder having heating
temperature for thermal decompoeosition of lower than 800°C is
used as a rawmaterial, the crystallization start temperature

is lower and the crystallization rate is lower, making it
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Iviixi rig r duo based on Baking temperature of mold under . atmospheric air CC)

difficult to obtain powder after calcination having an

average particle diameter along the short axis of 0.3 um or

less, and therefore a silicon nitride powder having uniform

particle size with an average particle diameter along the

short axis of 0.1 to 0.3 um may not be obtained.

[0046]

Meanwhile, depending on oxygen content

non-crystalline silicon nitride powder, particle shape or

particle size varies in the powder after calcination for

crystallization. For example, when the oxygen concentration

in a gas introduced for thermal decomposition for producing

non-crystalline silicon nitride powder is 5 vol% or more,

needle~-like crystal particles or fine agglomerate particles

are easily formed during calcination for crystallization,

lowering the density of a coated release layer, and therefore

undesirable. Further, when the oxygen concentration in a gas

introduced for thermal deconposition for producing

non-crystalline silicon nitride powder is increased to a

higher value, silicon oxynitride particles having different

crystal shape are yielded, which leads to localization of an

oxidized layer on surface of original silicon nitride

particles, and as a result, adhesiveness during baking and

strength cf a coated release laver may not be improved, and

therefore undesirable.

[0047]

Further, when the temperature increase rate between

1100 and 1250°C during calcination for crystallization is
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Permeation state of Si melt in crucible Release state of silicon ingot SSA (m2/g) Average particle
diameter along the short axis (Mm)

higher than 100°C/hr, needle-like crystal particles or fine
agglomerate particles are preduced due to rapid
crystallization and rapid particle growth, making it
difficult to control particle size of an average particle
diameter along the short axis of 0.1 um cor higher, and
therefore undesirable.

[(0048]

Specifically, when a silicon nitride powder having an
average particle diameter along the short axis of 0.1 um is
to be produced, for example, by setting heating temperature
for thermal decomposition for producing a non-crystalline
silicon nitride powder toc 900 to 1100°C and oxygen
concentration in the gas introduced during thermal
decomposition to 4 to 5 vol%, a non~crystalline silicon
nitride powder which enables increasing the crystallization
start temperature during calcination for crystallization and
increasing the crystallization rate is produced, and then the
produced non-crystalline silicon nitride powder is
pulverized to the extent that coarse agglomerate particles
with particle diameter of 50 um or more in terms of particle
diameter according to the wvolumetric particle size
distribution, which is measured by using laser diffraction
scattering method, are not contained therein. By using such
nonmcrystaliine silicon nitride powder and setting the
temperature increase rate between 1100 and 1250°C during
calcination for crystallization to 70 to 100°C/hr, the

crystallization particle growth is allowed to cccur fast and



Oxygen content (Wwt%) SSA ,m2 g./) Average particle diameter along the short axis (Mm) Oxygen
content (wt%)

also formation cf needle-like crystal particles and fine
agglomerate particles, which is accompanied with rapid
progress of crystallization, is suppressed, and therefore a
calcined silicon nitride powder having uniform particle size
with an average particle diameter along the short axis of 0.1
um can be obtained. In addition, according to an oxidation
treatment of the obtained silicen nitride powder by heating
at 1120°C for 4 hr under oxygen-containing atmosphere, a
silicon nitride powder with oxygen content of 20% by weight
can ke produced.

roo49]

Further, when a silicen nitride powder of 0.3 um is to
be produced, for example, a non-crystalline silicon nitride
powder which enables increasing the crystallization start
temperature during crystallization and increasing the
crystallization rate by setting heating temperature for
thermal decomposition for producing a non-crystalline
silicon nitride powder to 800 to 900°C and oxygen
concentration in the gas introduced during thermal
decompositionto 2.2 to 4 vol% is used. Further, the produced
non-crystalline siliceon nitride powder is pulverized to the
extent that coarse agglomerate particles with particle
diameter cof 50 pm or more in terms of particle diameter
according to the velumetric particle size distribution, which
is measured by using laser diffraction scattering method, are
not contained, Therein. By wusing such non-crystalline

silicon nitride powder and setting the temperature increase
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rate Dbetween 1100 and 1250°C during calcination for
crystallization to 60 teo 80°C/hr, the crystallization
particle growth is allowed to occur fast and also formation
of needle-like crystal particles and fine agglomerate
particles, which 1is accompanied with rapid progress of
crystallization, 1s suppressed, and therefcore a calcined
silicon nitride powder having uniform particle size with an
average particle diameter along the short axis of 0.3 um can
be obtained. In addition, according to an oxidation
treatment of the obtained silicon nitride powder by heating
at 1130°C for 4 hr under oxygen—-containing atmosphere, a
silicon nitride powder with oxygen content of 12% by weight
can be produced.

[0050]

Since the silicon nitride powder (B) obtained by
calcination for crystallization is in brief agglomerate
particle state, when it is dispersed in water prepare a slurry,
slurry visceosity may easily increase. Thus, it is subiected
to a brief pulverization treatment. For a step of briefly
pulverizing agglomerate, the medium used for pulverization
includes a metal ball coated with resin or a sintered product
of silicon nitride. As the silicon nitride powder contains
extremely small incorporation amount of metal impurities,
i.e., in several ppm or so, it yvields a powder suitable for
& raw material o¢f a mold release material for a
polycrystalline silicon ingot casting mold.

[0051]
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With regard to the preoducticon method according to the
present invention, it is important that blending of the
silicon nitride powder (A) and the silicon nitride powder (B)
is 5 5te 9 : 1 in terms of weight ratic. When the weight
ratio of the silicon nitride powder (B} is higher than 5
5, for example, particles size gradient in a release layer
based on a difference in movement rate in accordance with
particle size can be obtained during coating the mold with
a slurry containing a blend of silicon nitride powders and
absorbing it based on capillary force of the meld. However,
on a side which is closer té a silicon ingot side than the
state 11lustrated in FIG. 1, raticoof fine particles increases
and, although the overall adhesiveness and strength of a
release layer are improved even at low baking temperature,
there i1s a high risk of generating cracks or damages by
shrinkage during bkaking. In addition, as the oxygen
concentration in a release layer at silicon ingot side is
higher, the reactivity with silicon melt is increased, and
therefore undesirable. Further, when the welght ratio of the
silicon nitride powder (B) is lower than ¢ : 1, for example,
adhesiveness of a release layer with a mold and strength of
a release layer are significantly lowered, and therefore
undesirable.

[0052]

The slurry containing silicon nitride powder, which is

used for the forming of the slurry, i1s a slurry containing

silicen nitride powder for forming a release layer of a
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polycrystalline silicon ingot casting mold, in which a
sillicone powder obtained by blending the silicon nitride
powder (A) and the siliconnitride powder (B} having different
particle size and different oxygen content described above
at a weight ratio of 5 : 5 to 9 : 1 is dispersed in water.
[0053]

Mixing of the slurry containing silicon nitride powder
can be carried out by adding the silicon nitride powder to
a vessel together with distilled water, filling a metal ball
coated with a resin or a ball of sintered product of gsilicon
nitride, and mixing for a pre—determined time using a mixing
crusher such as vibratioﬁ.miil, ball mill, and paint shaker,
and when no ball is used, using a stirrer with wing such as
paddle wing, or a high=speed planetary stirrer. However, a
treatment of long pericd of time using a wet-type attriter
or a beadmill having high crushing efficiency is undesirable,
because there is a risk of having impurities incorporated from
a medium or a vessel or having high viscesity.
f0054]

In the method of producing a polycrystalline silicon
ingot casting mold having a release layer according to the
present invention, the coating step of the slurry is a step
of coating mold surface with the slurry containing silicon
nitride powder, while maintaining the £luidity of the
particles. The slurry containing silicon nitride powder is
used for coating a meld release material, by which inner

surface of a guartz crucible with porosity of 16 to 26% as
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amoldis coatedwitha releasematerial usinga spray, a brush,
or a spatula, and the fluidity is preferably maintained such
that the cecated slurry is not released fromamold to the extent
that it deoes not inhibit the movement of silicon nitride
particles in a coated release lavyer.

[0055]

With regard to the slurry containing silicon nitride
powder with which a mold 1s coated, due to absorption based
on capillary phenomenon caused by fine pores present in the
mold, fine particles are attracted more to the mold near mold
surface region. As a result, a release layer in which fine
particles are localized on an inner side (i.e., mold side)
while coarse particles are localized on an outer side (i.e.,
silicon ingot side) by reduction of fine particles is formed,
and a state of the conceptual diagram of FIG. 1, which
illustrates the localized state of particles in a release
layer, is obtained. Thus, when viscosity of the slurry
containing silicon nitride powder is 500 P (poise} or higher,
‘nmevement rate of silicon nitride particles in a release layer
coated with the slurry containing silicon nitride powder is
slow, and thus it is difficult to have particle localization.
In addition, when viscosity of the slurry containing silicon
nitride powder described above 1g 1.5 ¢cP (centipoise) or lower,
the release layer coated with the slurry containing silicon
nitride powder is easily sagged, making it difficult to
maintain the release layer. Thus, it is necessary to adjust

the slurry viscosity which can maintain fluidity of the
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particles and does not allow any sagging.
[0056]

When a release layer is formed by using the slurry
containing silicon nitride powder according to the present
invention, compared to a case in which each of slurries with
different mixing ratio of silicon nitride powder and fine
silica powder is coated as described in Patent Literature 1,
for example, it is unnecessary to worry about forming of an
imperfect release layer that is causedby an incorrect coating
crder, since the same single slurry is coated. In addition,
even with a single coating, a sufficlent effect of a release
layer 1s obtained, and the effect is not impaired by
multi-layer coating. Further, as permeation of silicon melt
is prohibited and releasability of a solidified silicon ingot
is improved, high yield is obtained.

[0057]

The method for producing a polycrystalline silicon
ingot casting mold having a release layer according to the
present invention may further include a step of permeating
moisture of slurry into the mold in order to have more
sufficlent abscrption of the coated slurry containing silicon
nitride powder based on capillary phencmenon by fine pores
in a mold. The step of permeating moisture includes drying
at 30 to 120°C.

[0058]
As described in Fig. 1, as a result of permeating

moisture, it 1is possible to form a layer in which fine
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particles with high oxygen content are localized on a mold
side in release layer and coarse particles with low oxygen
concentration are localized on a silicon ingot side, and the
shrinkage stress during drying 1s compensated with
adhesiveness of fine particles with high oxygen content that
are present on a mold side. Further, since the baking for
improving adhesiveness of a release layer can be performed
at low temperature such as 400 to B800°C compared *to
conventional high temperature such as 800 to 1200°C, shrinkage
stress during baking:can.b@ reduced, and thus a release layer
having high purity and high density without an occurrence of
cracks or peeling phenomenon can be simply produced at low
cost, and excellent adhesion strength between particles which
constitute the release layer and to the mold can be obtained
and permeation cf melt caused by cracks or damages in a release
layer can be prevented.

FC059]

Further, in the method for producing a polycrystalline
silicon ingot dasting mold having a release layer according
to the present invention, the heating is a step for carrying
cut & heating treatment of a mold coated with the slurry
centaining silicon nitride powder at 400 to 800°C under
oxygen-containing atmosphere. When the baking temperature
of a release layer 1s lower than 400°C, melt-adhesion between
particles of a release layer does not occur and adhesiveness
and strength are poor, and therefore undesirable. On the

other hand, when the baking temperature of a release laver
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is higher than 800°C, shrinkage stress is high during baking
and permeation of silicon melt may occur due to cracks or
damages in release layer, and therefore undesirable.
[0080]

Further, since 1t is possible to lower the oxygen
concentration in a release layer on silicon ingot side after
baking, the reactivitywithsiliconmelt is lowered. Byusing
a polycrystalline silicon ingot casting mold having such
releasgse layer, the solid sclution reaction between silicon
melt and release layer 18 suppressed, and thus the
releasability of a solidified silicon ingot from a mold can
be greatly improved and also, by suppressing an occurrence
of losses or damages during release of a solidified silicon
ingot, a high-quality silicon ingot can be cobtained at high
vield.

[0061]

The pelycrystalline silicon ingot casting mold
produced by the method for producing a polycrystalline
silicen ingot casting mold having a release layer accoxding
to the present invention is a mold for cast molding of a
polycrystalline silicon ingot, which includes a release layer
containing silicon nitride‘powder formed on an inner side of
amold. Inthe release layer, easily oxidizable fine particles
with high oxygen content are localized on the inner side (i.e.,
mold side) while hardly oxidizable coarse particles with low
oxygen content are localized on the outer side {(i.e., silicon

ingot side), and therefore the mold side has high oxygen
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content and the silicon ingot side has low oxygen content.
By using a polycrystalline silicon ingot casting mold having
such release layer, the inner side (i.e., mold side) of the
releaéelayerexhibitscloseadhesionbetweenparticles,that
are oxidized by baking for calcination under
oxygen-containing atmosphere, and close adhesion between
particles and a meld, and the outer side (i.e., silicon ingot
side) of the release layer has lower oxygen concentration and
can prevent permeation by suppressing solid soluticon of
silicon melt, and thus the releasability of a solidified
silicon ingeot from a mold is greatly improved. Further, an
cccurrence of losses or damages during releasing the
solidified silicen ingot 1s suppressed, and thus a
high-guality silicon ingot canbe obtained at highyield. The
material of a mold is not particularly limited, and examples
that can be generally used include a guartz crucible and a

gquartz crucible installed within a graphite crucible.

The polycrystalline silicon ingot casting mold related
to the present invention has, on the inner wall side of a mold,
a release layer formed of a mold release material in which
the silicon nitride powder (A) and the silicon nitride powder
{B) described above are blended at a weight ratioc of 5 : 5
to 9+ 1. Specifically, it is a molid cbtained by coating the
inner wall surface of a quartz crucible or a gquartz crucible
which may be installed within a graphite crucible, having

porosity ratio of 16 to 26%, while the slurry containing

38



0.5212.00.29 18.1 6 4 400 0 0 Example-8

siliconnitride powder of the present invention using a spray,
a brush, or a spatula followed by drying at 30 to 120°C,
performing a baking treatment by heating at a pre-determined
temperature of 400 to 8C0°C under an atmospheric condition,
and fixing a release layer ontc a mold.

[0063]

By using the silicon nitride powder according to the
present invention, a release layer having a dense layer with
high adhesion strength on a mold side of an inner wall of a
mold for casting silicon ingot and a layer having suppressed
reactivity with silicon melt on silicon ingot side can be
formed at low cost, and with suppressed cccurrence of losses
or damages during releasing a solidified silicon ingot, a
high-quality silicon ingot can be obtained at high vyield.
100647

Further, the mold for polycrystalline silicon casting
according to the present invention is a mold having the
release layer formed on an inner wall surface of the mold,
and the mold for polycrystalline silicon casting of the
invention has, compared to a mold disclosed in Patent
Literature 1, for example, in which a release layer is formed
by coating the mold with each of slurries with different
mixingratioofsiliconnitridepowderandfinesilicapowder,
lower reactivity with siliconmelt and improved releasability
of a solidified silicon ingot, and therefore can exhibit high

yield.
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Examples
[C065]

Herein below, the present invention is explained in
greater detall in view of the specific examples.
[00¢6]

(Examples 1 to 2)

First, silicon diimide reqguired £for the present
invention is prepared by reacting a tcluene solution in which
silicon tetrachloride concentration is 30 vol% with ligquid
ammonia followed by washing with liguid ammonia and drying.
[0067]

Next, the silicon diimide powder was subjected to
thermal decomposition at 500 to 800°C under flow of
air-nitrogenmixture gas (oxygen concentration in the mixture
gas: 0.4 to 2 vol%) in an amount of 70 liter/hr per kilogram
of powder to obtain a non-crystalline silicon nitride powder
for producing the silicon nitride powder (A). The resulting
non-crystalline silicon nitride powder was pulverized by
using a continuous vibration mill filled with metal balls
coatedwithnylon, and then added to a crucible made of carbon,
and theltemperature was increased from rocm temperature to
1100°C for 4 hours, from 1100°C to 1250°C at 10 to 50°C/hr,
and from 1250°C to 15530°C for 4 hours. After keeping it at
1550°C for 1 hr followed by cooling, the powder was taken out
and subjected to brief pulverization for agglomerate by using
a continuous vibration mill filled with metal balls coated

with nylon or balls of sintered product of silicon nitride
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te obtain the silicon nitride powder (A) having an average
particle diameter along the short axis of 0.66 to 12.9 um and
oxygen content of 0.37 te 0.96% by weight.

[0068]

Specifically, the silicon nitride powder (A} described
in Examples 1 to 4 was produced as fellows. First, thesilicon
diimide powder was subjected fo thermal decomposition at a
heating temperature to 500°C in an oxygen concentration in
the gas introduced for thermal decomposition adjusted to 0.4
vol% to produce a non=crystalline silicon nitride powder. The
obtained non-crystalline silicon nitride powder was
pulverized using a continuous vibration milil filled with
metal balls coated with nylon to the extent that coarse
agglomerate particles with particle diameter of 50 um or more
in terms of particle diameter according to the volumetric
particle size distribution, which 1s measured by laser
diffraction scattering method, are not contained. The
pulverized non-crystalline silicon nitride powder was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 to 1250°C at 10°C/hr,
and to 1550°C for 4 hours. After keeping and calcining it at
155C°C for 1 hr followed by cooling, the powder was taken out
and subjected to brief pulverization by using a continuous
vibration mill filled with metal balls coated with nylon to
obtain silicon nitride powder according to Examples 1 to 4,
which has an average particle diameter along the short axis

of 12.9 um and cxygen content of (.37% by weight.
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(00691

Next, the silicon nitride powder (A) described in
Examples 5 to 7 was prepared as follows. First, the silicon
diimide powder was subjected to thermal decomposition
adjusted to 700°C in an oxygen concentration in the gas
introduced for thermal decomposition adjusted to 0.% vol% to
produce a lnon~crystalline silicon nitride powder. The
obtained non-crystalline silicon nitride powder was
pulverized using a continucus vibration mill filled with
metal balls coated with nylon to the extent that coarse
agglomerate particles with particle diameter of 50 um or more
in terms of particle diameter according to the volumetric
particle size distribution, which is measured by laser
diffraction scattering method, are not contained. The
pulverized non-crystalline silicon nitride powder was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 and 1230°C at
20°C/hr , and to 1550°C for 4 hours. After keeping and
calcining it at 1550%3forILhz'followedkﬁfcooling,fﬂuapowder
was taken out and subjected to brief pulverization by using
& contlnuous vibration mill filled with metal balls coated
with nylon to obtain silicon nitride powder according to
Examples 5 to 7, which has an average particle diameter along
the short axis of 6.6 um and oxygen content of 0.52% by weight.
[0070]

Next, the silicon nitride powder (A) described in

Examples 8 and 9 was prepared as follows. First, the silicon
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diimide powder was subjected to thermal decomposition at a
heating temperature adijusted to 800°C in an oxygen
concentration in the gas introduced for thermal decomposition
adijusted to 1.8 vel% to produce a non-crystalline silicon
nitride powder. The obtained non-crystalline siliconnitride
powder was pulverized using a continuous vibration mill
filled with metal kballs ccated with nyion to the extent that
coarse agglomerate particles with particle diameter of 50 um
or more in terms of particle diameter according to the
volumetric particle size distribution, which is measured by
laser diffraction scattering method, are not centained. The
pulverized non-crystalline silicon nitride powder was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 and 1250°C at
50°C/hr , and to 1550°C for 4 hours. After keeping and
calcining it at 1550°C for 1 hr followed by cooling, the powder
was taken out and subjected to brief pulverization by using
a continucus vibration mill filled with metal balls coated
with nylon to obtain silicon nitride powder according to
Examples 8 and 9, which has an average particle diameter along
the short axis of 0.66 umand oxygen content of 0.%6% by welght.
[0071]

Further, as a next step, the silicon diimide powder was
subijected to thermal decomposition at 800 to 1100°C under fiow
of alir-nitrogen mixture gas (oxygen concentration in the
mixture gas: 3.5 te 4.7 vol%) in an amount of 70 liter/hr per

kilogram of powder to obtain a non-crystalline silicon
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Ox=3.1wt%) Second layer (C2 : silica powde = 8 : 2 mixing) 8000 .......... ".../-- Silicon nitride powder

(0) Silicon nitride powder (E) (0) (E)

nitride powder for producing the silicon nitride powder (B).
The resulting non-crystalline silicon nitride powder was
pulverized by using a continuocus vibration mill filled with
metal balls cecated with nylon, and then added to a crucible
made of carben, and the temperature was increased from room
temperature to 1100°C for 4 hours, from 1100°C to 1250°C at
50 to 100°C/hr, and from 1250°C to 1550°C for 4 hours. After
keeping it at 1550°C for 1 hr followed by cooling, the powder
was taken out and subjected to brief pulverization of
agglomerate by using a continucus vibrationmill filled with
metal balls coated with nylen or balls of sintered product
of silicon nitride tc cobtain, after oxidation calcination,
the silicon nitride powder (B) having an average particle
diameter along the short axis of 0.18 to 0.29 um and oxygen
content of 1.4 to 18.1% by weight.

[0072]

Specifically, the silicon nitride powder (B) described
in Examples 1 to 3 was prepared as follows. First, thesilicon
diimide powder, was subjected to thermal decomposition at a
heating temperature adjusted to 800°C in an oxygen
concentration in the gas introduced for thermal decomposition
adjusted te 3.8 vol% to produce a non-crystalline silicon
nitridepowder.Theobtainednon—cxystallinesilidonnitride
powder was pulverized using a continucus vibration mill
filled with metal balls coated with nylon to the extent that
coarse agglomerate particles with particle diameter of 50 um

or more in terms of particle diameter according to the
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volumetric particle size distribution, which is measured by
laser diffraction scattering method, are not contained. The
pulverized non-crystalline siilicon nitride powdef was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 to 1250°C at60°C/hx,
and to 1550°C for 4 hours. After keeping and calcining it
at 1550°C for 1 hr followed by cooling, the calcined powder
was taken out and subjected to brief pulverization by using
a continuous vibration mill filled with metal balls coated
withnylon to cbtain silicon nitride powder having an average
particle diameter along the short axis of 0.29 um.
Subsequently, after the brief pulverization, the silicon
nitride powder having an average particle diameter along the
short axis 0f 0.29 pmwas densely laid in a dish-shaped alumina
container to a thickness of 10 mm or so, and then subjected
to oxidaticon calcination by keeping it for 4 hours in a batch
type electric furnace at 1000°C under atmospheric air flow
followed by cooling to obtain the silicon nitride powder (B)
according to Examples 1 to 3, which has an average particle
diameter along the short axis of 0.29 um and oxygen content
of 7.6% by weight. After calcination by keeping for 4 hours
in a batch type electric furnace at 1080°C under atmospheric
alr filow, the powder exhibited slightly fused particles in
a SEM image. However, when the SEM image (x10000
magnification) was enlarged by 400% to give a copy image,
which was then used for measurement based on drawing a circle

as described above, there was no change in the average
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particle diameter along the short axis.
{0073]

Further, the SiliCOH nitride powder (B} described in
Example 4 was obtained by modifyving the oxidation condition
using a batch type electric furnace under atmospheric air flow,
which has been used for producing the silicon nitride powder
(B) of Examples 1 to 3. Specifically, the silicon nitride
powder having an average particle diameter along the short
axigs of 0.29 pym was densely laid in a dish-shaped alumina
container to a thickness of 10 mm or so in the same mannerx,
and then subjected to oxidation calcination by keeping it for
4 hours in a batch type electric furnace at 1100°C under
atmosphericair flow followed by cooling to obtain the silicon
nitride powder (B) according tc Example 4, which has an
average particle diameter along the short axis of ¢.29 um and
oxygen content of 15.2% by weight. Afterlcalcination by
keeping for 4 hours in a batch type electric furnace at 1170°C
under atmospheric air flow, the powder exhibited slightly
fused particles in a SEM image. However, when the SEM image
(x10000 magnification) was enlarged by 400% to give a copy
image, which was then used for measurement based on drawing
a circle as described above, there was no change in the average
particle diameter along the short axis.

[0074]

Further, the silicon nitride powder (B} described in

Oxamples 7 and 9 were obtained by moedifving the oxidation

condition using a batch type electric furnace under
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atmospheric air flow, which has been used for producing the
silicon nitride powder (B) of Examples 1 to 3. Specifically,
the silicon nitride powder having an average particle
diameter along the short axis of 0.29 um was densely laid in
a dish-shaped alumina container to a thickness cf 10 mm or
sc in the same manner, and then subjected to cxidation
calcination by keeping it for 4 hours in a batch type electric
furnace at 1150°C under atmospheric air flow followed by
cooling to obtain the silicon nitride powder (B) according
to Example 7 and 9, which has an average particle diameter
along the short axis of 0.29 um and oxygen content of 18.1%
by weight. After calcinationby keeping for 4 hours inabatch
type electric furnace at 1200°C under atmospheric air flow,
the‘powder exhibited slightly fused particles in a SEM image.
However, when the SEM image (x10000 magnification) was
enlarged by 400% to give a copy image, which was then used
For measurement based on drawing a circle as described above,
there was no change in the average particle diameter aldng
the short axis.

[0075]

Subsequently, the silicon nitride powder (B) described
in Example 5 was prepared as follows. First, the silicon
diimide powder was subjected to thermal decomposition at a
heating temperature adjusted to 1050°C in an oxygen
concentration in the gas introduced for thermal decomposition
adiusted to 3 wvol$% to produce a non-crystalline silicon

nitride powder. The obtained non-crystalline siliconnitride
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powder was pulverized using a continuous vibration mill
filled with metal balls coated with nyleon to the extent that
coarse agglomerate particles with particle diameter of 50 um
or more in terms of particle diameter according to the
volumetric particle size.distribution, which is measured by
laser diffraction scattering method, are not contained. The
pulverized non-crystalline silicon nitride powder was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 to 1250°C at
100 °C/hr, and to 1550°C for 4 hours. After keeping and
calcining it at 1550°C for 1 hr followed by cooling, the powder
was taken out and subjected to brief pulverization by using
a continuous vibration mill filled with metal balls coated
with nylon to obtain the silicon nitride powder (B) according
to Example 5, which has an average particle diameter along
the short axis of 0.18 pm and oxygen content of 1.4% by weight.
[0076]

Further, with regard to the silicon nitride powder (B)
described in Example 6, the silicon nitride powder (B)
described in Example 5 was used, i.e., it was densely laid
in a dish-shaped alumina container to a thickness of 10 mm
or'so,emxithen.subjectedtx)oxidation calcination by keeping
it for 4 hours in a batch type electric furnace at 1000°C under
atmosphericair flow followed by cooling to obtain the silicon
nitride powder (B), which has an average particle diameter
along the short axis of 0.18 um and oxygen content of 10.3%

by weight. After calcinationby keeping for 4 hours in a batch
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type electric furnace at 1080°C under atmospheric air flow,
the powder exhibited slightly fused particles in a SEM image.
However, when the SEM image (x10000 magnification) was
enlarged by 400% to give a copy image, which was then used
forn@asurementbasedcxldrawinga4circleamsdescribedabove,
there was no change in the average particle diameter along
the short axis.

[0077]

Further, with regard to the silicon nitride rowdexr (B)
described in Example 8, the silicon nitride powder (B)
described in Example 5 was used, i.e., it was densely laid
in a dish-shaped alumina container to a thickness of 10 mm
or so, andiﬂmﬂlsubjecﬁedix>oxidation4calcinationknfkeeping
it for 4 hours in a batch type electric furnace at 975°C under
atmosphericair flow followed by cooling to obtain the silicon
nitride powder (B), which has an average particle diameter
along the short axis of 0.18 um and oxygen content of 5,5%
by weilght. After calcination by keeping for 4 hours in a batch
type electric furnace at 950°C under atmospheric air flow,
the powder exhibited slightly fused particles in a SEM image.
However, when the BSEM image (x10000 magnification) was
enlarged by 400% to give a copy image, which was then used
for measurement based on drawing a circle as described above,
there was no change in the average particle diameter along
the short axis,

[0078]

10 g of mixed silicon nitride powder cbtained by mixing
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the silicon nitride powder (A} and (B} at a weight ratioc of
5 :5to % : 1, 40 g of distilled water, and 100 g of silicon
nitride balls (10 mm in diameter) were packed in a 100 cc
polyethylene bottle, fixedona vibrationmill with amplitude
of 5 mm and frequency of 1780 spm, and shaken for 35 min to
give a 20% by weight agueous slurry.

[0079] | |

A gquartz crucible (width x depth: 5 cm x 4 cm) with
porosity of 16%, which hasg been previously heated to 40°C, was
coated with above 20% by weight aqueous slurry by spraying,
followed by drying at 40°C. The guartz crucible after coating
was again dried overnight at 40°C. After drying, the
temperature was increased to a predetermined temperature of
between 400 and 800°C within 4 hours under atmospheric
condition using a box type electric furnace. After keeping
it for 4 hours at a predetermined temperature of between 400
and 800°C followed by cooling, the release layer was baked
onto the quartz crucible. Thickness of each release layer
was 150 to 200 ymas an average value of five point measurement.
[0080]

In the quartz crucible with baked release layer, 75 g
of 2 to 5mm Si granules having purity of 99.99%% were filled.
Using a box type electric furnace, it was maintained for 3
hours until 1000°C, 3 hours from 1000°C to 1450°C, and 4 hours
at 1450°C under Ar flow of atmospheric pressure followed by
cooling. After cooling, it was taken out of the furnace and

observed for evaluating releasability. Further, Si melx
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737000 [0082] In the permeation state of Si melt in crucible described in the Table 1, 0
indicates that the permeation of silicon melt stops on surface of the release layer, 0 indicates that the
permeation of silicon melt stops in the release layer, A indicates that a small amount of the silicon melt
permeates into part of the quartz crucible, and x indicates that the silicon melt penetrates the quartz
crucible and leaks from an opposite side of the bottom of crucible. Further, with regard to the release
state of silicon ingot, (r) indicates that it is completely released without any partial sticking to the quartz
crucible, 0 indicates that releasing can be made although there is slight sticking to the quartz crucible,
A indicates'that tha Taterhl 3ioR o the quafts &FLANSIE IS Feleased Isuf thébotiomasidie is sticking, and x

indicates cemplets, sticking.q the entire quar, cruc('%blex, howing no release, Further, the specific
surface area was measured by using FgTow b 2300° mtztrlwﬁfa’ctu&%% By SHIRMRASZ & ORPORATION.
[0083] (Comparative xamptespkit3of the crucible with an epoxy resin, a
cross-section was cut cut, and then a cross—sectional view
of the release laver (x100 magnification) was obtained by

using FE-SEM to observe and evaluate the 94 melt permeation

state. The results are described in the Table 1.

[0081]
[Table 1)
Blend ratio of silicon nitride particles Evalu!ﬂﬁon result of
J
N . WHXIME TZTI0 bl
Silicon nitride powder {A) Silicon nitride powder (B) based on .
wiaizht Baking
Ciassification Avarage Average teTE:;t;re Permeation| Release
particle particle state of 8i| state of
SSA | diameter S;r;:i‘:; SSA | diameter | OXvEen omder | meltin | silicon
(m’/g} | along the (wet) {m%/g) | along the C?\::;Z;Ii (A) B) = mo:ip ¥ srucivle ingot
short axis short axis | (”(;)
(m) (gtm)
Example—1 0.2 128 0,37 7.0 0.28 18 5 5 706 @ @
Example-2 0.2 12.9 0.37 70 0.29 1.6 7 3 700 O ©
Example~3 0.2 129 0.37 7.0 0.29 78 9 1 700 G @]
Exampie—4 0.2 12.9 0.37 120 0.29 15.2 7 3 500 Q@ @
Example~5 0.3 6.6 0.52 12.0 0.18 14 5 5 800 O O
Example—6 0.3 6.6 0.52 12.0 018 10.3 7 3 Go0 © ©
Example~7 0.3 6.6 0.52 12,0 0.29 18.1 i3 4 400 @ &)
Exampie-8 3.6 0.66 0.96 12.0 G.18 55 7 3 700 O &
Example:—g 3.0' 0.66 0.96 2.0 0.29 18.1 7 3 500 (@] ©]
Comparative First layer{G1 0.22 tm -
Example—1 Ox=7 Surith) Second layer (C1 : silica powder = 9 : 1 mixing) 800 A A
Comparative First layer(G1 0.22 tm g . ..
Examplo-2 Ow=7 5yet%h) econd jayer {C1 ; silica powder =8 : 2 mixing) 800 X X
Comparative First fayer(C2 G5 m .
Example~3 Ox=3.1wtth) Second layer (C2 : silica powder = 8 ; 2 mixing) 800 O A
Silicon nitride powder () Silicon nitride powder (&) - (s)] F)
Comparative
Exarnple—4 0.2 12.9 G.37 10 0.29 18 3 7 700 A FA
Comparative
Exampie—5 0.2 129 0.37 7.0 .29 26.3 5 5 400 X X
Comparative
Example—6 0.3 6.6 0.20 12.0 0.18 103 3 7 00 A A
Comparative
Exampla—7 3.0 0.66 096 12.0 0.18 15.2 3 7 500 x x
Comparative
Example—8 3.0 0.66 2.1 120 0.18 55 7 3 700 O A

60823
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The silicon nitride powder (trade name: SN-E10, manufactured by Ube Industries, Ltd.) having an
average particle diameter along the short axis of 0.22 pm, which is manufactured by thermal
decomposition of silicon diimide, was subjected to heating treatment for 3 hours at 1075C using a
batch type electric furnace under atmospheric air flow to obtain the silicon nitride powder (Cl) having
oxygen content of 7.5% by weight. In addition, the silicon nitride powder (trade name: SN-EO03,
manufactured by [The Industries, Ltd.) of 0.65 pm was subjected to heating treatment for 3 hours at
950C using a batchrtype,electric firnace-under-atmespheric air flgw.to.oltainthe. silicon nityide powder
(02) having oxygen content of 3.1% by weight. The oxygen concentration was measured by using a
TC-136 device forssimulttamedys @alysisi ofxaxygentand nitiegers; mkieh 1 isrmanufactiured dy LECO
Corporation. 10g of the silicon nitride powder (CI) or (02), 40 g of distilled water, and 100 g of silicon
nitride ballsaving BCdigniate? BE 16 AftmSleid SakdEm=150 & holethyIEAe RIS, iréd on a
vibration miélﬂ%ith am gtgge of ASf?r%mSaq_d fregu?nn f 12:780 spm %r}P(]j shaken for 5min to give a 20%

o L]
by weight aqueoﬁsejé urry. EO%% A qltj:é}rtz cr%ciil—f)leS width xlaept ®5Cm X 4 cm) with ‘Cpbrosity of

16%, whicthhas heen praviously heatedito 400, was seated with1 20% by.weight aguequs slurry of the
silicon nitride powder (Cl) in the Comparative Examples 1 and 2,and with 20% by weight aqueous

slurry of the.siticorpitride powder (@23 in-thecComparative &xample Bdiycspraying hfotlowed by drying
at 40C. The quartz crucible after coating was a%?in dried overnight at 40C. [0085] Next, the silicon

nitride powder (CT destRibbdbdve ARt Sica Foviet hatingral-areragd Partdié bfantéiefof 0.05 pm
measured @ﬁaé%g%géﬁwi%%e partgle sizedistpbution.analyzer .in which the silicg poyder has

been confirmed to be non-crystalline by X-ray diffraction measurement device, were admixed with
each other ataaeightgatio.ef 2¢ 1daxthesComparative Example 1.0¢anyeight ratin et& 2 for the
Comparative Example 2, while the silicon nitride powder (C2) is admixed with the same silica powder
at a weight F&d-of- 8 : 1f6tIRE EDRDEYative EREMRPI&'3 LA qUArt2 GBIt vhicERas Bé&¥ coated with
the (CI) or (C2) previously heated to 40C was-coated with 20% by weight agueous slurry was prepared
as describétdO aé%%/gé @/ugégﬁina?&%zv\?e%éby ?ryirlfg1 ajf%&?ﬁft%rg 8‘%&3‘?%8 FéiESsé Byerswere baked
onto the quagz erucibie,by, Hsing=a batehtype furmnaceand-keepinghit fgr 4 hours at 80pClnder

atmospheric air condition. Thickness of each release layer was 190 to 220 pm as an average value of
five point measutemente 00863t the lateral side of the quartz crucible is
reieased but the bottom side is sticking, and x indicates
complete sticking te the entire quartz crucible, showing no
release. Further, the specific surface area was measured by
using Flow Sorb 2300 manufactured by SHIMADZU CORPORATION.
[0083]

(Comparative Examples 1 to 3)

The silicon nitride powder (trade name: SN-E10,
manufactured by Ube Industries, Ltd.}) having an average
particle diameter along the short axis of 0.22 um, which is
manufactured by thermal decompositionof silicon diimide, was
subjected to heating treatment for 3 hours at 1075°C using
a batch type electric furnace under atmospheric air flow to

obtain the siliceon nitride powder (Cl) having oxygen content

of 7.5% by weight. In additicn, the silicon nitride powder
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Next, in the quartz crucible with baked release layer, 75 g of 2 to 5 mm Si granules having purity of
99.999% were filled. Using a box type electric furnace, it was maintained for 3 hours until 1000C, 3
hours from 1000C to 1450C, and 4 hours at 1450C under Ar flow of atmospheric pressure followed by
cooling. After cooling, it was taken out of the furnace and observed for evaluating releasability. Further,
Si melt permeation state in center bottom part of the crucible was observed with a naked eye. Further,
after embedding the center bottom part of the crucible with an epoxy resin, a cross-section was out

out, and theﬂﬁﬁ g@ésﬁ%igéigngkﬂ%wgf the re&%sgtll%eer d(x%OO(IJ'?)aegrﬂ'fril(:C%]tltiSo@C\ivas ob%ige by using

FE-SEM to observe and evalUate the Si melt permeation state. The results aré described’ih the Table

1. [0087] (GemparativerExamplestoded «Next dhe sijcen dimiderpowder was-subjected to
thermal decomposition at 400 to 700C under flow of air-nitrogen mixture gas (oxygen concentration in
the mixture Yais? 0.0GL too2 ¥ O} irhart ampunt of: 70 fiterthr pea kitograneof pawdertb @btain a
non-crystalline si% on nitride %owd‘er for produci?z%the silicon njtride powder §Dé The resulting

Fsificon nitridepovidet waspuiverized by isimg-& RoRGHIRTS vidration lEfRed with

non-crystalﬁhLe sili

metal balls oatedwith, aylon-and t@e.raa@dggd&%ﬁgqmqib'ez@rﬂ@dsﬁgémw@gﬁ@% lgmpgrature was
increased from room temperature to 1100C for 4 hours, from 1100Cto 1250C at 10 to 50C/hr, and

from 1250C+tos1566€ for-4 hiourg. Aftetr keepingitatiIE50Cdarikbr fakowed by coolingcthe powder
was taken out and subjected to brief pulverization for aggéome_rate by using a continuous vibration mill
filled with nfEtdibaRs TEAEFWRT RyidiFor bafle BRsintEred Grodtiétast $ifie6i ARG 6B1GIh the silicon

oxygen CononCaF DI04 2,198 Bweiaht J00BE] - oeeeay L Ae o o il niide powder (0)
of the Comparative Exaraples Aand,5.-he silicon nitsidepoyrder:(A) which has ap averagesparticle
diameter along the short axis of 12.9 pm and oxygen content of 0.37% by weight described in
Examples hto/d pasugedmeter of 10 mm were packed in a 100 cc polyethylene
bottle, fixed on a vibration mill with amplitude ¢f 5 mm and
frequency of 1780 spm, and shaken for 5Smin to give a 20% by
weight agueous slurry. |
[0C084]
A guartz crucible (width x depth: 5 c¢m x 4 cm) with
porosity of 16%, which has been previously heated to 40°C,
was coated with 20% by weight agueocus slurry of the silicon
nitride powder (Cl) in the Comparative Examples 1 and 2,and
with 20% by weight agueous slurry of the silicon nitride
powder (C2) in the Comparative Example 3 by spraying, followed
by drying at 40°C. The quartz crucible after coating was
again dried overnight at 40°C.
[6085]
. Next, the ziliceon nitride powder (Cl) described above
and silica powder having an average particle diameter of 0.05
um measured by a laser diffusion type particle size

distribution analyzer, in which the silica powder has been
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[0089] Subsequently, the silicon nitride powder (D) of the Comparative Example 6 was prepared
as follows. First, the silicon diimide powder was subjected to thermal decomposition at a heating
temperature adjusted to 700C in an oxygen concentration in the gas introduced for thermal
decomposition adjusted to less than 0.001 vol% to produce anon-crystalline silicon nitride powder. The
obtained non-crystalline silicon nitride powder was pulverized using a continuous vibration mill filled
with metal balls coated with nylon to the extent that coarse agglomerate particles with particle diameter
of 50 pm orpks inderms of paglicle diameter according to the volumetyic partigle.size disgibution,
which is measured by laser diffraction scattering method, are not contained. The pulverized
non-crystaltire silicam nitridel powder, wasxaddethtd:acrucible made: of graphite; andrthigtemperature
was increased to 1100C for 4 hours, from 1100 to 1250C at 20C/hr, and to 1550C for 4 hours. After
keeping an8alini i at 1550€ ol RToRG\Wed: BY @obhigRAE powder Vit taRen Gt Bivd subjected
to brief pulverization by psing.a continuous vibration mill filled with metal balls coated with nylon to
obtain silicc?ni"ni%ide [?ovggerr (E%%c@éjﬁa%agﬁ% he %o?ngﬁar?gtlﬁv%vékan‘%ﬁlé% W#S]?C% hsa}";:1 an a\r}erage
particle diameter;aleng thesshortaxis of 6.6:pm:and-0xygen content ££0.20% by weights{0090]

As forthesiliconnitridepowder (D) oftheComparative Example 7, the silicon nitride powder (A) described
in Example38 and®iwad used.[0091] 8 : Sulfsequendy Cihersilicah initede:powede: (B) ofthe
Comparative Example 8 was prepared as follows. First, the silicon diimide powder was subjected to

thermal deEOHPESGH AF AR petatd /i abitStdtf ™ 66E i anbxygeh tontEhtrafidn iy tHe gas
introduced for ther c siti dju tQ 4.5 vol% roduce a pan-crystalline silicon nitride o
der. The oﬁ%%ﬁ%egéﬁ%%gfys%{é%%r?eegg% niﬁ?ﬂ% '|oqtq)%v%l'er8 v%gé%ﬁlvgﬁz%% ugﬁlé a%ontlflngl?o levibration
mill filled witlymetaldallsicoatedqwith myton:e shie extent that Coarse-aggiemerate padiciesswith particle
diameter of 50 um or more in terms of particle diameter according to the volumetric particle size
distributionfwhithvs théasdredbydaser Hifffactioh Seattedng Mathody are adeeortaliect The
pulverized porl-gr)gtqyirge silicon gg‘rideCFow er was adde tog crucible mgd?hottgti\appitye,mand the
temperaturg%v"aé in@r‘e%s_,eg f‘o“fl ¢ for A hours, from 1100 t6 XZSIUC%gSUC It, 10 1550C for 4 hours.
After keeping ad calcinigg LatLe80G for b irfollawed by.cagling, the pawderyias taken out and

subjected to brief pulverization by uSing a continuous vibration mill filled with metal balls coated with
nylon to obtainr siticont nitride: powtler (yaccording ¢e tire ComparativeExample 8, Which:bas an
average particle diameter along the short axis of 0.66 pm and oxygen content of 2.1% by weight.
[0092] 220 um as an average value of five point measurement.

[6086]

Next, in the guartz crucible with baked release lavyer,

75 g of 2 to 5 mm Si granules having purity of 99.929%% were

filled. Using a box type electric furnace, it was maintained

for 3 hours until 1000°C, 3 hours from 10C0°C to 1450°C, and

4 hours at 1450°C under Ar flow of atmospheric pressure

followed by cooling. After cooling, it was taken cut of the

furnace and observed for evaluating releasability. Further,

Simelt permeation state in center bottompart of the crucible

was observed with a naked eye. Further, after embedding the

center botiom part of the crucible with an epoxy resin, a

cross~gection was cut cout, and then a cross-sectional view

of the release layer (%100 magnificaticn} was obtained by
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Next, the silicon diimide powder was subjected to thermal decomposition at 800 to 1100C under flow
of air-nitrogen mixture gas (oxygen concentration in the mixture gas: 3.5 to 4.7 vol%) in an amount of
70 liter/hr per kilogram of powder to obtain a non-crystalline silicon nitride powder for producing the
silicon nitride powder (E). The resulting non-crystalline silicon nitride powder was pulverized by using a
continuous vibration mill filled with metal balls coated with nylon, and then added to a crucible made of
carbon, and the temperature was increased from room temperature to 1100C for 4 hours, from 1100C

10 1250C 2460 1 09I AN 1051 1250C 10,3550 014 DO, Aflr KBEPiNg L 4L 15506 for L

followed by cooling, the powder was taken out and subjected to brief pulverization for agglomerate by
using a continaaws vibrationcmilfilled veithemetad ball-eonted withsytoitardalls of sintered product of
silicon nitride to obtain, after oxidation calcination, the silicon nitride powder (E) having an average
particle dia%%@é%ﬂong the short axis of 0.18 to 0.29 pm and oxygen content of 5.5 to 26.3% by
weight. [0093] zkgi)ecifica}zlI{_:}/Jt agéoré?{%%ilifgg ni[}ridﬁ%p:jgwder (E) of the Comparative Example 4, the
silicon nitride powder @pﬁhlch fhas an ave?age particlé |aemeter along the short axis of 0.29 um and

oxygen content of 116%:y weight gleseribed in Examples 440 &wasused 5[0094l-+ - sSuhsequently,
with regard to the silicon nitride powder (E) of the Comparative Example 5, after the brief pulverization,

the silicon ritrilerpowdeid By opfore oxidation calcirtation:describetiin Examples 4110+3 having an
average partjcle diameter along the short axis of 0.29 pm was densely laid in a dish-shaped alumina

container t& a ThitRigs3 616 it oF ¢ ad ek dibjecea s bxribtion ddiciiation By K&&ping for 5

hours in a bptch typaelectiic fuyace at d 200Cundet elgospharical how fgllowed by foging to

obtain the silicon nitride powder (E), which has an average particle diameter along t e’short axis of
0.29 pm andoxygeticcontenbpt26.3% hyoweight, After keepingifor 5 bouks in-a batehhtyge electric
furnace at 1200C under atmospheric air flow, the powder showed fused particles based on SEM
image. Howéer? WheH thé SEV Snfalgei(% 20006 hiaghificatioRF waks enlargdoeby #90%:togive a copy
image, which was ther]Cus d.for measurement based on drawing a circle as descrjbed above, there

was no change in the average particle disMetdr 2iohg thé SHSIE axi¥ 780981 LV S Iasfot tHe¥silicon
nitride powder (5 of the.cemparative Example §nthg silicop nitride powder (B)described in Example
6, which has an average particle diameter along the short axis of 0.18 pm and oxygen content of
10.3% by weightewasiusedy lon, and then added to a crucible made of carbon,

and the temperaturé was increased from Jfoom temperature to

1100°C for 4 hours, from 1100"@3 to 1250°C at 10 to 50°C/hr,

and from 1250°C to 1530°C for 4 hours. After keeping it at

1550°C for 1 hr followed by cooling, the powder was taken out

and subjected to brief pulverization for agglomerate by using

a continuous vibration mill filled with metal balls coated

with nylon or balls of sintered product of silicon nitride

to obtain the silicen nitride powder (D) having an average

particle diameter along the short axis of 0.66 to 12.9 um and

oxygen content of 0.20 to 2.1% by weight.

[cogsg]

Specifically, as for the silicon nitride powder (D) of

the Comparative Examples 4 and 5, the silicon nitride powder

{A} which has an average particle diameter along the short
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[0096] Subsequently, with regard to the silicon nitride powder (E) of the Comparative Example 7
the silicon nitride powder (B) before oxidation calcination described in Example 6 having an average
particle diameter along the short axis of 0.18 pm was densely laid in a dish-shaped alumina container
to a thickness of 10 mm or so, and then subjected to oxidation calcination by keeping it for 4 hours in a
batch type electric furnace at 1140C under atmospheric air flow followed by cooling to obtain the
silicon nitride powder (E), which has an average particle diameter along the short axis of 0.18 pm and
oxygen conient 9615129 by weight Aflercaleinatian bykeeping os ¢ hours-ip & batch:type; electric
furnace at 1140C under atmospheric air flow, the powder exhibited slightly fused particles in a SEM
image. Howevekxghan the SEMdmagedx10008dnagnification) was enlarged by 400% to give a copy
image, which was then used for measurement based on drawing a circle as described above, there
was no cha%g%ghe average particle diameter along the short axis. [0097] As for the silicon
niride powder (F) of i comppratye EXARIG B, s sticopnitide powsler (Bifjesgubadn Example
8, which has an average particle diameter along the short axis of 0.18 pm and oxygen content of 5.5%
by weight, wasnsed {0Q28]r xarkl g of mixed piliean nititespowder ehtainedriy-mixjng the silicon
nitride powder (D) and (E) at a weight ratio of 3 :7to 7 : 3, 40 g of distilled water, and 100 g of silicon
nitride ballsS(LO R Irfdiameter Pverésrarked 3 B 190t@boydthyiena botte dixedohta vibration mill
with amplitude of 5.mm and frequency of 1780 spm, and shaken for in to give a 20% by weight
agueous slﬁ%y. A dliar ddcigis %%fﬁ%%ﬁﬁth.ggi%sf 3%m3?/vitﬁ%%?r§sit§/rbf 16% whieh has been
previously heated ta-4QC was caated with resulting; 20%:by wveight agugoys shryrepared as
described above by spraying, followedbydrying at 40C. The quartz crucible after coating was again
dried overnight as4ea. Wteradrying) dme teMpératuies was increhses to acpredetesmnimed temperature of
between 400 and 700C within 4 hours under atmospheric condition using a box type electric furnace.

After keepifig it 1674 HotiFE &€& pradstemindFtemperdiGie Brhctiesn 400 anuc766¢ t6iived by
cooling, th%@%%&éﬁ%%%%%bqﬁ%d gg‘f&@%ﬂ%@gz Syl eaT%%}égg%%%%ae‘%?iELﬁaﬁe layer was
|

175 to 210 pm as an average value of five point measurentent. Xt, in the %qﬁ*artz crucible
with bakedtglease layesd7 % gtof Zitocs MmSi granules having-purity 10§.99:999%awere: filled. Using a
box type electric furnace, it was maintained for 3 hours until 1000C, 3 hours from 1000C to 1450C,
and 4 hours st 1450€naTd e flone: sR&ten Gsphielic peessuré followidd by eodimgueiter cobling, it was
taken out oég:e furnace and gbserved for evaluating release state. Further, S| melt Eermeation state in

center bottoh part BF theErticidle WAL ShSenvied Witha Raked B¢ SFurtero after 8mb&dlimg the

volumetric particle size distribution, which is measured by
laser diffraction scattering method, are not contained. The
pulverized non-crystalline silicon nitride powder was added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, from 1100 to 1250°C at 20°C/hr,
and to 1550°C for 4 hours. After keeping and calcining it
at 1550°C for 1 hr followed by cooling, the powder was taken
out and subjected tobrief pulverizationby using a continuous
vibration mill filled with metal balls coated with nylon to
obtain silicon nitride powder (D) according to the
Comparative Example 6, which has an average particle diameter
along the short axis of 6.6 um and oxygen content of 0,20%

hy welght.
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center bottom part of the crucible with an epoxy resin, a cross-section was cut out, and then a
cross-sectional view of the release layer (x100 magnification) was obtained by using FE-SEM to
observe and evaluate the Si melt permeation state. The results are described in the Table 1.
Reference Signs List [0100] 1casting mold 2coarse silicon nitride particles 3fine silicon nitride particles
CLAIMS 1. A method for producing a polycrystalline silicon ingot casting mold having a release layer,
comprising: forming a slurry by mixing a silicon nitride powder with water, the silicon nitride
powder beiEg@@ ined by blending a silicon nitride powder (A) having an average particle diameter
along the short axis of 0.6 to 13 pm and an oxygen content of 0.3 to 1.0% by weight with a silicon
nitride powder (B) havifig:an axerage particle tiaieteralahgtheshott akis af-thibda 8:3ipm and an
oxygen content of 1.3 to 20% by weight at a weight ratio of 5:5t0 9 : 1,  coating the surface of the
mold with tR& 31U/ antr hebiifig tﬁé%ﬁ(ﬂﬂ%t @G(gfblmcﬁﬁ‘éﬁ@dfmd@dheféeﬁﬁ&iﬁﬁﬁ% oxYigen, after

coating theEszlz%r%les 8 and 9 was used.
IR
Subseguently, the silicon nitride powder (D) of the
Comparative Example 8 was prepared as follows. First, the
gilicondiimide powder was subjected to thermal decomposition
at a temperature adjusted to 700°C in an oxygen concentration

in the gas introduced for thermal decomposition adiusted to

The obtained non-crystalline silicen nitride powder was
pulverized using a ccontinucus vibration mill filled with
metal balls ccated with nylon to the extent that coarse
agglomerate particles with particle diameter of 50 pm or more
in terms of particle diameter according to the volumetric
particle size distribution, which 1is measured by laser
diffraction scattering method, are not contained. The
pulverized non~crystalline silicon nitride powder was added
tc & crucible made of graphite, and the temperature was
increased te 1100°C for 4 hours, from 1100 to 1250°C at 50°C/hx,
to 1550°C for 4 hours. After keeping and calcining it at
1550°C for 1 hr followed by cooling, the powder was taken out
and subjected to brief pulverization by using a continuous
vibration mill filled with metal balls coated with nylon to
obtain silicon nitride powder (D} according to the

Comparative Example 8, which has an average particle diameter
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2. The method according to claim 1, further comprising: permeating moisture of the slurry coated
on the surface of casing mold into the casing mold and the heating is performed after the moisture
permeating. 3. A silicon nitride powder for mold release material for a polycrystalline silicon ingot
casting mold, comprising a silicon nitride powder (A) having an average particle diameter along the
short axis of 0.6 to 13 pm and an oxygen content of 0.3 to 1.0% by weight and a silicon nitride powder
(B) having an average particle diameter along the short axis of 0.1 to 0.3 pmand an oxygen content of

1.3 to 20% by yweight, whigh-are copfained ap ayveight rafie 083§§}g5et9 Lobtén shyrnpcgniaining a
silicon nitride powder for mold release material for a polycrystalline silicon ingot casting mold,
comprisingitlye siicom: hitride powder according to claim 3 mixed with water. 5. A polycrystalline silicon
ingot casting mold having a release layer formed on an inner surface of the casting mold by using the
silicon nitrio&aﬁg\%er according to claim 3.

Next, the silicon diimide powder was subjected to
thermal decomposition at 800 to 1100°C under flow of
air-nitrogen mixture gas {oxygen concentration in the mixture
gas: 3.5 to 4.7 vol%) in an amount of 70 liter/hr per kilogram
of powder to obtain @ non-crystalline silicon nitride powder
for producing the silicon nitride powder (E}). The resulting
non~crystalline silicon nitride powder was pulverized by
using a continuocus vibration mill filled with metal balls
coatedwithnylon, and then added to a crucible made of carbon,
and the temperature was increased from room temperature to
1100°C for 4 hours, from 1100°C to 1250°C at 60 to 100°C/hr,
and from 1250°C to 1550°C for 4 hours. After keeping it at
1550°C for 1 hr followed by cocling, the powder was taken out
and subjected to brief pulverization for agglomerate by using
a continuous vibration mill filled with metal balls coated
with nylon or balls of sintered product of silicon nitride
to obtaln, after oxidaticn calcination, the silicon nitride
powder {E) having an average particle diameter along the short
axis of 0.18 fto 0.29 um and oxygen content of 5.5 to 26.3%
by weight.

[0093]

Specifically, as for the silicon nitride powder (E) of

the Comparative Example 4, the silicon nitride powder (B)

which has an average particle diameter along the short axis
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of 0.29 pm and oxygen content of 7.6% by weight described in
Examples 1 to 3 was used.
[0094]

Subsequently, with regard to the silicon nitride powder
(E) of the Comparative Example 5, after the Dbrief
pulverization, the silicon nitride powder (B) before
oxidation calcination described in Examples 1 to 3 having an
average particle diameter along the short axis of 0.29 um was
densely laid in a dish-shaped alumina container to a thickness
of 10 mm or so, and then subjected to oxidation calcination
by keeping it for 5 hours in a batch type electric furnace
at 1200°C under atmospheric air flow followed by cooling to
obtain the silicon nitride powder (E), which has an average
particle diameter along the short axis of 0.2% um and oxygen
content of 26.3% by weilght. After keeping for 5 hours in a
batch type electric furnace at 1200°C under atmospheric air
flow, the powder showed fused particles based on SEM image.,
However, when the SEM image (x10000 magnification) was
enlarged by 400% to give a copy image, which was then used
for measurenent based on drawing a circle as described above,
there was no change in the average particle diameter along
the short axig.
[0085]

As for the siliconnitride powder (E) of the Comparative
Example 6, the siliconnitride powder (B) described in Example
6, which has an average particle diameter along the short axis

of 0.18 pm and oxygen content of 10.3% by weight, was used.
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[008¢6]

Subsequently, with regard to the silicon nitride powder
(E) of the Comparative Example 7 the silicon nitride powder
(B) before oxidation calcination described in Example 6
having an average particle diameter along the short axis of
0.18 pm was densely laid in a dish-shaped alumina container
to a thickness of 10 mm or so, and then subiected to oxidation
calcination by keeping it for 4 hours in a batch type electric
furnace at 1140°C under atmospheric air flow followed by
cooling to cbtain the silicon nitride powder (E), which has
an average particle diameter along the short axis of 0.18 um
and oxygen content of 15.2% by weight. After calcination by
keeping for 4 hours in a batch type electric furnace at 1140°C
under atmospheric air flow, the powder exhibited slightly
fused particles in a SEM image. However, when the SEM image
(x10C000 magnification) was enlarged by 400% tc give a copy
image, which was then used for measurement based on drawing
acircleen;describedabove,therewasruachangejjltheaverage
particle diameter along the short axis.
[0087]

Asforiﬁmasiliconnitridepowdex(E)cﬁftheComparative
Examp}aB,thesiliconnitridepowder(B}describajinExampie
8, which has an average particle diameter along the short axis
of 0.18 um and oxygen content of 5.5% by weight, was used.
(00581

10 g of mixed silicon nitride powder obtained by mixing

the silicon nitride powder (D) and (E) at a welght ratio of
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3+ 7to7: 3, 40 g of distilled water, and 100 g of silicon
nitride balls (10 mm in diameter) were packed in a 100 cc
polyethylene bottle, fixed on a vibrationmill with amplitude
of 5 mm and frequency of 1780 spm, and shaken for 5 min to
give a 20% by weight aqueous slurry. A guartz crucible {width
X depth: 5 cm x 4 cm) with porosity of 16%, which has been
previocusly heated tc 40°C,was coated with resulting 20% by
welght aqueous slurry prepared as described above by spraying,
followed by drying at 40°C. The quartz crucible after coating
was again dried overnight at 40°C. After drying, the
temperature was increased to a predetermined temperature of
between 400 and 700°C within 4 hours under atmospheric
condition using a box type electric furnace. After keeping
it for 4 hours at a predetermined temperature of betweén 400
and 700°C followed by cooling, the release layer was baked
onto the quartz crucible. Thickness of each release lavyer
was 170 to 210 pmas an average value of five point measurement.

[0029]

Next, in the quartz crucible with baked release lavyer,

75 g ¢of 2 to 5 mm 81 granules having purity of 99.999% were
filled. Using a box type electric furnace, it was maintained
for 3 hours until 1000°C, 3 hours from 1000°C to 1450°C, and
4 hours at 1450°C under Ar flow of atmospheric pressure
followed by cooling. After cooling, it was taken out of the
furnace and observed for evaluating release state. Further,

Simelt permeation state in center bottom part of the crucible

was observed with a naked eye. Further, after embedding the
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center bottom part of the crucible with an epoxy resin, a
cross—section was cut out, and then a cross-sectional view
of the release layer (x100 magnification) was obtained by
using FE-SEM to observe and evaluate the Si melt permeation

state. The results are described in the Table 1.

Reference Signs List

[0100]

1 casting mold

2 coarse silicon nitride particles
3 fine silicon nitride particlies
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CLAIMS

1. A method for producing a pelycrystalline silicon ingot
casting mold having a release layer, comprising:

forming a slurry bymixing a silicon nitride powder with
water, the silicon nitride powder being obtained by blending
a silicon nitride powder (A) haVing an average particle
diameter along the short axis of 0.6 to 13 pum and an oxygen
content of 0.3 to 1.0% by weight with a silicon nitride powder
(B} having an average particle diameter along the short axis
of 0.1 to 0.3 um and an oxygen content of 1.3 to 20% by weight
at & weight ratic of 5 : 5 to & @ 1,

ceating the surface of the mold with the slurry, and

heating the mold at 400 to 800°C in an atmocsphere

containing oxygen, after coating the slurry.

2. The method according to claim 1, further comprising:
permeating moisture of the slurry coated on the surface
of casing mold into the casing mold and the heating is

performed after the moisture permeating.

3. A silicon nitride powder for mold release material for
a polycrystalline silicon ingot casting mold, comprising a
silicon nitride powder (A) having an average particle
diameter along the short axis of 0.6 to 13 um and an oxygen
content of 0.3 to 1.0% by welght and a silicon nitride powder

(B) having an average particle diameter along the short axis
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of 0.1 to 0.3 um and an oxygen content of 1.3 to 20% by weight,

which are contained at a weight ratio of 5 : 5 to 9 : 1.

4. A slurry containing a gilicon nitride powder for mold
release material for a polycrystalline silicon ingot casting
mold, comprising the silicon nitride powder according to

claim 3 mized with water.

5. A polycrystalline silicon ingot casting mold having a

release layer formed on an inner surface of the casting mold

by using the silicon nitride powder according to claim 3.
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