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 for producing a solar cell, polycrystalline silicon is widely used
and its production amount rapidly increase 8\?eci§§/ggéﬁ%lycrystalline silicon is generally formed
either by filling silicen-melt, which is melt by heating at high temperature, in a mold in which an inner
surface of a quartz crucible, a dividable graphite crucible, or a quartz crucible installed inside a
graphite cracibledg coatedviitita #idld telsaseinaierizh bY SprayMirhy using abrushiorrsogpatula
followed by solidification, or by melting first a silicon material added in a mold followed by
re-solidificationCjoDsf SAME, AND SILICON NITRIDE POWDER FOR MOLD RELEASE
MATERIAL FOR POLYCRYSTALLINE SILICCN TNGCT CASTING MOLD AND

SLURRY CONTAINING SAME

Technical Field
[0001]

The present invention relates toc 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 for producing
a solar cell, polycrystalline silicon is widely used and its
production amount rapidly increases every vear.
Polycrystalline silicon is generally formedeither by £11ling
silicon melt, which is melt by heating at high temperature,
in a mold in which an inner surface of a quartz crucible, a
dividable graphite crucible, or a guartz crucibkle installed
inside a graphite crucible is coated with a mold release
material by spray or by using a brush or a spatula followed

by solidificatiocon, or by melting first a silicon material



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 the mold.As for the mold release material, from the viewpoint of having
generally high melting point and little contamination for a silicon ingot, high purity powder such as
silicon nitride, silicon carbide, and silicon oxide, or their mixture powder is used. For increasing
productivity of a silicon ingot, many researches and studies have been made regarding a method of
forming a m%g r(ez]lease mater‘iLaCl{ ogoangld surface, a mold obtained by such treatment, or a method

A icon ingot By Using SUCH A nold. T6004] - %ot eXarmple; Patent Literature 1

for producing as]
discloses ajrelegse layer of a mold for casting a silicon ingot in which silicon nitride powder obtained
by thermal decomposition of silicon diimide and fine silica powder are used as a mold release material
and the release layéns foriredssf 4 first layercorean mnerctides(.ez mold side):of theirelease layer,
which has high ratio of silicon nitride containing non-crystalline silica layer on surface of silicon nitride

particles, andl 'sécondiayerai¥ ah Gtér &idegice. Osiliedn Tt s 6fthesreldszenayerl in which
particles are, strongly PRH%‘N%S?‘EQ géhgpﬁag rgi%gg %t fine siIicI% daﬂgvdear. g [ ﬂllsso isclosed that, by

£.:45 a. ays
means of the release layer, damages occurring on a so idified silicon |ﬁgotnan a mofd ¢an be reduced

during release: tnpaddition; is sliscloseckin Ratentd esature:2 that oy using-a release layerbased on a
mixture in which coarse melt silica sands are covered with silicon nitride powder, reaction between
melt silicontarfd siligads inhibited’serthdtithe Petformartcecof sebattatyefol sdlar power gémeration can

be enhanc%d. Citation List gtent Literatures#i 05] P,a@'g%nt Literature 1: JP 2005-95924 A Patent
Literature 2" JP"5601° 198648 A’SUlntary) of fivettion Techficarpropigm™ = and 11ttle

contamination for a silicon ingot, high purity powder such
as silicon nitride, silicon carbide, and silicon oxide, or
thelr mixture powder is used. For increasing productivity
of a silicon ingot, many researches and studies have been made
regarding a method of forming a mold release material on a
mold surface, a,mold cbtained by such treatment, or a method
for producing a silicon ingot by using such a meld.

[00G4]

For example, Patent Literature 1 discloses a release
layer of a mold for casting a silicon ingot in which silicon
nitride powder obtained by thermal decomposition of silicon
diimide and fine silica powder are used as a mold release
material and the release layer is formed of a first layer on
an inner side (i.e., mold side) of the release layer, which
has high ratioc of silicon nitride containing non-crystalline
silica layer on surface of silicon nitride particles, and a
second layer on an outer side {i.e., silicon ingot side) of
the release layer, in which particles are strongly bound to

cach other as mixed with fine silica powder. It is also



[0006] Meanwhile, with regard to the mold for silicon casting described in Patent Literature 1, the
second layer in which particles are strongly bound to each other as mixed with fine silica powder (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 ofa slurry of
mold release material with difference silica concentration and there is almost no difference in color of

each slurry, an (i:ricorregtc%gtingor er may be employed by mistake. [0007] Further, the method of
forming a release fayer of Patent Litdraflré 33s problEMEtciR tRaSsincert Baifi Ao ToVer coarse

melt silica sands witha relaase layer, malten silicasands are dispersed an quter;surfage of the release
layer to form a solid solution of silica and silicon melt, whereby the silica sands stick on a mold surface
and losses vecurcwherireteasingra Selidified siliconzidgat; yietdjngiloweryields 008k 4  iMeanwhile,

since silica powder to be added to the mold release material disclosed in Patent Literature | and Patent

Literature 2 RashighlalkSi-metar Br alkahidarttPmeta impufitiés Jei8 Freckagay tepresarerhigh purity

powder. Neyqrifielens, ap deaerinad aboys, Wilbyeagd iplhe selease layerto.he foqmed./p 2
polycrystalline silicon ingot casting mold, it enhances the adhesiveness betweenarelease layer and a

mold and aisoithedzinding property &meng, siiconiitrisie pasticles:in a.kelease;layer, and thus addition
of silica is believed to be effective. However, the release layer containing silicon melt and silica
adheres onté &rReldisy s8lid 56lttch feadton; thérehycoalisingdossesodr dahages tiyatfoscur when a
solidified sigc ingot is released, and.thus there is a problem that it is difficult to produce a high

n
quality silicoﬁqrﬁgrot%fﬁ%gﬁ?/%‘?d?w AR rEEERt Hehtion is devised in view of the problems

of prior art as described above, and object of the invention is to provide a polycrystalline silicon ingot
casting mold and a method for producing the polycrystalline silicon ingot casting mold, in which a
high-quality sitiedan mgol.¢ar: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 fromthi mold F&idals6 @silicon nitride powder for mold release material fora polycrystalline
silicon i‘ngoE g%tgnjg mold and a slurry containing it.

Patent Literature 1: JP 2005-95%24 A

Patent Literature 2: JP 2001-198648 1

Summary of Invention
Technical Problem
[00086]

Meanwhile, with regard to the mold for silicon casting
described in Patent Literature 1, the second layer in which
particles are strongly bound to each other as mixed with fine
silica powder (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
sclution with silicon melt. Further, since the method for
forming a release layer disclosed in Patent Literature 1

reguires preparation of a slurry ocf mold releasematerial with



Solution to Problem [0010] Inventors of the present invention conducted intensive studies to solve
the problems described above, and as a result have found that, by using silicon nitride powder with
different particle diameter as a raw material of a release layer, a high-quality silicon ingot can be
obtained at high yield by suppressing losses or damages that occur when a solidified silicon ingot is
released from the mold. Specifically, according to the present invention, there is provided a method for
producing a polycrystalline silicon ingot casting mold having a release layer, which is characterized by
comprising a slurry forming step for forming a slurry by mixing a silicon nitride powder with water, the

silicon nitride- p&REEF6EINg ddtairRd By Biehdingfa SihBoniittide péider 1£) havikgsn average
particle diameferalong the short axis.of 0.6.10 13 pmwith a %ﬂl’%‘fﬁ%@ﬁ nggﬁ%gzag%gaigg an

average particle diameter along the short axis of 0.1 t0 0.3 pm at a weight ratio o 1, aslurry
coating stepdgr ceatingdhe gurace,otihe 1aodd with the slurry, and a heating step for heating the mold
at 800 to 1200C in an atmosphere containing oxygen, after the slurry coating step. [0011] The

invention als®%tdvides silicon nitride powder for mold release material for a polycrystalline silicon ingot

casting mold, which, is characterized by comprising a silicon nitri(ge owder (A) having an average
particle diameter a%ﬁjé%tﬁg %hc?? SASDr0B' S fi? %r%méﬁld; a silicor %)ﬁr'd Do 8%(@)%{5\%9 an
average patile diameter along the shortaxisiof 0.1 te 0.3 pmaata-weight ratiof5: 519 9 : 1. The
invention also provides a slurry containing the silicon nitride powder for mold release material for a
polycrystallire silicen inget castimglmald, lin vghichrthe silidon aitridé gpowedray mixedaiithewater, and a
polycrystalline silicon ingot casting mold, in which a release layer is formed on an inner surface of a

mold by usfhig'thE iR THtriIE pIwdRr SARHhAGe SUS Effe 38 6f Mv8nHdn [obA21 € L ©3&€ described
above, accoring.tq he-irent ipuention, Mafe £an hesproyided 2 pojverygtaling, siicon, hgot casting
igh yie

mold which enables to produce a high-quality silicon ingot at yi y suppressing sti¢king of a
silicon ingotiea:e:meld surface oxsuppiessing angcctrenceof dosses of damages whee a solidified

silicon ingot is released and a method for producing the polycrystalline silicon ingot casting mold,

silicon nitri@€ pBWdERRIE isid feledsemateial for Bigstycrystalline silicow ingot gastingimold, and a

slurry contaig%pg;h(}e[lseialifgq nitride powder for mold release material. Brief Description of Drawings
[0008]

Meanwhile, since silica powder to be added to the mold
release material disclosed in Patent Literature 1 and Patent
Literature 2 has high alkalil metal or alkali earth metal
impurities, 1t i1s necessary to prepare high purity powder.
Nevertheless, 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 layer
and amold 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 soclution reaction, thereby causing losses or damages

that occur when a sclidified silicon ingot is released, and

thus there is a problem that it is difficult to produce a high



[0013] FIG. 1 is a conceptual diagram illustrating a state in which particles are localized in a
release layer according to the present invention. FIG. 2 is a SEM photograph (x5000
magnification) for measuring particle diameter along the short axis. FIG. 3 is a graph illustrating a
difference in oxidation behavior of silicon nitride powder having different particle diameter. Description
of Embodiments [0014] In the method for producing a polycrystalline silicon ingot casting mold
having a release layer relating to the present invention, when a slurry containing silicon nitride powder
obtained by mixing silicon nitride powder with water, the silicon nitride powder being obtained by
blending a Sifigdn hitride-powasr () Favingdiraveidge partieré-diameter along the short axis of 0.6 to
13 jim with 'I&%) nitride powder (B) having an average particle diameter along the short axis of 0.1
to 0.3 p.m at a weight ratio of 5: 5t0 9 : 1, is coated on an inner side of a mold, it is possible to form a

release layer in which-egsily@xidizabletine: particles ave kacalizad,an anianes side i, «meld side) of
the release layer while hardly oxidizable coarse particles are localized on an outer side (i.e., silicon
ingot side) of thie felease layet absilgstrdted!im Bl bynudilizing<ecdiffefendesin movementrate based
on particle size at the time of absorption by capillary force of a mold. Since easily oxidizable fine

particles areTot&liZ2HONHE SUrRiet of BIRod stdd'6f & TeleasdayBe Mose adhkibr Between
particles that,are, axidizechby baking,and the-mold.cap he-obtaiped. In additign, since hardly oxidizable

coarse patrticles are localized on a silicon ingot side, reaction with silicon melt is inhibited so that
releasability £an bedmpraved attheltimeiobreteagse-afithe nojd f00i%jon iAeeordingrioshe method
for producing a polycrystalline silicon ingot casting mold having a release layer according to the
present invertdn MGG WitV & rélease et forrieratlow edst chnbe prodited: amtabtained mold

hasareb%%gld surfaces and the silicon ingot, or losses and damages
that occur when the solidified silicon ingot is released from
the mold, and also a silicon nitride powder for mold release
material for a polycrystalline silicon ingot casting mold and

a slurry containing it.

Sclution to Problem
(00107

Inventors of the present invention conducted intensive
studies to solve the problems described above, and as a result
have found that, by using silicon nitride powder with
different particle diameter as a raw material of a release
layer, a high-guality silicon ingot can be obtained at high
yvield by suppressing losses or damages that occcur when a
sclidified silicon ingot 1s released from the mnmold.
Specifically, according to the present invention, there is
provided a method for producing a polycrystalline silicon
ingot casting mold having a release layer, which is

characterized by comprising a slurry forming step for forming



layer which contains little amount of metal impurities and has high density, excellent adhesiveness is
obtained between a release layer and a mold. Therefore, permeation of a silicon melt caused by
cracks or damages of a release layer is prevented, solid solution reaction between silicon melt and a
release layer is suppressed, and also by having greatly improved releasability of a solidified silicon
ingot from a mold, an occurrence of losses or damages at the time of releasing a solidified silicon ingot
is suppressed, and thus a high-quality silicon ingot can be obtained at high yield. [0016] In the
method for producing a polycrystalline silicon ingot casting mold having a release layer according to

the presenfinveérition” the shiri/ i fofming dtep T8 Stérr b mikiRG B dfiicon rittidedicwder iWith water, the
silicon nitri r beipg obtai lending a silicon nitride der (A) having. an average
particle dia%r?él?fg;g a %ng ?tth@egslﬁ%%t §§%€)¥§§%§?§ @%ﬁﬁﬁﬁlg%ﬁ%&?} \ﬁTll?nn elﬁ)lo(\qméler ]f%\)/lrhg an
average paiticle dizangter along the shart ayis:ef 0140 £:2 ppa ata weightiratie o£5 5 t9 1 1. [0017]
As described herein, the "average particle diameter along the short axis" indicates an average patrticle
diameter along the shortaaxissthat i$ célcutatéd hyrsize nieaswement of a SEM dmagewThe average
particle diar@etehalon% the short axis calculated by size measurement of a SEM image is determined
(o

by drawing &°cirdig 19 contattBOTto 200 BarticieS - of KOO SERM &geillusfatatlinFret s
determining, the particle gi_@nﬁ;graagoggv}gg gggrtlagl(tsifgr 2l tgezp%rtiglfe in contact V\ﬂt&lrtg? circle, and

obtaining the average particle diameter. However, for fine particles, x10000 Mainﬁage Is’enlarged
(400%) to give aicopy swhich i thenassedrfgr measurement afterfdraningma Citcle asiexplained above.
For coarse patrticles, x1000 SEM image is used for measurement after drawing a circle as explained

above. [00£8]> X T Yn tHehreSenttiavehadi thecsilieen hitiide Powder dsed foF @ ralebzé 08ger can be
obtained b t ich includes calcining for crystallization non-crystalline silicon nitride powder
obtained b))é%?rgn%%g%\éé%‘ﬁ%%%%io%ogfttﬁérﬁ%tr éjn%gér?tgi’niﬁg% %ffa{:ng %8rﬁéoﬂﬁayw%?é# is obtained by a
reaction begween silicon halide and ammonia (i.e., imide method) or a method of pulverizing and
classifying lump-like silicon nitride powder obtained by direct nitridation of metallic silicon powder (i.e.,
direct nitridafiér kethod). [0019] For an imide method, for example, controlling particle size and
particle shape of silicon nitride powder can be performed by, at the time Qf(épreparing non-crystalline

silicon nitride powd%?,ecdﬁWoef%E%%t&lﬁfﬁi&? fafe BaSed onHedtiny tembefakird 4Rd dxX¥en
concentratign for thefrmaldecomposition apg@déusg@fz%%qugals% grawth rate based, on temperature

increase rate during calcination for crystallization. J00 When non-crystalline silicon nitride
powder is preparedgasdieafingieniperatureferthernal-gecamposition isshigher andialse axygen
c_oncentration in the obtained non-cr%stal‘line silicon nitride powder is higher, the crystallization starts at
h@haﬁemﬁé@ﬁﬁ@%ﬁwwder (A) having an average particle diameter along
the short axis of 0.6 to 13 um and a silicon nitride powder
(B} having an average particle diameter along the short axis
of 0.1 to 0.3 um at a weight ratio of 5 : 5 to 9 : 1. The
invention alsc provides a slurry containing the silicon
nitride powder for mold release material for a
polycrystalline silicon 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 formed on an inner surface of a mold by using
the silicon nitride powder.

Advantageous Effects of Invention

[0012]



crystallization rate becomes faster. Further, as temperature increase rate between 1100 and 1250C is
higher, needle-like crystal particles or fine agglomerate particles are more easily produced in
conjunction with rapid progress of crystallization. On the other hand, as the heating temperature for
thermal decomposition to prepare non-crystalline silicon nitride powder is lower and also the oxygen
concentration in non-crystalline silicon nitride powder is smaller, the crystallization starts at lower
temperature, yielding slower crystallization rate. Further, as slow temperature increase rate is lower
between 1100 and 1250C, the crystalline particle growth progresses more slowly, and thus coarse
particulate crystalliié€ F:tficlés Ay Bbtaifed Prrficulateldrgsiis 6FsilicodR Wrfide pdwder indicate
the particle%,g)ef3 ngaggrgé?/s%e& g\/gg as git rgtio g&é.ﬁ(}rg%sg,iqrﬁgt are not needle-like crystals or
columnar crystals. Ttis pos ible o prepare, b)yaéjﬁstlng a prepara ior condition based on'the above
characteristies,dhe silican aiftde powder (Ahhaving anavgragenartele diameteralonghe short axis
of 0.6 to 13 gm and the silicon nitride powder (B) having an average particle diameter along the short
axis of 0.1 &5-018ip. [0021d by Futbers by pulvetizingthe obtdined ohicrystalling silicon nitride
powder to the extent that coarse agglomerate particles with particle diameter of 50 pm or more in
terms of patidlé dianfetéraccdrdig B VoRiretHc Particie Se-GiRtrbufidn, WicHTE nidasured by
using laser (Hfraglian seatierigg fethad.aredol sonfained;  becomes possinleda piaduice siicon
nitride powder with homogeneous patrticle size while suppressing production of particles with
heterogenewtisipadticlecsize andparticle diametepdue; tarsimulianeous praduction of cearse particles,
coarse agglomerate particles, needle-like crystal particles, and fine agglomerate particles due to
abnormal ctystaligitewtieitfing calcinatioh fétcrystalfizaborvarisupsressed 100228 LeaThe silicon
nitride powdgrt%regg edfl%%thae ing)ige Cgnretg % Elﬁ%rgbediaib.ove is fine gartidesﬁ TI'herefo&ed although
thereis a sIPep of brie ly pu verizplng the ngg omerate, thé meditim'used oF%ﬁlvéfilzqat%% iS a metal ball
coated withyresin, os a sinteredssiliconnitride-product, and:thus theiincooration ampunt efymetal
impurities is extremely small, i.e., in several ppm or so, and thus it is a powder suitable for a raw
material of ydld 2elease traterial 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 polyvalant p%g@@ﬁﬂ@gpprgg@d@ya{%x\/gg known that the purity of a raw powder material itself
as a mold release material has an influence on power generation efficiency, and thus less
incorporatign an®unt 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
2907366 Bl, JP 2967367 Bl 6t IP3P282486 BL 100231 ranThé Hirettitridation méthod isTa method of

obtaining sillé:on nitride ngggr b\é?gaa-trea ing m%tallic siliconetunder itrogen or ammonia

atmospherd 13 Ritridé t and puiverizihg Sid pariying the hithded fifips, WWkén 3MEET fitfide powder is

produced hya direct nitrdation methods time is required for pulverizing nitrided lumps, a great amount
of metal impurities from a pulverizing medium is introduced, and the metal impurities remain in an

amount of several Bardred ppm ar prive grer afeng purification treayment ofpuivetized powder is
carried out by using mineral acid. In particular, a material with high hardness used for a pulverizing

medium, pBfyFalent metafike Er-andWATFHET artlirlikelyt6 didsBie duifihg a purification treatment
using mineral acid, arg inglyded ‘g&o%@%tz%@%%”}a%%} %y#fg%lggpce&aeiniip} a great amount after a
- as N I B ;

purification treatment. For such r ns, an imide method is favorable
behavior of silicon nitride powder having different particle

diameter.

Degcription ¢f Embodiments
(00147
In the method for producing a polycrystalline silicon

ingot casting mold having a release layer relating to the



for the method of producing silicon nitride powder used in the invention. [0024] Examples of the
nitrogen-containing silane compound as a raw material for producing silicon nitride powder include
silicon diimide (Si(NH)2), silicon tetraamide, silicon nitrogen imide, and silicon chloroimide. They are
prepared by a method known in the art, for example, a method of reacting silicon halide like silicon
tetrachloride, silicon tetrabromide, or silicon tetraiodide with ammonia in gas phase or a method of
reacting the silicon halide in liquid phase with liquid ammonia. Further, the non-crystalline silicon
nitride powdere%agnl%e lqrtl)%aei%ecdi%){la krgnwn metilwod, for examgle, thermal decomposition of a
nitrogen-containing silane compound'in the fempératdre ahge of 138070 14866 dnidef nftfogen or
ammonia ggs atmesphere e amethad of reacting; silicon, halide Jike silicon tefrachloride, silicon
tetrabromide, or silicon tetraiodide with ammonia at high temperature. [0025] The silicon nitride
powder (A)Used forthe sturry fdrming stepwnas antaverage patticlen diameter alongthe ghert axis of
0.6 to 13 lin, and preferably 0.7 to 12 gm. When the silicon nitride powder (A) has an average particle

diameter aldnd ti& Shoft axis otiess Hi4HE.6 ph theravid Bfly 3mall eiffefshcemisaridie diameter
compared to.the silicon nitride powder.(B), and thus | y_nqQt be possible to localize particle size in
the release%?e%r%%/elftiléﬁln%ng dfgpe?eﬁp( r%%%e?nxejh% r:gl)t%e"gf:jpé;r?C i n'z‘]L I%n'“L Saricle size %hil EE g ¢Bating a

slurry blended-withi silison aitiderpoweeriang havingsit absorbedonta a mold-kased an gagillary force.
On the other hand, in order to produce particles having average particle diameter along the short axis

of more thaE3 phy, itlis Aadessafy that thernfal depomptsition tehperature issloweréd to femperature

lower than goog,_orlterripserca(g%r%%croease rate between 1100 and 1250C is lowered to rate of lower
than 10C/hF dufing calcination for crystaiizatiBh Withott BefforMiRy ttiermial detdtFssitiort and thus

the productivity is,very poaranditis pracfically;not piseful, [0026] 1, The silicon nitride; powder (A)
having an average particle diameter along the short axis of 0.6 to 13 pm can be obtained by an imide
method, forexampléeana prepared: by adjiisting hrealing temperature forthermall deconapgsition during
preparation of non-crystalline silicon nitride powder, oxygen concentration in obtained non-crystalline

silicon nitri@é JoWdEE hRE IEmgeYAtre irncre dsa Tatevdarning taikmbloRaar 85 StalliZdiiohe f0027]
e e e
lowering oxyigen:coneenteation e ebtained nen-erystadlineisiliconditride powgder, 1ang:also 5
difference in movement rate based on particle size at the time
of absorption by capillary force of a mold. Since easily
oxidizeble fine particles are localized on the surface of a
moldsideofe&releaselayer,cioseadhesionbetweenparticles
that are oxidized by baking and the mold can be obtained. In
addition, since hardly oxidizable coarse particles are
localized on a silicon ingot side, reaction with silicon melt
is inhibited so that releasability can be improved at the time
of release of the mold.
[0015%]
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, an cobtained mold has a release



slowing down the progress of crystallization particle growth by reducing the temperature increase rate
between 1100 and 1250C during calcination for crystallization. [0028] For example, when a silicon
nitride powder having an average particle diameter along the short axis of 13 pm is to be produced,
there is used a non-crystalline silicon nitride powder which enables lowering the crystallization start
temperature during calcination for crystallization and slowing the crystallization rate by having heating
temperature for thermal decomposition of 500C for producing a non-crystalline silicon nitride powder
and oxygen concentration of less than 1 vol% in the gas introduced during thermal decomposition.

Further, the- ASREryEidifite SHEGF AR polvder RTRINETized 8t éxeRPREL 6d4r8e t@lomerate
particles with payticle diameter of 50.p e.inter f particle diameter according to the
volumetric particle éize %istribu%?én, wﬁ%ﬁs%gs%}gé%%%g%@ aser %ﬁﬁ%&t?oendcs%aet é"?ﬁl%nmethod, are
not contained-thesein By:uising steh-nea-taystallivesilicon Nigide-payvdes.andhaving the temperature
increase rate between 1100 and 1250C of 10C/hr, the crystallization particle growth is allowed to occur
slowly, andthd$ thespregactiBn carrbe Kehieveddfoo29ks Hurtherr when sesiliconsitridespowder
having an average particle diameter along the short axis of 0.6 pm is to be produced, for example, use
2N akiihe SGoh: m8e o

is made a Aon-crystafine §i 8 holider Wiich SRabiES Tierdasding 1 EryRtdiiz&tibh start
temperaturg dyé@@&@@@'ﬁ?é@n?@déﬁgﬁﬁé@é@‘? crystallization B’#e @x&w@%’t@Q}Eempefmwe
for thermal decomposition of 500 to 800C for producing a non-crystalline silicon nitride powder and
oxygen congentratien! of betweentlidnd 2 vofvzinstheighsfiintsoduced during thesmat deeomposition.
Further, the non-crystalline silicon nitride powder is pulverized to the extent that coarse agglomerate

particles witl? particR UitFEter 5E5F FANTGrmbré fiterhs ofFHMdE Hiafietsrsecoriig t6 the
volumetric Qggiggesgﬂ% d;stgigﬂ% rg%p é'sl me 8%@% b% Hsln&g Isauser giffracti n scatt r}lnhg method, are
' I g\i con nitride p?o%vdee? and havi ei

not contained therein. By using such non-crystalline sili having the to’emperature

increase rage Hetmeen:2100-gng 12506 0f S0&4Rr eklesstherarystallization pagicle, geowth is allowed
to occur slowly, and thus the production can be achieved. [0030] When the heating temperature

for thermal d&¢bfmbosition at the time of producing a non-crystalline silicon nitride powder is high and
oxygen concentration is also high in the obtained non-crystalline silicon nitride powder, crystallization

start temperature dufing CalGREGSH for eFy StAMZAforie Righ Cantas Eryétatiizafion ratebBtomes
faster, the grystallization (ay 9{99&9%3\%@1@!@0%%%% 5@ that Jts diffict to;praduge sflicon nitride

powder having even patrticle size. [0031 For example, when the heating temperature for thermal
decompositior is=highiet than-800C duting prepayationof nenscrysialline silicon sitridepowger, even
when the temperature increase rate between 1100 and 1250C is adjusted to 10 to 50C/hr, the average
particle diatneterialgng the shbrikis6TAE poWdePobtained aftéfcalcindticrofor edystalidation is

gasily less %z%vn 0.6 f'n%,.%nd fou{gtpaer, as 8thg cr sltglllqi. %tglon g;lte islfje}gté negglegfli]lf cr §ta| payticles or
fine agglomerate parfi)lclles%re prodluce , d}%hus it is difficult to prod%ce sﬁlcoﬁ%léag%%wder with
homogeneous paticle §izen average particle diameter along the short axis

of 0.6 to 13 um with a silicon nitride powder (B) having an

average particle diameter along the short axis of 0.1 to 0.3

pm at a weight ratio 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 calculated by size measurement

of a SEM image. The average particle diameter along the short

axis calculated by size measurement of a SEM image is

determined by drawing a circle to contact 50 to 200 particles

W



[0032] Further, when the temperature increase rate between 1100 and 1250C during calcination
for crystallization is higher than 50C/hr, it is difficult to control particle growth rate due to rapid
crystallization, easily yielding needle-like crystal particles or fineagglomerateparticles, and therefore it
is difficult to produce silicon nitride powder with homogeneous patrticle size. [0033] Further, if there
are coarse agglomerate particles with particle diameter of 50 jim or more in terms of particle diameter
according to the volumetric particle size distribution, which is measured by using laser diffraction
scattering method of non-crystalline silicon nitride powder, coarseézrticles, coarse agglomerate

particles, neédréake’ cryethl pariefest and finé Parities ard SimultaneBasly Préduded it #se coarse
agglomerale partielgs die.ipabnprnaletysial groni eceyired glyring calcingtipg farsctysigllization, so
that particles with heterogeneous particle size and particle diameter are generated, making it
impossible te produee siiconmittide powees with hormegeneous particle;size gadi beeemes difficult to
control the particle diameter, and therefore undesirable. [0034] Further, the silicon nitride powder
(A) having ah &lVefetje-paftiehcdismeteralond fife SR bxisof 0.6:1d° D3 Pn¥ Edin Beasredieed by
having heating temperat ar.thermal decomposition of 500 to 80QC for producing a non-crystalline
silicon nitridée %3\%%? anglgxgy/@@n Egnc%ﬁﬁgtio% of BBtieel 04 8nd> votléﬁﬁﬂ th%sgéz i%(:?gduced
during thermah decempasitigrruverizing it 4o the extent that coarse.agalomesatepartieles with
particle diameter of 50 1miormore in terms of particle diameter according to the volumetric particle size
distributions whicheis paedsiuted:by using ldset diffractionescattering mefhod ofdthe wbtaired
non-crystalline silican nitride powder, are not contained, and adjusting the temperature increase rate
between 1T00-8fd 125877 18 16 56EHF dufing RIHatRd 6@ Y&allization. [0035]  The silicon
nitride pow?%(@)}used in the forming of the slurry has an average particle diameter along the short
axis of 0.1 to 0.3 pm, and preferably 0.15 to 0.3 pm. When an average particle diameter along the
short axis is more than:0.2 pandberets onlyensmatk difference: inipasticle diameter gempaced to the
silicon nitride powder (A), and thus it may not be possible to localize particle size in the release layer
by utilizing'&Sdiffefent nfoveiieit $ate dependivorPpartielessizeduting eoatiny® Slurfyistiénded with
silicon nitrig%ggwger and h%ving it absogbed onto a qu(deL bas%d on capillary force. Meanwhile, it is
difficult to produce particles faving 8fage” idrfister 8fbng the shbM B of1BSs than 0.1

aving an average f)féfrﬁglae
pm by imide;method which doesmot includg,a pulveszatiop sten, Evendt-a non:crystalling silicon

nitride powder, which is obtained by increasing heating temperature for thermal decomposition for
producing howm-crystaltine siicamnitride’ powderite1d 00@rgrchigher, incteasing theoxygead
concentration in the non-crystalline silicon nitride powder by having oxygen concentration of 5 vol% or

more in thé’§ad HEBEGCET dufiRy BfdinTal teCBMPESIIGH &TtFefRBIes iftréhsig thettr§&allization
start temp%g%ﬂ% (qyri&g %a}%g@}liglafg%cr si%}gzratign ndairggre Sai;% %hg qr stailgrgtiorjr tg, is used as
%Xl ficle diameter a(fong %1 }r{t

£ e L L
a raw material, particles having an average par & short-axis of Iess than 0.1 p.m

can be proguced;der exampleialsg by droreasing the-temperaturednerease: rate hetweensl 00 and
1250C during calcination for crystallization to rate of more than 100C/hr. However, as the production
ratio of neéthé-Hike erystal baritlevorfiferadglomeratéipztidles itridation method) .

[0019]

For an imide method, for example, controlling particle
size and particle shape of silicon nitride powder can be
performed by, at the time of preparing non-crystalline
siliconnitride powder, control of crystallization rate based
on heating temperature and oxygen concentration for thermal
decomposition and adjustment of particle growth rate based
on temperature increase rate during calcination for

crystallization.
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is also increased, a pulverizing step is necessary. Thus, in order to produce particles having an
average particle diameter along the short axis of less than 0.1 1.1m, a pulverizing step is necessary,
which inevitably leads to incorporation of metal impurities, and therefore it is undesirable as a raw
material of a mold release material. [0036] The silicon nitride powder (B) having an average
particle diameter along the short axis of 0.1 to 0.3 mm can be obtained by an imide method, for
example, and can be prepared by adjusting heating temperature for thermal decomposition during
preparation of non-crystalline silicon nitride powder, oxygen concentration in obtained non-crystalline
silicon nitridk’ &/\%ﬂer, and temperature increase rate during calcination for crystallization. [0037]

Further, when a smﬁug\%{eralgglpgé '%gQ?mef%realo%g ﬂecshort a}lxﬁirs. fsired, thg heatin

temperature for thermal decomposition Is increased for progﬁcing a no"?ﬁ-cerystglﬁﬁoe Sificort Ritride
powder andnerpenystallinessitieen nitride- pewder:having high axygen soneentration n the,gbtained
non-crystalline silicon nitride powder is used as a raw powder material. By using such non-crystalline
silicon nitrideSpoWder sthe efydtatlizatonraruistincreased; and tHereforenfinearystéllire particle powder
can be obtai%end_.clj-lov% ve{,lto suppresls,abnormal gar,ticle growth during calcination for crystallization
or growth of mixed partidies Hefuding - hedle-fike"dry&tal pRRiILES and fine Aggititeraté particles, it is
necessary to.Gasky-0ut {he pulygrizationtoithe extgnt that.coarse ag@gmgggg tp@gt'écles \évjhtg particle
diameter of 50 IAm or more in terms of particle diameter according to the volumetric particle size
distribution cwhigh és. feastredrby usingdaseb diffraction scattering.methodrofmone=erystalline silicon
nitride powder, are not contained. Further, by adjusting the temperature increase rate between 1100
and 1250C 'dtfiRg taleifaftion for f/atalfZto forirationiofHeadiel ike Thystal particies and fine

agglomeratgaidles: which s aceompanied withfapid progress of eystallization Is suppressed so

that silicon nitride powder with-homogeneous particle size can ro ucedd.gi?o fithen a

silicon nitride-powderhaving B avesage:particle diametaralong the shortaxisofQ-14.1o)is to be
produced, for example, a non-crystalline silicon nitride powder which enables increasing the
crystallizatibh staittermpératdretduring caleimatidneforcérystalliZzation and increasing ¢he: dnystallization

rate by hav(#netheeating temperature for thermal decor(frk:gosition of 1000C for producing a non-crystalline
silicon nitridé pewder and oxyderrconceRfrafigh of 4 15§ V8RE T theCdas infrBducéd 88ARE thermal

decompositiom is.used. ey s privsrized o fne.extenk Mt coarse agalomerate pardes with
particle diameter of 50 !Am or more in terms of particle diameter according to the volumetric particle
size distributiong sehichoisaneasured. by using laser-diffractien scattering methad, arednot gontained in
the non-crystalline silicon nitride powder. By using such non-crystalline silicon nitride powder and
having the ¥tHS&raturelinctBase: filfe betBer L0t and 1250C 8R80%bA0DE/ha thel erystallization

particle groyvéglafbsn?@lg)%erdato occur glast and_LaIso formatiqcnacif}n.eedIe,-Iike crystal particles and fine

agglomerate particles, which’is accompanied with rapid prograés 6f (HWstallization” B<ubpressed, and

therefore a:siliconditriderpawdenhaving.ommagenaus:parigle size with.an,average particlg diameter

along the short axis of 0.1 Ka can be obtained. [0039]
1250°C, the crystalline particle growth progresses more
slowly, and thus coarse particulate crystalline particles are
easily obtalned. Particulate crystals of silicon nitride
powd@r'indicatetﬁx&particlescﬁfhexagonai,systenlwitklaspect
ratio of 1.5 or less, that are not needle-like crystals or
columnar crystals. It is possible to prepare, by adjusting
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 pm and the silicon

nitride powder (B) having an average particle diameter along

11



Further, when a silicon nitride powder having an average particle diameter along the short axis of 0.3
lam 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
having heating temperature for thermal decomposition of 800 to 900C for producing a non-crystalline
silicon nitride powder and oxygen concentration of 2.2 to 4 vol% in the gas introduced during thermal
decomposition is used. Further, it is pulverized to the extent that coarse agglomerate particles with
particle diameter of 50 jim or more in terms of particle diameter according to the volumetric particle
size distribtﬁi%ﬁ, Fhiths fieksurdd l@y &siﬁ@ lasef diffaction scattering method, are not contained in
the non-crystaling silicon nitride powder. By using such non-crystalline silicon nitride powder and
having the temperature increase rate between 1100 and 1250C of 60 to 80C/hr, the crystallization
particle growth is alfowedhtorgcauy fast and:aisoi fesmatien of needledike srystal particles ard fine
agglomerate particles, which is accompanied with rapid progress of crystallization, is suppressed, and
therefore a $iicof Pitridé o IR bMdgencus FaHiclesite With zeaveragepartidie diameter
along the short Qz.dsmof 0.3 mm can be .obtained. [0040] _Further, when the heating temperature for
thermal decomiposition-fof produeing nén-crydtiite icdhinitiie Powders higher th& T£00C and
the oxygensengenteationdn se.gas whichds intedyged forihermal decamposition,is.equal to or higher
than 5 vol% and the obtained non-crystalline silicon nitride powder is used as a raw material, the
crystallizatiea sfart tbhfjeratuve becomesleven higher andabel crystallizationgatesbecomes-even faster
during crysgsjlrlsigftion, and thus even if the temperature increase rate between 1100 and 1250C is

|

controlled, ifficuit 16 ProGade 8 SiitonHitine povider 8 h&aRRd RdmdendblisIFHEIE Size with an
average paticle diameter, alang the shortaxis f 0.1,t0,0,3 mm. In.addition, the formation ratio of

needle-like crystal particles or fine agglomerate particles is high in the powder aftet calcination for

crystallizatipn ranid-density-ef release tayep isdower after caating: dmaddition; itipay. noy berpossible to
utilize the difference in movement rate depending on particle size during coating the slurry blended
with the silie6rr Rt pENEET dRiHalvingit BBsorbedBasedon capillaty fored: ofra thotd &sit is

hampered gy.L Iq%%dclg}gilée 1nl:rglstal Ce}rﬁ:?ticles:,L gnd therefore undesirable.é0041] Further, when the
temperaturs increase rate between 1100 and 1280C i Righ&Fthai 100E T Séystafizatiotcontrol is

difficult to achipveracearding w-sapicirograss o erystallizatien, and.abnormat particle grgwth occurs

or needle-like crystal particles and fine agglomerate particles are mixedly produced, making it difficult
to produce theisiliesrvditriderpawderdB) having an averagesparticle diametes along dhe shert axis of
0.1to 0.3 um. [0042] Producing the silicon nitride powder (B) having an average particle diameter
along the sHEftEX® GFO-E13'8 310 caR beHchiovad byaAcreasing Feating rrfsaratire for thermal
decomposit[i%re)gojproducing non-crystalline silicon nitride powder to 800 to 1100C, by having oxygen
concentration of 2.2 to 5 vol% in the gas introduced during thermal decomposition, pulverizing the

obtained non-crystallisessilicondnitriderpawieptoihe exeatdhateoarse agglomerate paricles with
particle diameter of 50 um or more in terms of particle diameter according to the volumetric particle
size distribGEsH; WhicHlis aleasared by bsing laser ditfrdction scatteringmethod parelnotzontained,

there is a step of briefly pulverizing the agglomerate, the
medium used for pulverization is a metal ball coated with
resin or a 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. 2As described in
JP 2007-261832 A, electric power generation efficiency of a

solar cell is impaired by metal impurities that are included
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andbycontrollingthe temperature increase rate between 1100 and 1250C during calcination for
crystallization to rate of 60 to 100C/hr. [0043] In the production method relating to the present
invention, it is important that the silicon nitride powder (A) having an average particle diameter along
the short axis of 0.6 to 13 ..tm and the silicon nitride powder (B) having an average particle diameter
along the short axis of 0.1 to 0.3 jim are blended at a weight ratio of 5: 5 to 9 : 1 in high purity silicon
nitride powder. When the weight ratio of the silicon nitride powder (B) is higher than 5 : 5, for example,
particle siz%gra{gient %r#a release Ia%/er based on a difference in.movement rate in_ accordance with

particle size tar bé& obtaiivat diring coating a Sluks tontaihing a bletitorsiifcdn nitide pdfders and
absorbing ithased;on.capillary force.of a mold; However, an a,sidg whieh is.claser toa siligon ingot
side than the state illustrated in FIG. 1, ratio of fine particles increasés and, although the overall
adhesivenessanihstrengtir efta delease layeware improved evertat low baking fempesatige, there is a
high risk of having cracks or damages caused by shrinkage during baking. In addition, as the oxygen

concentratiBf 1114 TelBadePayérat shdningot silelS high&ie #ie esactivityawita dilidonsmalt is
increased, fore esirable. Further, when the weight ratio of the silicon nitride powder (B) is
lower than gﬁﬁmfg%%%m%?g iﬁ?%s?ve eéslgeg \;%rj‘e?gasg %%g? with & mold’ én Oé}lrlesng?hegfs a release

layer are signifieantlylawered, andtherefore urdesirablep[0044l o5 A slutrycoptaining silicon nitride
powder, which is used for the slurry forming step, is a slurry obtained by mixing the silicon nitride

powder witAlaater! specifigally byimtdducting a pre-detémmined areunt of thewsilitort nitride powder
into a vess%I together. with digstillﬁd water, filling with a silicon nitride ball, and stirring the mixture for a
esiranl - k%g

pre-determinied tinte USing a mixiftg EFUSheF ke vibration mill Sbafl il aRd pafit shaket OF using a
stirrer with wingssueh as paddle wing.ror adriahsgrged planetagy stirre when.nobalkis used. [0045]

Since the silicon nitride powder (A) and (B) obtained 6y calcination for crystallization are in brief
agglomeratéiparticle state, when prepared as a slurry after dispersion in water by itself, slurry viscosity
may easily increase. Thus, it is subjected to a brief pulverization treatment. For a step of briefly
pulverizing %%B%Merate particles, a metal ball coated with resin or a sintered product of silicon nitride
's used as a mediugyyse for pulyerizatiqn. As mixed amount of metel impurities Is extremely small,
i.e., in several ppm or so, it is a powder sUitablé as a raw maferial Of 2 reledse matérial fota

polycrystallinel silicon ingat:meld. [0046l » L The ceating,af the slurmy dorpreducing a pelygrystalline
silicon ingot casting mold having a release layer according to the invention is a step of coating mold
surface with s gluriy. ormtaining SHicenmitidespowden, syhilemmaintaining the faidifytof thelparticles.
The slurry containing sjlicon nitride powder is used for. coating a mold release material, by which inner

surface of & QUAITS &ricible With Borbsity ofE6 16 3696-as AHh6ldiEBBated With & réfeasehaterial
USing a spray 3 biyief, 01,8 sbatula.anghedluidily is pigferably mainiaied such,inds g coated
slurry is not released from a mold to the extent that it does not inhibit the movement of silidon nitride
particles intaiceatedreteagedayei. for pulverizing nitrided lumps, a great
amount of metal impurities from a pulverizing medium is
introduced, and the metal impurities remain in an amount of
several hundred ppm or more even after a purification
treatment of pulverized peowder is carried out by using mineral
acid. 1In particular, a material with high hardness used for
a pulverizing medium, polyvalent metals like Cr and W, which
are unlikely to dissolve during a purificatiocon treatment
using mineral acid, are included in a great amount, and they

usually remain in a great amount after a purification

treatment. For such reasons, an imide method is favorable
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[0047] When a mold is coated with the slurry containing silicon nitride powder, a release layer is
formed due to absorption based on capillary phenomenon caused by fine pores present In a mold,
whereby fine particles are attracted more to the mold near mold surface region, and fine particles are
localized on an inner side (i.e., mold side), while coarse particles are localized on an outer side of the
release layer (i.e., silicon ingot side) due to fewer fine particles. As a result, a state of conceptual
drawing of FIG. 1, which illustrates the localized state of particles in the release layer, is obtained.
Thus, when.viscosity of the slurry containing silicon nitride powder is 500 P (poise) or higher,
movement rate (;%fsfé%crgr? %%ﬁ(#e %/gcrt%%}sgilﬁ%lfé?ef’sle%éﬁé)rgcgﬁtga With sy EGitiniy silicon
nitride powderds sloys ,and.thus it is difficult to have particle localization. In addition, when viscosity of
the slurry containing silicon nitride powder described above is 1.5 cP (centipoise) or lower, the release
layer coated Withéthe 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 particle¥HAa doe$hot Aol driy SHygireP [00UBI L nY Thé aéthearerpraduting a
polycrystalline. silicon, ingot gastmgrﬁgé%aa%@a g fsei%affdg'%y%rﬁ%cgr éngé%él“erp“eﬁs%‘@ve”“o“ may
' [ to the mo oh

further include permeating moisture of slurry into the In order ave more sufficien %bsorption
of the coated slutry containing siconsnitride)povdesbased-on capillary-phenemenom hy-fine pores
inamold. Examples of the permeating of the moisture include drying at 30 to 120C. [0049] Further,
in the method f&opreauEihgEepolyery stallide siliceh ingot tastitg -molthkaving @ refeaserayer relating
to the pres%nt inventtign,dthe heating1 stepis a steég\)ﬁfor carrying out a heatin(%etreatment of a mold

& deF 42860 for 1206 Gider 6x§G8M-cdRtaining

coated with thé' iy Contaisiig s Rifds p

atmosphere.{The-sjlicon nitride powderig oxidized atthe temperature of300C or higher upder

[/

atmospheric air condition. In addition, when the temperature is higher than 1200C, excessive
oxidation state is2yielded,dand asrillustrated in RISt Bafineiparticles are mare aasily oxidized while it is
difficult for coarse particles to oxidize. By using a silicon nitride powder in which fine silicon nitride
powder an® £8&ReJHicdnrHitride howder 376 blendedasify bxithzable ind paiticlds arellecalized on

an inner side (.e, mold side) of the release layer toyield close adhesion between particles, that are
oxidized b)c/gj bak%ngr?v%h calgn %Ln unolmelér;l%I;"(i"/géle'n-coﬁ{lntgil‘?lllqneg‘lﬁsitrﬁjtc)d}slpefher}(ca),n and gl%%@ adhésion between

particles and;a moid, white- hawly oxidizable coasseparticlesars,localized:pnan:outer side (i.e., silicon
ingot side) of the release layer, to yield lower oxygen concentration on the surface of the release layer,
and it also g&RpEMVent pemeaticn Besuppressing solid sélution of siticgr melto Furher with regard to
coating of the slurry containing silicon nitride powder, the above-described release layer can be

formed by SihgRTCoatiRGRGGWEVEr as e §5ME BHRELGh B BB By R BPmbfé84tings, and
therefore, g palycrystalling silicon, ingat casting "g?é%caa&%%emggéd %%OVaV C%%t& ﬁ;&% by, preventing
0

permeation of silicon melt, a solidified silicon ingot has improved releasability, and thus the silicon
ingot can besproducey atihigh yielda[0086] 1 i kd heipalyerystadine-siiconinget casting saeld produced
by the method for producing a polycrystalline silicon ingot casting mold having a release layer relating
tetrabromide, or silicon tetraiocdide with ammonia at high
temperature.
[0025]
The silicon nitride powder (A) used for the slurry
forming step has an average particle diameter along the short
axis of 0.6 to 13 pm, and preferably 0.7 to 12 um. When the
silicon nitride powder (A) has an average particle diameter
along the short axis of less than 0.6 um, there is only a small

difference in particle diameter compared to the silicon

nitride powder (B), and thus it may not be possible to localize
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to the present invention is a mold for cast molding of a polycrystalline silicon ingot, which is
characterized in that a release layer containing silicon nitride powder is formed on an inner side of a
mold, and easily oxidizable fine particles are localized on an inner side (i.e., mold side) of the release
layer while hardly oxidizable coarse particles are localized on an outer side (i.e., silicon ingot side) of
the release layer, and therefore the mold side has high oxygen content and the silicon ingot side has
low oxygen content. By using a polycrystalline silicon ingot casting mold having such release layer, the
inner sidejgée molgoside? of the release layer exhibits close adhesion between patrticles, that are

oxidized b aﬁ&ﬁé: it cafchiTatioh Under SxyienScomaiiing atnidsbhere: AhdPcifse SakEion between
particles and-a mold,.and.the oulerside (.., 5ilicon.ingat side) of the selegse layerhas lower oxygen

concentration and can prevent permeation by suppressing solid solution of silicon melt,’and thus the
releasability bf asplidifiechsiicondingat fram acueldris greadly impreved. Further, aniegeutrence of
losses or damages during releasing the solidified silicon ingot is suppressed, and thus a high-quality
silicon ingat 88R Pessbtaimed & ﬁ}@% Viélad STie PRatetial-dflemvld i3t parfieulaily linitedir and

examples tﬂgt can be %engrally used in&lude a qu%lr.tz Eruci_%lggnd a_guartz crucible jcnls(tﬁlleed within a

graphite crumBIeT E%(%lmﬁles(,e ]TOBglfm Fierein be &v(\?, the invention is ‘é%l%ﬁlee&J f'ﬁrgreater detail in

view of the spegific examples[0052] (Examplesdito 15} o Fitstof all, aerystalling siligon nitride

required for producing a polycrystalline silicon ingot casting mold having a release layer relating to the
present inveAties was prepared: fG0561 L deSitizor dilrhiderwas prepasdad by réacting/a teldene
solution containing silicon tetrachloride concentration in a concentration of 30 voi% with liquid

ammonia foifoweE B Vdshiry WRHTGUIG AmmoRi& arfddiify: (00541 e increase rate

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

[0026]

The silicon nitride powder (A} having an average
particle diameter along the short axis of 0.6 to 13 pum can
pe obtained by an imide method, for example, and prepared by
adjusting heating temperature for thermal decomposition
during preparation of non-crystalline silicon nitride powder,
oxygen concentration in obtained non-crystalline silicon
nitride powder, and temperature increase rate during
calcination for crystallization.

[0027]

Having a large average particle diameter along the short
axlis can be achieved by lowering heating temperature for
thermal decomposition during preparation of non-crystalline
silicon nitride powder, lowering oxygen concentration in

obtained non-crystalline silicon nitride powder, and also
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The obtained 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 powder to obtain a non-crystalline silicon nitride powder for producing the
silicon nitride powder (A). In addition, the obtained 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: 2.2 to 4 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 (B). [0055] The

silicon nitride- SSWHEr (A deSctib&d MARE Bkathples f 165 WhdHrépardtad foll oI FREE he heating
temperaturg forthermal decompasifional dhe sllcon diimidecpquder was dusted (g7 00C,and the
oxygen concentration in the gas introduced for thermal decomposition was adjusted to £V61% for
producing a pen-crystaline giliean pitride- pewder, and thes ebtained-non-erystalline silicon nitride
powder was pulverized using a continuous vibration mill filled with metal balls coated with nylon to the
extent that éggr%%}agglomerate particles with particle diameterofSOkmormore in terms of particle
diameter accordingE,tgrthg v%llmleetric Qﬁ%ircfle sizgfistributiontwhi his me(ﬁsyrggaegy laser diffraction
scattering method, aré not contained. The palverized Ron-¢rystalfiie SfEGH it pdtdérwere added
to a cruciblg \F@@%'%%f graphite, gnd fhe temperaturg was incregsedto 1100C fer 4 hoyys,.and further
increased to 1550C for 4 hours while having the temperature increase rate of 20C/hr between 1100
and 1250CtAftérckepping ameltalciring it at $550&:for & hnfollewed by ebaling: theipawder was taken
out and subjected to brief pulverization by using a continuous vibration mill filled with metal balls

coated witH fylon &5 o BRI SiFcdh ifride POt Felafiftg to Exarhpies 118 Bt whichzids &4 average
particle diameter.along the short axis, of; 6,5 [00p6] similarly, %%%S&Crggé“ét“% g&%vzggk(é%&e'at'”g. o
Examples 6 to 10 was prepared as follows. First, the heating temperature for thermal decomposition of
the silicon diimiderppwdenwas adjystedito 760C i and the oxygern-goncaatration inthe gas introduced
for thermal decomposition was adjusted to 2 vol% for producing a non-crystalline silicon nitride
powder, andshie obedidad:nbncrystaltine silficoronitridelgowdenfas puierized wsinguaccontinuous
vibration mill filled with me&al Pi\”S coated gvjth nrylon to the extent that coarse agglomerate particles
1n & o] §

with particlé diameter of 50TH of More in et of particle Aiameter 5eeording t the¥biifetric particle

size distribution; ayhichis:measured by laserdiffractionsscatiering method are nog confained. The
pulverized non-crystalline silicon nitride powder were added to a crucible made of graphite, and the
temperaturelwagniatreased tonptGOC: for=. hoursFamd fuether increased 4o 165G farl4 hawrs while
having the temperature increase rate of 50C/hr between 1100 and 1250C. After keeping and calcining
it at 1550CTor 1 A folldwéd B§ E50fiAG e powdes wWastdken biitaRd Sebjedtda fodsriet palverization

by using a gontinuouséy{bratlon mill filled wi metaltbia(ljlié:ogted with nylo obtain silicon nitride

powder relating to EXanipless to ,%v%ivéﬁ%sp &N avérage particis dtam téﬁéﬂha%h@%ﬁ%rt axis of

0.65 [00571n teSimilady; the sificen itride-powder (A} elating:tp Examples 11 toA5wasprepared as

follows. The heating temperature for thermal decomposition was adjusted to 500C and the oxygen

concentration i el §as itfoducedforthernal debdmpositionawas: adjdstad to 0:50veks for producing

a non-crystcgtyipgrsglicgn nitriggé)owder., and the obtained non-crystalline silicon nitride powder was
asvi

pulverized Uaing & Contiftiots dibration’ Hilltied With métal PAls Catedwith fiyibR%6 #ieé extent that
coarse agglomerale, particles with particle. diameter.of S0t o, more inyterms of parficle diameter
according to the volumetric particle size distribution, which is measured by laser diffraction scattering
method, aredot contaired cThe-pulverized ner-eeystalline siliconwnitdde powderwereadded to a
crucible made of gra hite, and the temperature was increased to 1100C for 4 hours, and further
increased ©t1580€ f6r4 hotirs Whileshavdng theltéaperatilelindrease vatelof 10/ hL betwvéen 1100
and 1250C, After keepin gn:dL alcining it at. 1550C for 1 hr followed by cogling, the powder was taken
T
out and subjected to%t?rfé%pﬂqlvgﬁza%%ﬁgbg%%lsn; %%oﬁt}fr?u%ﬁ%%ﬁborgtigr% r%il%fﬁle%lcv]\f/}ifh%%% al balls
coated withy pylon 1o obtain silicon nitride powder relating to Examples 11 to 15, which has an average

particle diameter along the short axis of 12.8 p.m.
Further, when a siliconnitride powder having an average

particle diameter along the short axis of 0.6 um is to be

produced, for example, use is made a non~crystalline silicon

ie



[0058] Subsequently, the silicon nitride powder (B) relating to Examples 1 to 10 was prepared as
follows. First, the heating temperature for thermal decomposition of the silicon diimide powder was
adjusted to 1050C and the oxygen concentration in the gas introduced for thermal decomposition was
adjusted to 4 vol% for producing a non-crystalline silicon nitride powder, and 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 termsggé)article diameter according to the volumetric particle size distribution, which is

measured By a5 dift 8o sEASHRG iethod® ar8 Fot 2ontained $Helplivetized roniéHistalline
silicon nitride powder were added. to.a.crucible made of graphitsand the temperature was. increased

to 1100C for 4 hours, and further increased to 1550C for 4 hours while having the temperature
increase rate p100C/he betiveen 1206 ard/1266€ i Affertkeepihg @and ealginingtitiat1550¢ for 1 hr
followed by cooling, the powder was taken out and subjected to brief pulverization by using a
continuousitsratien mildifeanithima@nbaitd coatéd with nfiBA 16 obtain siiced nitdde povder relating
to Examples 1 to 10, which has an average particle diameter along the short axis of 0.18 'Am. [0059]
Sty B S e pouder (5 st EXLIE11 (LS A4S profhind asTollgas, First, te
heating teraperatine forithermaldecompasition thessificer dimide pewderwas adiusted-to4900C and
the oxygen concentration in the gas introduced for thermal decomposition was adjusted to 4 vol% for
producing awbdhicrystatinessilicerenitridesiowder - and wird bbtaingd:ron<crystaliing siliedn aitride
powder was , pylverized usingéa continuous vibration mill filled with metal balls coated with nylon to the

extent that &barse“aggibmerate pakities with parficle diamheter ot 8¢ i Gt moré in 1Emi< st particle
diameter ageprding o fhe volurpatic paricle sige distribuion, which s mpasured by gsey diffraction
scattering method, are not contained. The pulverized non-crystalline silicon nitfide powaé“r were added
to a cruciblermade ofgraphite, :andthe temperature wasciner¢ased ta1100C fos Yaheurs.iand further
increased to 1550C for 4 hours while having the temperature increase rate of 60C/hr between 1100
and 1250C° After Keépingahd eSIEiRing it aCI550C $671 H fofcvretl By dobling 1he pedsr was taken
out and sugjggtgg to tbriglfl plélv%@zcaetliog b umsle a gonténruous sljcbr%tci)% millnfill dtvﬁ,th metal balls
coated with nylon 16 obtain Silicon nlﬁldne%ow er relating fo Examples 1169 , W ich has an average
particle diametersalong the.shor axis-af0:28 pm: {Q060] 1 ;1 - Fhe gbiaineg:silicop nitridg pewder (A)
has specific surface area of 0.2 to 3.0 m2/g and an average particle diameter along the short axis of
12.8 to 0.6 vmnandike ohtaired silicen hitride pewdes {B) has specific s0facaarea ©f 7:to 12.0
m2/g and an average particle diameter along the short axis of 0.29 to 0.18 pm. 10 g of mixed
silicon nitriété poWdef 'bbtaifed BY fixinG e EMiEsR hitride bowdeRTAY éﬁ(f B P& Weight ratio of 5 :

5t09:1'%ﬁ98&g§m@9V%%@ﬁgn%%gggfgsggﬁ]ihus the producticn can be
achieved.
[0030]

When the heating temperature for thermal decomposition
at the time of producing a non-crystalline silicon nitride
powder is high and oxygen concentration is also high in the
obtained non-crystalline silicon nitride powder,
crystallization start temperature during calcination for
crystailization is high, and as crystallization rate becomes
faster, the crystallizationmay progress significantly fast,
so that it 1s difficult to produce silicon nitride powder

having even particle size.
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nitride ball (10 ymm) were introduced into a 100 cc polyethylene bottle and sealed therein, and fixed
on a vibration mill, followed by shaken for 5 min with amplitude of 5 ram and frequency of 1780 spm to
give a 20% by weight aqueous slurry. [0061] A quartz crucible (width x depth: 5 cm x 4 cm) with
porosity of 16%, which has been previously heated to 40C, was coated with the above 20% by weight
aqueous slurry was coated by spraying followed by drying at 40C. The quartz crucible after coating
was again dried overnight at 40C. After drying, the temperature was increased to 1100C within 4 hours
under atmo?CBh%ric condition using a box type electric furnace. After keeping it for 4 hours at 1100C
followed by o% &d the release layer was baked onto the quartz crucible. Thickness of each release
layer was 100 to 2 asapgvera u fi ' e t. [006, J} .In the quartz
crucible with bakeg%ﬁ%gése Iayeyr,8 ’75?%1 \oé?fllz %oﬁém}{r% gs)?gfga&::u es ae\r%%lg% Bl[fr(?tygo 59?5350%avgere filled.
Using a boxitype:gleatrie fusRaces it wasimaintained fend foursyntih 10 pa:hours from, 2000C to
1450C, and 4 hours at 1450C under Ar flow of atmospheric pressure followed by cooling. After cooling,
it was taker 8t oFiHé fiirnadé andobséfrd for evaluding reledse state vEurther: Sihmélhpermeation
state in center bottom tBart of the crucible was observed with a naked eye. Further, after embedding

Fipart ofthe e with dh BB fasin 14 Er6S¥istétiéh near the Bottoftipart of the

the center bottom pa

release layequas eutaptcand ihena cinssssctional view oiherelease. ayel (AP fyagnification)
6n state. Th

was obtained by using FE-SEM to observe and evaluate the Si melt permeati e results are
shown in Table<. [0063] theln thepérmeationtstatess! Si ateltsn crucible tlesaribed in Table 1, 0
indicates that the permeation of silicon melt stops on surface of the release layer, 0 indicates that the

permeation“oF&iicon Melestbps if the feslddse 1a§ee A liicdtes thidt a small Bmdurt bf thesilicon melt
permeates infa part of the guarz crygible, and x indicajes that t'?kee%g‘i%n—q‘ft encey%%el:sa € quartz
I ' gardto't

crucible and leaks from an opposite side of the bottom of crucible. Further, with re e release
state of siligan-inget] Odndicates:that:itis cormpietely released withoutanypastial stigking 4@ the quartz
crucible, 0 indicates that releasing can be made although there is slight sticking to the quartz crucible,
A indicates‘thatthklatetalsifié of thetqliarte triibte isieldazed buit'the Bottorside isvsticking, and x
indicates cgm}glete stickinsg to thg .eniire %uartz crucible, showing no release. [0064] [Table 1]
womogeneous particle size.
(00327

Further, when the temperature increase rate between
1100 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 yielding
needle-like crystal particles or fine agglomerate particles,
and therefecre it is difficult to produce silicon nitride
powder with homogeneous particle size.

[C033]

Further, 1f there are 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 of non-crystalline silicon nitride powder,

coarse particles, coarse agglomerate particles, needle-like
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Classification Formulation of silicon nitride particles Evaluation result of release layer Silicon nitride
powder (A) Silicon nitride powder (B) Mixing ratio based on weight Permeation state of Si

crystal particles, and fine particles are simultaneously
produced in the coarse agglomerate particles due to abnormal
crystal growth ococurred during calcination for
crystallization, so that particles with heterogeneous
particle size and particle diameter are generated, making it
impossible to produce siliconnitride powder with homogeneous
particle size and it becomes difficult to control the particle
diameter, and therefore undesirable.
0034

turther, the silicon nitride powder (A) having an
average particle diameter along the short axis of 0.6 to 13
pm can be produced by having heating temperature for thermal
decomposition of 500 to 800°C for producing a non-crystalline
silicon nitride powder and oxygen concentration of between
0.4 and 2 wvol% in the gas introduced during thermal
decomposition, pulverizing it to the extent that cocarse
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 using laser
diffraction scattering method of the obtained
non~crystalline silicon nitride powder, are not contained,
and adjusting the temperature increase rate between 1100 and
1250°C of 10 to 50°C/hr during calcination for
crystallization.
[0035]

The silicon nitride powder (B) used in the forming of

the slurry has an average particle diameter zlong the short
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melt in crucible Release state of silicon ingot SSA (m2/g) Average particle diameter along the short
axis (M m) SSA (m2/g)

axis of 0.1 to 0.3 um, and preferably 0.15 to 0.3 um. When
an average particle diameter along the short axis is more than
0.3 um, there is only a small difference in particle diameter
compared to the silicon nitride powder (A), and thus it may
not be possible to localize particle size in the release layer
by utilizing a different movement rate depending on particle
size during coating a slurry blended with silicon nitride
powder and having it absorbed onto a mold based on capillary
force. Meanwhile, it 1is difficult to produce particles
having an average particle diameter along the short axis of
less than 0.1 ym by imide method which does not include a
pulverization step. Even 1f a non-crystalline silicon
nitride powder, which is obtained by increasing heating
temperature for thermal decomposition for producing
non-crystalline silicon nitride powder to 1100°C or higher,
increasing the oxygen concentration in the non-crystalline
silicon nitride powder by having oxygen concentration of 5
vols or more 1in the gas introduced during thermal
decomposition, and enables increasing the crystallization
start temperature during calcination for crystallization and
increasingthecrystallizationrate,isusedasearawn@terial,
particles having an average particle diameter along the short
axis of less than 0.1 pm can be produced, for example also
by increasing the temperature increase rate between 1100 and
1250°C during calcination for crystallization to rate of more

than 100°C/hr. However, as the production ratio of

needle-like crystal particles or fine agglomerate particles
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is also increased, a pulverizing step is necessary. Thus,
in order to produce particles having an average particle
diemeter along the short axis of less than 0.1 um, a
pulverizing step 1s necessary, which inevitably leads to
incorporation of metal impurities, and therefore it is
undesirable as a raw material of a mold release material.
[003¢6]

The silicon nitride powder (B) having an average
particle diameter along the short axis of 0.1 to 0.3 um can
be obtained by an imide method, for example, and can be
prepared by adjusting heating temperature for thermal
decomposition during preparation of non~crystalline silicon
nitride powder, oxygen concentration in chtained
non-crystalline silicon nitride powder, and temperature
increase rate during calcination for crystallization.
[0037]

Further, when a small average particle diameter along
the short axis is desired, the heating temperature for thermal
decomposition is increased for producing a non-crystalline
silicon nitride powder and non-crystalline silicon nitride
powder having high oxygen concentration in the obtained
non-crystalline siliconnitride powder is used as a raw powder
material. By using such non-crystalline silicon nitride
powder, the crystallization rate is increased, and therefore
fine crystalline particle powder can be obtained. However,
to suppress abnormal particle growth during calcination for

crystallization or growth of mixed particles including
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needle-like crystal particles and fine agglomerate particles,
it is necessary to carry out the pulverization to the extent
that coarse agglomerate particles with particle diameter of
S50 pm or more in terms of particle diameter according to the
volumetric particle size distribution, which is measured by
using laser diffraction scattering method of non-crystalline
gsilicon nitride powder, are not contained. Further, by
adjusting the temperature increase rate between 1100 and
1250°C during calcination for crystallization, formation of
needle-like crystal particles and fine agglomerate particles,
which is accompanied with rapid progress of crystallization
is suppressed so that silicon nitride powder with homogeneous
particle size can be produced.

[0038]

When a siliconnitride powder having an average particle
diameter along the short axis of 0.1 pm is to be produced,
for example, a non-crystalline silicon nitride powder which
enables increasing the crystallization start temperature
during calcination for crystallization and increasing the
crystallization rate by having heating temperature for
thermal decomposition of 1000°C for producing a
nen-crystalline silicon nitride powder and oxygen
concentration of 4 to 5 vol% in the gas introduced during
thermal decomposition is used. Further, it is pulverized to
the extent that coarse agglomerate particles with particle

diameter of 50 pm or more Iin terms of particle diameter

according to the volumetric particle size distribution, which
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is measured by using laser diffraction scattering method, are
not centained in the non-crystalline silicon nitride powder.
By using such non-crystalline silicon nitride powder and
having the temperature increase rate between 1100 and 1250°C
of 80 to 100°C/hr, the crystallization particle growth is
allowed to occur fast and alsco formation of needle-like
crystal particles and fine agglomerate particles, which is
accompanied with rapid progress of crystallization, is
suppressed, and therefore a silicon nitride powder having
homogenous particle size with an average particle diameter

along the short axis of 0.1 pm can be obtained.
[0039]

Further, when a siliconnitride powder having an average
particle diameter along the short axis 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 having heating temperature for
thermal decomposition o©f 800 to 900°C for producing a
non-crystalline silicon nitride powder and oxXygen
concentration of 2.2 to 4 vol% in the gas introduced during
thermal decomposition is used. Further, it 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 volumetricparticle size distribution, which
is measured by using laser diffraction scattering method, are

not contained in the non-crystalline silicon nitride powder.

23



12.00.18 8 2 0 0 Example-50.3 6.5 12.00.18 9

By using such non-crystalline silicon nitride powder and
having the temperature increase rate between 1100 and 1250°C
of 60 to 80°C/hr, the crystallization particle growth is
allowed to cccur fast and also formation of needle-like
crystal particles and fine agglomerate particles, which is
accompanied with rapid progress of crystallization, is
suppressed, and therefore a silicon nitride powder having
homogenous particle size with an average particle diameter
along the short axis of 0.3 um can be obtained.
[0040]

further, when the heating temperature for thermal
decomposition for producing non~crystalline silicon nitride
powder is higher than 1100°C and the oxygen concentration in
Tﬁmagaswhichjjsintroducedﬁforth@rmaldecompositionjjsequal
to or higher than 5 vol% and the obtained non-crystalline
silicon nitride powder is used as a raw material, the
crystallizationstarttemperaturebecomesevenhigh@randthe
crystallization rate becomes aven faster during
crystallization, and thus even if the temperature increase
rate between 1100 and 1250°C is controlled, it is difficult
to produce a silicon nitride powder (B) having homogenocus
particle size with an average particle diameter along the
short axis of 0.1 to 0.3 um. In addition, the formation ratio
of neecdle-like crystal particles or fine agglomerate
particles is high in the powder after calcination for
crystallization, and density of release layer is lower after

coating. TIn addition, it may not be possible to utilize the
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difference inmovement rate depending on particle size during
coating the slurry blended with the silicon nitride powder
and having it absorbed based on capillarv force of a mold as
it is hampered by needle-like crystal particles, and
therefore undesirable.

[0041]

Further, when the temperature increase rate between
1100 and 1250°C is higher than 100°C/hr, crystallization
control is difficult to achieve according to rapid progress
of crystallization, and abnormal particle growth occurs or
needle~likecrystalparticlesanmifineagglomerateparticles
are mixedly preoduced, making it difficult to produce the
silicon nitride powder (B) having an average particle
dieameter along the short axis of 0.1 to 0.3 um.

[0042]

Producing the silicon nitride powder (B) having an
average particle diameter along the short axis of 0.1 to 0.3
wm can be achieved by increasing heating temperature for
thermal decemposition for producing non~-crystalline silicon
nitride powder to 800 to 1100°C, by having oxygen
concentration of 2.2 to 5 vol% in the gas introduced during
thermal decomposition, pulverizing the chbtained
non-crystalline silicon nitride powder to the extent that
coarse agglomerate particles with particle diameter of 50 pum
or more in terms of particle diameter according to the
volumetric particle size distribution, which is measured by

usinglaserdiffractionScatteringﬁethod,arenotcontained,
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and by controlling the temperature increase rate between 1100
and 1250°C during calcination for crystallization to rate of
60 to 100°C/hr.

[0043]

In the production method relating to the present
invention, it is important that the silicon nitride powder
(A} having an average particle diameter aleng the short axis
of 0.6 to 13 um and the silicon nitride powder (B) having an
average particle diameter aleng the short axis of 0.1 to 0.3
um are blended at a welght ratic of 5 : 5 to 9 : 1 in high
purity silicon nitride powder. When the welght ratio of the
silicon nitride powder (R) is higher than 5 : 5, for example,
particle size gradient in a release layer based on a
difference in movement rate in accordance with particle size
can be obtained during coating a slurry containing a blend
ofsiliconnitridepowdeﬂsandabsorbingith@sedmxlCapillary
force of a mold. However, on a side which is closer to a
siiiconjjxyﬂ:sidethaniﬂm&stateillustrat@de1FIG.Jq ratio
of fine particles increases and, although the overall
adhesivenessandstrengthoﬁk&releaselayerareimprovedeven
at low baking temperature, there is a high risk of having
cracks or damages caused by shrinkage during baking. In
addition, as the oxygen concentration in a release layer at
siliconingotsideisiﬂgher,thereactivitywithsiliconmelt
is increased, and therefore undesirable. Further, when the
weight ratioc of the silicon nitride powder (B) is lower than

9 : 1, for example, adhesiveness of a release ilayer with a
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mold and strength of a release layer are significantly lowered,
and therefore undesirable.
[0044]

A slurry containing silicon nitride powder, which is
used for the slurry forming step, is a slurry cobtained by
mixing the silicon nitride powder with water, specifically
by introducing a pre~determined amount of the silicon nitride
powder into a vessel together with distilled water, filling
with a silicon nitride ball, and stirring the mixture for a
pre-determined time using a mixing crusher like vibration
mill, ball mill, and paint shaker, or using a stirrer with
wing such as paddle wing, or a high-speed planetary stirrer
when no ball is used.

[0C45]

Since the silicon nitride powder (A} and (B) obtained
by calcinaticon for crystallization are in brief agglomerate
perticle state, when prepared as a slurry after dispersion
in water by itself, slurry viscosity may easily increase.
Thus, it is subjectedtoabrief pulverizationtreatment. For
a step of briefly pulverizing agglomerate particles, a metal
ball coated with resin or a sgintered product of silicon
nitride is used as a medium used for pulverization. As mixed
amount of metal impurities is extremely small, i.e., in
several ppm or so, it is a powder suitable as a raw material
0of a release material for a polycrystaliine silicon ingot
mold.

[(CO04de]
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The coating of the slurry for producing a
polycrystalline silicon ingot casting mold having a release
layer according to the invention is a step of ccating mold
surface with the slurry containing silicon nitride powder,
while maintaining the fluidity of the particles. The slurry
containing silicon nitride powder is used for coating a mold
release material, by which inner surface of a gquartz crucible
with porosity of 16 to 26% as a mold is coated with a release
material using a spray, a brush, or a spatula, and the fluidity
is preferably maintained such that the coated slurry is not
released from a mold to the extent that it does not inhibit
the movement of siliconnitride particles in a ccated release
layer.

[06047]

When a mold is ccated with the slurry containing silicon
nitride powder, a release laver is formed due to absorption
based on capillary phencmenon caused by fine pores present
in a mold, whereby fine particles are attracted more to the
mold near mold surface region, and fine particles are
localized on an inner side (i.e., mold side}), while coarse
particles are localized on an outer side of the release layer
{(i.e., silicon ingot side) due to fewer fine particles. As
a result, a state of conceptual drawing of FIG. 1, which
illustrates the localized state of particles in the release
layer, is obtained. Thus, when viscesity of the slurry
containing silicon nitride powder is 500 P (poise) or higher,

movement rate of silicon nitride particlies in a release laver

28



Example-11 0.2 12.8 7.0 0.29 55 0 0 Example-12 0.2 12.8

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 15 1.5 ¢P (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
particles and does not allow any sagging.

[0048]

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

[0049]

Further, in the method for producing a polycrystalline
silicon ingot casting mold having a release layer relating
to the present invention, the heating step is a step for
carrying out a heating treatment of a mold coated with the
slurry containing silicon nitride powder at 800 to 1200°C
under oxygen-containing atmosphere. The silicon nitride

powder is oxidized at the temperature of 800°C or higher under

atmospheric ailr condition. In addition, when the
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temperature is highexr than 1200°C, excessive oxidation state
is yielded, and as illustrated in FIG. 3, fine particles are
more easily oxidized while it is difficult for coarse
particles to oxidize. By using a silicon nitride powder in
which fine silicon nitride powder and coarse silicon nitride
powder are blended, ecasily oxidizable fine particles are
localized on an inner side {(i.e., mold side) of the release
layer to yield close adhesion between particles, that are
oxldized by baking with calcination under oxygen-containing
atmosphere, and close adhesion between particles and a mold,
while hardly oxidizable coarse particles are localized on an
outer side (i.e., silicon ingot side)} of the release laver,
to yield lower oxygen concentration on the surface of the
release layer, and it alsc can prevent permeation by
suppressing solid solution of silicon melt. Further, with
regard to coating of the slurry containing silicon nitride
powder, the above-described release layer can be formed by
single coating. However, as the same effect can be obtained
by two or more coatings, and therefore, a polycrystalline
silicon ingot casting mold can be produced at low cost, and
by preventing permeation of silicon melt, a solidified
silicon ingot has improved releasability, and thus the
silicon ingot can be produced at high yield.
[0050]

The polycrystalline silicon ingot casting mold
produced by the method for producing a polycrystalline

silicon ingot casting mold having a release layer relating
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to the present invention is a mold for cast molding of a
polycrystalline silicon ingot, which is characterized in that
a release layer containing silicon nitride powder is formed
on an inner side of a mold, and easily oxidizable fine
particles are localized on an inner side (i.e., mold side)
of the release laver while hardly cxidizable coarse particles
are localized on an outer side (i.e., silicon ingot side) of
the release layer, and therefore themold side has high oxygen
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
release layer exhibits close adhesion between particles, that
are oxidized by baking for calcination under
oxygen~contalning 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
cccurrence of lesses or damages during releasing the
solidified silicon ingot 1s suppressed, and thus a
high-guality silicon ingot canbe obtained at high yield. The
material of a meld is not particularly limited, and examples
that can be generally used include a gquartz crucible and a

gquartz crucible installed within a c¢graphite crucible.

Fxamples
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[0051]

Herein below, the invention is explained in greater
detail in view of the specific examples.
[0052]

(Examples 1 to 15)

First of all, a crystalline silicon nitride reqguired
for producing a polycrystalliine silicon ingot casting mold
nhaving a release layer relating to the present invention was
prepared.

[0053]

Silicon diimide was prepared by reacting a toluene
soluticon containing silicon tetrachloride concentration in
a concentration of 30 vol% with liguid ammonia followed by
washing with liquid ammonia and drying.

[0054]

The cobtained silicon diimide powder was subjected to
thermal decomposition at 500 to 800°C under flow of
alr-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 preoducing the silicon nitride powder (A). In addition,
the obtained silicon diimide powder was subjected to thermal
decomposition at 800 teo 1100°C under flow of air-nitrogen
mixture gas (oxygen concentration in the mixture gas: 2.2 to
4 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 (B).
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[0055]

The giliconnitride powder (A) described in the Examples
1 to 5 was prepared as follows. First, the heating
temperature for thermal decomposition of the silicon diimide
powder was adjusted to 700°C and the oxygen concentration in
the gas introduced for thermal decomposition was adjusted to
1 vol% for producing a non-crystalline siliconnitride powder,
and 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 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 were added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, and further increased to
1550°C for 4 hours while having the temperature increase rate
of 20°C/hr between 1100 and 1250°C. 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 relating to
Examples 1 to 5, which has an average particle diameter along
the short axis of 6.5 um.
[0056]

Similarly, the silicon nitride powder {A) relating to
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Examples & to 10 was prepared as follows. First, the heating
temperature for thermal decompesition of the silicon diimide
.powder was adjusted to 750°C and the oxygen concentration in
the gas introduced for thermal decomposition was adjusted to
ZZvol%forpmoducingeanon—cxystallinesiliconnitridépowder,
and the cbtained 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 1s measured by laser
diffraction scattering method, are not contained. The
pulverized non-crystalline siliconnitride powder were added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, and further increased to
1550°C for 4 hours while having the temperature increase rate
of 50°C/hr between 1100 and 1250°C,. After keeping and
calcining it at 1550°C for 1 hr followed by cocling, 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 relating to
Example863x316,whichhas5M1avexageparticlediameteralong
the short axis of 0.65 um.
[C0O57]

Similarly, the silicon nitride powder {A) relating to
Examples 11 to 15 was prepared as follows. The heating

temperature for thermal decomposition was adjusted to 500°C
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and the oxygen concentration in the gas introduced for thermal
decomposition was adjusted to 0.5 vol% for producing a
non-crystalline silicon nitride powder, and 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 pm or more in terms of particle
diameter acceording fto the veolumetric particle size
distribution, which 1s measured by laser diffraction
scattering method, are not contained. The pulverized
non~crystalline silicon nitride powder were added to a
crucible made of graphite, and the temperature was increased
to 1100°C for 4 hours, and further increased to 1550°C for
4 hours while having the temperature increase rate of 10°C/hx
between 1100 and 1250°C. After keeping and calcining i1t at

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

and subjected to brief pulverization by using a continuous
vibraticn mill filled with metal balls coated with nylon to
obtain silicon nitride powder relating to Examples 11 to 15,
which has an average particle diameter along the short axis
of 12.8 um.

[(0058]

Subsequently, the silicon nitride powder {(B) relating
to Examples 1 to 10 was prepared as follows. First, the
heating temperature for thermal decomposition of the silicon
diimide powder was adijusted to 1050°C and the oxygen

concentration in the gas introduced for thermal decompesition
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was adjusted tc 4 vol% for producing a non-crystalline silicon
nitride powder, and 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 agglcomerate particles with particle diameter of
50 um or mere 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 were added
to a crucible made of graphite, and the temperature was
increased to 1100°C for 4 hours, and further increased to
1550°C for 4 hours while having the temperature increase rate
of 100°C/hr between 1100 and 1250°C. 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 relating to
Examples 1 to 10, which has an average particle diameter along
the short axis of 0.18 um.

[0059]

Similarly, the silicon nitride powder (B} relating
Examples 11 to 15 was prepared as follows. First, the heating
temperature for thermal decomposition the silicon diimide
powder was adijusted to 900°C and the oxygen concentration in
the gas introduced for thermal decomposition was adjusted to
4 vol% for producing a non-crystalline silicon nitride powder,

and the obtained non-crystalline silicon nitride powder was
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pulverized using a continuous vibration mill filled with
metal bkalls 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
particie size distribution, which is measured by laser
diffraction scattering method, are not contained. The
pulverized non-crystalline siliconnitride powder were added
to a crucible made of graphite, and the temperature was
increased t¢ 1100°C for 4 hours, and further increased to
1550°C for 4 hours while having the temperature increase rate
of 60°C/hr between 1100 and 1250°C. 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 te c¢btain silicon nitride powder relating to
Examples 11 to 15, which has an average particle diameter
along the short axis of 0.28 um.

[0060]

The obtained silicon nitride powder (A) has specific
surface area of 0.2 to 3.0 m?/g and an average particle
diameter along the short axis of 12.8 to 0.65 um, and the
obtained silicon nitride powder (B) has specific surface area
of 7 to 12.0 m*/g and an average particle diameter along the
short axis of 0.29 to 0.18 um.

10 g of mixed silicon nitride powder obtained by mixing
the silicon nitride powders (A) and (B) at a weight ratio of

5:5to9: 1, 40 g of distilled water, and 100 g of silicon
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nitride ball (10 ¢mm} were introduced into a 100 cc
polyethylene bottle and sealed therein, and fixed on a
vibration mill, fcllowed by shaken for 5 min with amplitude
of Smm and frequency of 1780 spmtogive a 20% by weight agqueous
slurry.

[0061]

A guartz crucible (width x depth: 5 cm x 4 cm} with
porosity of 16%, which has been previocusly heated to 40°C,
was coated with the above 20% by weight acgueous slurry was
coated by spraying followed by drying at 40°C. The qguartz
crucible after coating was again dried overnight at 40°C.
After drying, the temperature was increased to 1100°C within
4 hours under atmeospheric condition using a box type electric
furnace. After keeping it for 4 hours at 1100°C followed by
cooling, the release layer was baked onto the quartz crucible.
Thickness of each release layer was 100 to 200 um as an average
value of five point measurement.

[0062]

In the quartz crucible with baked release layer, 75 g
of 2 to 5mm 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 ocut of the furnace and
observed for evaluating release state. Further, Si melt
permeation state in center bottom part of the crucible was

observed with a naked eve. Further, after embedding the
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center bottom part of the crucible with an epoxy resin, a
crosgs—section near The bhottom part of the release layer 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 31 melt permeation state. The resulis are
shown in Table 1.

[0063]

In the permeation state of Simelt in cruciblie described
in Table 1, ® indicates that the permeation of silicon melt
stops on surface of the release laver, O indicates that the
permeation of gilicon 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 guartz crucible and leaks from
an cpposite side of the bottom of crucible. Further, with
regard to the release state of silicon ingot, ® indicates
that it is completely released without any partial sticking
to the quartz crucible, O indicates that releasing can be
made although there is slight sticking to the quartz crucible,
A indicates that the lateral side of the quartz crucible is
released but the bottom side is sticking, and x indicates
complete sticking to the entire gquartz crucible, showing no
release.

[0064]

[Table 1]
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0.437 3 A [0065] (Comparative Examples 1 and 2)

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 silicondiimide, the average
particle diameter along the short axis being calculated by size measurement of a SEM image, was
subjected to heating treatment for 3 hours at 1000C using a batch type electric furnace under
atmospheric air flow to obtain the silicon nitride powder (A2) having oxygen concentration of 7.5% by

weight. Th
of oxygen
(A2),4049

ancentration was measured by using a TC-136 device for simultaneous analysis
i d nitrogén, which i faciured bbb ion. 10 g of the STAtBARTRTIH& PO
nd nitrogen, which is mavafacitwes by (erparation. 10 g of the Sifit eas’e\jayer powder
bf distilled water; Mixing ratio based on
Silicon nitride powder {A) | Silicon nitride powder (B} g ravio based o
weight
Classification Average Average Permeation | o ce
particle particle state of Si state of
SSA diameter SSA diameter melt in i ,
. ) (A) (B) bl silicon ingot
{m*/g} along the (m*/g) along the crucibie
short axis short axis
{pm) (rrm)
Exampie~1 0.3 8.5 12.0 0.18 5 5 O ©
Exampie—2 6.3 8.5 12.0 0.18 6 4 @ ©
Example-3 0.2 6.5 120 0.18 7 3 @ @)
Example-4 0.3 6.5 120 0.18 8 2 O ©
Example-5 0.3 6.5 2.0 0.18 g i O O
Example—6 3.0 0.65 12.0 0.18 5 5 @] O
Example~7 3.0 0.65 12.0 018 8 4 (@) @
Example-8 3.0 0.65 12.0 0.18 7 3 © ©)
Example—8 3.0 0.65 120 0.18 8 2 O @
Example~10 30 0.65 12.0 0.18 g9 i O ®
Example—11 0.2 12.8 7.0 0.29 § 5 @ ©
Exarmple—12 0.2 128 7.0 029 6 4 @) ©
Example—13 0.2 128 7.0 0.29 7 3 O ©
Exampie-14 0.2 128 7.0 0.29 8 2 O 0
Example—15 0.2 12.8 7.0 0.29 9 1 O O
Comparative A2 (First layer} B2 (A2 : silica = 9 : 1 Second layer} A A
Example~1
Comparative A2 (First layer) B3 (A2 : silica = 8 : 2 Secend layer} X x
Example—2
Comparative | g 4 65 12.0 0.18 3 7 A A
Example—3
Comparative| 4 6.5 120 c.18 10 0 x x
Example—4
Comparative| 4 0.65 120 0.18 3 7 A A
Example—5
Comparative | 4 0.65 12,0 0.18 10 0 A X
Example—6
Comparative | 4, 128 70 0.29 3 7 A A
Example—7
Comparative| 4, 12.8 70 0.29 10 0 x x
Example—8
Comparative} 44 65 45 043 7 3 A A
Example—9
Comparative | 4, 0.65 45 0.43 7 3 A
Example—10
[0065]
(Comparative Examples 1 and 2)
The silicon nitride powder (trade name: SN-E10,
manufactured by Ubke Industries, Ltd.} having an average
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and 100 g of 10 9mm silicon nitride ball were sealed in a 100 cc polyethylene bottle and fixed on a
vibration mill, followed by shaking for 5 min with amplitude of 5 mm and frequency of 1780 spm to give
a 20% by weight aqueous slurry. [0066] A quartz crucible (width x depth: 5 cm x 4 cm) with porosity of
16%, which has been previously heated to 40C followed by drying at 40C, was coated with above 20%
by weight aqueous slurry by spraying.The quartz crucible after coating was again dried overnight at
40C. After drying, the temperature was increased to 1100C within 4 hours under atmospheric condition

using a box,type glectrig furpace. Aftarkeeping it a4 hoyrs;at 110QC fojloyed by, ¢oeling, the release
layer was baked onto the quartz crucible. Thickness of each release layer was 100 pm as an average
value of fivepoint aceasteehient, HO06F L decomposition of silicon diimide, the

average particle diameter along the short axis being

calculated by size measurement of a SEM image, was subijected

to heating treatment for 3 hours at 1000°C using a batch type

electric furnace under atmospheric ailr flow tc obtain the

silicon nitride powder (A2} having oxygen concentration of

7.5% by weight. The oxygen concentration was measured by

using a TC-136 device for simultaneocus analysis of oxygen and

nitregen, which is manufactured by LECCO Corporation. 10 g

of the silicon nitride powder (AZ), 40 g of distilled water,

and 100 g of 10 omm silicon nitride ball were sealed in a 100

cecpolyethylene bottle and fixedona vibrationmill, followed

by shaking for 5 min with amplitude of 5 mm and freqguency of

1780 spm To give & 20% by weilght aqueous.slurry.

[0066]

A guartz crucible (width = depth: 5 cm x 4 cm) with
poresity of 16%, which has been previously heated to 40°C
followed by drying at 40°C, was coated with above 20% by weight
aguesus slurry by spraying. The gquartz crucible after
ceoating was again dried overnight at 40°C. After drying, the
temperature was increased to 1100°C within 4 hours under
atmospheric condition using a box type electric furnace.
After keeping it for 4 hours at 1100°C followed by cooling,
The release layer was bkaked onto the quartz crucible.
Thickness of eéch,release layer was 100 pm as an average value

of five point measurement.
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Next, the silicon nitride powder (A2) described above and silica powder having an average particle
diameter of 0.05 as measured by a laser diffusion type particle size distribution analyzer, in which
the silica powder has been confirmed to be non-crystalline by X-ray diffraction measurement device,
were admixed with each other at a weight ratio of 9 : 1 (B2) or 8 : 2 (B3) to prepare 20% by weight
aqueous slurries as described above, which were then sprayed on each quartz crucible which has
been coated with the (Al). By keeping it for 4 hours at 1100C under atmospheric air condition, the
release layenwas baked on quartz crucible. Thickness of each release layer was 200 jim as an
average value of five point measurement. [0068] Next, in the quartz crucible with baked release
layer, 75 g of 2 to 3wt Si ghanulés havingpufity 009 999% weéfefillatk Usingba hoxtgpe electric
furnace, it was maintained for 3 hours until 1000C, 3 hours from, 1000C to 1450C, and 4 hours at

1450C undaf Artow 6Falin8s et Sressurd 6itowed By dbiny: At&r éobfing Gt Was taken out of the
furnace an%lgbsﬁequgefgg S‘;’%lHatl?/? %Ieaﬁagi ig_y. Egrinﬁ# j%[?e@ gﬁgz%ggg sgai% in Le éer bottom
ible we ith a nake rt ter eddi

r

part of the trucible was observed with a eye. Further, a ng the center bottom part of
the crucibleiwith anepoxytesinza gross;secton washcuthout,sandi the nwocrass-seational adew of the
release layer (x100 magnification) was obtained by using FE-SEM to observe and evaluate the Si

melt permeatid &6 Thé fesUs are howhYs tee Tablie 1.50069](Campatathieresdnples 3 to 10)

The crystalgriirée_\ %illa_ijc:o%1 n%@dg er%qucirgd 1“’\% ?emeéhdefg& pﬁ%l}l}ciglg;, olycrg%t%{%e svyicgnﬁngot casting
mold was prod"‘ucedeln%he" same mahner as tﬁe%@mples 0 1%876’] o The silicon nitride

powder (A)tabedised in the Comparative Examples:3,14.:and-3dhe silicon itride pawdgk (A)

obtained in the Examples 1 to 5 was used. [0071]
aqueous slurries as described above, which were then sprayed
on each guartz crucible which has been coated with the (Al).
By keeping it for 4 hours at 1100°C under atmospheric air
condition, the release layer was baked on guartz crucible.
Thickness of each release layer was 200 um as an average value
of five point measurement.
[0068]

Next, in the gquartz crucible with baked release laver,

75 g of 2 to 5 mm Si granules having purity of 99.5399% 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
follewaed by cooling. After cooling, it was taken ocut 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 bottom part cof the crucible with an epoxy resin, a

cross-section was cut out, and then a cross-secticnal view

cf the release layer (x100 magnificaticn) was cobtained by
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Similarly, as for the silicon nitride powder (A) to be used in the Comparative Examples 5, 6, and 10,
the silicon nitride powder (A) obtained in the Examples 6 to 9 was used. [0072] Similarly, as for
the silicon nitride powder (A) to be used in the Comparative Examples 7 and 8, the silicon nitride
powder (A) obtained in the Examples 11 to 15 was used. [0073] Then, as for the silicon nitride
powder (B) to be used in the Comparative Examples 3 to 6, the silicon nitride powder (B) obtained in
the Examples 1 to 10 was used. [0074] Similarly, as for the silicon nitride powder (B) to be used in

the Comparative Fxamples 4and Ssthessilicomnitide pawder(B) ebtaineddnthe Exampigs 11 to 15
was used. [0075] Further, the silicon nitride powder (B) to be used in the Comparative Examples
9 and 10 was preparetizas foltows. tRirst, 1fittsiegard torthelrsilicbaldiimide powder, the heating
temperature was adjusted to 850C and the oxygen concentration in the gas introduced for thermal
decompositﬁ&@@%% adjusted to 2 vol% for producing a non-crystalline silicon nitride powder, and the

obtained non-crystatlg%%ﬁigggr% nitride-pawi qre\/ga%pglgerli%g)d using a continuous vibration mill filled

with metal balls coated with nylon to the extent that coarse agglomerate particles with particle diameter
of 50 Rm or more iTterms okparticlerdiameter @coording taihervalumetic Farticle size wistribution,
which is measured by laser diffraction scattering method, are not contained. The pulverized
non-crystalfife sfEes Aftride poweier Weke added for® ciiclble ftadefgraphite. ‘diedl the teémperature
was increa%%dsto ]ilooc%: 1:%0(5 4.h0Lﬁ]%, andaglnjéther increef;ised tgégS C}:{ f(I)nr Aig%urf v@}ilell%aving the
temperature incréase rate of 50C/hf between 1100 and 1950C. A eréke%plng and calcining it at 1550C
for 1 hr follgwed 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 relating
to the ComparativerExdmplesi@ andl1iG; avhich has @n averdge paiticlediameteralong thesshort axis of
0.43 Rm. [0076] The obtained silicon nitride powder gA) has specific o
Comparative Examples 3, 4, and 9, the silicon nitride powder
(A} obtained in the Examples 1 to 5 was used.
[0071]
Similarly, as for the silicon nitride powder (A) to be
used in the Comparative Examples 5, 6, and 10, the silicon
nitride powdexr (A) obtained in the Examples 6 to 9 was used.
[C072]
Similarly, as for the silicon nitride powder (A} to be
used in the Comparative Examples 7 and 8, the silicon nitride
powder (A} obtained in the Examples 11 to 15 was used.
[0073]
Then, as for the silicon nitride powder (B) to be used
in the Comparative Examples 3 tc 6, the siliconnitride powder
(B) obtained in the Examples 1 to 10 was used.
[CO074]
Similarly, as for the silicon nitride powder (B} to be

used in the Comparative Examples 7 and 8, the silicon nitride

powder (B) obtained in the Examples 11 to 15 was used.
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surface area of 0.2 to 3.0 m2/g and an average particle diameter along the short axis of 12.8 to 0.65
p.m, and the obtained silicon nitride powder (B) has specific surface area of 4.5 to 12.0 m2/g and an
average particle diameter along the short axis of 0.43 to 0.18 p.m. [0077] 10g of mixed silicon
nitride powder obtained by mixing several kinds of the silicon nitride powder (A) and (B) at a
combination and a blending ratio described in the Table 1, 40 g of distilled water, and 100 g of silicon
nitride ball (10 cpmm) were introduced into a 100 cc polyethylene bottle sealed therein, and fixed on a
vibration mill, followed by shaking for 5min with amplitude of 5 mm and frequency of 1780 spm to give
a 20% by weight aqueous slurry. A quartz crucible (width x depth: 5 cm x 4 cm) with porosity of 16%,
which has been préviousiy heatduetos40C, owas cddted waththedesultifig 209 by weight agqueous slurry

was prepared as described above by spraying followed by drying at 40C. The quartz crucible after
coating wa5AGafrPaat Sverkight aEF0E SAfter aryfhg! the’ ?e%n?é?ﬁﬁﬁé Hasifcreased & 1100C within

4 hours under,atmosphagic condition ysing. a,aox ype eleqlric fumace After keeping,it for 4 hours at

1100C followed by cooling, the release layer was baked onto the quartz crucible. Thickness of each

release layeewas 19010 200 imasanaveraae aiue offive peivtoneasurenent: [0078E Next, in the
guartz crucible with baked release layer, 75 g of 2 to 5 mm Si granules having purity of 99.999% were

filled. Using-a Béetyprseletticiiiige, fttlas taiRtain s for Bouts At Y860€93 hotiesifrom 1000C

to 145000, Jéagd 4 QT%Lﬁ at 1450C under Ar flow of %Lm%ipshdgrig thjg%sesur% on{lgwednlﬁ/tcoSggg. After
cooling, it was t%lken out 6f theFlimaces and observed Tor evalua ing reftass State. urﬁ‘uer, Si melt

permeation sfateJp centex bettem partof the crugible-was ohserved with ainaked.eyekurther, after
embedding the center bottom part of the crucible with an epoxy resin, a cross-section was cut out, and

then a crossesectianalwiewof thve release layer(x1080 ntagnificationpwasi bhtainedrbyusing FE-SEM to
observe the Si melt permeation state. The results are shown in the Table 1. Reference Signs List
m079]lca§ﬁb%ﬁ6M”ith]metal balls coated with nylon to the extent tha
coarse aggliomerate 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 coentained. The
pulverized non-crystalline siliconnitride powder were added
to a crucible made of graphite, and the ifemperature was
increased to 1100°C for 4 hours, and further increased to
1550°C for 4 hours while having the temperature increase rate
of 50°C/hr between 1100 and 1250°C, After keeping and
calcining it at 1550°C for 1 hr fellowed by cooling, the powder
was taken out and subjected teo brief pulverization by using
a continuous vibration mill filled with metal balls coated
with nylon to cobtain silicon nitride powder relating to the
Comparative Examples 9 and 10, which has an average particle
diameter along the short axis of 0.43 um.

[0076]

The obtained silicon nitride powder (A) has specific
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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 being obtained by blending a
silicon nitride powder (A) having an average particle diameter along a short axis of 0.6 to 13 pm with a
silicon nitride powder (B) having an average particle diameter along a short axis of 0.1 to 0.3 1,m) at a
weight ratio of 5: 510 9 : 1, coating a surface of a casting mold with the slurry, and heating the

casting molsh atBQ0O te 200G in an. atmesphere coftaining.oxygen.after the coating of the slurry. 2.
The method according to claim 1, further comprising
permeatingticistarenftheslurywithwhichthesuefades obdasing. fhotdois Coateduinto thedasing mold and
the heating is %'?r,formed after the permeating of the moisture. 3. A silicon nitride powder for mold

release mafstidl ot 2 polycrystline SfitoR gt Eastiny mold, CempHsing &' Sficon nitiideipowder (A)
having an average particle,digmeter along the shart axis 0f0.6 1o, 13 pmsand asilicon nitride powder

(B) having an average particle diameter along
the short axis of 0.43 to 0.18 pm.

[0077]

10 g of mixed silicon nitride powder obtalined by mixing
several kinds of the silicon nitride powder (A} and (B} at
a combination and a blending ratio described in the Takle 1,
40 g of distilled water, and 100 g of silicon nitride ball
(10 omm) were introduced intec a 100 cc polyethylene bottle
sealed therein, and fixed on a vibration mill, fcollowed by
shaking for 5 min with amplitude ¢f 5 mm and freguency of 1780
spm to give a 20% by weilght agueous slurry. A guartz crucible
(width x depth: 5 cm x 4 cm) with perosity of 16%, which has
been previously heated to 40°C, was coated with the resulting
20% by welght agueous slurry was prepared as described above
by spraying followed by drying at 40°C. The guartz crucible
after coatingwas againdriedovernight at 40°C. After drying,
the temperature was increased to 1100°C within 4 hours under
atmospheric condition using a box type electric furnace.
After keeping it for 4 hours at 1100°C followed by cooling,
the release laver was baked onte the guartz crucible.
Thickness of each relecase layer was 100 to 200 um as an average
value of five point measurement.

[0078]

Next, in the guartz crucible with baked release layer,
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the short axis of 0.1 to 0.3 4m, a weight ratio of the silicon nitride powder (A) to the silicon nitride
powder (B) being 5:5t0 9: 1. 4. A slurry containing a silicon nitride powder for mold release material
fora polycrystalline silicon ingot casting mold, comprising the silicon nitride powder according to claim
3, and water mixed therewith. 5. A polycrystalline silicon ingot casting mold haying a release layer
formed on an inner surface of the casting mold by using the silicon nitride powder according to claim 3.

75 g of 2 to 5 mm Si granules having purity of 99.99%9% 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 145C°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 bettompart 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 cut out, and then a cross-sectional view
of the release layer (x100 magnification) was obtained by
using FE-SEM to observe the 51 melt permeation state. The

results are shown in the Table 1.

Reference Signs List

[0079]

1 casting mold

2 coarse gilicon nitride particles
3 fine silicon nitride particles
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CLAIMS

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

forming a slurrybymixing a siliconnitride powder with
water, the silicon nitride powder being obtained by blending
a silicon nitride powder (A) having an average particle
diameter along a short axis of 0.6 to 13 um with a silicon
nitride powder (B) having an average particle diameter along
a short axis of C.1 te 0.3 um at a weight ratic of 5 : 5 to
9 : 1,

coating a surface of a casting mold with the slurry,
and

heating the casting mold at 800 to 1200°C in an
atmosphere containing oxyvgen, after the coating of the

slurry.

2. The method according teo c¢laim 1, further comprising
permeatingmoisture of the slurry with which the surface
of casing mold is coated, into the casingmold and the heating

is performed after the permeating of the moisture.

3. A gilicon nitride powder for mold release material for
a polycrystalline silicon ingot casting mold, comprising a
silicon nitride powder {(A) having an averags particle
diameter along the short axis of 0.6 to 13 um and a silicon

nitride powder (B} having an average particle diameter along
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the short axis of 0.1 to 0.3 um, a weight ratio of the silicon
nitride powder (A) to the silicon nitride pewder (B) being

5 : 5 tc & ¢ 1.

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

claim 3, and water mixed therewith.
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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