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crystallization of silicon and to the preparati on and
application of a protective coating for crucibles used
in the handling of molten materials that are
SO|IdIerd in the cru0|ble and then reaned as ingots,
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tride coatings are
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a silicon nitride coating applied by plasma spraying. U.S. Pat. No. 4,218,418 describes a
technique of forming a glass layer inside a silica crucible by rapid heating to prevent cracking of
silicon during melt-processing.

[0007] Prior art includes specific references to powdered mold release agents for application to
crucibles in the directional solidification of silicon. In addition, the use of chemical vapor

deposition, solvent evaporation, high-temperature flame treatment, and other expensive and
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silicon and silica fromthe crucible. U S. Pat. No.
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[0012] It is therefore desirable to provide a crucible which does not present the above
problems comprising a coating which is stronger (avoid peeling and flake off), with improved
mechanical wear resistance, fast and cheap to produce while preventing chemical reaction
between molten silicon and the crucible and maintaining the additional requirements in terms of
oxygen content.

[0013] It has now been found that these problems can be solved with a crucible for the



phot ovol tai ¢ and sem -conduct or application. The use
of | ow oxygen silicon nitride coating is recommended
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purity silicon nitride powder wth | ow oxygen content

has been described notably in U S. Pat. No. 6,165, 425.
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[0018] This new technology is based on the use of limited and controlled amounts of oxygen in
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at a tenperature |ower than 8000C and nore preferably
| ower than 5000C. [0015] By mineral binder, it is
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not. In opp03|t| on, said organic binders as CMC

e e A PR C N ———
t hailichn mtthde Risk qb pedlihy argl flaking biy ofttheecaatintris muctb@aied.[ 0016]

T)tl]ﬁofbﬂ aﬂ'%' a%%%/\eé%n&’ Euatngt‘leesﬂé %hﬁg& s%' t550 c%gaﬁn %to%% g*y%;?rb?ogtent ranging

sij fram 2ot 5m'h% mmprefegablyl f@ch tof12 mt Vor Adstal peygee content lower than 5 %
C OfBE hétiphsidai fstjﬁﬁlgﬁ{tboﬁ’cﬁﬁgt ;?h%@re%ltﬂr:ésfn I@W%e@ﬁgn@cg' rgsastance of the

conprising coarser particles or alns conp
beq%@nwzefam coenta Oyeerizioabigy. theerpelens Qf oantamwaim explained above
al geplegenised. The blend is chosen so as to inprove one

rove the

or, 1D characteristics. The blend can | .
ot OB e Ror e R TS R AP et el e e reauiredto
t hBudMlﬁ%slltnﬁn oifridé. e aeaing nag':p@fﬁme isisive® thde B@d°e and Bret“e%%l lower

?ﬁgann |s w g,tth%aﬁ ghaa i§ tjslly?cﬁgt/roa %gygtH% agdmon of t?xe determined
| rauentity erilow '@nipb@tmeb roaaralamrwr fTaerelis riodfurthet teactind bbeddation which could
beﬂﬁ?@?ﬂ\e otl?geq'cf)rttgﬁtem coatings. The other coating can

be for In

ance silica based coatln as described in

pdP@ Hygoxyaeain the bendzirpsrsion sguakingartiffesance verslisimgygen produced by
a pslﬂlcbr?ﬁinh@ Bxidfidd. R Q)Qﬁfo%%‘%Mem thebeAdMd sfg¥teﬂfan9 %rnﬁﬁtfe powder

article ener a ri sed between by
weReghits t&f‘?%’ t?@g@ib%'acﬂ\t%eﬁsr?é ne ditifeEE AR wetting agepy B chamick bond s
Conecfiey ar&]ridlttw:gialﬁb dridi tekegrping\Biesilicorbnitri@s Sre AEIUR[AZEY Bto SldJE on their

[ d
e LA B e B ) BB eR SRR R iad for bons
t meqbectnye:bemw settiag instgad/af tHe typivabtherntahieadtior stoxiaktidnOTeoating of
t Qhéﬂgsémhvcmt&t S‘é'rﬂm th lrﬁteagggle%cﬁé%i% ”H%lstg-r%e%}’tﬂ% goa?ing by the aim of

contamnation, It 1s essentl al otec
C Oqawgllrf@nt[féleq)plnq;@g gysqqmgrmug [gq;qptng the fpl}pf@gtlvueqsméthp @w:on nitride grains.

CHOBRY SRLENE is nb Q%%}n oFpkding EIWIat(iﬁQ Bip RPBY codRinP&28/ing ' the

t he use of Ilmte and control | ed anounts of oxygen in
t HRveBLRDy it fR) berepagsdpstore fegcfi"\stt%enswéer fagities-a | ow

t opEd] Arivther sbjdtesfahe ivend is A 86thp@ibn foPERBNPAELEbIE foe the
nanos: artlc

B Lt L

t apearaturemendsaiinderythe heid @xygen cordett beingd Higren thao 6t tyhweeight. The
fqghgg%{o'ggt&f ?/%gdﬂogdt l?){]kgffg?vﬁ ﬁ@{hé nvff%fe{]@dsﬂag‘(hgdq &g cgrfnposition is

p r’B‘ﬁ%’r“l"thé'ﬁu'éphﬁsﬁéo form a é@ﬁﬂefﬂﬁ'anfP’cP@P"CFG'@IO"@fth?)@5 editlerg and

fl [ﬁb’ﬁw Arifnler Bject SranLiRdntidhds h prodeisiorneiting %@ruc[b%%mgﬂlsmg a protective

The additives and quantities are chosen so as
0PI A0ariio T igNbB PTG 1R PE eSS BRSNS the PS¢ o 15

Wt a) poRiding Bbase tde tampriing afbbtim Surfate dndl side.Walls defihing ah inner volume
oxygen content |ower than 5 % does not provide a

suiTicient bonding phase resulting in | ow nmechani cal
r &3 inpplvimreprofectivh goatipg tomggising\Be tv 95ve. % ohsilent nibide and/§ 20 wt.% of a

LI?J%J\;’/ %91 pBiatlffe minBRi BAGRP 1 BtaPxy G HoREhBRIG ﬂBhgr)ﬂpJneg % %9 weight at the
surface of the side walls facing the inner volume.
[0025] Usually, the surface layer will be applied in water or in solvent by spraying or brushing,
preferably by spraying in a water based system comprising an appropriate amount of water to
permit the suspension of the whole composition.

[0026] In a preferred embodiment of the process according to the invention, the step of



are present. [0020] The heating tenperature to create
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is |lower than 8000C and prefera%ly | ower than 5000C.
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- mixing snllcon nitride powders with a silica based binder preferably selected from the group

constituted of silicone oil, siloxane, chlorosilane or a combination thereof;

- spraying the coating by a reactive liquid from the family of acids (hydrochloric acid, nitric acid,

silicic acid, silicon tetrachloride or any other suitable acid for this process) as neutralisation for

base hydrolysis as for amino-organo metallic compounds;

- heating the coated crucible at a temperature below 500°C to remove reaction liquids.

In another embodiment, the spraying step is performed using a reaction based on ammonia

vapors or solutions for acid hydrolysis systems.

[0032] The third preferred method (saturated solution and precipitation) comprises the step of



preferably by spraying in a water based system
conprising an appropriate anount of water to permt
we b@788spensi on of the whole congositi on. [ 002BJT/EP2086/009671

preferred enbodi nent of the protess according to the

i nvention, the step ofapplying the coati ng [ s foI | owed

by ahe erature andef

e i PPudeks Pl SanEHRE o3 Eian i th ot o] nagprpartcies of
t hellica agaptaddo toonpauspangione preferablyrcolididal silical | Nngs and to

cr 0 he .
}%c |t£tFJﬁ optﬂgg eagrgd %'Xﬁg‘? %rz {hu n%c&m\% r(‘?acte ugwgr{eﬁrpgl r%qgtlon, vapor

oxrra@rapm @ne\@h chéreicat diréct eaction usingitbe ab’ﬂtomtateayeutrahhaioo xlyeyical to form

5 COidHate, ialkoidi®r pRAAAM; | S kept under control. The
tenperature of oxidation of the silicon nitride may

v arhgatingsraferied cuiriblersba temmperafite balomald €. rseferply befere use

US[UGﬂd] YExakpldt offfdaiHg: comb&ltﬁﬁﬁfof 118 tHrde thEtRods @RS $Hdwn in table 1.
cruci ble may al so tﬁ?gﬁ | ace at the Custoner site. It

is al so possible t ~ A'YRCYALORINIFOMBPHIOR shi prent

to the custoner and the final or further heati ng at
tlhe customner 0027] The [i,n [T now be
escribed wit &ieth g Eanr- ]f ot} %bprdl osed \Mqthé’ﬂgn whith

T CTTro T

Wiy%serves tadaill ughratielct he !zavertzbon 3ad i s|Bbt
B Rbe 88" éssbfé%F i o | Bhe i np Bt bn.
G oxitridére fi qure, theldcrudi ble|is designated with
%"%[,g@&le nuv‘r‘oer 1} It clonpri s§ %se body 2

Iheot + ~ otf 2 1] 290
onpr+—sStTNg—ajpott oSt rate—= afg—stade—walt+-s122
ati

WTESS define|&n i nhtd vol&une for the crystallizatio
qu‘ﬁbihél‘ém& The crpci bl g conprfi ses |g prc%ect [ ve1bay
whr ch—s conprisgd—of—86—to 95— w—%o¢r——st+++¢oh

iRMVAREG 5 to 20 Wt % of| a | ow tenperat ure ni n¢hal
|g;lg,earc,d the total pxygen contgnri bging higher than b %
t—atTthe —spr faceof tHe—srgewalits—22facin
trFéhﬁnﬁﬁ tefyol umre.  [¥029]! The ilnventliYon will now be
IWatet r at ed by vvay of exa\vrpl es acccrdi ngyto the
i nyention an The process—to

10 5 gpfAmeas pE'bS‘é‘E\ﬁ' ﬂ&@?”ﬂﬁ@%@%‘sﬁgbﬂ%ﬁh% giyeolachi eved in
dlfa‘osméansmsthwa'ms.m@osml on depends on the nethod

sen 030] . The first preferr net hod (reactive
PSR o SloidBl o8 b ofEpesipreas ok 3 Fagy and sefe o
pcmddie SThaedmpasgiam arercbdszh lin fanatiomyfohadethadsiesdd, as olstaih theadrgeted
e?.tcBé(te %ﬁ‘{; fedihial %%Eﬁ%&.&?ncfer om the group
co Itute as ST oxane etraethylorthosilicate,
15 ¢ d@'mlat"m theyelioviag tablepdh%nhesprhgﬂt@ vaiolts contings onertiiersacibtsrhas been

t hRtefmMbd ﬁm%&ﬁd“aﬂcé"ﬁ&tﬁ&éﬁl\ﬁ DE&%QM@Q&O@T@S‘?W O¥F ADUBESION
and avail ab the coati

n
ont> TERm hhe iR BEB';LSA(Q %%[eg T tP?fgfLﬁva'ugt%W? ehespa ﬁ?th‘f/coat'"g by
Ofdeafﬁmhg the gedtedt fefisile pallNdBica thatit & tﬁa&b\‘dﬂé 48th@G. R&Ythe force

rQqeurlred Go) puﬁ Ia\é;:?eclrhleg]wI \ tddléc’nliletctar% l:oeatlr]:goagwaty rom ng subs?rate using hydraulic

O-"—0o —0

(@]
D3

[0}

'CT

20 pressure. The force is expressed in term of pressure (kPa).



5000C for stabilisation of the coating.

heating the coated crucible at a tenperature bel ow
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t he adhesi on of the various

coatings onto the crucible has been determned in
accordance with ASTM D4541 using a POSI TEST PULL- OFF

ADHESI ON TESTER (from the firm DEFELSKO Corp.).

Thi s

tester evaluates the adhesion of the coating by

determ ning the greatest tensile pul
it can bear before detaching. |
a specified test dianeter of coating away from
The force is

to pull
its substrate using hydraulic pressure.

e., the force

off force that

required

expressed in termof pressure (kPa).[0035] [Exanples
of crucible and rel ated performances are shown in
table 2:



Table 2 6 and 7 are conparative exanples RBSN neans
"reaction bonded silicon nitride" and is a known type

Wotoemssibl e. 6 and 7 are conparative exanpl esPGHEP2006/009671
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15

20

25

30

correspond to exanples 1 and 2 of U S. Pat. No.

6, 165,425. C 1 conprises a silicon nitride powder wth
arpigimggen content of 1.3%and no | ow tenperature

m neral binder. C2 conprises a silicon nitride powder
wi th an oxygen content of 6% and no | ow tenperature

mner alcriigiél@y for R@@%\Aﬁlllﬂﬁloﬁﬁﬁs{mbrﬁcﬁpngﬁ&age ?f | t het
coatin en chargin icon nmetal in
Che or Bih Bres Do B P na 2 b o race KD sdatyads 2Bkdsiang an
of mat anealolww®s noti ced as expl ained in U S Pat. No.
6, 165, @ for the _
cryst aldbfﬁf ﬁ?ongﬂndgsbag?q er{%ﬁ'vg 8??8 Pﬁs @ ffg"ng shenner vqlumes 4y
(2) corgparagtierizeddn that saidpsitacfieoeatind i) camdrises @e to/gsl Wts% of silicon
(22) d i d 0
based g‘ﬁt'gc%gegt%l %ﬂmc% g?lg Ir? é’q%@';;@?%%)”}{ﬁe' btndgrhﬁg ?Atél o}(&ﬂ% sontent
char actrengingdgm ntot1h 44 byswgight.pr ot ecti ve coating (3)
conprises 80 to 95 wt. % of silicon nitride, 5 to 20
w2 9 &irucible argordingiRlaim s ehasaqterizad Indhaldig totaf gxpagnesontent is ranging
oxygenf.@a.rgtenb%rw.@g from5 to 15 % by wei ght 2.
Cruci bl e according to claim1, characterized in that
thee t ot(}nbc.me(a{cgemmg @él&mE 1i082,/cha@tiegzdd in Mabthk @méba niteid®)protective

wei gh e accordin

char ac t°8%|"9 g] Lfl’a?la hcgf'esfs frem g”ﬁgfj k%twe?ﬂaéor H‘"élé’ 535 YPepreferably between
coati n@0Q 8)500am.a t hi ckness conpri sed between 50 mMmto

500 mm preferably between 200 to 500 nm 4. Crucible

adeor diGreritieacgarying teanyfone bbdlaims 1 ta 3 cBaracthriaed dn thet thesilicon nitride
int hatprJtQﬁveSécJahr?gCHBnﬁl'éés'pgﬁﬁclgé thﬁfﬁt. lve coating

conprises particles < uci bl e according to

clsai M 4ruciiesR6idRG &@&Qm'ﬁcﬁﬁ@éter‘zgﬁirﬁh&t‘tﬁ@ﬂlcﬂﬁ Fufrl'dgﬁrotectlve coating
protective coating conprises also coarser particles.

6. Cr u&P'BP’éseéé'é%FQﬁ'%p?'Bc'%ﬁ aim5, characterized in
5gat ¢ IEFW a?rlr%grd ng&%l%%icla?frgcﬁ%%gy Fﬁ]tﬁstctlhebc%tayé%?)grtéesa anrg comprised

between 2 and 50 pum, preferably between 2 and 5 ym .

7. Crucible according to claims 4 or 5, characterized in that the quantity of coarse particles
is 20 to 50 % by weight.
8. Crucible according to any one of claims 1 to 7, characterized in that the low

temperature mineral binder comprises an organo-metallic compound based on silicon
chemistry preferably selected from the group constituted of siloxane,

tetraethylorthosilicate, tetraathoxysilane, polydimethylsilane or a combination there of..

9. Crucible according to any one of claims 1 to 7, characterized in that the low
temperature mineral binder comprises a silica based binder preferably selected from the

group constituted of silicone, siloxane, chlorosilane or a combination thereof.

10. Crucible according to any one of claims 1 to 7, characterized in that the low
temperature mineral binder comprises submicronic particles and/or nano-particles of

silica adapted to form a suspension, preferably silica colloid’s.



7. Crucible according to clains 4 or 5, characterized
in that the quantity of coarse particles is 20 to 50 %

whyonesgght . 8. Cruci bl e according to any one dfCTERION®B009671
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1to 7, characterized in that the | ow tenperature

m neral binder conprises an organo-netallic conpound

based kd § I St fr. .

t ﬂlz gr gﬁ%c%%% frc])g{ﬂlg P%Fg%{'%f& éicﬁjgﬁgeﬁ@,qw the gr%tﬁl&%ﬁo% of sﬁc@n comprising
t et r aetthgstepstdfosi | i cat e, tetraat hoxysil ane,

pol ydi LS ' [ :

& usi bl APKaRb 48Rty ) ARG oBflrh Wi 1) apatice walle 22
char actdefiningsan ipner velgpeiante | ow t enper at ure ni ner al

bi nder b} apingSeEsroRotive bbdtifg Wé&ﬁprfélng @6to v %1oR8cd¥n nitride and 5 to
sel ect ed fgoq1the ﬁ%oup constituted of silicone, o

si | oxarfd, V&P Glys iefpRatug: migerakhitsien e 181! PyeanesgRtent pging higher than
Cr uci bls=% g weighti atahd surfacy/of tHessidefwalld @R)fecidg the inher volume.
characterized in that the | ow tenperature mnera

bitader Rromeps acerding trciaimronchargetarizédin disat & nahimises a further step c) of
nano- p i Cl ;g S L QN
prof or Apiro i collea bl AR Bubdhef B HARRAIA Sbxcaton o
pr epar dhe sdiconfitridecruci ble ( 1) for the crystallization

of silicon conprising the steps of a) providing a base

body ( Froceshncrringdp daimdil b g sharpeterized in thatiheistep b)ds carried out by
wal | s (sBriinglefi ning an inner vol ume; and b) applying a
protective coating (3) conprising 80 to 95 w. % of

silicon nitride and 5 to 20 wt.%of a | ow tenperature

m neral binder, the total oxygen content being higher

than 5 % by weight, at the surface of the side walls

(22) facing the inner volune. 12. Process according to
claim 11, characterized in that it conprises a further

step ¢c) of heating the coated crucible at a

tenperature | ower than the tenperature of oxidation of

the silicon nitride. 13. Process according to claim11

or 12, characterized in that the step b) is carried

out by spraying.



