'EP 0172382. BI Description The present invention relates to the production
~of ~.a pol ycrystal | ine body, i.e. a conposite ceramc, conprised of a
crystalline mullite -phase and a crystalline beta spodunene phase. In a —~
preferred 5 bodi ment, the present invention relates to the production gf

a pol ycrystalline mat eri al -corlfPi 0472382|Bit e and beta spodunene usef ul
a substrate for silicon with a: t hermal expansion coefficient identical
close t MBI "of silicon. To minimze stress at the silicon-substrate .
interface Tie pidsentGneftitinCelatdeioi mgproqnmiat ofcunolwctvstalﬁnechydv.ne(h errmpsnervefamlc.
subst r acemprisee of al GW@eaﬂqiﬁeM@ H@?‘éﬂ!g‘ecm P‘E’P@ &R?Ex r(fa?’@ gof
BRI non Lt e ok T
“especi. '%j’}d gﬁgfsl t’sea”I poOwWer sem con €ior devi ces vvhere
“heating- anﬁ, ize/Stteds ot hGSill&H-l’silH%ﬁatOWrﬁEdw&l nfdeiuéteiudmlapemummseieﬂedtmd to
subj ect tﬁerkabﬁratel roateriab hdve tartbdrmali qxbmstbac@fﬂc@nmm IBMF that dfcsiligerl assdasely g5

:_ﬁt han* MOOMMGMMHPX d 'tyé§t'°=l=ﬂe ew ol xm"qg ‘ﬁ:ggg 2l pha
al uni na e e et f'tro AL, gﬁm N
“bet ween e akleh G etenarwev rpihetﬂwsarrmaas.mal to
‘be sati .&ﬁstar betvf:daﬁ aﬂ.uEmfawhu Elﬂcoapupiudgaﬂtto beawo great fod thiis materjal i bpts for

i nt egratfetdrecapplicatians. In @ddifiane high speed fintegratedheitcuits raquirg; qusararedwtmaéwgt,p

b
4
i

1
H
3
i

H

:

:

const antdieleckie “E@P%EPH?‘ hig umt k%“ t 00
high a P g&g 32%@;‘0: gor aluvﬁ g@hﬁ#ﬁggﬁc é;?@gﬁtl s ¥'I& na i's
t hen’ ne se erna expansron coeffrcrent provi des a closer match to

T ha@_d @ si Mumamomndnmsatdnabrbtsthav@ewnwmed|m$h¢ east: keinolidand Sibald. oAmer.
al um na,Cefadn. Soc.96/ G147 @982 %W@"%ﬂﬁ@tﬂhaﬁeé" @Ff‘%ﬂ g‘f?o‘E‘g al gat ed
inthe gfficw@_‘ég até’fmel and ?:: ga l':f:h 'xnma 50
report . J.‘hrﬁ“ @ ooy Srbib sf slbﬁ.ﬁ od- G ehiatiGns\tod 0o w«mn ,on
coef f i,girRRs, priitiheds2 Qiiso&tdortomﬂmbymﬂmerpanm-n-gcaeglss Icarmmsmor@rfomb pae
conposi tsubswate/thateral with |angemmmansesd¢ Mhrthatalf isdePP- consi st

ab:El'n {ct and

‘and a si| i Mullits ise p";ﬁ ngtaé E;%
|
Vi ncenzifhG ’%i?&?c? g@ ég aﬁsu.gtm B0k .r.&nt HoweVaF, ages
‘ConposeSeidd closem Baesifed fWuB&iraggfdi\mi'dj eil highOdbsver advives.
report . rrnkteﬂ;ga sdcBiding to onielaspettaf tha biesaht ipvention, the )l expansionfcoeffigientof mullige is

‘'subst T at lewsred tomiath thit ofsilison thequgbthe@ tmr\sqfeﬁecp EQ:'P?‘"E‘%&!”()‘E‘" a8l expajigion

mene (a lithium aluminum
clvuhlalmI o ‘?°Sfﬁ "E-Q;QS?’%J? c%‘q%%‘gm?{' : %ﬁggbﬁﬂgﬁhéwg}bg%r(at: mat eri af’ rr:tse

its:t her nmah &éﬁﬂmluﬂh a0 edif gaini aFtikhet ad&eﬁe&amahidmg wthe hreéent invendion fpdm thel i con -
(3.73x 10] dataitbd dkécriptior @Ot mlowmnlsumred insonjuhcipnmith Khe ﬂa@rewmmnaownq;ﬁrnﬂ foEming .

Ho a pyt, SO“‘! spesifisation, in nat
CUbetrgi L ' Mp& gmm"igg Fion g e pORfad 205 *&"’ b

J
as: pect 0 ha en y m?sﬁﬂma&ﬁl ,saaseqeﬁi ricolored tphask).
muklijte 1's gemr rsp). snahuﬁbthta batturatsfd tmﬁulemnsndrm tient bfshectelent;polycrstalline

second pMes lacfwmiction |tsmqu¢qme qum i r% usmg %r ynsg
-accor danthem ?’ﬁ’aﬁﬂ? onh for ja B 9ng %‘ﬁ oo le , num °

1 |on 00 clen O

heamatibs.iswac ehtalsiﬁash of
0. - 51630 ‘z( i.2 ﬁaﬁremriﬂésmdm%nama&e thBh{os the Pkesérit eempasite tsamig © Wi | |
gai n-‘a f metchiehe: merd:abeq:arsronmﬁdamt wndikdcneed to e g rceatenttof abab AT ight % Jstet he

det ail edsld’é%ﬂe andon set- f rth be con de e o[ or he
fi gur 9 aF Pmmgﬂ%aa ﬁ?} l{;p& d i {he Pterapur'zaqma;%lpgltt t:?{B W\IJ?Q i}

Fi gure 1 0hconpbeal P HetdirFon Etﬁ& 25&&19%ongsob‘cazopmigrba&kerdwn to
Cr 0SS- S€abdubs0°4 ndahamm@mha u%@o aboDES0TC oa mdmwdred ihetweercabdut 288K (g qhhuft he
present  i7T8HG i Figyme 35 ameRTésentcholytrystalingtbodysh

(Iight eSr ct-o ﬁatgg:ggnte&g ge Wﬁﬁ,ﬁ@@‘é F’,g‘;?:g““g B3

col ored %‘i"“ h %@&eﬁ:b&atﬁ HgiAg H361 6o about
expansi o &@ﬁ i Hlﬁbt&l%&trﬁfofBD&vﬂf@SﬁEWutﬁﬂhb&f&SbﬂMthc dylvtﬂnhvasivum:tbogh of
i ts bet a1epadumaentsitont ent . Specifically, in Figure 2 usr n

for theot he\"rP&$°“t°R Mt} 1 P qve'rt'e 2 fteh P‘t gﬁ ger gﬁ@ﬁéﬁﬁw;@
dor | ved El hrma fik e b R

coef fi ci ¢Phaulivie bilabse! Rbier SHORAAI [EBRRCI) amne SARGIIAG b |

gure 2 showsridii @tate@dthé prasent prewehfoapmajcnulaasoiwnstdmmde domnrtstﬂ Qﬂfemt Wéﬁr htal
expansisprweightfof 958 kyrweight crystallinepmuilite amybirorn B%styowmiohtito 03 by weight cpvgialiae beta
These calcul ations indicate that for the present conposite ceramc to natch
the t'hermal expansion of silicon; it wbuld need to have a content of about
37 weight % beta spodurrene -and 50 “Figure 3 shows the thermal expansion
of Si(x)~ reported |n‘the_l_|terature___at the gi ven terrperatures Al'l of the
solid |ines in- Figtiemmumua steemerrestrs-of - a difl at‘onmet er by heating
" the present pol ycrystal I | ne body produced in Exarrpl el 1 herer n from about




55 X-ray diffraction analysis showed it to be conprised of about 63% by

wei ght of ‘nullite phase and about 37% by.wei ght of beta spodumene phase and
a trace of o-Al20[err]. Figure 3 shows that the present polycrystalline
body had a ther nal expan3| on coef fEP; 0r1t721882rrB€|r atures ranging from abou

25C to about %%}nec rises :: %ﬁacrp\% aned o$ nﬁull%ﬁ 07 % %d e*e n%/o?RPHt ' .

5% of that Qﬁo Qﬂllorg p o!'Bi50, ‘Q’au lﬂuﬁbﬂ siti rdtﬁEU"saubo

| n accor dangeiysstdn &ypih@ﬁﬁd‘ﬁaldldﬂht%ﬁdt@ibon@am* drl‘h@sahﬁbﬁpﬁpﬁ Wﬁt@%ﬁdﬂgc

can be f abr ﬁtomtmtetr mamm: 10 IE90°Chabwhiet sulficoatiigiid nha;e@fgbmematmb llmﬁd Bfiabe sinser.theAn

e e

mul | i te r
li

t her mal ‘ebn Ha\sb&\yat &aﬁrﬂi 3@; fosb formbueasm Edy\b bﬁ¥p§ hase,

crystalline cs/etalammsarmmrsg thia easghmsmcleaad addy wt stedpasturetritging lﬂemean)mmelewshe
for produtd tem tllaw icm-es rproslw soid wwmawsw ${Rtpriyig: saido

95% by wei giffe emgg 'EP?"P ?’Y%’" goheing SAEET Yt it g0 8 walvgﬂtum
crystal line "Dha o densit ol f@fs.“' S °°'E&9ra§)rum§ésmmx4 SlhBd) o FEcddrdl ©
conpri sed Ofdentity bfitfeRhedrtticadden B{toamﬁlﬁﬂ hmmpadid{easb ddn SheaicEldr athioGids GF Rty

a precursor ahdbeth 3fodumsre nl'esmtxture havi ng a corrp05|t|on required to produce
sai d pol ycryst'thelprﬁe'!Sb‘d tion the 5'&!‘ of "Pﬁ'm"!}? ehapqjp ene %gé‘“%‘ﬂm%ma
{
mw ¥

sai d conpacmﬁéi‘?iwg fn o '5 ?ﬁ@ﬁ?’" Rialin Body,
500[ err] C atpnafdtbes, s cohbfidet b ullt as%@offﬁmgﬁ fance
sinter th® Sigdipabbta spuduiénadt ssscan aasofadtﬂnmdgiu:hiauml aaerdenga fhomigdl &mhals of

t han about 85% &Oat' h%oi #mlche@u icorniboserboffrom 58 waigfit Go 1o\t weight % ssimbd!ncﬂgthmm
tenperature? H\ﬂa |f|'c1antF:ﬁeIeter|ous eff(?'ct on

sintered bo Rt Idbﬁ b a -
iR e

spodunen e25
from 600[ err] Qnt ar [oer fh rasentnm&ewtt&rsw doghassyadﬁenae ipacrd maﬁenqa aﬂ&he
crystalli zatcpmnoruma-ea-l myiiige arfdéor besstnoﬂu mepe aedidr dbOeandionSip. attd/oaa w LliQ? and

ranging fro e%g;rs bge ‘i%’}ﬂgﬁ%ﬁ%ﬁﬂ?‘émggr ! '!éEr G
2
in said bﬁd%ﬂ gﬁh a}eﬁ %{a the
nucl eati on- cha’ﬂﬁe n&‘il c&ﬁb(ﬁah s df éahde%’bfaﬂlm? d/dn 8i0) Ghdiér aO;iithi oﬂu

in an at nos phﬂoebWswmmnMraﬁullhaghmnantqugnarhotmasmf thtedoebenm@use@hffcmlngmm

sai d conpac pr@ﬁmweﬁglatweﬂg@ cremef R}P'fa&k °Qi“P9F'H?'\e¢9ét!1°do'f‘ the pregent
bod I
dgngl !t)sl o%nm,ig %‘?;é m,éﬁ lm Bmene {ase %gpgjr'%gnmegr:gad%:gn ';e%t%?&"a

mul lite 15 andrrbebracm nﬁ{dﬁsﬂbﬂﬂsmé nold’bn’ifi&iht pfeafeﬁais ¢ffadteint the presérit Gnvention.
conposi ti on Spgcifichily, m;hctuld tine séeeps\pm@omlmh a@artelepemr!re ibeplow [900°Groanhgt rmhrablv

equi | i bri umBRlowHBORChRre ‘I"'E‘?'b

bet a spodﬂm%aor ﬁ&'ﬁ:&g 611?9'“ i ﬁ? '§?°“f V& esr" &ﬁﬁ?%}”&'u'r' | ¥P |"E'
Wi-t h the nul p&fants hﬁ‘e darxama bOEF cBmmBiabdr kdchcaPgrade. SpebiéaR}, @e® shdufil not
co ' sed . ofcostaineiyl impwitieénaltieh veauhyhassckigpificéntip delatdriods effectyh theYdpertigshf the vesiiiging

% Al 03 bal ®etyerysaiing; hogy. Eﬁd?'ﬂ?’lﬁ@t Iw bEFUTT'BWé'ep frathe steging mhatesidiscthe grepter isithem

al um numﬁl"ﬂ?'ﬂ f|glassy @ﬁ 4
el o o A AP e VIO s Sifibey A et
l'ithium al untdnﬁhees@&éB[ae,wsr]ekanHe?Bal)mumh@ort,hmmﬁgaecmsemmweatthom;xmh leehriigues isbaic

phase corrposwtlmmmret!ﬁrab!mthphampm il pechps g-Al04 wrechb@d'ywa\@prmdyhﬂclaasgvlsssmﬁmt

| ts final hfiairmental sifpct of fe prog F"f ' preferably: milling s eqriiad out 1R a flquid
phase Eomo LTI A A 0, Wbl g e e
mat ch the t tlﬁéﬁﬁﬁ%haﬂes(i&ﬂ VethSlijuidne PrGﬁﬂb ifit is§Hlin ahlavéiﬁﬁd'rifélm uﬁut

the present qalbwcubs doilitghpoig of shepliquidi dixilg anq@imnt. |Sotav-atymg reax also e memtipr i sed of
the conpoA®Nt Syngprédent FhttibuidtEmBiirl Mbulld Rive a PRAGM SR Which PRdGes thd plagentpiiych/stalithd 2
and/ or a pr aody. Bﬁferd’blyrthtpraﬁnt rBikiredia€dn averadelpanicll sige wehichdsgobmictonLiargeamiticlesides] O
produce the qgnqsdlvmeago oyt B IMidrons, vely tenfiency @s»da |densificationpip the preseqtmixyes, -

COpBRNIRts other than pow Y i F@e Re i arstsp which afiquys the
AR L o %ﬁe 'g%f@;@rmffop 4 e Ao LT

orepared bel g A MMINEIE AL Sl 3&" "ﬁ% ’%@’?@2 :gz%: ki
conpri sed ofg ﬁ@tsof(él uB@‘éﬁipr Sk hapthg the
precursor f Qﬁixtl#e fio digiifidartt g6l uﬁaaaerfeaml/tﬁucompbdt bittke reaiht&.g polydrystaltina body.
anmount s ofés tSueh oatepials enetal thestgpk whiclf evandratg awiae op heatieg iat fsenperdtyres dplow the brgsest
is determ ned by the particular phase conposition desired in the present
polycrsytal line body. In the present process, there is no significant |oss
of any of the reactants, i.e. A1203, 35 . Li20, S102, mullite powder or
beta spodunene powder forn1ng the nullite and beta spodunene phases in the
ptesent polycrystalline body. The precursor for LiZ20 should have no
Lbnlflcant del eterious effect in the present -inventiom=Specifically, it
"shoul d thermal |y deconpose conpletely at a tenperature bel ow 900C, and



bel ow 500Q[ err],. produci ng Li 20 and gaseous product or products of
degonposi tion which vaporize away 40 before sintering of the conpact is
initiated. Representative of suitable precursors for Li20 are lithium
nitrate, lithiumacetate and |igpig %ﬁ g4le. The conponents of the \\
m xture can be of commercial or technical grade. Specifically, they shoulad
not cont ammmn;empﬁ'ptyrq tane prefgrabihh belwIZQO"ﬁalpynm 8¢ gighificapt residye o€ laey efféctives

ef fect off erti f the res The | arger
the amougJf sngrﬁgm’ tonBe i f"%&% m}é%&o el ' gl i S
-anounts O - Oingsmvpabtisiéimterediatialismger dGtficient nqmrrase i§\gbnerdted td @rrp bR AR

proces s’v asentiiqhm'rpmae sinting anel S¢chainterilistedmpdratatelcyn mmeff(omrqmr thias aboat W231C tot Ur e

or disp EAROUBIRORE- Thesl me e/Rafture shouldhayane signifiea Umﬁ@m@e@ampvem

B

mlling, :memfeaﬁgadahyemmﬁehsmat whiéf beta sisaatesrena snscme aﬁdim sedhl" ﬁf fa]\ fiefal ch
has | ow higbker tzancabati ¥23°C 40 ahwut IFHACS qumtattscs ltisiter thae ebeut 1600fare nohoperable
proper t | Besausa heyvogenprgte 4o muph, i ‘F"' B‘t% > 1o pfusRe latﬁ° P"@Fn%m W'ﬁ‘ iogreasingd out
0 a |l T iy %ﬁtﬁmmpg e o e 88 oqPpsting, mofe; i
m xi ng me T'HSrErehdihQ WodﬁU&erﬂt%meWnﬁe Bdersiy %ataachﬁﬁabout

hydr ocar 88 6f.its Heeretiet dénbitynip. predternthan abdutréB%ef thalwelghted beerage thedretivsl densityit@rer  of
convent i mmr and beth ap u@snethssﬁdeqmwa ouats) th farmm-mraw élfee?f@bmwntermg iss

dri ed EPeRaT e At oy “EIH more pesferably.dreqt
r| e | n Whe heoretrc d{ eﬂsl oﬂ sélg %’ nterm Rgzﬁﬁw Lle e 8'"?8"58?1| E\( N

Ug uﬁ@"tb
m xture s hauta etmbau Body iPedimiprisddf &r,smrmémm mramk-haeszraséweﬁ lsfddaMbne phase with
pol ycr ystamd met Iurﬁrabmmmb#r ates lalgo reeenenlud iepending ofh s cammpositiay, agpsibly

part i cl eseme, wALPs % as@ﬁ'le Wﬂ"b‘!‘\es"&“i"f\‘,@"’ %1 h'alan Heat er
than doffFoes T sr..:;ﬂaraés G R
present thJ pragant dofyolysthlfiril £mt e ndﬁ anhdd cﬁ& v beta
spodurrenspoahﬂcﬂe Cphbs2 snff‘ciantB/I taenwh iite bry&hlltﬁuﬁh tohﬁodiﬁe preemsaﬁt promsyitalm body.t ake
pl ace, i Seecifi¢aly. matm.med)ltodm ahmabdahdtem%egueo%e‘\ w&wclb:grngnble frowf

t echni H¥u! Y o

exanpl e, ;%ﬁ %ﬁm}f’% '833%*?%“"&"{‘1'%?%9%?%%"° (% relorey; 1

| sostat i caINuwearoa-sﬁednng&Hens Ge'i&ﬁun@lile bAPAcaiP by sthridlafdteibigEas slivh 28 FoIexahple,f
.desired b\hvaqsa'vanﬁ ofltudﬁagl:aatctmuchhhcmm'om is crystalidred. Gaberally od nmtaanbmameelmgpr ng

‘the mi%t fd'b?f-a °r'78“|"3 s H us ffect the conpact or
e e Sl

382 Bl shtwiidh thgibddy ramdins tutally soam .o iefne réferakly\frafd QReere ioG,sod°e:aud A@stnO
- signi fwcanteragbs rtduebtm 1 é'hefre@pnem tgchqtmmlqumm adVintage lira psint crpstyllizationc an

i 'ze:mrsanr S SR B B B

a tape. - i el’eﬁgl Wb toterl IFUURAE satistactory # dnkl eﬁ rhés! ent
1'i qui. daprauee the anyemroah@di.o; phasauir the dindl kol if gt Beesent! | qui d phase~si ntering
and such sr'l?htaerrm siotering ammyowmealmg@dfmllgat@atamealtdgaﬁ @pisdtot 48 3nerr] C
t o about atm rré h@as-pﬁ h 9\%5 ng@ e sentative of:
. Y mi ing an
<Toni 11 ceE aoeié e:rm ot o e o e i s
si nt ersongugl‘aéi fafhb Fuesﬁ nrara bﬂ@dﬂﬁéd&IuEmSaGraEﬂé ﬂuémk o Bigrifi@ntideleterioss UND
't he conpaffect artHao:dmpaeSpebodyl cally, the particular sintering tenperature

used depende qnarrgefp Hﬂbmwmlhhtpfwml sgaﬂ"m n?hﬁ!ﬂ@mtﬂ"' neraaéemvsathzamoh

Egggg ;f; Ezg:r?retﬂfézm {pol El} |fl?l<lgtne| 5 is agE:?ure smt red ¢ I%em cq O‘E‘m ress releE n ::':grsg nt
e .

0
ol ten; andér b Yactiuth,N.e) vithbaAkeapbhcatichltvf Msc ﬁlwbhk@ iht aymmubd
about 150@[\@5%]of ltfehqpmneal tslerse.v h| her than about 1500C are not -oper abl e

because the "?5'" ater thaniabout 853 of itsheqre) ‘Es"br' hHod
Wih i g ey a“r s B i "'ﬁi“%"m‘ sk the
_rmlten 69@ ﬁia Fiferdbi/ 15ve ﬁ tﬂﬂtﬁ%eof hbdt Ic dehsity e I ng

.t enper at ur erhe pTé’S&itﬂbWilllr&l bobthe has ) nursbet af Gse€ (bud bdcaise of lts)dmieet\alowr théreae d ;
body hav pmgnwrtpeefﬁm Lgm\ccqmum 'abemlctwwvful #&@Mﬁre@mra:ela#spwmsﬁ
Irmlel ,?rgﬁ gﬁed:rfigalﬁinb %res(fu npé) r'Ye }ﬁoqfn a[s a herma e)rgﬁan %{rﬁc chgQP?IEiSQhatn ;@Q@ﬁgﬁé’ for _
Preferably, the present si nterr ng is c r_rred outto produce a sintered body
having a densitygreaterthan 90% and nore preferably greaterthan 20 95% of
the theoretical density of said body. Sintering tine is determ nable
enpirically. Generally, a sintering time of about 30 minutes to five hours
is. satisfactory. The sintered+body-i-s conprised of--erystalline nullite
phase and a gl assy beta spodunene phase with




Tsone netastable |ithiumaluminumsilicates al so present and, depending o
“Tts conpesition, - possibly some [err] phase. Generally, the nmetastable ’]7
Jdithiumalumnumsilicates are present in an amount 25 ranging from 10% 1(
volune to 15% by volune of the sgpt gr-pm 3sﬂyB1These metastable |ithium
alum num silicates deconpose into bet odu Heradses. This
crystalli zasoouQ aamsewdrmal m@iormo gggcﬁ’ :Cﬂ o:f, %{;&%‘ﬁ\ig about 6% by

pol ycryst ais Niusteted by gﬁlpg Rt of aboub M e at300°K.a0d hat e
the gl assywﬂ@I‘B"‘% Eﬁm i ergheaata ypddumad\d woul{l thavec p yharmpl| $xpalsiop

to produgebPie hmatm ne bod S eC|f ‘,£ jidh BhreFat
body is anﬁoea%'gﬁ»eaht ,ﬁlthawmmwtvspa' T o aﬁb et ﬁgﬁﬁrﬁ\brﬁibeta
prefer ah,Ly3don@ffhé3@e|6¢5®[@ﬂ?t I""t' ons edyabl y, it is

anneal ed aspogupene preserteihe 200 °° " Hﬁﬂlhbeinawmboodurr@ phasgecand WE"’
rate of nucl 'll?asﬂ S I%Z%e R8s an M\d:isalfdllpolmmdms mullited Eﬁi’s 0 umi"ﬁ 81:':
than abolt s394} Gkigt éss% By¥eighpa trahtal wemhtqi g;' Ak he o?,v

Nucl eat i onaa&maéngmg ftoim 8% by Veﬂahemﬁ% ph a.hdompnsed of
techniques suok et moedia %%ﬁ °5§37l,y w&e@ﬁtomemls igt of the e ndt he

final prodt!?e't/c byanmmtoeaa%mrwemh'mémelt?f th?ﬁ?

Ilme h n
period o 3 thdnal lexpahsidn a:feﬂicn‘am ithixnt amwom% ;‘0 d
nucl eat i onéggnmeaioeabraerfddemddubw.th pseset ﬁ'V ’%ﬁ gi a; Q y "g :|° rxr:;a

crystal | i zef abmt nawbaare f aelvapysplling, §§36tdptlﬁf slien tahao0°l<
pr esent polsp t‘*hlaf‘ﬁ' @%?‘ﬁ O i ynassy (Fash UCdnasoumf lesertherpdtott 5% by
sintered Zbodmm éﬂth bt 2%y velanedndmoe nreiﬂw 'a%saﬁ'ﬂ@ 3 E "‘l" mp

1120 rr] C $Prots &&ﬁm&:w&awm@tmmmm wﬁe‘l%‘b 'Eﬁgﬁ%ﬁe 5%)

bel ow 1423 Getapiatié emabtyfdassymhi af:MOng' leq‘ ea{’&um ofglassy
preferably, frqmatﬂesecab'e m Spehds @ewcbnsmgmhﬁunﬁanm thel stamtingige

I n using 2&r ?tf"al:"ﬁe?'al"l péeﬁ'?{' zgf)llyn terrperatur;s hi gher t han 1300 r lChtof
Crystalliza f Mda\soay&naiebmmm

t echni ques: ﬁggﬁ.éﬁmm lsepdumottﬁ)fs@ ﬂ "t ﬁ%ﬁu d'& u-i%fﬁen, he
final pr oduahminscrwstgllsbtallnlf P'ﬂ W °s' ialsaauuanﬁeﬂiases@etqme
rangi ng f‘1°0m@9§\%°‘1’2@5" b erea wa &Gﬁ\m&ypha ebmamveavw

45 reduce theo brciryeivl ot ,,° S50 .%fa]boqa e.e%bvwe-gm@b qm by welg oF;L:e (s oh
present. gnl% m%hf‘\irlﬁn'l@glozmm"@w'“wmn g{ 5& no algh T paAles Phase
cryst alli zaiﬂewmmbnmgsmcwtﬁé'&‘{?m 'sigf?"ﬂht ?PB gpdy as no

si‘gni fi casst Wil foeh eneeqm ous effect el nFotLeprngrm fycrpdtalitieBisdy ﬁepﬁsdomtamﬂ?-& lUf

a useful atno ALY SioD G WeightBéta bpoduraen@phasa hesrasi@arontant
m xtures th SB;E:"Q ha“&m% ygu?weed ntairga-AlQaPhpss "gé%b 5‘59%533

anbi ent preg rSdn@igéls. When fich morepredetted el "Fgwgﬁ"l @,@gﬁffﬁf, e

t han anbi antweight, aﬁyeaAIEQ; pom wehich G y@gyumu

signi ficant "d‘@“mm n A‘;’éﬂw Odwca 23 o?t a In one preferredI
enmbodi nent, Qﬁeeﬁrbzdah bodylG besatmr@d) aanealgahs w | agilye present polycrystalline
crystal | zat‘;0 ra,, 3

Sﬂ% Rviightto53.8% by weightief the it we g tles :E)(e | otaﬁgg@ 3 montent of

at mospher gs Ghe M-aééuwmi\t Risoueghtdetein thestotal $02 CpRiEn tafling bdlﬁ dbéhd'!pt
is a pressurre:lum;sgnc!;lvemsep %%P%ﬁﬁ?s@“ﬂﬂwyggflsy %%Eﬁ?e [ess SI nterl ng

herein it is%® hé BddyQin 86 arieaeDkt diamperatutfranding m%e gC to
shaped body ﬁ% eﬂira S\i;:lllfcﬂ nés’ryd twdein said pady o me spme atmgsphFR et 16T Posen

applicatiqp stdm&h.aahmlmgptoesemets cpntent of @ ALBS pia¥e B B&bEdY is
than 85% of itsdn ammmemwmerﬁs?'v ";551" é‘pmg‘% smi" df ‘;ﬁ% ik ntnﬁ:elwdy atmasnta

density greatedyced I‘?B.P""H e em | f r t g}ﬁ&faﬂbblﬁﬁﬂsuﬂﬂ rRBeféryny ithee$iO P‘E!!Sﬁ“épf the

t han 85% of - ’f"Hl;é §id fﬁg{ﬂ egm&hthemto mcpyteﬁtefth?rmﬁer‘ggé g‘%
bMut

spodunene ;;a éﬂﬂth’é thotalrﬁmmbmemheheemﬁum'e%‘é ehafﬂ?;h 0’%&\%:“ ran m)re
9

the present pewdee s sdilces silicacpolydety The Hee ‘Fy §§
preferably geenkdy weighh ooyt 5‘*8\44 H‘éwte Ye ;q) ensi& <¥ f sub@hrfal}yUtiformif bR at
present pol ycr ymticd grésee pwﬂﬂﬂ‘s fhhl S6bshtidity Bniform or

relatively M\sttsiwrf'nwﬂvefxg AR tb é'g ?il el ect ric constant, it is

parti cul ar [ atdeest,a significantly HOEPr P, 1E™ er| a slm%cdogi, Lo b@g,s@mamga.tdon@uous

substrate for sené hammettrmns phage I“rﬂq hor i 35’ 6 DS spiumany pﬁmnangeadmmﬁo by

corput ers. 6&:@9@@"1 % e iht ‘;‘IQ e,p{s dggg&,y.g.ﬁmstnsltheheamd% gﬁ f
expansi on coetiit| ?eﬁ% gightto betly 3 exhibits sare| otingity, andda ﬁig

300f.err] K, A s her rra expan5| on coefficient decreases as its cont ent

of beta spodumene increases. This is illustrated by the cal cul ated graph of

Fi g"re 2. The present polycrystalline body containing about 5% by wei ght

& spodunene woul d have a thernmal expansion coefficient of about 3.2x
"jrr] Kat 300[err]K, and the present body containing about 50% by wei ght
e podunene woul d have.a.thermal expansion 5 coefficient of about 2.2x1
'K at 30[err]K. The present pol ycrystalline body has a dielectric



300[err]K.. The dielectric constant is a function of the anpbunt of beta
spodunene present. The nore beta spodunmene present, the lower is the
di el ectric constant of the present body. The present polycrystalline body
is conprised of nullite and beta spodumene phases, and nore 10

speci ficall y [ t has a phase cogpoo|17z)3320mr| sed of poI ycryst all'ine
mullite i n co qu andr Otm 50% 0 e?\Scy m namountttrom
total WEI ﬁice §P€$ g m %é/cljl'\e ﬁ‘rﬁ’:& Eﬂ%ﬂﬁ%et nrﬁ&l unt
rangi ng f rorrm. mw/b m AeCboa) .mawgmuee rtrheorteses ie, W) Bé simfple

body. | n andipr edngrexcl stmieoﬁamhm fot hes 98- € subatratg ol iy dn yietfain phe simetly has a
phase €éo o§'Fet 'FW'Q!U @e@s@#ﬂb@l Ye fojlawing. Manele?mrh#rwt' gheprgegdung)wes a519ll9wss by

vei ght t. 'f’g‘ il $ 1809 Q4o gﬁ%emwﬁ. 80 oxkiines rmoce
bol Sorystal 1 IRG g0 T e YT L G o Ll B T o
of the tqtgrai,ermght of the body, and has- at ermal expansi on coefficient
wi t hi n7eaboute Dedsitysf a slhrated of fired bade.@iven herd ieactl rtl{l dehﬁtvas'm)z 822 gfcax whighdgjthe

enbodi merfteoratipbd {aapqquﬁéned Wtsi(3- ]%Pma,
con el ﬁ‘% B e Rl
e beta spodu

by we HPbassl YSt @ and s a herrra expansr on

coeff | ca ent DUMsn\hwns enogsuted o aftaridait impdersiinl taﬂ\otquabsnaﬂe{mow] KicotidDaslthe fipidesent

pol ycr yst al Phagecompgas t'Q!\aH;th%ﬁM Bffggcg" |dat95ynq9‘rbastenqar¢ regtaliggraplti techniquessuchiap an

about - 5% abo

preferabltymlt, EIOE? %;1 gvoﬁzgmﬁﬁ" %ﬁ h’m ?M '¥‘9 %grr'get%?gs{g?(fiﬁody

Ever_igy e preferably t he present pol ycrystal li ne body cont ains only a

det ect ablExampl®odnt of Iassy phase. Therefore, ssy phase in the present
ORI nany EAvioR B0 Vo6 by

AR e
vol ume o 8 26, 29 ¥t 9% ALO Y¥ha 84.
presents | Whight % Btb?%ﬁ@ avity Afpiv)é»%ba rhéi@s%é) % Rt e&a@ y ﬁ °

i mpuri ties About63% by Weigtit oithaMbitts peurder anthuboy 3E% &Y iveipittiof e ets aiohum«;bodger may
cont ai n smltpﬂu lenl nzr:@ @9333 mage@nnmnm apql\@c'arbm# aqwiz nnets Aflglmtmg
total (] Il haefi'f‘gng t‘réa I,m]%rtl tféfs‘f less an aﬁgg § f?é"

mul | i tso M&tﬁ R AL D Slo Lt BmblDAt Retnsoradirs Jérzategars dtiaBi

al um na- nwssbmmpm es.asach bareﬁ»a%t:ahmgn HIRAIURE bRBLBsARGaIV HRParhyie 0EibBE 1.27
largely 3n (112 ihéhe nSdi@Beteoartdesbbuﬁﬁahwnbw chinid thitkpesse| at i ve anpunt s of

mullite and Opedisc &sfefsf ve h@t’%l"'he teFtDP’a@ I"F:G“ 'Wﬂﬁﬂﬁ’ p HQS“(EM
~cont ai gs ggfg'g,;ggo gﬁ%@m %;:%%@ aﬁ, PN

5p0dum§neco@l 436" aribh lﬁfrf F@Qfﬂ clédtightlan ioM\Erindaling walOoUut
4% by wei @hied Git iﬁox%&i’a‘tirﬁﬂaﬁ plessute, mnhéméd\atéchaa mnracbwoleumﬂne sairid afoh @&1
content i's m:ﬁreagneaheﬁre@% ojycoyete rvabodwraa_a eemwpﬂ% t9459ﬁohfa§ehqwéﬂbalf orm

therern ep SL’@' : Bl
e

6% Ew “‘%' '
paN-«r cul Mg?ﬁen r
conpr i sed.ecthe ﬁmmmﬁﬁﬁ"mming llitviahd ¢rystalipie hete spodomerie@hidseSwédidhe withinghoutbet a
S| odumene5 ) Ipw weighhof the SP"G)P@@GHPeW? W"&b’@‘d‘!‘e 4nd bety Bgduepggzmwrsr he t ot aI

O R R AU e P

pol ycr yst-al trhig aiswélyd beasefal aSIa@Gpﬁbﬂii\b anistraé foad gllidon 4¥ip ﬁ%éayn éedamiepagkiging &oiy
[err]- A[etrsre pdlm&emhrch It may contarn I's not det ect abl e by X-ray

dlffraéflon 'Q%'s' uc referred aII|ne
ocy s g SEEEIAR S s i{@éﬁ, Lok gt
does not ﬁﬁ&hﬁ’énQ AR i A o iR et the hau.wmaatof le 12. €.

si nt er ed, whene thal ravllite powddr [hadian tabeaqarrmaehtsrzpddoyogrymrah#n S0 m)ducrormmges f rom
'29. 7% % werlrgmmplestrs‘s 308 angd 114y the stgrting pata tmmermn?mlho fPoyv ﬁ
nt
{HIC:

cont ent Oadc;%?hépﬁaﬁ !¥§13Eth @%TY%%\WWEFQO . gﬁc%
ther ein, jde e shice wis h 416, Hnll HCEx hrﬂpl :ﬁa” do
spodunenethphaa%nm Iriilxtaﬁy g assy phase. The present pol ycrystal 1 | ne body
does node corm aahla lathprstg@FAlﬂa @BwdéT hed pr e®meage P ¢| sms/eftaabtlltlwé nlljcrdlyetefarhebe

| ed #pru H.0
L enper at ugg;ﬂg R TS R P B ggrmewﬂﬁ%sg e R s o

for the preg etanmseryatdadol thé BlaiiRg pEWRRRAkrd Bsed P ploBSHIGHR wihich pfdaaéeRlife @ten
a- Al1203ssptampesitidriofang patienste dixmmodi nent, al umi na precipitation, i.e.

formati on of a-Al1203 phase in the body is reduced or elimnated by

I ncreasing the Si2 content of -the starti.-ng particulate m xture by an
amount which is deterninable enpirically for the particul ar conposition.
Preferably the Si2 content of the particulate m xture is increased by
adding silica thereto. By SiQ2 content of the present particulate m xture,
55 |t |s ~nmeant hereln the totaI S|02 content |n the mxture |n any form




The bet a- spodunene phase in the present polycrystalline body can be
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firing of the conpact or body was carried out in a nnlybdenun1d|S|I|C|de
resi stance furnace. At the end of each run, the power was switched of f and
the body Was furnace-cooled to roomtenperature. 10 % Density of a sintered
or firedsbody, given herein, is fractional density using 2.822 g/cm which
is the theoretical density for 37% by wei ght beta spodunene (2.38 g/cnB)
and 63% by weight mullite (3.19 g/cnB). The weight % of nullite and of beta
spodunene i s based on the conposition of the starting nmixture since there
i's no sigpificant weight |oss between the green and sintered or fired forms
of the body in the present process. 15 Density was neasured by a
st andard i mver si on t echni que using isopropyl alcohol as the fluid. Phase
conposition of the final product was determ ned by standard netall ographic
techni qugs such as optical mcroscopy and/or X-ray diffraction analysis.
Thermal expansion coefficient was neasured in a calibrated alum na
dil atometer at the given tenperature. 20 Exanple 1 Mullite powder (99.9%
pure) conposed of 71.8 wei ght % of A1203 bal ance SiQ2 and having an average
partlcle S|ze of about 0.2 mcrometer was used. Beta spodunene powder :
(.99. 9@6pure) conposed of 8.0 weight %Li20, 27.5 weight % A1203 and 64.5 25
melght % Si &2 and having an average particle size of about 0.5 mcroneter
was used. About 63% by weight of the nullite powder and about 37% by wei ght
QT t he beta spodunene powder were ball-mlled using alumna nedia in
acetone Wth a polyacrylic acid added as a di spersant After mlling for 3
oburs, the solvent was renoved by drying in air at about 40C. The resulting
ticulate mixture was substantially uniformand had an average particle
i ze of less than.about 0.5 [err]m 30 The particulate m xture was pressed
1to pel ¥8ts at anbi ent tenperature under "a pressure of about 13.7980 N m®
, 000 psi). Each pellet was in the formof a disc of substantially the
size of about 1.27 cm (1/2 inch) in dianmeter and about 3.175 mm (1/8
mﬁf in thickness. One disc was sintered at 1450[err]C for five hours. The
tenperatyfe was then lowered to 700[err]C where it was held for 2 hours to
nucl eate the gl assy beta spodunene phase. The tenperature was then raised
to 35 1300C where it was held for 2 hours to crystallize the beta
spodunene phase. The disc was then furnace cool ed to anbi ent tenperature.
Al'l firirmg, i.e. sintering, nucleation- and crystallization-annealing was
arried out in oxygen at anbient pressure, and the fired disc was furnace
ool ed in the sane atnosphere. The fired disc, i.e. the present
ol ycrystalline body, had a density of about 92.5% of its theoretical
ensity. .s¥-ray diffraction analysis showed that it was conprised of about
0% by wei ght of crystalline 40 nullite, about 35% by wei ght of crystalline
deta spodunene and about 5% by weight of [err]a-Al20[err] phase. Since the
ired di sc contai ned about 5% by wei ght of o-Alerr]3 phase, the conposition
f.its mMugl ite and beta spodunene phases differed slightly fromthat of the
starting mullite and beta spodunmene powders, i.e. the conposition of its
cyystalline nullite and crystalline beta spodunene phases would be within
apout 5% by wei ght of the conposition of the starting nmullite and beta
spodunenegpowders. 45 From ot her experinents, it was known that this fired
di sc, i.e. the present polycrystalline body, had a
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EP 0172382B1 Exanples 1, 2, 11, 13 and 14 illustrate the present inventioA.
The fired disc, i.e. the present polycrystalline body, produced in Exanplle
1, 2, 11,.13 and 14 woul d be useful as a supporting substrate for a silidor
chip-in a senmiconductor device, af&P 172882 iB1l arl y as a supporti ng
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