; e3eVWRRST" TV6VTW " | HAFNI UM SI LI CI DE TARGET AND MANUFACTURI NG METHOD
THEREOF 5 Technical Field The present invention relates to a hafnium

silicide target having a | ow generation of particles, and
formng a HHSSOfilmand HHSION fil mthat nmay be used as a mmmmm HNLHC
gate insulation film and to the mypf@EapryidQy net hod of a

not likely to cause ignition of sintering powder or explosion o omder

'dust during the manufacturing 10 process thereof. Mreover, the unit of

"ppm' as usqrﬂqﬁ R in all cases. Background
Art The fil qucllt{negg‘ ?gﬁféTBPﬁchM@mp 4&@ GCMEFHIQP THERHQF
I nfl uences the 15 performance of a MOS transistor, and it is essential that

t he fac Weﬁ the silicon substrate is electrically snmooth and t hat
t he a(l) e carrier does not deteriorate. Conventionally, a SiQz

film has bee S on fi.l. and was the nost superior
in terms of ?RF Zﬁ?sggﬁi *&‘E% I?etlé;rcé P) gé‘&@’?’f’(fr‘}m target; having g dow gemeration of i n

t hat t heatticlespand $lht-ﬂbf5l f& fcﬁmh e8I Filinhind BRSON it
nunber 81‘ }c Lriers fr%ect rons or 2 0 el ect ronl?th gﬁ@s‘{é ]illsjrzigragal?lelgh

and t he “HISGTC &YF ¢ at’é?F‘smei’ ABe Enthednamydacturing metod ofie tirgetewhichds not llkely
Ci r cunstRBARE igMitieh dfisiRerd W&@ror ms}/on\/(?tJ fg)?»gc% Wuﬁmwg?gcﬁggﬁgnu acturmg

result of mnraturrzrngt rrng, t e gate

condl st Bracess thoreab Mareovéri theamitpafsgiphi”easwistdiim s Heseet waﬁalmemx@}m
deteri ogﬁ%g éhe reliability of dielectric breakdown. vert hel ess tunnel
| eakage caPfRnt flows di rectly when the gate SiOz filmis formed of a Z 5

t hi ckness of 3nmor less, and a problemarises in that this filmwould not
function as an insulation film Meanwhile, although attenpts are bei ng nade
to mi ni BackgrowndAd transistor, so as long as there are limtations in the

filmthickne o h 02f|| is the gate insulation film as
descri bed abz\ﬁree 1f1]n“1!i nﬁé&ﬂ??szé)lf i 6ndl\§?’cpﬁe g@?ean%ﬁ“ga(“&“ fidme dargely sllfQWinCtiScahme
andl@ ppafiranmes b52MGS transi§tbatand fs Q&'&ﬁt@ilmqr?%irﬁirggk willPlh lsﬁﬂ:gn sgé\ira & he

I n order o | ower the power supply vol t age of as we
power qstrigally $maoth angd th@@éggmb;hty of thelcarridndoganat detesiokaé.i on fil m even

thinner Nev | a lemre rdrn t he gate

di el ectric b?feng 18§a°11 §S§t§:f1ﬁf"¥]ﬁ Sﬁt{eteﬂrué%ﬁ E's(ﬂatet ‘F?g“alﬁﬂ“@‘z 1, apdiwastheimogtim
or | esssmrldemenbedf averfarialtqualityl igadditié)@hdrk lidh Raskadtetibiid ina&beﬂrlct inger
Itsel f. t of .the foregoin ci rcunst ances, a gate insu

£ilm wi e S‘Iﬁ@ rfqm gqchcqsr this gate insulation film, the number of carriers (that is, electrons or
20 electron holes) increases, and the drain current also increases thereby.

From the foregoing circumstances, each time the power supply voltage would decrease
as a result of miniaturizing the wiring, the gate SiO, film has been consistently formed as thin
as possible within a range that would not deteriorate the reliability of dielectric breakdown.
Nevertheless, a tunnel leakage current flows directly when the gate SiO; film is formed of a

25  thickness of 3nm or less, and a problem arises in that this film would not function as an
insulation film.

Meanwhile, although attempts are being made to miniaturize the transistor, so as long
as there are limitations in the film thickness of the SiO; film, which is the gate insulation film
as described above, miniaturization of the transistor loses its significance, and a problem arises

30 in that the performance is not improved.

Moreover, in order to lower the power supply voltage of the LSI as well as lower the
power consumption, it is necessary to make the gate insulation film even thinner. Nevertheless,
since there is a problem regarding the gate dielectric breakdown when the film thickness of the

Si0; film is made 3nm or less as described above, thinning of the film had a limitation in itself.
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constant is being considered lately as a substitute for the SiGz film And,
the HFSTOfilmand HFSTON filmare attracting attention as this type of
high dielectric gate insulation film This gate insulation filmis capable
of acquiring, with a conparatively thick film a 5 capacity equivalent to

the Si02 fil | ri. LN that it is able o suppress the
tunnel curr e% .lﬁ%gr({fﬁtg‘g %gcl%ﬁ%:n %‘ﬁ@gnslégz;nﬁe%ea §aisguladon, f#l'l’“l Withphigh dielegtrici s
added t Gomsi@itde beingronsideieDNuttlyl ia dubkeituleirahe 810 fil. AAIThAHISD Hilan"

Si 02 cag_{ e(?ﬁ} ected. Thus, sought is a sputtering target ‘capabl e of easily
and sta fsl e AURRCYRS gtcatian ps thivsyae of beedidipleejtit gaferissulaticndiinf.i | m wi t h

hi gh di el ect ihgs e88Sh@&Mtionl ik e Lnee high purit af niym silicide
powder is ext ren}gal oxi dar] f/}lgl,l\/gﬁg%geso%?éﬁreng’dﬁit flo??“b‘*gr%lvﬁryel* 6l filBundier
or eXpl 63pasity sfuivaledtto theSTOdiimi, agd iseharmtuizad inithan iP4HE %Sﬁlpgfesé_tmﬁﬁ}ic‘l’m
silici d@urtré“tg%hgﬁ' a_si ntterl g]? are be‘gom ng a problem and sought Is a
manuf act'ur I ng HodiEs }Hstc & tdesmed @s asfilipn wihkedy Eif iaddedste 4 §i4 filom oof
si nt er i BONIUAE intexfaceNRfuBBIyRTmAAr (BN OF S%‘?(%an%rf{xﬁgctwe manuf act uri ng

process thereof. 15 Disclosure of the Invention order to overcone the
foregoi ng pr dBPerigughthis apspatiering targerdapable aif reasily ad eMbHefodmitaf MihsR-grade
silicid LQr.in rkabil,ity. d.emhrittl enent resistance, which
is ?((J)t ﬁfﬁgg‘ﬁ%@gﬁ%ﬁf EHH%R%@P @f#‘gﬁgfﬂewta@ﬁ- expl osi on of powder
dust) and whMuanwhileWiicbhigh ParifyKarhRmiiligide ?ﬁ(-vﬁ fd Ighfg N m

t hat mag e used as_a_ hi ghgdi%el ggzri o galt e]i sul gﬁsoér#t [ Nf)gdggﬁ%cstdfi%ﬁr%
for a SPbhe jgnition; gf sineringapewdest arr ¢xplosiat b gowider dodt. duFlng the ef@mifacturing

i nventi ON¢ r . i ilicide target for fornmng a gate oxide
1 m colmsesdof Tajnim ABE LA ke 4R fgaiine ariehiem, sndouely s 4
10000ppmnafscaring rhatfiod ofta sargétovsieh ien@raikel pto {As&glich 8RRt YByldel 07
accordin tog&a{%&p% 1 above, wherein the relative density Is 0 O
more;  3XPAOSIH & ridugt; dysing theymanyfaeturing plogessaheaofe oxi de fil m accor di ng
to paragraph 1 or paragraph 2 above, wherein the zirconiumcontent is
2.5Wt % or less; 4. A hafniumsilicide target for formng a gate oxide film
accor di Rigclosurerpf thmbivefiti®0 par agraphs 1 to 3 above, wherein the inpurities
are C. 300p ony I{ess, Ti : ]hOO mor |ess, M: 100ppmor |ess, W | Qppm or
| ess, Nb: | OfpPRCE 19 @uarcoms, the ng problegns, pye: presesp inventivw gims © proviem or
| ess, Naafnidnl BidIdR! tat : I - ol 2SS 2 mor less, .and Th:
R s e T s T T M .

O O ppm.or |less; 5 A hafniumsilicide’targ orm
accor di Wesly & eause ignitiors of sigteping powdpher ckplasioh affpoveler haS Sidwhizs iavALBRE

iM Siz 6 iS: , 6. fact yr | thod of a haf ni ilicid
Dt Stof Rolriing, b e M o1 AASTBN A Bk by BudSed @6 4 i Ginjesbac gote
conpos eitlsulftid Hinp iBsubetifge fos aS:i’(f){]fiﬁﬁ,i 8 Ghe ﬂuhtyf%&hagg I&eﬂaéﬁ%p&%ﬂ mesh or

(0] a

| ess, and thereafter subject to hot pressing or Isostatic pressing
(H P) at 5 1Wisopresgndimvoutiemproyiiesit o 2000kgf/cnz; and 7. A manufacturing

met hod pf a j i b C f.or formng,a gate oxide filmaccording
to any I(gne o‘?a%dgfgﬂgg}r g%ir?iso%lgﬁ%ftt ?oggér\%l,ngvﬂﬁgﬁt& ?fgﬂf)vfgg‘r ComPesed oo MiSiszdomn
conpos eshaéinthSoxydsr-con@ht isS00yn i 600Mpgae, pul verized to be 100 nesh or

| ess, ?d thereafter subject to hot pressing or hot isostatic pressing

(H - 17ddhe 1w sHisidearestior formipg 2 patskade film agwsdinyitelparhgraptarabgve)g

Qut t heyhdwianhé flativeedditis 050 Cs thGefat € i nsulation filmconprising the
quality as a substi tutce f}glr tzbe(;ré]ﬂ%f’fi Imis fornmed by perform ng oxygen

reacti vk spubthefriiwy silicide iirget foaforing Bhiate @xiddefifn Iamdréig%ﬁoqﬁﬂfgrslﬁ{ gt 0
be a hyﬂgu’ gipq,‘aiilg)n ofhan. O)ﬁi de fi.l mas represented with H'Oz SOz, and a
far get g above, wherein the zirconium content is 2.5wt% or less;
4. A hafnium silicide target for forming a gate oxide film according to any one of
30  paragraphs 1 to 3 above, wherein the impurities are C: 300ppm or less, Ti; 100ppm or less,
Mo: 100ppm or less, W: 10ppm or less, Nb: 10ppm or less, Fe: 10ppm or less, Ni: 10ppm or
less, Cr: 10ppm or less, Na: 0.1ppm or less, K: 0.1ppm or less, U: 0.01ppm or less, and Th:
0.01ppm or less;

5. A hafnium silicide target for forming a gate oxide film according to any one of



was usual |y demanded of a conposition of Si/Hf = 1.0. Cenerally, although
the conposition ratio of H and Si is demanded to be a conposition ratio
close to the target film a Hf-rich oxide filmtends to have a high
dielectric constant, a Sirich oxide film has favorable conpatibility with a
Si substpasdgeaphod to A bR WherBGRIR, ; s,structure, and therefore
possesse6f a characteristic of havi ﬁgﬁg?glqag\f/}v 52%:9!%?6%’. In light of the
“above, % is ‘hérawactyringomethedi afer hafinilinl aflizids @gdt ITer RHARE R Sfte LRRIE film
di el ect r&&r&ﬂ%@%@} f"ﬂ}% Ioeak urrent in accordance wth the purpose of Use.
Mor eover, each marufactu |n?'Pd)sﬁ’r°8c°é’§§’°6?d of HEYip.pe.s is yathesided, plvarized ve be
conpat i d0Dimysh endess, #ml EHeraulftef 3PFHBHELOF, itrari by changing the
conpesi ti8n°§r at i o:&()gcf: Hf and Si agﬁnecgss(gr 1@%5115{{%@8} &éhﬁﬁ?&%ﬁﬁﬁﬂ%gﬂl’) at
si nt &r i 1Y% ke 92 12HC paeikO0 tof20RAkgficm® amdl si i con, silicide phases such as
a Hf Si Qhase and S| z. phas‘ﬁ, and m xed crystals such as a Hf phase and Si
phase are fo PRChEng, mathed afia hafnhen sdieidestargedrfor &riming hugate @ReTeatilny
speaki ngeccdrii@petol 8n dak ObY i t haf ni um si licide inter conpounds
are not abl e to obt}gi n suf igkgg%pgeﬁiﬁég?vﬁm% Lengpeveg ohdheicamppsition
si nce t RRPPPRdeofaHiSigh-ouelis syrghetied} pulvetigstetbs i benEd BRGNS Of cﬁtﬂ%?éa?t“s
textureSuba&i t30hthereafter econe a target wth numerous gener ation' 6
parti cl 883°And, M PESENG Ar qti 1sestatice pressing r(BHB) ay 1360 to @120 hadd 150 td he
heal) ng20GuRReLARUr € and pressure in accordance with the conposition ratio,
a target of "an optinum density cannot be obtai ned. 4 Upon persevering to
i nprove the increase in density, the present invention succeeded in
obt ai ni target, suitable as a hafniumsilicide target for form ng a gate
oxi de flgg?ﬁ%%‘%e f)fcégéfﬁ‘cg ¥B% INVERLQN ovi des a hafnium silicide target for
form ng a gap&ifKfidfecirid M€ Hf Si.o. BZ- 0. 95.in consideration of the
bal ancef'{lﬁtﬁ/\ﬁeengz&e di el ect ?ﬁ?ﬁﬁ’gﬁ5‘?3&#{"“85‘8“#35‘&‘1‘8\}1}‘ aht substigite byr thoSidned
is a hal gmeddiydgerfaamireg oxygeahbactiot sphitefingaiol N OIFSNE P ture,
andlgz\/nié;r}1 h ?dﬁ relgg}gibv, .density of 95% gr nore. V\V‘lenl tﬂéewre gt@%/({eeu@lghéﬁ ty
becomes {"8¥ETed g beadaybridizatign pf an exide §ilm as aefiroseated svithiHfO9 * SHO,, laag k t&het
densi t ywa@h@ailPg fel i ls0 d i.orates thereby. This al so generates
aPtiha ? cr‘ﬂQﬁd%ﬁ%factoxll@%@oB?? %ﬁg f:rlg(i

the increase of particlés Cca ture and scattering of fragile

crystals. |tGemerdlhgnithargh the edmpakid rdfo bPRE aBJPFe,iO %ﬁfg%tagér{%dsgebﬁair ﬁt’ ‘ﬁ'@f’b({% H’gnt hin

the for eﬁm rag%e. N(E;gnv\,hi l e, a significant p
manuf act ?FP?S%Q dagebhilm, e feieh pxide £ilmiteidigo havge highatielbarigicosstant IR L
oxi de fhidhmoxidRa%inf heal ' ae.hi gh= purd.ty. hafni um silicide powder is
oxt oy gt B abratit OBk AL ATRER 5 lbrrey aeshsmpstasily Secpoador
dustd womarphesstrudiure, ragd theeefprequesessdafa dhdléRiisGabi mi,%ga ﬁj“e}’eiaﬂ%u g’n us, it
has been 15 Igrﬁ ihgicﬁatthed t hat, such ignition of sintering power ana eXxpl osi on
powder dust Coth PehfraboLst i dS BEERTSAY J0i einsigen and xictbemiricl thet Imldrdte cFuht ace
of the diclesitie .conftamt Fid feak j | ufficiently dissolved in
HfSi durin thg subsequent %Hgfhtg@eidgbﬂgéggér/%@s@e§3r%°§cI‘grf%/feayqr?o‘i% cach
provi deRRNURACITgIE Rrapise ofadavice ist deatanided ofSenigee ¢oamshtiBit),tankiS ’ﬁ%riﬁ’l{&}ﬁlﬂgd
excessio\fg}%ral%(} Cll\llgly%t ggl ess, .\{\lnen the oxide filmis provided in large
am%tﬁlnts, there’is & ol CHPOMUER st ofHE 9nd, §ies neepssaay éx inadenmdH 0 or HF Si O
wi 2Ri n the Mafrimgusintetihg Chelmitedr ! i e af ter . hot pressing, and
this V\Ar]_hJﬁ be exgosed,lags nodlil es_%dre\op{drfuh&hgﬁ@)Jh&p%ﬁgoﬁleﬂlﬁ'% H%HS%CS #et ron
sput t eHIRGPRAsE @8NS HENisIbyses anchmixed orpstal§ awdhuasen HE phaBiaf@8d YRiR ard BHne g5y and
abnor mgbcgii : ' AW Ll oaccur begi nniong at such portion. Thi's kind
of abn;r?ra?égi?lg}eg]g%gﬁ Q%@‘“ﬁ% §§‘o$°\?8“f‘§épﬁaé9'?aaﬁ’&rrﬁvs #Hp&iblgmoin thahthesed a
por t i omafnium eilfcidd inkertveapoendy ats thef sblang of rid.cles) on the
waf er, and. %teneraf]e def ect.i ve ?pods_and geﬁqeﬁlg?glt%{e}{§%§ﬂgrl%édﬁ%§?i H"%i”téq d.
In i gRPSIESHEeShobhavee high meltngpoinohesomermesiptered diotly iof ¥ @otdugNeRERVARES 2
nme8bod tHepdafRE bécotleya 1 ' Y . e hafniumsilicide powder,

y ot WA MRl b e

whi l e suppressing the generation ‘and a target used
therefor. | Andowslpsscadiustiog the hotmesshnveonditims PHas RN thel KGR %rﬁpeéi‘?t\ﬂﬁa g

di scov§lrc§glré rﬁ?%eéotr IS exl&L el %?gf,f,ect to make the oxygen tontent W tThin
the haPniun &F PFOrdance frifhthe sompepition, I3l GOteFaet ofieh optimum dinsity qangotedet i Ng
t he geoktamedon of particles, dangers relating to the ignition or explosion
of hafnium silicide powder during the manufacturing process can be

suppr essed.



5 This specification and nmanagenent of the oxygen content is extrenely
inportant. In other words, when the oxygen content is | ess than 500ppm
there is a possibility that the target will ignite or explode during the
manuf acture thereof, and, contrarily, whgen the oxygen content exceeds

10000ppm oOX bk : 1 xl St_as an oxi de and cause
ol o ot Béricheling REmA00Ethe torkas®th Tbndts; B8 nigSent invitiondoceoudecsiny,

abnor mal discharge durin
“and t he YHYRIRER targey suitabilerastachafnilin sﬂl@ﬂd@&ﬁgv‘ctf&t@nﬁﬁ?l&' gaté&sa?ﬁ[)m Furt her,

it is prefer aﬁlce rte?e\%]‘t he..zi rcogﬁ#m content within the target be controlled
10 2.5Wm % or 1esa. VhENPHE! RIS ahaibivpcsilividentargetefod fortnibmia%gatd6£186 $5m
condi t i cempeseahobiblfSightRP% coANidS rate tenperatyre during the
react5i quPj{)utteri ng for fo.rr(;i ryé tﬂ‘g’ﬁ{’;ﬁjﬁ‘g%%%%bﬁ{welwtﬁ@,{je@%&pwgm@d

t hi s i s 'Fot CPFedt-cFhaseky olmineden haftiumssilried wrgalcgpmatofieﬁpﬁﬁétfdgé‘%e@‘i B‘n’i 4

t he haf QiR L,%g%@cht]ﬂ%gerélai.ordform %%he gate oxide filmare~C g me
or less, Ti: 100ppm or Teés§, lm).c"fﬁbﬁg rOI¥y¥8. W | Oppm or |ess, Nb:

| Oppm or | esSWhdtethe Irélpgive dénsite Beconds’] e OF mor |ess, Na:
O. | ppm ﬁr Ieiscf K 0. Igegm or fesso, U eég_ %%’o‘lrhgﬁ)zlg&m Cif raigs é‘i‘bmér

| ess. TH% §iIepsit; apd taeworkabdity misardeteriosatos iherdbgCDIR alddCoeh it Thd Haride
source fop phARlS I lLlower Si substrate. In order to

man {)act ufe a hg‘aﬁfﬁmﬁ}gﬁcﬁfg?%%gg 39&8?““1”6‘5 qfotji?f}ﬁﬂﬁgcr&“@}&tlélbﬂieddofd preferable
supe? i othat theenaiative demsityrite wietsih Sieoecgofipfagged of Hf Sio.s2-0.9s, powder of
t he conposi tM’% cgagosed of, Hf Si 0. s2-0.9s 1s synthesized, thereafter

pul veri zed and 8ralied? SERitica nproblsme @rose oduring hree siinn facairingO phRksst 8PShAL I C
pr essi nfafnkdnl)silddidel 150¢ 0 ' th wder of. the conposition
corrposeg of Hf Si (_;, sZé}g?tQCg&ragogér ﬁ\ég%'g %‘ge Bs PCI}‘H‘%)B’MHIM, ther highgurity
t enper ah¥fpim silicidespavden iiimﬁmlh@xﬁﬁﬂ%,tl‘gnmowofbs‘?nt'\‘:ﬂﬁ%‘bmvﬁ%re@}e gad 1 £ the
t enper a e $.2120C, ,this is not preferable sinceé partial VLY % i on
i Bor CHEP SIS D] ¢

Wi | {ﬁ beB| N o ocdur. ¢ BEAE diring theiprecesy, of pulvierinticni or sieeingoThoS| it he Bben
ranbfe odntidifGited the$hchQgniBoh bAMhri eqgins to ear af 2320 (15)i
or higher, ‘and, the ((j:er]gsr}lt’?/ V\nﬂlgﬁg 5?‘?%?%’3%%%‘}%0@5%%{@?3&@9&% prevente
per f or "ERPT ROYIiNg Ancoxide filnvfo theissrfacergiehapowder. Meanwhi l e, with the Hf Si

within the ¢ ief 1.0 .ange of Si.x, Xx=1.0, since the liquid phase
begins to ap@gglgéﬂaf%éeﬁiéf {'%?&%&s“ jeifndly disspbved ém EifSivduring the sibseqieashst by
per f or npegpilEpropess $8ial Porighastih R prbEilsd : J perature. 30 Wth the
H Si within the conposi tig(r)hriall rngnge o%ny?—ﬂé}ayyﬁg%ﬁg& s S0 108% a8 itys Betn be
i ncr eas®8¥ B’é‘feﬁﬂ?’ﬁlﬁd hot press nolding at a tenperature that is 30-500

| ovidr than 242 \ .fidled the of Hf Sio,s that does not

def or m eas ‘;}1 Iy ertth%é% st e ?**&sffammr%wm?@ﬁn lagge amowgnts)ythere i i problemGing2,

t he deri8att pevinsulatingt matecink afs gIfovenHygioNwia) i:ng i.& nerforned since

t here ie%eﬁ'gft rrm(ih HfSil,o for filling tvr‘lle Sa%?q%ﬁlﬂgll—#l ?15(]9 t§<r§f)t. ygl g
there i%eh ey Prfs&ing, andthis wilhbe expesed Ao dutesy{prostusioss) uponteeforhing HEqui d

phase ahagrefpor .sputtéride IPRGA, 43 ~ a part thereof wll nelt
and buraga;?;;)rlr:{ggilhé r%h((;t pr)gsegﬁ%‘%g? ‘Z‘. PhI%nmaﬁg%é?mfeoog&Hme{lﬁ‘i%qr devieisdenéd
may be 3l rfgsehargeh@rcipglewill ogedrebagiidhgl rae suéh &S STH; ~ but
t higg Wid'§ch5i@£ “BH ‘ﬁ&’lﬁ’ ttﬁ suf f.ici ?{}gly i,nc%leaasse t@%ﬁ?{‘%mﬁ%ﬁé@’m&d
above, Dy aveidl ng ancithi Berheral HIS! portignuand 4 pprtion tBreofill bazpmeatishgs a
consi dendlforn defdctr @aaelésh on i t a .at the high side and | ow
side, or avqiding 1 cong?)si P?gﬁf%h%gﬂeg%\g?rgfcnﬁﬁ%&fvﬁ&@ an H{}feﬂ@,‘tcﬁ?ﬁ

enpl oy PIRFUSEOREEIDG! a conposition conposed from Hf Si o, 8z-0.9s, hi gh

densi ficati gqyj I target producing few particles can be

manuf act u V1[‘;d %lﬁlztr (ZFS@;Q B %%cg?{ﬂg@ ﬁ?cﬁlbgﬁi gﬁ‘h"é"’ fh?eprﬁﬁﬁng@ive@flompmmg tiethod for
conpos aetivielpintiadScing B ygerO, the Gafmikgt under., 100 mesh) and
Si @owgfr (junder 100 rré?h) are préparsgrd&%n%ld_‘?&%’ ‘?ﬁﬂ})@gg&qucsggxgothgganm%
ratio SfPatiglenand 3 tareet wigd sherefonar ni um and silicon rat i o, and thereafter
heat ed to rRUeHHs¥ far synthesizing. Here, it is also

POSSi blgf% tt(I;P adg Ei{e%%g?/(l’(l)? E’%s%bﬁégqggﬁifé?ﬂ“ cn aYe Fiscavgreddhad| it isexirdmelyv e,
and hagtffect o otake the oxygbmrontentrvaishin G k&AL ' T it is not
preferghl %vl}i% use Hf 8$\Ader b%pi tself. IIln i dh?k\éfr&%tﬁ%djaq&}gg,%oﬂ%prw S0
hydri de ey b HSedeohe BFstALion; of pattisles, danagrsofelatipgi to itlnignAfos, ort dxposfeaf Ni um

hydr i def lpdmider sikdide 5ow &G AriRe WHEh ) d heated in a vacuumto
synt hesi ze a haf ni u?n silici dg t-ar%etf&t@é%‘(&?%roggséﬁg?g%ﬁ“@éﬁﬁsﬂ% to occur from
around 600g. The oxygen content of the synthesized silicide powder nmass can
be adjusted by adjusting the oxygen content of the silicon powder upon

formng silicide.



2 5 This hafniumsilicide alloy mass is pulverized with the |ikes of a ball
m il under an atnosphere in which pure water is added thereto. As a result,
sintering powder for hafniumsilicide having a total oxygen content of 500
to 10000ppm can be obtained. Wth the fogmation of silicide, since

sintering is Pkikfspesae re as described above, it yields a
signifi cagt char asgt eri %t'?)ltn cﬁ}dnﬂl\é%%g%g}% EL?QH}%‘)’Q’@%FQQQHQ Heexjreamaly) impordant. In

“crystal YReh Werdsyyben theatxiypen eonters ilebeiag iSOGpprﬁsth@reriga:f;lé)gsi@ﬁi@s)ﬁra{ %T@fﬁ%

dehydro i nd.formn ilicide at a | ow'tenpera

growt h ggﬂﬁggﬂg aﬁﬁ’fpég@ee@nr?g@e PNk theresd, and, canerasily) whieh 1 HEMER totd!
remai n faxceedsab@DO0pHMR, i f i : i nabl ed. duri ng the nol di ng process.
7 Wen the sisnt erj Egﬂﬂpg}\%&ggﬁ It;‘gg]?)ﬂnggc CoEs ng ﬁﬁfs\gé’rsi%f)?%iﬁ ¥4 gruse cabnormal
si nt gri rfBSq}a?Tae Bangnibe gpattéring, partiated willi i5cidhde th@%§eaﬁ$@e;{§m%ce : egf
coarse ggmimreggp%sdae;egﬁlit%zetsoiéon of density. As desCribe ove OB dd rethe

grain growh can be suppr d by performng sintering at a | ow

t enper at ur e, Runthen\eisigRfeams tadt iRomibfe he. tarpget can be nade to be
5 to 20 é#’ym 5 H gh degfi ficati on‘ﬁFZ"'“S?'Z‘Bﬁle%OQ% “id“&‘ﬂf‘i‘ﬂ?g targeh kg pomjrolpi it a
t ar get t%% ORdes vg'rhﬁgéh@Iﬂ@ionntsti)fzziranhidnesscdchﬁa.ﬁn@ﬁpréée d onfﬁigi&iscgﬁlcﬁ I~
make t heoRARU Lot ﬂ)&)@gg&ra}g%%ggpm or, less, and there'is Fear o Pgni-t icon
duri Eg t he manufacturing pro ratygs duripg the yeaetive spattasieg fgfogningnhé bide
excéBds fimovidl vary gieaty apdnthis 64 @5 préfklabjencr ease and the production yield
rate will deteriorate, it is desirable that the average grain size be set

10 between 5 aH§o¥HoLiSprsterahie that rapurities weithihitighhafaiugi §iiieﬂhit5&§cmf kihing

j sitlon

sinteri f@ gate 6Xiad nthesi.s of the powder conp
conposed fgr om t helfi?grazggfogg :grol%gsztrg pBWcPrﬁ%ﬁsf&Omlﬂ@yHmm less Wi tEppat

hot i so8F dass.cNpr é8ppmr (letisPFeat 0 1 2 r g0 hot pressin
i O g (L1 o) weee u lta, X1 isppzriﬁr'ltagrlr%sg‘r g?’uhgu%ﬁ of rlr%édNé’c elgy

or hot | af | ressi.ng (H P) tenperature

ungieﬁr3 tRZiB? ]lglq{)fjl FSghgs@’]@gﬁ’ePhﬂqs&npr-thémswiclseseinziemh:po.mﬂppm Rsd Mitds s
t enper abedagse’ the@Cim phuriti t si.ntering. This enables the
realizagjon of a hipéw lgie)ﬁ@? tg 36 %"gegﬁfﬁrgnﬁéﬂ"fa 108 SOYIGE (R thergalg plgctzodeaindtiower

density HbYLYS.or nore. The hi gh density hafniumsilicide target of the
present inveptd ield n effect in preventing the generation of
particles cgﬁsderg&bté rﬁnﬁ%cg?rgg IHS'?‘FWQS‘%%@R taggett ffiey. foRingxagme esidbein, suP&‘i‘or

Exanpl eig emteittdembti rosistandeédnhised Examl es_arg. merely jillustrative,
and theli‘ﬁgesent, i nvention shall | %Pﬁgﬁ&&?,mﬁ)oﬁ%ﬁ{ 9€@°t°ﬁ§‘rp%‘9l.°n Icamposedrof

wor ds, T He0pessis Aynthesizas thereatonpilveniadude shived Qnaehe MRS & hoToslid,GaLi ons
ot pgr tihar - i.thi; the scope of 25 the techni ca{’&}pl rslntgodf
this in@%ﬁ%ﬁﬁ{@ﬁg@@%}%&@nmg@%ﬁd mass of Hf Si 0,95 was obtai ned by
m xi ng Hf Hz Wikl r .and Si po nder 100 nesh and heati ng
this at, 800 ~C in gék\eg%uolf %ﬂgﬁﬁgﬁ‘gké@é]bW%‘%ﬁwg%@gma-@n ageaadingdn thepresent
si | i ci dBVedjiRpnitthe teraparetuonisnlesetiprrf700T@dhe WRRILy AR yﬁmﬂf@? qt,,gé{agﬁgxge

cont ent [ he mass was_300ppm Thi g synthesiz
pul ver it%rg er\%ﬁﬁ%ﬁe:é@é%%%ﬁ%hi ¢’I his,js Petepraferablgytinceepartisi elidsalutionmdll pepivas ba&s,

powder wer e Geapailgt @6th R0 HASE i [ . 24 hours er a tenperature
8 and hu% dity of 70%"%%2? h@%gﬁﬁ@%ﬂgﬁngehgf g&glgeﬁ%@ﬁterﬁqwms

of a%o~ (
SS pmphasc begins to appear at 2320 (15)C or higher, and the density will not increase unless hot

pressing is performed in the vicinity of this temperature. Meanwhile, with the HfSi within the
compositional range of HfSix, x=

1.0, since the liquid phase begins to appear at 2142 (x15)°C
or higher, the density can be increased by performing hot pressing in the vicinity of this
temperature.

30 With the HfSi within the compositional range of HfSix, x=0.8-1.0, the density can be

increased by performed hot press molding at a temperature that is 30-500°C lower than 2142

(215) C and by filled the gap of HfSigg that does not deform casily with the easily
deformable HfSi; .



A sintered body having a density of 99.9% was obtai ned by hot pressing this
siticide powder under the condition of 300kgf/cnz x 2 hours at 2000. This
was further machine processed to prepare a target of ~ 300mm X 6. 35mt .
Texture with hardly any pores was 5 obtg ned thereby. Sputtering was

perfornmed W tWheREIfSH 8P ribed above, and, upon neasuring
the particles on an 8- ?ﬁ?:ﬁ@’vxtfg ggrﬁﬂg%ﬁg%g?f%{%e SYC“SWE%{}E?@‘%WS-W petformeder

" havi ng $inaedBere énrottmusth KES2, ofor fillingahggip.wer e found, and the generation of
particles de consi derably. A hafniumsilicide target producing few
particles du%’ﬁ%fggﬁf‘t’éﬁ'ﬁg a\ﬂgéﬁ/"éﬁt% leed] HiS iapoatios since thuf temperadlro iewhich
Furt her ,thé lguidwndiast MEY; I led out safely since the
i gni tion orqléggjlhosi on dsd?‘?‘ﬁgr ?ﬁ%ﬁﬁ%%gk%gtlgg? @)g;,&gaggtl{gfeqfw@ﬁfmlbw bign

targét dntb thethod peassing (dRx dAréerdd aPoidMRisNES f HfSio, 95 was .
obt ai ned by mi xi ng Hfﬁz lE)owoler rundaer lg%’ rgridgﬁ&m%g b%ilmﬁ%%wejl?aﬁesi’ﬂé

mesh and®REHRIFY Q. Ae desathaob543(:8) G, acthismyilber babld e X HFRESNF ih&Rase the
reacti O%eﬁ‘.{)g silicide synthetic reaction were perfornmed. Upon analysis, the
oxygen content of this synthesized mass was 300ppm 0.1 % of pure water by

wei ght of t hias dds&iib MRSy ) ,.Sn:synt hesi Ss..Lh the

at m%spher e, this \(vasda?lﬂa'\e/ée’ri zeﬁmggﬁn gﬁg}éﬁta@%p{npp%&@gﬁﬁazgsbm having e d

g%&éer fpsdereple éipf&rancgdm thnmelﬁqg)t;mpeeaWee#mg%hig)}%&%ﬁ%m g,gg’t @rnﬁvr?“?r? A
p : r . ing.. engity of 99. was obtai ned by ho

pr esgi %oﬁgsl%sﬂﬁl ljﬁg{lggl%"d{@éfmgﬁgw 1 ’i’é{ crleying pawder cooeyhpasittorxcaingosed S

at 2000§from HfSi5sas, Hiph tdepdifieRioni { e repar.e a target of -~
300mm X_6. grgrmt ; Sputltgeri ngl ‘Was plgscfn gélgg’dagmp?ﬁargﬁtgp ’t°§P88¥ %f)‘?’é’ﬁgﬁ‘%EF gan be

descr i bB¥NUIGVEed hereby.upon 2 5 neasuring the particles on an 8-inch wafer,
only a total el es/ 8- nch waf er having a neasurenment of 0.2,um or
| arger were nglr]]dab,yﬂg{ﬁ%ifz%eﬁg’eﬁéyg?ri aof:("ﬁa?st"“g'? EOMpesede denayl HifSiusb-olear o v .
A haf ni instaste,i BiFbepdvatey €tnder 100 Ghéx) hRIVSP ARl j uttering was
obtﬁj; ned.a% a.result of 6¥t he above. Lurthe??%ﬁeﬁﬁﬁg%uuigdgﬁﬁ? nﬂcﬁ?}@g%dsa’tdoul d
be car r MAFIIAPCUPER Padinialo oh &:042 todrd.98 aha bafnavplnd kitioor! kitioNsnd fhereafter

manuf acfdaeddg) Sﬂo? r | target .did not occur. (Exanple 3) A
synt hesi zed m@@gg@ i 06,6@@%3%%gmgfﬁéay'gse%%nﬁew H2is pdsadossibledter adio0
mesh  Preayath&ized erunder 100 nmesh and heating this at 800 ~ in a
vacuum wher eby dehydrogenation reaction and silicide synthetic reaction

wer e per f or ndb Povgeh i gxirgmely, oxidetivex une rhas cntpestilerd int (haf iS YR i S5
peotlerin Thaf IO RANE She?

300NRrizkq i f this HS powd
Chi s sy izt s, R Fot BbfEtantd ol HcacBioetydishintany ef heetbows el |

m 140, th}@rikialrriaydndxspmfMeré\?eadng)ﬂM@'Eiﬁzd\b‘?'ig?ﬁﬁ&parat ed, and, upon neasurenent,
t he oxygen cpn elﬁt Ylvas,ZOOOppm A sintered body having a density of 99.8%
was obt ai ned'g‘bcir 5t hafpiun ihygrideipewdet and ddligpovpterdaandtermixee mankiatdcom 9f

300kgf /vabfuns t, thi s further, machi ne processed to
prepare a tartgg?ﬂggs?{eaégéﬂn%%is%{c glg)rir?ﬁg?t' %%%Bf'@ﬂowem to ee¢us framal agunth t he

t ar get 690&paleel axygetesonichedf ahOPnthadishd 4 i the particles. on an
8-inch wafer, only a total of 10 g%rti cl es?gﬁeﬁﬁam%f@rgsshgm ﬁ& ﬁil]“s“’d by

measur ting thepxygancantent af tersiliveneoivdendporafodmidpesiggaer ati on of particl es
degpeased c i A hafniumsilicide target producing few particles
during sput ?gl?dl ﬁgh\;\ﬁ/gljé%ggfazﬁ %Loéf 'ggssalsl%’?Yeégﬁ‘li tW'g¥ thehlikeshafva balFmritlherder tine
manuf a@tmespherepinowhish puesiwdtdpds aaded MerefitaSaf ' the ignition. or
expl osi gn. duri ng the manufacturing process o? rﬁ%t, ?{%’?"Cefg‘& %(avcicg&brebatgp@ not
occur. Sﬁ’ﬁ&ﬂ’gﬁ’ﬁ’ e %‘@t%ﬁwné:oyyem of 500 to 10000ppm can be obtained.
With the formation of silicide, since sintering is performed at.a low temperature as
described above, it yields a significant characteristic in being able to suppress the growth of

30  crystal grains. Upon heating and synthesizing, as a result of performing dehydrogenation and

forming silicide at a low temperature, crystal grain growth can be suppressed, the primary

grains in the sintering powder will remain fine, and high densification is enabled during the
molding process.



A synthesi zed mass of Hf Sio, 95 was obtained by m xi ng Hf H2 powder under 100
mesh 20 and Si powder under 100 nmesh and heating this at 800 ~ in a vacuum
wher eby dehydrogenation reaction and silicide synthetic reaction were
performed. Upon anal ysis, the oxygen comtent of this synthesized mass was
300ppm Thi s Wiéd RS istiteri ri i all mll substituted
with Ar, and the ball a%éﬁ’%?ygr@?zl)ggé%%mgé%g?ﬂeﬁl‘gqgrgﬁgpﬂt%rdort?férséﬁ?rﬂ%& willyt
“the pul \heeome diffisule and dhistwill dause rthe trhmali’d&xcsQﬂ%@fdeoﬁai&%{ﬂ)ﬁét@ﬁﬁéﬁ n of
Exanpl ed%ési@ %Bfe%gg)iﬁéeﬂ mass of Hf S 0, 95 was obtai ned by m xi ng HS
powder uRder: ARV IGE fetratingrawth e brositppeaseedHisapérfaymifg sintting00
~ in a \aaalownernperitaRy (ROvERRE ifh 8D LEARLL ng,SLlicide etic
reac ioriywere ﬁ?or%yed. Upgir%%an}glghsg?ag{l 9‘?%8?%@5@?1‘ %‘8;{%6@% eotlocl{cl"ﬁsé’n%o Mm.
synt ResitHgl densificalion isaep prabletdusingsirttérégy. zed mass was pul verized in a bal |

mll in the e nd the ball and pulverized powder were separated
thereafter. %g%iﬁﬁﬁ%}gétul}aé’ﬁ%?q a‘f%%ge’og&ﬁ‘eﬂ‘z‘g%éﬂ"éﬁﬁhaﬂé#m: it 5 diffoquitnto kel the
si evi ng atrioust pboxlgrenviGODOFprR Gr e asd 6o | | i er seor ched.
(Conpar ati ve Exanpl e BL Apf')synt hesi zed rrasséﬁéf%rﬁ%ﬁ&@%ﬁgb\?%ﬂﬁaﬂwg
mi xi ng PF9EsS dlRreevaintben thoRvarsgh ghimnite Bxcqedwvd00 Lundeice SRt iETBS Wild fdrease
heat i ngaﬂﬂl?e at 8630 ~ %]B a v‘&éfgem .Wher eby dehydrogenation reaction and
si | ci &M I progyetion yield; rate QTR Héﬁi.deﬂmglﬁ tauthgsivsrage lpeainsizgee set
cont@nt befwetRisaing ODRRASIsARELr R SpYRS 300ppm 1% of pure water by wei ght of

this H Si powder was added to this synt hesi zed mass in the atnosphere, this
was pul ver i zEdghwidensificasion| durinigl sintehiag Halenabled thidugRthe QYntheysl et tﬂ’@g)%wjdgr
separ at g, @SA %%tn §§C§2€{i ng,.f o 24.ho%§_ at a tenperature of 50~ &and

humi di ty oF 805 V88 O thgetoregoinge HiSip.epenns avshperformiag hotomessing oA hot

si nt er efhobtatly pltasihg CHEP) e 1900°¢_ Rf2198<3% was obt ai ned by hot pressing this
silicide poﬁgr under the condition of 300kgf/cn2 x 2 hours at 2000 C .
Next, this ¢ faregding hotpressing o It dss edictipReRIMBRAIR) Ruipdf-28k 195 15 X
6. Bﬁ;mti 1e5diS 5’”1}%@ Q%Ylm/as B rfor ned,vvithp?%e n?g(gg)t gllt'pgpar edggste'aéeggtglmoed
above, ang: ﬂ% ISR LT Hed Phase gsnerptionsef tha surthesizedqiowdat,and this tahpdratafe 150
parti cl eag8-id NaPortdt Tor DRVEiRRri : of 0.2, umpor lLarger were found,
and the _?gneratP%n of rpart?lcﬁggg'inirﬁ@Leérggggp?:}bengﬁagﬁ%glﬂl ?,ff)a @bﬁ?’ﬁé‘b’e‘?g’?‘“m

i gni ti o¥illeide ¢atgetdwving acalatime dersity mfl 86%amtmisreng process of the target did
not occur. npar ative Exampl.g 4) A synthesized nass of Hf Sio, 95 was
obt ai ned byzir?‘tl‘%((ﬁ% ﬁ?i"ﬁféy E\‘j\f/&i'é‘iﬂnﬁ%ﬂé? targes ofelhs RIPSENSinvsotioe yielduen effoq imesh
and heapren¢htingithe @énefffdn of pafticles (3544 p% drogenation reaction
an%si licide synthetic rea(?thi i)n vaere p rtwﬁﬁggu%? :}F/P" tﬁﬂ?%si s, the 25
oxygen content of this synthesized mass was 300ppm 1% of pure water by
wei ght E:fan‘iﬁléi Hf Si powder was added to this synthesized nass in the

at nosphere,” this was pulverized with a ball mll, the ball and pul veri zed
powder wer e NepathatBxdmpieschré ekplaimbdlirther, fthdse FkalpWS re jof
100 and, hum dity of. 90% Upon neasurenent, tﬁe ca)lx ggnrgz)nrf?célktqﬁ?v\?géﬁ%@ﬁ‘%pm
30 A si 't BFSENtIBYSNtioR shal imne teyibe linsitedotberrby asotiviatved e thb yrdseit ipvasmhng
thi's sighaBiig@udoNW SiheH LLion. of  300kqgf /cnP 2 hours at 2000.
Next, this was furtLgr mng%%%ﬂgmgﬁ(f)&glelé@se@hfrom@ glbch@CxémPng’%‘t‘meth&S%@rﬁfl X
6. I3mtthe Behuicalrspirit ofalsis pevehtionred Wi th the target prepared as descri bed
above, and, upon neasuring

(Example 1)

A synthesized mass of HfSij s was obtained by mixing HfH, powder under 100 mesh
and Si powder under 100 mesh and heating this at 800°C in a vacuum, whereby

30  dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the

oxygen content of this synthesized mass was 300ppm.
This synthesized mass was pulverized with a ball mill in the atmosphere, the ball and

pulverized powder were separated, and left standing for 24 hours under a temperature of 20°C



11 the particles on an 8-inch wafer, a total of 360 particles/8-inch wafer
havi ng a neasurenent of 0.2,umor |arger were found, and the generation of
particles increased considerably. _ Nevertheless, ignition or explosion
during the manufacturing process of thegarget did not occur. 5 (Exanple 4)
A synt hemid hachidies6f T6% HISOPmB suiaseR i 1 Xin H2 powder under 100
mesh and Si powder underpc(bloo nmesh %n%}lﬁggﬁlﬁgc\ép%:ngwggs M. in a vacuum

~wher eby dehydh Sgéted bedy hawiogiaodensitgl of DDiEh dais DBRIMEE b hbERELiM MESSicide
oxygen content of thi's synthesfzed nass

f LySi S.. th
3/3; g(r)o g%dgggﬁ%a}%eﬁ}@“\%taﬂgr310%%8%1119Pft2épumsmtsZOQOﬁ. bisciess fathendt@Rink O

this synihesdeaad [ t her IS was pulverized with a ball
mil, tr?tré bal | amf\?gtﬁféggﬁp%mv& eé b-ateseure grith hardlyname peres eent |
t he 6xy@btaixmdrthalaby,was 2500ppm A sintered body having a density of 98.4%
was obtai ned by hot pressing this silicide 15 powder under the condition of

300kgf / cn@ x SPUKYinG was profonded Titls thesarbetr plepire TN UERBEPLES hidO upon
preparenf)caglggr%e{hegjaﬁclgsogmn )é 6.€5mt‘rt. Sputterin‘gg was perfornmed’w th PRE
target preparéd as descr i bél “aBGY &aleanly ptatalrefas peiticlpstSriachavaférchavingon an

8-inch wehswremend wf &.2/hadr MrgedOwRRy toutldeShd- iHacC er having,a
measur enent, . of 0. 2~t m@? Irar r%r wer e ?@Shinga{r?g ?%n\e@?%gﬁepgtpiagﬂ;lﬁf dereased| es

decr eas SPSHFTAN RS datniyp gilicidentarget Hmdgi:ih'gdt\d@atthﬂd;aturm?(sﬁu&éri}fg \ifﬁ‘é"bbtainecher

par 10 cl s a Gedy i obtained .as a result of the above. Furt
t he manuf gc%ﬂrltiné\rgﬁglrégégéé sﬁgtg\éﬁgheb@ag'ﬁ?tlugﬂg BiRceselY bsjcarricd: ons safely sinon or

expl osi 8¢ ighitiongr expostamdirdng theinGuBicas f ing. taraget did not
occur. 2 5 (Exanple 5) A s?/ﬁgt hesi zed nagl?%)(;feécﬁ!% g?gl,cgg&%gfé&gﬁggticﬂg&og cur.
m xi ng Hf H2 powder under 100 nesh and Si powder under 100 nesh and heating
this at (mg,p‘lgzj n a vacuum whereby dehydrogenation reaction and silicide
synthetic reaction were perfornmed. Upon analysis, the oxygen content of

t hi s synt hesAzydthesiged wass SDHERIfs 24 dbtdikedby Mk r i ght this
Hf Sj5 poyilere.was added to bhi S syr?t hesi zed mass | ng\t’?g%a?&rlr’yoqse\éﬁlgrgge}, I@Wgsr}\mas
pul verized Rli PRwder, gpleril Y, mesfe apd| heating this vasr i890C pamdervaceim, SARAEHL ed,

and, upgp t .t h y.gen content was 2000ppm A sintered body

havi ng a 5en?| %mgfﬁggl%fn ve./;%s%g@f gﬂtgﬁt“b?aﬁﬁ?n preEs perfermedd. $Jpoin| dnelydis, thel2

powder @¥ygen contentoufnhlis sy thesiZed 34 Wak B0Bppm 2 hours at 2000 . This was
ocessed to prepare a target of ~ 300nm X 6. 35mmt.

further rracwirg& ) . A
Sputtering "p%;ﬂ"g? WEETRYt Weighteoft this J3Si poeder ws aclhdedets Qhis 3 ﬂhfﬁmnaﬁnd’
UpON MEASHE .1 =i nc er, oply a total of 7
oarti ol aare _afiﬁ%s?])h@mgfg'{& h%%/ ?)Eldlg{'a}zapwﬁh anbalfl }’n\’?ﬁ, the ball and pulverized powder were
separated, and, upon measurement, the oxygen content was 2100ppm.
A sintered body having a density of 99.8% was obtained by hot pressing this silicide
powder under the condition of 300kgf/cm? x 2 hours at 2000°C. This was further machine

processed to prepare a target of ¢»300mm X 6.35mmt.
Sputtering was performed with the target prepared as described above, and, upon
25  measuring the particles on an 8-inch wafer, only a total of 5 particles/8-inch wafer having a

measurement of 0.2um or larger were found, and the generation of particles decreased
considerably.

A hafnium silicide target producing few particles during Sputtering was obtained as a
result of the above. Further, the manufacturing process could be carried out safely since the

30 ignition or explosion during the manufacturing process of the foregoing target did not occur.

(Example 3)

A synthesized mass of HfSiy¢s was obtained by mixing HfH, powder under 100 mesh



5 measurenment of 0.2,umor |arger were found, and the generation of
particles decreased considerably. A hafniumsilicide target producing few
particles during sputtering was obtained as a result of the above. Further,
t he manuf acturing process could be carrfed out safely since the ignition or

expl osi afd dsir ipdedeh ainden ufi h N r egqi ng rget did not
_~occur. 10 (Corggar ative Exggcpfnégsg)%ﬁs@g??est?i;ehh%dggcogﬂI—FSY%)C?@ ,V\Egereby

obt ai nedelydrogenation réacop andailicidedemtiedio ERaionanete PerPENEE UPGH 8RGO hESh
and heating this at_800 C.in a vacuum _whereby dehydrogenation reaction and

a
'si i ci d8X¥gRR9enient of thisyntissized mapeWroI0@PEM. Upon anal ysis, the 15 oxygen

content of thys '4§,d,,, 0,1 % r.e er_hy wei ght
of this HfSi go(\)/\txsjpeﬂ{}g\;\l‘/gaﬁéra deggtﬁtzoqlﬂ?sﬁgﬁpﬁgcsﬁgeda&ﬁ‘géégﬂﬂs f)\é\ﬁﬁeﬁf %él"g,

t hi s9 wathepatmaspheredtivs was pubakizedriwiith, a bl mal, Ithabail ik ViV e A d QRONRIRF wed €
separ at daagnéj’ @pon neasurenent, the ox&gen content was 2000ppm A

si nt er ed" ISEHS™ RAGH YponAnGeSwemept e Gyeencoment iasL08@ePmy hot pressing this
silicide 20 Aoy]ﬂe&mug&g,rr,;{ [~ j: ol . 2000C.
This was further nmachine %ceggﬁé&t@%%?%%iggg&é@?gﬁ %’ft rﬁ%ﬁéﬁl&%s@hm&

6. 35t poggertunder thg conditipe of 300kefcmnt 2 hdues 422090%C pr epar ed as descri bed
above, and, won measuring the particles on an 8-inch wafer, a total of 120
parti cl es/ 8- Ng¥h thisias further mpchinpprasgssedwmprepareG targetmbrd 3G0mear X 35nfmund,

andq 4 he ration_o articles increased 25 considerably. Neverthel ess,

i gnllq i o%g‘gtpe%é%p‘%ss??fﬁorﬁﬁpi%@‘ etarﬁhaf@efqﬂrqs%“ﬁrﬁ'af@e&ovef and; 1ppR megasuTng]
not occthie. phitiRRabRt iV &-f¥RMAhfer,6bhni30 aAtciMNbP e 286 IR S;  Oh AR, /BS
obtai ned by m xi ng H Hz powder undelr% IaOO nmes anéggfép%?l gp %%@rh B rfesh
and healicagremeny af Odhpan ©ri largervensufoundhend ithe dehyrtioyesfapartioles edeetdass and
silicidg, y&?}ﬁ@};i c reaction were perfornmed. Upon analysis, the oxygen
content of this synthesized nmass was 300ppm 13 0. 1% of pure water by

wei ght of thAshaffiSin sitivide nagespradean téw prftﬁlq%chbtriﬂ?%gﬁﬁEl‘irfEi@%s 'bBtaPﬂﬁ as a
at phere, this was ;la:ul verized with a ball mll, The ball” and pulverized
powtter TPk of dheabavsy Futher, thepdanufeeiuting peasess cowdd bs wawiedcmnisefely sinse the

1800ppn}gnition or explosion during the manufacturing process of the foregoing target did not occur.

(Comparative Example 1)
A synthesized mass of HfSiggs was obtained by mixing HfH, powder under 100 mesh
20 and Si powder under 100 mesh and heating this at 800°C in a vacuum, whereby
dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the
oxygen content of this synthesized mass was 300ppm.
This synthesized mass was pulverized in a ball mill substituted with Ar, and the ball

and pulverized powder were separated thereafter, but the pulverized powder ignited during the

20 separation.

(Comparative Example 2)
A synthesized mass of HfSiggs was obtained by mixing HfH, powder under 100 mesh
and Si powder under 100 mesh and heating this at 800°C in a vacuum, whereby
30  dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the
oxygen content of this synthesized mass was 300ppm.
This synthesized mass was pulverized in a ball mill in the atmosphere, and the ball and

pulverized powder were separated thereafter. Upon measurement, the oxygen content was



A sintered body having a density of 96.3% was obtained by hot pressing this
silicide 5 powder under the condition of 300kgf/cnR2 x 2 hours at 2000. This
was further machi ne processed attenpting to prepare a target of ~ 300mm X
6.35mt . Neverthel ess, this burned ontd® he dice, and cracked upon renoval

from t haseppie. While Sieving thid ot dBOkitR e SBIIR&%%?%F%h%}s%vgd s dejrgcorgh%iy

~(Conparative Exanple 7) A synthesized nmass of , 99 was obtai ne .
m xi ng Hf H2 powder under 100 nesh and Si powder under 100 nmesh and heating

this at o~ vacuwum wher eby dehydrogenation reaction and silicide
'synt hetlégrg%zg%lt“fcg%&\%oﬁ%g erformed. Upon anal ysis, the oxygen content of

thi s synt hesixzaamtiigEed Wass 30BEBIL; Was Bbtaffe@TbyRHixn Ry PWd&B&:ﬁl@% 1%;1&91&5
e

Hf Si_powder was added to this synthesized nasSs in nospher e, I S was
pul veri 2edi Sii pawdebaindenil00, mask & |heating phisvet i808dCpdnder vamum, seheeby ed,

and, up qyneasurenent 1 hengyge content was 2600ppm A sintered bod
¢ shiie

, . dy
havi ng SrQgengtion resstion RS IE yrearsion jv e Rerfgrmpd.sUpen pealyrds, ghevder

under "t Bgy£an@hichP6t Mfs SANEGLLE ABssw ARpm. at_1500. This was further
machi ne 2y processed tsos%,pr epare astar get g ~ 300mMm X 6.35nmt . Sputtering

was per f or med %t pure Neltttrabyg\ecigbtrdphisdﬂfsasowdmwdmﬂiea?@ms sﬁnhicsiztlﬂﬁﬁk}sg in ]
' t.he rticles on an 8-ing fer,, 0 of. 350 particles/8-inc

waror it HeosP Rt BE R BuBrried, Wik P il hedRl P Aivertiad namer were

engg at | | 4 ' . f n on

SeTN ] Sttt ehonreene et 0PN o SBOSVRMRLT B BT

Resul t s nehsurameitpthegaiypen condemives 12000ppanpar at i ve Exanpl es are shown in
Table 1. As shown in Table 1, the relative density of the targets in
Exanpl es 1 t & Unfezedhoadyshaving aidgpsity of 93 fewas ebtaingd bydiot presstgt thisl sikicidms

20 or | §a%dertiilel (18 hfikiftbh bE 3ARULRY 5COMs BtadogRE Oved 30 under the optimum

hot presSsing conditions a
Next, this was further machine processed to prepare a target of ¢300mm X 6.35mmt.

I5  Sputtering was performed with the target prepared as described above, and, upon measuring
the particles on an 8-inch wafer, a total of 150 particles/8-inch wafer having a measurement of
0.2um or larger were found, and the generation of particles increased considerably.
Nevertheless, ignition or explosion during the manufacturing process of the target did not

occur.
20

(Comparative Example 4)

A synthesized mass of HfSipgs was obtained by mixing HfH, powder under 100 mesh
and Si powder under 100 mesh and heating this at 800°C in a vacuum, whereby
dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the

25  oxygen content of this synthesized mass was 300ppm.

1% of pure water by weight of this HfSi powder was added to this synthesized mass in
the atmosphere, this was pulverized with a ball mill, the ball and pulverized powder were
separated, and left standing for 24 hours at a temperature of 100C and humidity of 90%.
Upon measurement, the oxygen content was 17000ppm.

30 A sintered body having a density of 98.7% was obtained by hot pressing this silicide
powder under the condition of 300kgf/cm” x 2 hours at 2000°C.

Next, this was further machine processed to prepare a target of ¢ 300mm X 6.35mmt.

Sputtering was performed with the target prepared as described above, and, upon measuring



As described above, it has been confirmed that a hafniumsilicide target in
which the Hf:Si ratio is 1:0.82 to 0.98 can be stably nmanufactured under
the foregoing conditions while i nproving the density of the sintered
body. 14 Contrarily, with Conparative Bqanple 1 and Conparative Exanple 2,

the sil ixd i ' 4 | ' Teelal I rc | t he
rmnuf ack o SuEs 08 UTBShEN alcih RRNDF 60 phileles)Sfh S P Y ety
is becalsem her dxgeerweronfamt, ead thes gendratiorb Offp partildyk amerduistd, confidehably.

oxygen ntent is.excessive and exceeds 1000 m, as shown_in Conparative
Bl e STy 1S B S5 aBRE B gethe rETRARD REKAS Shthe, iReEel b8 ooy of
the targetyrdeteriorated. This is because an insulating material such as the
HfO or HFSiO was fornmed within the hafniumsilicide target, becane exposed
durithg sputtering, caused arcing beginning at such portion, whereby

parti cl < MEHIE 4 ncreased. 10 Wth Conparative Exanple 5, since the Si nolar
ratio igés\rg@?ek (x=0.81) than that of the present invention, sintering was

i nsuf fici ent A symthestzed medseiof VS8 whd ybtemeany hissy thrx?p%d%un%@fj_l@d‘ﬁlesh
nunber of particles also increased. Wth Conparative anple 6, since the

Si  nol afnd a9l powgeryrundererl 00x aEshognd thaatinghahisopt t806 pr dseat vicuumnt whergby

bur ni curred. the trarget cracked thereby, and it was not possible to
manuf acSEPEORaetop Selioh 3R slieila, il et Wee eiRpned Unftorelysie the

Si N1@ri ggygenrmenfent of Ris\GatHeSMEd Rdss \;,gge_;(@?Pﬁ( ation of particles increased
since the sintering tenperature did not se. Accordingly, superiority of

t he Exanpl esOddeof guiegvater bhwejghe of titis HfiSigpuviden was addedinthis synthesized mass

LE;: gg{ iGn? Ilhgf}l{tgltsopﬂ%bé, qgifg{/zgsl?u%criz@ %\mhl 8 Dafl %iﬁ?ﬁlscel?alfglpde lr)llll%rizcd powder were
separated, and, upon measurement, the oxygen content was 2500ppm.

A sintered body having a density of 98.4% was obtained by hot pressing this silicide

15 powder under the condition of 300kgf/cm® x 2 hours at 2000°C. This was further machine
processed to prepare a target of ¢ 300mm X 6.35mmt.
Sputtering was performed with the target prepared as described above, and, upon
measuring the particles on an 8-inch wafer, only a total of 20 particles/8-inch wafer having a
measurement of 0.2um or larger were found, and the generation of particles decreased
20 considerably.
A hafnium silicide target producing few particles during sputtering was obtained as a
result of the above. Further, the manufacturing process could be carried out safely since the

ignition or explosion during the manufacturing process of the foregoing target did not occur.

256 (Example 5)

A synthesized mass of HfSigeg was obtained by mixing HfH, powder under 100 mesh
and Si powder under 100 mesh and heating this at 800C in a vacuum, whereby
dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the
oxygen content of this synthesized mass was 300ppm.

30 0.1% of pure water by weight of this HfSi powder was added to this synthesized mass
in the atmosphere, this was pulverized with a ball mill, the ball and pulverized powder were
separated, and, upon measurement, the oxygen content was 2000ppm.

A sintered body having a density of 99.7% was obtained by hot pressing this silicide



Tabl e 1 Si HPTar get Densi t yNunber of Acci dents such

asibl ar Tenper at ureOxygenRati o %Particl eslgnition and
CracksRati o ~Cont ent Exanpl e 10. 9S200055099. 95NoneExanpl e

20. 95200021 0099. 85NoneExanpl e 30. 952000200099. 210NoneExanpl e

40. 832080wekl0%ct 10N OSEARE B00kaf/cm?® x 2 t C..Thi i
50, S83000aan o T INOneCanDar At SR/oL % fohoyrs at 2000 T, This was further machine

1Conpar pidcessed Sprt &e-aSﬁ%éC@ﬂ 300 aXP 6B Smmt.
2Powder Conpar at i ve0. 9520001100099. 3150NoneExanpl e

-3Conpar at i veSpes20@R0 Va9 (RokRrmeb Ghitn eex targdt eprepared as described above, and, upon
4Conpar ative0. 812000210094. 5120NoneExamnl e
SConpar NP ES FO0 CLO0H 3 SCRAL RGBSRy otal of 7 particles/S-inch wafer having a

6Conpar feast@Omen1 6P Q2HAREH: AIBANRBREXGMA! nd tha' Slerd oY 96 Ne
Nunber of Particles: Particl eg‘?&l nch Water 5 Ac%?‘dreants suggmaase%l g%ﬁ’%‘?%an
and Cr ae®msidergily.t i on, scorching and expl osi on of powder, cracks in target

duri ng manuf gc ' YO ffect. of. the lnvention The .present invention
i s character ?‘zfggmlu%gf ﬁg{d%ﬁ?%egpgfépgng 5o hpKfigiesy ‘H&‘%‘?Hﬁ‘r‘ﬁeg\% @S phtaped; ag 4 e
super i Ofesull ofah&above. Prtadd tigsThahifabifiRE préc@sd 86 1AAGR, canich St dadl) QirfcO'the |

formng ., a HSIOfilmand H SION filmthat may be used as a high dielectric

gat e i niEMtEAN enexplasian duringike mapyfacturing prasesspfsheforegaing tamges dpt e encur.

haf ppum silicide target has a relative density of 95%or nore and is of

hi gh density, and possesses superior strength. Mreover, the highly

densi f i €CompdrativedExamplg®t of the present invention is capable of preventing

t he generatiqgn of particles .sing fromnodul es 5 during the sputtering
and the genefadynHiFsEed mass PE?{é lopic¥ay ehtaged by mixing Hilzpawderamdes (0t mesh ng

nd the gene tal t 2PiAgER PU iR Hikkopaw dordindes
Gl ntor | A6 powaey O naRe WD ChisSh Curtt Sehble” s, A5 BD"CIn o b hsteby

pr ocessHelydesgeation pabton A8d RilRMRSHnetik Heactidh GRdre PRABIASS UM Ly thdre
tar9§t can be avoi ded thereby. 10 17 CLAIM5 1. A hafniumsilicide target

f or 'Y or A YAgnLOPENEOIRISRyNhesired BATFOXBABIIPPIF Si 0. s2- 0. 95~ wherein the oxygen
corLens e 1o SERARSPREI Y ey O U IR HoSubd] b Bhuf i Mol
or norein the atmosphere, this was pulverized with a ball mill, the ball and pulverized powder were
separated, and, upon measurement, the oxygen content was 2000ppm.
A sintered body having a density of 94.5% was obtained by hot pressing this silicide
20 powder under the condition of 300kgf/cm® x 2 hours at 2000°C. This was further machine
processed to prepare a target of ¢ 300mm X 6.35mmt.
Sputtering was performed with the target prepared as described above, and, upon
measuring the particles on an 8-inch wafer, a total of 120 particles/8-inch wafer having a
measurement of 0.2um or larger were found, and the generation of particles increased
25  considerably.

Nevertheless, ignition or explosion during the manufacturing process of the target did

not occur.

(Comparative Example 6)

30 A synthesized mass of HfSigg9 was obtained by mixing HfH, powder under 100 mesh
and Si powder under 100 mesh and heating this at 800°C in a vacuum, whereby
dehydrogenation reaction and silicide synthetic reaction were performed. Upon analysis, the

oxygen content of this synthesized mass was 300ppm.



3. Ahafniumsilicide target for form ng a gate oxide filmaccording to
claim1 or claim?2, wherein the zirconiumcontent is 2.5wt%or less. 4. A
haf nium silicide target for form ng a gate oxide film according to any one
of clainms 1 10 to 3, wherein the inpurilBies are C. 300ppmor less, Ti:

100ppm or | €839 Wb purkQPRBITbPivelghs &f thiY Igrfgo;fagm vda@%laded\%' %{@%mle@fzea fifads

. Fe: I Oppmor less, N: |Oppmor I|ess, X ppm or | ess, : 0. I ppm or
| ess, Kin the| asmaspiierd, dkis was: pulveyizpd withr a beld silla the teiit a0l palperizedrpdvakes wete A

haf ni u iLi.Ci tar for formng a gat xi d Ll maccording to any one
of cl airrkn%aggté:ddgﬁq’ %gg%?aﬁu&eﬁlgng%rzgggc F%{ﬁﬁ"qswafésbgp%nto 200~tm 15 6. A
manuf act uri ng mtempbm(v Ravidd Ridemeisy dfi 96,39 W& GRhink® by 1t Prédeing Rt GliQHd de
fil wherei n powder of the conposition conposed of Sio,s2-a.9s is

synt hespowder yndeydhe genflition & 300kefrepxhx & houss ot 2800t Hidhie afas dnrtberbinaehine t o
hot pressin r hot .isostatic pressin gHI P) at 1700g to 2120 and 150 to
2000k gf PEAFESSeq attompting fORIERATe A dargedof off 39Pman 1af 6rd ilicide target for

wnerei b pondbe Sfiede bliincd AE HeUiRe sbd ok Uy lory i Bmdne g s, oo,

pul veri peduldmdd®e peiteseRdintora thges, and thereafter subject to hot pressing
or hot isostatic pressing (HP) at 1700g to 2120g and 150 to 2000kgf/cnR.
.A9H . A9H . AH3. Al F. Al Y. A5Y. AHF. AHFr. A9n. As[ . An .Al. A An. A . A -.As3: L%, t

& My &"é@(;m

25608S@ xsn aéa_tﬁec%ﬁaénﬂ%yj cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] cacointehized wedss af EHbio s] way cbtain&@ibly phiti ngMRERR St indedidd sl . | @
kmsmYnonoppp8q} xsni d_Z] cal ca] ca] ca] ca] ca] ca] ca] ca cgica] caJ ca] ca] ca Caéo;a] c
a] ca] caj"é‘g] §aPe‘é{FEra]“@§frcé Qa}ﬂf’él} c%i]dcéf’%t&]gcé;"éaﬁ%&‘})p SRy, YASHYRAV; x/'y

4 ca cdosepiidd ERlion: d SHERECGRORETATRE Y G b BOARE M ST 36 von
id_Z]c abﬁi’%cﬁ&:bﬁ&hﬁ@ﬂ thR] syafhesikebmas] wal 309 gﬁ\l ca] ca] ca] ca] ca] ca] ca] caJca] ca] ¢
a] C?%Ca] cal ca] ca] ca] ca] ca] ca! 5L@EHPQC &} ?B} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca

] cal £a] ca] cafd&s ebpers)waipichy waighhpE Bt HfSiaoveder aas ajlded toathisadyottiesiatd ajasw] ca
L RO 3RS VG £l e ol
& ()-Y! @&me&:aﬁd;uﬁon measurement, the oxygen content was 2600ppm. . . .
S et o o 11 aighe 5
s o9t dey uheYBbniftion AR cickoy LoALY: Hsb0Co HRHA AR rnhine
20 processed to prepare a target of ¢$300mm X 6.35mmt.
Sputtering was performed with the target prepared as described above, and, upon
measuring the particles on an 8-inch wafer, a total of 350 particles/8-inch wafer having a
measurement of 0.2um or larger were found, and the generation of particles increased
considerably.
25 Nevertheless, ignition or explosion during the manufacturing process of the target did
not occur.
Results of the foregoing Examples and Comparative Examples are shown in Table 1.
As shown in Table 1, the relative density of the targets in Examples 1 to 3 is all 95% or higher.
Further, the number of particles was 20 or less. And the relative density could be improved

30 under the optimum hot pressing conditions at 1700C to 2120°C.

As described above, it has been confirmed that a hafnium silicide target in which the

Hf:Si ratio is 1:0.82 to 0.98 can be stably manufactured under the foregoing conditions while



10! ; 9&109%& () -s! NO&LOY&' ()-s! NO&LOYR ()-s! X9&LOY& () -s!\ 9&L0%H& () - svjl 97!
10 S&LOY& ()-"!S3&L0%HHE ()- 3&L0%& ()-!a3&10%HaH& ()-! p3&10%p&P&E () -
10f { Y797! NS&LOYNHNHE () -"! pS&L0%pHpHE () - " S&L0%& () -"! S&10%HHE () - "

S&109& () - " & ~S&L0%HHE () - " T r P7! N8&L1O0YNHNH! 4Ft ' 10944H& () -

I Ft ' 10%#dSroling thd A6iGity (B he sintered body.
. 1066! 6S&10966& ()-" SELOWM&E () - " T! " ##] YWEXVAPT! Ft' 109% ()- !Ft' 100\ & ()-
| Ft' 100\ & ( fontragiy; nithg CompprativetExpomle & gnd Gompatagyine\ Exanglp-2, the silicide

o] £ 1 bl Sheoing pgder S 0G0y scorshed doripe b manplacturingprocssiy s
. NOOIWUSAE dfficult to manufacture a target. This is because the oxygen content was less than 500ppm.
&10%o0& ()-!6s&10% o] o0& ()- !1s&10%opo& ()- !\ Js&lO% o' o& ()-! FY&l(PUBmo&' (
)-! FQ&N%??&M?I‘W}‘QFB!%BG@ZV%@?P@‘@IGF’/@G@SSWG@@@oﬂxﬁgﬂi%dﬂoooppm, as shown in
Comparative Examples 3 and 4, the generation of particles increased, and the quality of the
target deteriorated. This is because an insulating material such as the HfO or HfSiO was
formed within the hafnium silicide target, became exposed during sputtering, caused arcing
beginning at such portion, whereby particles were increased.
10 With Comparative Example 5, since the Si molar ratio is smaller (x=0.81) than that of
the present invention, sintering was insufficient, and the relative density became less than 95%,
and the number of particles also increased. With Comparative Example 6, since the Si molar
ratio is greater (x=0.99) than that of the present invention, burning occurred, the target cracked
thereby, and it was not possible to manufacture the target.
15 Thus, with Comparative Example 7 where the sintering temperature was lowered, the
generation of particles increased since the sintering temperature did not rise.

Accordingly, superiority of the Examples according to the present invention is evident,

and it is further clear that the present invention possesses superior characteristics.

20
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| DF&10%<\Bladiple 1 | FROHY \ & 4000 ! ~F&IBFYP?& (99.9 5 Non
XNr ORPChQRRA/ZPZ! 1 781008 () - " 1| +8100A\ & () --1\ 1 +810%\ p\ & ()--1Dl +mn%3
) - - 1 (9&l Gonamples? ( ) -0.8%1p0oa \?@0@) RRRQN)%SW P8 7$109&5 | &10%& () None109&:’
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YYYZ&[ [ | [Exédpld 4 (| 10830 690&@00"/& (2500 ; 9089 () -20 90<>&10°/&'Nc)ne
| 90S&10p4& { }- 9L ORI (Y-t L[ K\ =] AN I<711 (10l Ssy&I0%I& () -
15y &10% Exanmpis 3o 109&: () - 200sy &l 0680Q) 1° 39921000 U7 & ()|- @ Noms
Comparative | 0.95 - 300 - - Ignition of Powder
Example 1
Comparative | 0.95 — 450 - - Scorching of
Example 2 Powder
Comparative | 0.95 2000 11000 99.3 150 None
Example 3
Comparative | 0.95 2000 17000 98.7 360 None
Example 4
Comparative | 0.81 2000 2100 94.5 120 None
Example 5
Comparative | 0.99 2000 1800 96.3 - Cracks
Example 6
Comparative | 0.99 1500 2600 85.9 350 None
Example 7
Target Oxygen Content: ppm
Number of Particles: Particles/8-Inch Wafer
9  Accidents such as Ignition and Cracks: Ignition, scorching and explosion of powder, cracks in
target during manufacturing process
Effect of the Invention
The present invention is characterized in that it is able to obtain a hafnium silicide
10 target superior in workability and embrittlement resistance, and suitable for forming a HfSiO

film and HfSiON film that may be used as a high dielectric gate insulation film in substitute
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