;vwe3ea( "L46T( <D/ DESCRI PTI ON HAFNI UM SI LI Cl DE TARGET FOR FORM NG GATE OXI DE
FI LM, AND MANUFACTURI NG METHOD THEREOF 5 Techni cal Fi el d The present
invention relates to a hafniumsilicide target superior and
enbrittl ement reS| stance, and suitable for formng a HfS| WJ/W%WM
filmthat may be used as a hi gh dDESERIRTIONyate i nsul at| on

manuf acturing nmethod thereof. 10 Moreover, the unit of "ppn ao1Ep8ed in
this description shall nmean wwppmin all cases. Background Art The film
thi cknega iy U@ d'sﬂﬁqbﬁ CTARGET nﬁekat FORMING Gange! pxipEl Uenags AR®

per formance o MOS transistor, and it Is essential that the Interface
With t hMANUFAGTURINSUMETHOD THERESE! ri cal | y snooth and that the nobility
of the carrier does not deteriorate. Conventionally, a Si02 film has been
used as this gate insulation film and was the nost superior in terns of
interfagighicdlpeldy- In addition, there is a characteristic in that the
thinner the Si02 filmused as thls gate insulation film the nunber of
carriers (th&he pesendlimeintiongelates & @ bafnbnm htbllcgb)taignwmslesm workabiligy andai n

current a i ncreases ther.eb Fromt he e each
et hemballemea it rd g rer aniedoa b i 38 AN AR g
the W rp0gsed ea Bhelisle@icigdateMnSmati B filn CAaMASioSthe R an¥i fdcalrR0n 8ol Mhdedts
p055| ble within a range that woul d not deteriorate the reliabili ty of

di el @ct Mazedyendhalomif of TapweT ashise isthisdeserintion shalh mege wippménell Crsds direct |y
when the gate Si02 filmis formed of a thickness of 3nmor less, and a
problemarises in that this film25 would not function as an insul ation
film Magwhbhil Aal t hough attenpts are being nade to miniaturize the
transistor, so as long as there are |[imtations in_the filmthickness of
the Si02 fil khe il Hhicknesseolyat dielestia feteoinsylation afilnyclarselhdnflugnsss the

m ni at “Fé&@hlaat%% o 4 Rﬁ?é "@A31s i Chind ﬂsﬁseésérﬁu& %E@g{%?ﬁce WNeh %0052;%1? m

aril ses ornmance s not rove reover, I n or

| ows t bebspawss c&d@i@hﬂy mbmgmdmﬁattﬂnanhtshtm thebdnnarsddmmmt détedoracner
consunpti on, | t is, neﬁfagssar t he insulation filmeven énl nner .

f
Never t hel ess CoBY§tigNglig 251 félg‘p{‘%gcé%uF iSgAte Rsulption fimeand tyas
b kd t

[ cakdophs M@%’énwﬁh %&H% mégrmﬁaﬁ?% fﬁead%at% bildrdid £ CRRAGeNUT i g_rthétetﬁc; as

describ hada ‘mtation in itsel
| i ght othihine therSiGeifiim userdcamthlargaEsmsalaﬁmgrﬁllm ¢heeatmber ghtcarriens (thatt ispn

filmis peing considere ate bstitute e S film And, the
SO T FIRRITaR ST ASHOR oroshiisreates: SrEibE RO SYPEN A1GrinGeSenetybe of i gh

di ehgetric gﬁcﬁn'tﬂéuﬂo?é o‘ﬂ#g fcirkﬁhstﬂ‘dé E'd(ﬂhnﬁ‘l'ceih%cééw& Sty vasdbAtddylg f11m

IS a conparatlve Yy th I'm and IS capabl e acqui'ring a Capaclity
equi val émreaso asrmr@umffminmtumdg ithe wirargaélnfegatzéii% dilmhias beenjoonsibieatly o

| k h h b
e Souhie, S s SRR wiltid i ange I Ebula bl Ferkiibrdie SR REAGRFTEE o7 °

Si Q2 catamm&tﬁcx BRk&slvn. TReverthelRbg ht tuhﬁelﬂc@kﬁﬁ% icerrtmafléwy GREctBARab eheogateaSI ly
and stably formng a high-grade H Si O and SIO\lhlgh dielectric gate

i nsul at S film s fammed; efca Hucknesypf Bam omigesnand @ prablsay arises gn ghetr hsnklm he
for@go:}lr‘;&%t EJ 0&'1-?%;’1‘&1011 a@%n'?ﬁs%?aﬁ% fh vention ains to provide a hafnium
e

silici et supertor Tnwrkability and enbrittlenent resistance, and
sui table for Mcanwhllc 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 in that the performance is not improved.

30 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 SiO; film is made 3nm or less as described above, thinning of the film
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had a limitation in itself.



formng a HHS O filmand HHSION filmthat may be used as a high dielectric
gate-insulation 15 filmin substitute for a SIQ2 film and the

manuf act uri ng met hod thereof. The predent invention provides: 1. A hafnium
silicide target.for formng a gate oxide fil mconposed of H Sil.02-2.00 (In
t hi s conposilt light ofathe forepaing excym$inced, 0figh dichestri¢ gate insathtiondilot i deingor ds,
this inplies at. only the |ower Linit val ue of Si. iS5 1. re). This
appl i escof‘ﬂ&‘aﬁé)ﬂ’éﬂﬁ’ afﬁisggﬁg‘étég?rptthfa gh(g% g,.llnkgxr?? the Iﬂ%ﬂlfﬁm %‘\%ﬁﬂéﬁq{?wg} é}‘& f or
formin SOt iGasthis Ty seoomegegicRbirid giitd in®aBoPBIAnd cont aining a ni xed
phase %rtt?arfg?%af% incSI ué?ir,\g a I-?Ei e:pharts'eg%anléll a Hf Si 2 phase; 3. A hafnium
si licide tarijes higbrdi¢lestric ggteanyuationdidindie af qommazesivelydthra filem, pad ayeapehle1l or
par agraph 2 .above, characterized .in.that the,rel,atiye.density.i % or
ror - SanBRR e SoiD! et 55 e S R Hhm, i RGBT R i) R BR A G g
to eachyBfress fePRhAdNeMAge Lufrént3 FRlREsinéd BliQcie b Beeméd at Aakilnt e waxgigen
content Is 500 to 10Q00pfgn] 5. Ahafniumsilicide target for formng a gate
oxi de fSiDmissasidod th HE intsriagiehqutitpsimalgr tpthat of 3192 gambeekpectelar act eri zed in

t hat the zirgoni um content i 9 I o fnd [EE N ar get
for formng ué’aﬁoél gggllsc?eSpﬁ“lttP?ﬁégg%x& é%ﬁr)la%let(gfséds% Eﬁﬁg? 9‘3?9 iaJinéHrn p*%lgkcé?%&S
above, giv0aaleIfcA®N high dibRttrichatd implatidn filsn.are C. 300ppm or less, Ti: 30
100ppm or |l ess, Md: 100ppmor less, W |[Oppmor |ess, Nb: |Oppmor |ess,
Fe:10) Oppmor less, Ni: IOppmor less, Cr: |IOppmor less, Na: O.|ppmor

| ess, K. Q. .U 0.0lppmor less, and Th: 0.O0lppmor less; 7. A
haf ni u@ggp%@?%ﬂ{eaﬂrngéﬁmfnor formng a gate oxide filmaccording to each of
par agr aphs lntopddr talosreome hier facégoingzmdblems] thatpréshet iavanmgeaigs & prosidea i s 5
to 2001 m. 3.8. A manufacturing nethod of a hafniumsilicide target for

f or mi nghadniya Bligde tsestisppgriorin wogkability apd waflﬁgetfﬂetnhéesa&m&ra"gfsu thle for
CONpOSi f| SPHRS 50N A 1P nla§ RURENES] BRM. diQBLNME phkSHsdifidae 100
nmesh orﬁ)?e{shé an Bﬁﬁlg?é%@ég}lbhot pressea at 1400C ]{%g i535C]:; glélmd S9 ,IA

maniif acfila inngbstitveofdr afSi@, filnh,indnhesmhndaderingmgdtodftberedor m ng a gat e oxi de
filmb5 according to ;E)aragra h 8 above, characterized in that hot pressing
is perforrredT%PtprfWt Ty e20% ’é’f’}‘lPFrQ Mode for Carrying Qut the Invention A
hi gh di £l ect ki fdainesilidias bakdtIor foriReCH BRE oxidedilld Borfipc¥et oY HEESi; 3, SlpEt i t ut e
for the 10 SI2 filmis forimed by perform ng oxygen reactive sputtering to
a Hf Si this genpositinnsratiej bewéver,n$ic 3.020i8 sioti nclailed olibethar wbls, Hiiy amplies et an
oxide filmas repr.esented w.t.h ~ Si or a. filmi.n i.ch a. ty.of the
oxygen ?’_élytﬂécplloﬁ'(?g[i“\kﬂ “%?’%r‘d@éﬁ?%‘ﬁ&"@iﬁ?@%quﬁihrﬂg%%“r@‘%%ﬁgﬂﬁﬁ@- f a
comnppsi $i on BfhaBhibk sificide argdbIBEfothing a @dté BRId8 il neRBDEE HESING,L3) adl of Hf
and Si is demanded to be a conposition ratio close to the target film a
Hf - ri chcantaidingfa mined phassrtincipallyancdudingp §HS pliase prdea HifSk @bese; ¢ constant, a
Si-rich,oxidg fil.mhas fayo _ i.bi |t ' ' r can
casi 1y Besons s LAGR oE (IRIREL el dride Hih Bechuhg 34 BEkERLR FOF

char act gsraglapk 2 @boViq ¢higctariedninlteakhcietativnidendity ik D§%torahorehe above, it is
necessary to consider and determ ne the bal ance  of fhe di eé,ectri ¢ const ant

and | eaft’ cur Achtfnium ibgdederget o forming 3uBdesrids flwe acqprding. gy cachaeh 20
manyf ac i f k J E1ne: 1o\ iy ql bl i ty, and
a rrg% erf’%ﬁé@ﬁ%ﬁ{ﬁ?%ﬁo‘% Bl?atr%g%/]? S“lc‘: gggl ng%ﬁleé%%arrgcl)sg?@i %nmjrgg?lisl%h ‘of Hf and
Si as ngcessAr Yafntum rsiliedanaskgetien faming i pae t dradenifiled apeondiag tof edchf of um
and silicon, in accordance with the CorH)FOSi tion ratio, igl i Ci diﬁsghases such
as a Hf BAraglaphel ihd abpvs; shaspcierized An, thapfiezirconiym coniend i-4, o WEo 9T {485 hase and
Si phasg ar e xf 1{55911 : by £t RERK aNBate L BEE filh BcR@RLCRD bath2oP T hat
t hese hg’f ni u'r% gfrl i Cl dﬁﬂélﬂggﬁgg%oaﬁds araeg%tgt able to ((:)btrai % suffi cioent
densi t ypamagraphsé to 5 above, characterized in that the impurities are C: 300ppm or less, Ti:

30  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;

7. A hafnium silicide target for forming a gate oxide film according to each of

paragraphs 1 to 6 above, characterized in that the average grain size is 5 to 200 & m;



during the sintering since they have a high nelting point, becone a
sintered body of a porous texture, and thereafter becone a target with
nunerous generation of particles. And3 unless adjusting the hot pressing
conditions; that is, the heating tenperature and pressure in accordance
with tige compnmhufaomrmgtmnhochof agfniuo fsileideotatgetrion fvengigty g80 osédenialm, be
obt ai ne r|n rove the increa densi t e._present
i nvent ic g?fagtg ’d‘et atlt CBB Fr ‘?flr'fgP OTPRQsifign %(lﬁllfoéﬁﬁ?@? gg&é“ﬁél? hsy‘dlm]hs??]lz? i de
tar get &9& 39 BP1LG A eor%gsdgnc{ thEfufter bt pR&sdY 838DH°T Y 533°0Nafdf OVi des a
haf ni uM'si el tar et or formng a gate oxide fil m conposed’ of
Hf Si @2 2 wmaﬂumﬁﬁix@&h&hb@@f afhafitiembyilicide eargetfoe forminge a djaed exitle ifitm
constant and leak current. This hafniumsilicide target cqnprises m xed
phage lawrdipgatoHraseIapin 8 cabare darctstized et Aot Blfe?ﬂeg paPer %m@sat
eI i m n?()ﬁ%éthc porous structure, and which has 5 a relative densi ty of 95%
he rel ative density becones |less than 95% the brittl eness
deterlorates due to the lack of density, and the workability al so
deteriorates thereby. This al so generates the increase of particles caused
by t he Mpdefos(armying @E‘a‘i’?@?‘icﬁﬂo’bf fragile crystals. It is therefore |

preferable t t i O1It

i s desirabl e&'?llié\l’{ E'fti;' %Egci%%gﬁnsg%grﬁim\?\n&?{%ﬁ“%:t%r@a%%ﬁ?glspi&élﬁ?gqtgy%et for
f orl®i ngSiDhilgais fommédlby peifombieg ﬁﬁggdnaea@()@m@pmrmmmwa W§g@ngqtsThles>slctehan
500ppm there is a possibility that the égr et will it,eﬁ% hé

manuf adiloy i copsidersa to hna hybrdization phan 9‘@&?‘%‘38 g 2 Yxygen
within t target. will 0Sit as. e

dur i ng & AEmgRatioeh et BERRS bR (FPrie M A fRRep B VA ol TR0AET 1
yield r@nfndtd bf de6Mmpasidomss sl/He&m 0. GHRIADS altioughhRe composlﬁmpraeifoaffam e
that the zirconiumcontent within the target be controlled to 2. 5w % or

| ess. \indnSitinalemandast todte ¥ compPRSIoN EAOARRS to tB@/\lE%CtrﬂlB’céslif'E%Gi"tchfH@ such
| t
oo LR AT, 0 RS RS B e o

pr ef er agngpatiBitVowrP Ve S substiase phéfanadisily tieadme ngnurinbrE©U stiticture, hand
haf nium silicide target for form ng t he ?Vglge oXi de filmare C. 300ppm or

| ess, ﬂhereimew@fﬁeéﬁes Reharacigrstio ofojayinedt lopeleak CuFentoppm or 1ess, No: | Qppm
or less,
O. | ppm or I e Sﬁ@ﬁ"ﬂﬂhf sBove l{\lfse%ésc QQQ& WCA“E%%{ SlrQi Idgéscgﬁq nglntgé Hﬁﬁa%éoe &Ng%em or

| ess. Thiekcirk domstans enct hek; eulrengun iatcordange Wit heqmepash of asert Moeteeaes, eachsour ce
to e gate el ectrode 25 _and Il.ower  Si strate. In order to nuf re a
haf #i unmanyleetBe (PIPGsss of @rg?"d?erﬁ%efr&arﬁlﬁgé’fo‘ﬂ‘ﬂi‘ée F?rrlmtgﬁlbt&r g & fpatenial
enbrittloapRt NG ﬁgﬁm.% tich $htio ORHE aPSi ROV ti@emand.
corrpom%l on cognpﬂ%gglt@ Iqﬁ 2&)(%)10 i's C%ﬂbl ngd alnd thersgfa?”]]:ltser %rg?n
pressed at 1Mﬁoslntm1n§3&omlxedl powche of dvafrdvmt andesilieon, dg aiceqrdance49tp the he

d Il .b f. hi
Gent 1Y b B AL 5P PO S ARSI, PSR R Li o

conbi ni fgntdien APPHAe Afd s aS® AR OBithéd) bue gemesiBdsmhkink Sitlerd)R- aZpl@Blenh&f ni um
hydri de powder and Si powder are prepared and mixed at_a nolar ratio of

1: 1292 thaet these m;fmuanahtcﬁerl@alr easppayinds aedgt able 4 oblain sugfigiert densitysingreastough
th f |
e Aohing tnd PlfeEing T B P nafe SOMeh A€k ool OOUSE: 4 Sytltba OBV BEAD B

in that bﬂothdr@Mnﬂ&herEﬁfﬁr@E@drﬁeahaagenmuth rhyd&rbﬂbgermrmed)fbmtlctﬂseventl ng
this ki nd of ignition. It is 5 desirable that hafni umhydride grﬂwder and

silicon powd&n alﬂb‘eﬁﬁs%“ﬁﬂ’@n‘hﬁé!%@reﬁﬁﬂpgéppé@ﬁnﬁrf %trls’lﬁt? Bralipg tSMRCTRWEE of
this fing %@%&ﬁ%rﬁ%&b nbd ifl eﬁw'(?o%ﬂ QftioRf raib9h 13386 bf %nds tfn*i'lﬁntde'ﬁﬁt)pf

sintering. oena Ion an 1 Cli eforrratlon re cond cted with1t

hea8f ngcafrmcbesbtduredng the sintering described above. Dehydr ogenat i on
begins to ocgcur from around 00C. 10 Al.t hough. si i s_conducte

vacuum (1 X PpOB pgsaveringolo, pprove the l?ﬁi%sﬁts éggfl ygh h%ﬁsﬁlﬂer‘fl it phere

for deh¥ﬁ’c§c@9cﬁ:'aalh'o@fhmn%%‘?ﬁg@trsultﬂﬁlmégE%ﬁﬁﬂﬁh'sﬂﬂndestaf?g‘éfffﬂr%ﬁﬁimgﬁ%teh@ﬂﬂé ng to
a tenperature of 8000C and, the portion that may ignite with the H netal

is formfidmi nto a silicide, or sintered to a degree without any fear of
ignition (approximately 3 umor larger). 15 As descri bed above, by
conducti ng dehydrogenation and formng a silicide at a | ow tenperature
during the thermal synthesis, grain growh can be suppressed, primary grain
of the sintered powder remains fine, and nmay be nmade into a high density
during nmolding. If the sintered powder becones coarse, pulverization before
sintering beconmes difficult, and results in residual coarse particles and
deterloratlon |n den5|ty 20 Accordlngly, a S|gn|f|cant characterlstlc |s

. oy L



2 5 make the anount of oxygen 10000ppmor |ess, and there is fear of
ignition during the manufacturing process. Mreover, when the average
crystal grain size exceeds 200 um singe particles will increase and the
production yield rate will deteriorate, it is desirable that the average
crystal grai Theipzaseheinveitidiepweaies 2 kafaiuaDeiliaide) tagzetl ésrcforibrg alpawecoxitt gh
densification durl ngﬂsi_ ntering i s enabl ed through the S¥1nt hesis of the
powder Sbm campessdPifiiSinoene i SPridnraipnaidhe bajsnce hptwesndhp diclestide sonstpant hj s
at 1400 : r i: t r I rature
rodi oty Gebadden, THE, HBHERANRTI Rl cBRBH0R | ARAL AL Bl SLHSTRRSE,

and t hi snd e ifSi2qihaseas prgdpdl phaseporhiahelimiatdsahe phi@us sthlic@iirengnd which hagabl es
t he $eal i zlati (3{51 of a Qér?h density hafniumsilicide target having a relative
denst t y2 571208ty Bt 2 P @HFgh density hafniumsilicide target of the
present | nveniiciny kéthilfe &hsfty bEGimds RN EHLOS% NihelHRRARECALSIR u to
particles caused by the pores during sputtering. 5 Exanples Next, the
Exanpl ethealack of plensityednd Fue toekabilithedse dotenihies therebyrdrhdd glsp|deustateatthe e,

d the, i nvent | hall i linted. th . )n ot
o . TRESARY B BALCER FBIRRIGH A1 abd, eaarine B HBEiG SREEI 1 KOAREe | ons

ot her t Bﬁz@erhﬁ‘l‘%ftﬁat@f@f%t% dé'héiﬂj&vmhihhﬁc ﬁ%&ﬁangae technical spirit of
this invention. (Exanple 1) A’synthesized powder of Hf Si1l.1 was obtained by

m xilbhg Hf H2 Bosdesirabheithat teOxyeehcentent SyithinWeehafningesilitide tagsthfoafiorniiegt i ng
this at .800C in. iacyu e 15 dr ogenati,on reactj.on and silicide
bt hot e el ot G b ool L G0eaR. TR SRR T AP B SobPin B S bty s
pul ver i pegiBiBtyolahaine thﬁgﬁzﬂwmi%iiiei dirh@ tROYIRLfANRe thekelt, msfbonlﬂls{i@hvdhén i's

al so possible to add pre-synthesi zed hafniumsilicide powder. as been

conf i r meyysent excxedy 10(00ppm; oxygemnwithinsthe jtaigele wilbWgposit as ew istsesndotauge i xed

phase i i.ng. i i 112 i d _bo ihg a
densi ty'ﬁ@#&%?g%ﬂl\}\%csggﬁgg 2@%%tcﬁg§’ éarrgéiglé ﬁvdllt% ﬁ?@lsgl tﬂl&glﬁ ea@o@éeﬂr} 8%% er

t heltongield eite will &R ka3e a8 resulk thawsfs at 1500 . This was further nmachine
processed to prepare a target of ~ 300mm X 6.35mt. Texture with hardly any

pores was obfathefditiiserederpbleghatt the zireRpiyiacoptent withinythgtarget brocongralled to
pr epar e j - i J.cl e a6
ch e eSS, WP Te Yoy Bt 2iddBRInfeXsc HRAENE IR nb0Rs BBHGRG B3 §
or | ar geoltage; eufrentnghd sutdtrhfecteppaanat idoring fthe agdctic sputteingefos €drming the

consideraply, A hafniumsilicide target superior in workability and
enbri t t PERSHm Wéﬁ@étlwddg‘ﬁé‘i ?fﬁd’r%fgmgf)er esult of the above. Further,

singg this t e [ el Si 1354 N r any
TearTof |1 gni Giebuint, BpRISAY Aar Mok PRSP hafhiif SRR AL ot
of Hf Si formingtheadateaoxidel fiby and &i B@PppiHY lpsswdle r1 00ppie ror 1636, Meos h0Qppth &i legpwder

AT NG S R TS T T L,
once.  Jess, Na: 0.1ppm or less, K: 0.1ppm or less, U: 0.01ppm or less, and Th: 0.01ppm or less.
This is because these impurities will become the contamination source to the gate electrode
25 and lower Si substrate.

In order to manufacture a hafnium silicide target for forming a gate oxide film
superior in embrittlement resistance composed of HfSij 02200, powder of the composition
composed of HfSi; g2.2.00 is combined and thereafter hot pressed at 1400C to 1535%C. If the
temperature is less than 1400°C, the density will be insufficient, and if the temperature

30 exceeds 1535°C, this is not preferable since partial dissolution will begin to occur.

Upon combining the powder of the composition composed of HfSi; 2200, hafnium

hydride powder and Si powder are prepared and mixed at a molar ratio of 1:1.02 to 1:2.00,

and thereafter sintered at 600°C —800C.



This silicide powder was pul verized to obtain hafniumsilicide powder under
100 mesh. Here, it is also possible to add pre-synthesized hafniumsilicide
powder. It has been confirmed with XRD that this hafniumsilicide powder is
conposed of a m xed phase 5 including a HSi phase and Hf Si 2 phase. A

si nt ered bodylthuengh e asederidi powdel n8Y. B9 hvasonshiczidn&d poydapis nut gsefemablet hi s

haf ni um.si i ci de powder,.under the condition of_ 300kg/c X 2 rs at 1420C
it o Sk et RubT B B otnde sER s B e o GRPISe T iy

6. 35mMt;,gputtering was performed with the hafniumsilicide target prepared
as descglbed 10 above, and, upon neasuring the particles on a 6 inch wafer,
only a tot alThefefo®, pwfninol dgdidevingsed fempmventng this Bind omigmitibmr fers wer e
found, and th ner.ati.on .Qf particles.decreased consj derabl.y. haf ni um
| Bo) dESran i SAGUR darie ABPRELE Sy RS s Breny Tt BERRE s

obt ai nefhdes 100 hRSK Thedfisel dTahALMEpovildr ehftles theaeRlidasion df heay d&fsit%_ﬁﬂ tHei ON
during the processing. 15 (Exanple 3) A synthesized powder of HfSil.9 was

obt ai nditmegt sintering. Hf H2 powder under 100 nesh and Si powder under 100 mesh

and heating i.s.at _800C in &.vac wher eb rogenat hon.reaction and
silicide san{’ ﬂ“é't%f(%,ge%té%} i % S@é‘?‘i" g%nc?ﬁl\(@he%ga%éngﬁ@é‘? "%ﬂbqﬁlﬁhihgag}% ?golcaéé
powder WRmoRHE ViRkdrARtesitRtAbRe. ThYHFeSdt onCHedtsRO\WEIT fdiH Qo ddOmESh.
Here, it 1S also possible to add pré-synthesized hafniumsilicide powder.

It ltas Arksughanitbring e sbindbictd®Rih & haduunh (X hat no s 19 Tei)jét Reoses aistight
conposed of a m xed phase including a H Si phase and Hf Si 2 phase. A

si nt er eiydoegyp atmosphgreafod delyidregenfti®@B. 4% was obt ai ned by hot pressing this 2

5 haf ni iJicid Ih iti . 300k m_ x 2 t
Ts20C . Thi SMREe P AERGFoRtIRPhA* HrnEREdatpRor Blapdy ¢ B PAFLEE D10 G00mm X
6. 35mt, Spitt er £ OLFE ' ' | Libici d
s aosc e WEoR el ARy ARRAC AR NTHE Ml MR L SRty R BrEr™ ©

only a depkéd withowd Anyp ddak o€ iggstidradpproxanarElasw anenargef). 0. 2 um or | arger were
found, and the generation of particles 30 decreased considerably. A hafnium
si lii%ci de t arfyedescaiped pbove, hy wondugbing idelydspgenation and farmeng a sdisidet africlownas

t her,e i S _no r. of I on

-obt ai ned_as resul t of the above.. Fur.ther i fea iLgnit

dur i ng ERBSTE SBting e tewal SRGEsis, ety Eowih qHR 6 suppidscdy Bty B ot o
Hf Si | . Stheamtergl ponder Bymarmsxfing arll Zaydsersiade inolarhiglh) demsityhduring rebldpgwier
under 100 nesh and heating this at 800C in a vacuum whereby

dehydr o§esintpisA posulst bespmgscosrse; pylverizaian thefqre sidering beromss diffishbutided at

once. THLS,D.SLd:jcCl i: tain hafniumsilicide
powder ‘tué% ésrm%%&‘%égﬁ?rg‘?Wﬁglseg\%‘z‘iegé{%r\gﬁ?fu‘ﬁng’aac&us‘t i XRD that this hafnium
si l2ci de powdecordingh apgtficaft charattedstipizagielded dh whkit e arystadigrginagewdind
Hf Si 2 phase. A sintered body was obtained by hot pressing this silicide
powder SARRST SUPRESSSCRiMmas sifeiang BroRdyctstata lowrgmpsraire, @égh? avgiagoysrhed
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t hi s t az@®et m. Ardohightdensifigdtiqnarae be axhisteldipohlsanefigr.e, since it is
With a target having an average crystal grain size of less than 5 & m, it is difficult to
25  make the amount of oxygen 10000ppm or less, and there is fear of ignition during the
manufacturing process. Moreover, when the average crystal grain size exceeds 200 1 m,
since particles will increase and the production yield rate will deteriorate, it is desirable that
the average crystal grain size be set between 5 and 200 /£ m as described above.
High densification during sintering is enabled through the synthesis of the powder
30  composed from the foregoing HfSi; 02200 and hot pressing this at 1400°C to 1535%C.
The foregoing hot pressing temperature is a temperature immediately under the

liquid phase generation of the synthesized powder, and this temperature range is important



extrenely difficult to elimnate contam nation of the working fluid during
t he processi ng upon nmanufacturing the target enployed in manufacturing the
actual device, it i.s not possible to performwet processing. Therefore, in
order to prevent ignition of the processing 15 powder, special measures
nmust befdrathe rsimtenig. a$hip eanbblesithg reblizagorooeashipgy demdey Rfniumesillic@RStarget

at nosphere. Spyttering, wa rformed with the target prepared as descri bed
above, E%Vdr,lg 62%?1“ éﬁ‘gWﬂégfﬁé’rﬁ’&F?i cles on a 6 inch wafer, a total of 270
particl es hayhhg; S, : 0 I . . ition,
a plurality X?lerggtﬁgﬁgﬁs ref g?frcéc% tt:%rcgégls)p%hg UF%?E %hg%ﬁ 3%%%’1 gfé&ggﬁthe
out er peprevpitgdhe gaeatoin effpartidesgausedAsy tte poreis bedngbputerindensi ty cannot be
i nproved when sintering at high tenperatures outside the scope of the
present invention, and this also resulted in the generation of nunerous
particl ggampgle® (Conparative Exanple 2) A synthesized powder of HfSil.3 was
obt ai ned by m xi ng Hf H2 powder under 100 nesh and Si powder under 100 nesh
and heati ng Neokts tket E8goples preaexplainedn Funther, éhgse détapthlesgamanerely fibatativen and

silicid nthetic.reactio re conduct.ed at, once. This siljcide powder
wes pul 01 115l Eocat SRR Rl o SPOL B BB B nGFbTach GO, HESRESa - has
been coffventigshallt inchB@e allAhert Mbdes A bHTE&Idnk Gtitke RAVIREe EﬁalﬁBfEE’gﬁﬁﬁln of a
m xed phase including a Hf Si phase and Hf Si 2 phase. A sintered body was
obt Hi netheispopsonf the tashnigal spinitoofibis ivientien.l i ci de powder under the condition
of 300kg/cnm2 x 2 hours at 1380C . The obtai ned sintered body had a | ow
density 9 of 90.6% This was further machine processed to prepare a
target (EHxampd®0ym X 6.35mt. Since the density of this target is |ow,

t hr ough- pores exi sted. Therefore, since it is extrerrelé{di fficult to

el ininate cofttaRthesized poyder al Hfpie kwiag obtained by minipet MEppayedarsindgr 4Qbn
manuf ac i t i facturi the actual device, it is
ot SChEh B0 o a0 s DR g S bt SV

I gni3 i 0Be3ldrd eRatiiOe 8t fin M dRATEES synBREE rlctifR a3k &ﬁiﬁﬁk‘l‘%& aPéndeaken such as
per form ng drg processi ng under an inert gas atnosphere. Sputtering was

performed wi Thist befninar glicider ppudes dvas pulysuzddotad obtadry daafrdund, siligide posaistir i ng

the parti¢l on i nch wafer, . ot of 490 particles hayjng a
measur el 15 Heshofsre 1 85p Bossife 16 o mrerssiasi2idh hasGuts st deaiderdl 1 ¢y
of noduh&sbdaconsRaedath XRD GRS ié ALGIAR AURIdIPAGAdrYis CBRpBiedsr h HRkaY ed
when si ntergﬂr}guat | ow t enperatures outside the scope of the present

i nvent i Base ding 3 F{Piphase and HEY2 phasehe generation of numerous particl es.
Thegg el ati ve i I i rgets.i.n amples 1 to.3.was 95%
or ,%r%r e. 15 éﬂsﬁl%’?}botg &éﬁﬁﬁﬁ?&%&%ﬁ%‘%%l%g 0\?\)/58 “i‘ggyoﬁ&ﬂ’égss“!“& _rsél\llcéﬁrent in
the rel powite WhelBs tHeycondftionCst mggﬁizm bajos #NOL0T ehib WasRLARS Mdchine
conditions of 1400C to 15350C . descri bed above, it has been confirned
that a pmbedsedrteplepareddatgar ¢fetd 300mahi Bh 6135ennid T&itureak it hadllylanly fited @a2. 00
can be sta,blé manuf act ured under the foregoing conditions while inproving

t he den@li’tf“}lc therehy. si nt ered body. 20 Contrarily, the relative density in
Conparative . 79 Lt was.. inferior ere the
number of pargﬁl%ﬁélg %ﬁ@%&gﬁylﬁ}gﬁh é%gegtbg‘?éi$§d;a%d?%°§lg ¢ PRy g, tipon

Nor Zovemeaduningrtid partivies densd ingh wafdgooninaasdtavef Exparpties Raviag al adisadenRft 6%
The

of 0.2 - m or larger were found, and the generation of particles decreased considerably.
A hafnium silicide target superior in workability and embrittlement resistance was
obtained as a result of the above. Further, since this target may be employed in wet

processing, there is no longer any fear of ignition during the processing.
30

(Example 2)
A synthesized powder of HfSi; 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



result was inferior where the nunber of particles was 490 and nodul es
simlarly arose as a 2 5 result thereof. Accordingly, superiority of the
Exanpl es according-to the present invéntion is evident, and it is further
Clear that the present invention possesses superior characteristics. Effect
of the dehydnogematiodQeachion pné sidicideispntbati¢ action wharcaodestédzadnica. that it is
able to obtaj,n a. hafniumsilicide target ,superi.ar in.wqrkability an

b 141 omeni SUHepERI i Bl Foridirao it ki SR RMCeT WAl si on
fil'mthgbshmperd)ar 145525b ?_@ssﬁbl@l(gﬁtlcﬂbrl%ls‘?ﬁlh%éiﬁecgﬁﬁﬁidnﬁ‘%ﬂicﬁie‘ wder! k8 been
substitute for ‘a Si02 Tilm 10 The present hafniumsilicide target has a
rel ati veongiemed twitlo XRIB othair thip hefnzum silscidd ppivder beodrnpased snfda poigsd phess

superi or stren . r eQv, .the highly densified silicide target of the
pr e?entmflﬁsgﬁaig%%lipgg%a%lggﬁfgl r}lafﬁ‘eventi ng the generation of particles
arising frompaneeddbbdynGatiig £ RBALGET bNYIBIW WiteobtagrASsRhbO PHréxkingathis Cl es
resulting fromthe fracture and scattering of b{i ttle textures, and yields
a si gnifafeian silididarpoager bndariihe conditdereef AGAkg/amii x & s ay1424ECpTbisesas ng or
manuf acturi ng process of the target. 1 CLAIMS 1. A hafniumsilicide
target fugther Bachingprocened taopepRac fitargetaf of A3SmMmp2-2.00. 2. A

haf nium siligide target for faqrm a te oxi.de film conposed of .

s Loos 2. copaene Eenpatimed Wi e B iicie el SEPRAL S ofebshy o
Hf S2 potase; ard, upohahedsuihgithd Eﬂnﬁ@lck LG ek WakdTonDy @ t§al 6f A8 gheridled M
according to claim1 or claim2, characterized in that the relative density
i S 95% mvimpremeasuremdnafafi U2nign lor daxger tweerg dourfdgranfl dheri gegeratigmtod maxticles fi |l m
according to each of clains 1 to 3, characterized in that the oxygen

cont ent d5CEeaserheqngidg ppm 10 5. A hafniumsilicide target for formng a

gate oxide fAlpprdaaOLiALQe th &lfsé}@@ri@x{ incwa}wgsm/l&y tﬁﬁ? AmbeRArAGH SEdi&8ikel Wad pat

the zirconiumcontent iIs 2. oor |less. 6. afntumsilicide target for

f or m ngot#aigad es axdsdl of therabage diudihog theoe sawHearf ofdpmitios daring ths, proteasiagt er i zed
in é;at the inmpurities are C. 300ppmor |ess, Ti: 100ppm or |ess, Mo:

100L mor less, W |Qopmor less, No: |Oppmor |less, Fe: |IOppmor less, N:
| Copm ofExaftipte 315 COr: | Oppmor less, Na: Olppmor less, K Olppmor I|ess,
U 0.0lppmor less, and Th: OO ppmor less. 7. A hafniumsilicide target
for form ng & syathssiged pewten of HEYor wiap @btaineddesh miting | Bfthyspowdes upder 100

h terized in th th [ [ J 200 8.
A M T N TN ——
film 2 g}%ﬁgf&%ﬁﬁtﬁ{d ref idn.rhntdgﬁf d\GnBRUELach %gvggeocgﬁ%é}ﬁ& %ﬂr&{&g.conposed of

HfSil.O S synthesi ze Cf)ul verized to ss, and
t hefleaf t er hohismilicde gowtlerl waO ptlverlEdSE obtin Wafmamutiticidarpowglerenbdadl @ a

TR ) Sl LT B e A D AR i o ™
per f or ngshfaied SPith KROBOMKOtHie Metnium silicide powder is composed of a mixed phase
including a HfSi phase and HfSi, phase.

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

25  hafnium silicide powder under the condition of 300kg/cm® x 2 hours at 1520°C. This was
further machine processed to prepare a target of ¢ 300mm X 6.35mmt.

Sputtering was performed with the hafnium silicide target prepared as described
above, and, upon measuring the particles on a 6 inch wafer, only a total of 20 particles
having a measurement of 0.2 4 m or larger were found, and the generation of particles

30  decreased considerably.
A hafnium silicide target superior in workability and embrittlement resistance was

obtained as a result of the above. Further, there is no fear of ignition during the processing.
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109G&' () - yY Sputtering was performed with the target prepared as described above, and, upon

measuring the particles on a 6 inch wafer, a total of 270 particles having a measurement of
0.2 4 m or larger were found. In addition, a plurality of protrusions referred to as nodules

.20 had generated on the outer peripheral face of the target.
As described above, density cannot be improved when sintering at high temperatures

outside the scope of the present invention, and this also resulted in the generation of

numerous particles.

25  (Comparative Example 2)

A synthesized powder of HfSi; 3 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 conducted at once.

This silicide powder was pulverized to obtain hafnium silicide powder under 100

30 mesh. It has been confirmed with XRD that this hafnium silicide powder is composed of a
mixed phase including a HfSi phase and HfSi, phase.

A sintered body was obtained by hot pressing this hafnium silicide powder under the

condition of 300kg/cm? x 2 hours at 1380°C. The obtained sintered body had a low density
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106#6V61§@Z§%713§@hé partl¥@s $R%U8 {nkch wafer, a total of 490 particles having a measurement of
10 0.2 & m or larger were found. In addition, a plurality of nodules had generated.

As described above, density cannot be improved when sintering at low temperatures
outside the scope of the present invention, and this also resulted in the generation of
numerous particles.

The relative density of the respective targets in Examples 1 to 3 was 95% or more.

15 Further, the number of particles was 20 or less. Improvement in the relative density was
achieved similarly under the hot pressing conditions of 1400°C to 1535C.

As described above, it has been confirmed that a hafnium silicide target in which the
HI:Si ratio is 1:1.02 to 2.00 can be stably manufactured under the foregoing conditions
while improving the density of the sintered body.

20 Contrarily, the relative density in Comparative Example 1 was low at 92.7%. The
. result was inferior where the number of particles was 270 and nodules arose as a result
thereof.

Moreover, the relative density in Comparative Example 2 was low at 90.6%. The
result was inferior where the number of particles was 490 and nodules similarly arose as a

20 result thereof.
Accordingly, superiority of the Examples according to the present invention is

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

Effect of the Invention

30 The present invention is characterized in that it is able to obtain a hafnium silicide
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 for a SiO, film.
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* aDHEGHP-IKL m@ﬂ%m@uw@ezm%a@%@é@mﬁtwwﬁ%&&P@w%@gmeﬁﬁch of claims 1

RomanAr {(0594? ggg{a';g%%gg%ggghrémm\é\t}ﬁ@mg YRR or less.
<=>7? @G\B&DEF GAll hhkii vNGRQRGT taviydk Y] fotrhingabgate bxjle ffikh nwopdingtto each of claims 1
to 5, characterized in that 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,
15 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.
7. A hafnium silicide target for forming a gate oxide film according to each of claims 1

to 6, characterized in that the average grain size is 5 to 200 & m.

8. A manufacturing method of a hafnium silicide target for forming a gate oxide film,
20 characterized in that the powder of the composition composed of HfSij g2.2.00 is synthesized,

pulverized to be 100 mesh or less, and thereafter hot pressed at 1400°C to 1535C.

9. A manufacturing method of a hafnium silicide target for forming a gate oxide film
according to claim 8, characterized in that hot pressing or hot isostatic pressing (HIP) is
performed at 150 to 2000kgf/cm?,

25



