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invention relates to a hafniumsilicide target superior

embrittlenent resistance, and suitable for forning a I—Ifsllm'ul[mwmmlmmn"
filmthat 10 may be used as a high %S%h?ﬁfoﬁ gate insul and
t he manuf acturing nethod thereof. reover he unit of "ppn*isasorused in
this specification shall mean wtppmin all cases. Background Art 15 The

by the " poneREntes Bt ARdRL el FERMING | SPuss RiEE et ¢ 49D
interface pANUERETSIRINGPETHHED T REOE €l ectrical ly snmooth and that the

m)blllty of the carrier does not deteriorate. Conventionally, a SiQ2 film
has been used as this gate insulation film and was the npbst superior in
terns of I t rfal(r:]]if.]i quality. In addition, there is a characteristic in

that 20 t the Si02 filmused as this gate insulation film the

nurber of carrier Gl ibventih RAAEORSa A ﬁhﬁ‘%mc?& MRS 1 ARG

t he source-drain current al so I ncreases ere oregol ng
ci rcunst anamlsemtaadhtntmtneswthecep@Wasrumbb;fbyfdmﬂm@g ElfSi6ufibin ankbEIlf&ﬁB‘éflhﬁ thent

result of mniaturi,zi ng.the ,w t he te S.02 fil has been,

consi ét Pent P9y bico?sﬁgdasag htléh ﬂmﬁasmbo%']ebllnﬁlg@a\ﬁ’qrh? aaP%ﬁg% Mgy taciising fmehed

det eri or at eieb - MoRbi@bihkivnyt o¥fppi” di ab&IGhIthig spé@ﬁkéifanﬂ?;ham\lﬁ}éﬁﬁ WISl $Sall @
tunnel |eakage current flows dlrectly when t he gate S filmis forned of

a thicknes&se¥ 3nmor |ess, and a problemarises in that this film would
not function as an insulation film Meanwhi | e, al though attenpts are being
made.to mniaturize the transistor, so as long as there are limtations in
the film tBackigramd Aat the SiO2 film which is the gate 30 insulation film
as descrlbed abaove, mniaturization of the transistor loses its

si gni flcance, aHef @l my Hagimess ofra digleciric gafrainsylation Bhm dy leesedpinflyengsd by the
i mproved. M?fo?ﬂXﬁ’ée' ﬂf 9 I\ﬁb@e{raﬁs%tdrmﬂﬁd it ﬂeesg%i (54 ARL Yntgﬁ%écaquQB? %xl %LSI

as well as [ ower e power consuhption, it I'S necessar
i nsul at i onsubstrate m/@ccttltalkymmooth NeMbetthe hmbshty of fheeatrivedecs sotaleRriobtem

regarding the ga&c?nv%lntel(l)rﬁl Mé‘éi&r gﬁ'{‘]( ggvgeé/rvlh Ssr]cdtar;ethls gate insulation film, and was
the most superior in terms of interfacial quality. In addition, there is a characteristic in that
20  the thinner the SiO; film used as this gate insulation film, the number of carrie-s (that is,
electrons or electron holes) increases, and the source-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
25  dielectric breakdown. Nevertheless, a tunnel leakage current flows directly when the gate
SiO; film is formed of a 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
30 insulation film as described above, miniaturization of the transistor loses its significance,
and a problem arises in that the perfbrmance 1S 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

35  film thickness of the SiO; film is made 3nm or less as described above, thinning of the
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35 filimthickness of the SiQ2 filmis nmade 3nmor |ess as described above,
thinning of the 2 filmhad a lintatién initself. In light of the
foregoi ng circunstances,, a high dielectric gate insulation filmis being
consi der edilmtadialimiationdnpiselft ute for the Si02 film And, the HISI O film
and Hf SiON fil y i : i as w4 §; al [ cLric
gate insul ati onr]q‘li?l’]lgjr%t a@#ﬁfﬁg&gﬂ?]éﬁ&%iggﬁgggﬁsi g H tglclwrégﬁl gitf E’P\sq |t]ﬁh1€}|h§l ks
capabl e ofbepqionsidagd latelylasa subsitpafertthy 81Q, fill. cdndf tHerHIfSA0 CdmeanidtHESION
equivalent _to the Si02 film and is charaﬁ,tfri,zed in that jt is able to
suppr ess tiH® argARBLtiRgalkeatian asiisdype offiigh fistectng gateinsponfimpe deened as a
filmig which SR GfigSi @eiic e GnbRattdn (iR S TGN GMakidiMng] Wihak tO
that of Si02 car—ll%l?)se I%xpectceg? %g Tﬁusa,1 snoug t?slrs g sputterdllr%grl ’arégt5
capabl e ofcoegaratiyelyntlickt fallol,\a ¢apaciiynequivaldmit gbttgr Sidk filhia@d as dhathSe@ddhingh
dielectric,gate insulation film .Disclosure he I nvention In order to
over come tth_ ‘? ’ér"’b otf’ﬁ{jprﬂff:%}‘%ﬂ’é‘?dtqﬁ. gt %‘géﬁ?f'ééﬂé'gﬁtsi%ﬁ%ﬁfﬁ@?%dccﬁ Bfovi de
a haf ni umgid inGlilen 50,981SiOHREsdded td Af, WREKahall dubMtyidil &Nt lof 878/ dan be
resistance, and suitable for formng a HHSSOTfilmand HHSI ON filmthat may
be used asxpedtegh dielectric gate insulation filmin substitute for a Si02

film _and the uf act uri ng nmet hod t hereof . he .present . nvention.

provi &gs: 1. A i 5%%’# l'?cﬁ a%“qfé 1p§ettar grca?%)l?ﬁoﬁgeaaﬁﬁa ng %)k?ﬁéfeh’frfnl"}% a
conposed qfi%rﬁgfddemﬁf@awﬂf&m Rgh Aichairit gave mbllagordgint.ar get for formng a
gate oxide Til'mconposed of HfSio0.0s-037 and containing a conpatible phase
principally including a H 2Si phase and a Hf phase; 3. A hafniumsilicide

target fornf i ide filmaccording to claim1 or claim2,
wherein th%lsgégéglg\f/gleggﬁcg}t@é is 95%or nore; 4. A hafniumsilicide target

for form ng a gdheordai tte obércomeahofoiepging prebletnsofhe plzsalt ainvantibnt 4imS, to
For i EoHO 4REGRP A4S HreSbarapig WSk ! CrbrRNTR T apceudid of
e e RAE0E Gy BIOU piad SO IR ST SRl feptl
i mpuri ti esgatr ms@atiG0flmpm substitegSor 7510 1D0ppmd the mansfactuving m&bod GeEpm or
| ess, W J_IOlR)’pprpcsoeg1t }n%(szgﬁonl\g’%viﬁgsppm or less, Fe: 10ppmor less, Ni: 10ppm or
1. A hafnium silicide target for forming a gate oxide film composed of HfSip ¢5.0.37;
20 2. A hafnium silicide target for forming a gate oxide film composed of HfSig 5037
| and containing a compatible phase principally including a Hf,Si phase and a Hf phase;
3. A hafnium silicide target for forming a géte oxide film according to claim 1 or
claim 2, wherein the relative density is 95% or more;
4. A hafnium silicide target for forming a gate oxide film according to each of
25 claims 1 to 3, wherein the oxygen content is 500 to 10000ppm;
5. A hafnium silicide target for forming a gate oxide film according to each of
claims 1 to 4, wherein the zirconium content is 2.5wt% or less;
6. A hafnium silicide target for forming a gate oxide film according to each of
claims 1 to 5, wherein the impurities are C: 300ppm or less, Ti: 100ppm or less, Mo:
30 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

claims 1 to 6, wherein the average grain size is 5 to 200 & m; and

35 8. A manufacturing method of a hafnium silicide target for forming a gate oxide



| ess, Cr: 10ppmor less, Na: O.1lppmor hkess, K O0.1lppmor less, U 0.0lppm
or less, and Th: 0.0lppmor less; 7. A hafniumsilicide target for formng

a-gate oxiglg fileRiAGadel 08 the cemphsidn c6mpbsRE df HESifes.o W& g}mhéskh%daéﬁ@r age
grain size is 5 to 200,Um and 35 8. A manufacturing nmethod of a hafnium

silicide tthergafterhot pressediant70ga0d83XCde ' 1 3 film wherein powder of the
conposi tion conposed of Hf Si0.05-037 is synthesized and thereafter hot
pressed at 1700 to 1830cC. Best Mdde for Carrying Qut the Invention 5 A

hi gh di el i i i L conprising the quality as a substitute
?%{ZN@F?%&M}%Q ekt th‘ Ifvehta:f O!

for the mis formmed by perform ng oxygen reactive sputtering to a
Hf Si t &rget. ThiAshigkidisectfi¢ gate insulabors fithe cemiptising éheaqualibyr asci adstitote fof than
oxide film.as represented with H02 Si02 or a filmi i ch art  of the
oxygen | s J108 UG GQUTER O PEHBURE OXHRERec SO URIE e gy e ERB e 6t
conposi ti |. 8§1fs cohdiddredtolbe h ﬁﬁﬁﬁé}%feﬁso)ﬁiwlé‘ifepﬁggﬁmwgﬁ%gg%'ztorOf

10 Hf 02 a conposition even richer enman , a method

was attenmpd fin iim whidhCA phdd @f aEDeHYige®fs fplaced WithSnifregéis @Hd iaNtarge€hat newhlly0
Haf ni um and performng sintering thereto. Wen sintering is conducted with
such r educdemnaadespf 2 69mpesitionef Siffed.-Oc Negehedessypisupat i s development. ) |
Hf 3Si 2 (Hf $F0. 64~ and | 51,0, e for , and there is a problem
in thgllt0 th (23 h%%)ﬁi %%])n%ﬂsﬁ%nggtg ﬁ{:heerr?%g?izsdﬁggﬁ%eésj‘ are not able to obtain

sufficient densithisi RGHARGE wll ratBpleB SinSWHICR! the hinfdud€ f Isfbn Ra¥Bu@dNingh
mel ting point, becone a sintered body of a porous texture, and thereafter

becore a tmlagjen tevHafninmnandopesforraingrsinterdng Hrergtar Wheh sinteringois qoadeaedmiithg t o

obt i i g o KGER enptuitanicot i PORERer AR eI tiSp R gat e

20 oxi de fandnaf,Sin@IfBI,8p & tfoinbdSBid Merel i§ acprbBlEM ith&t thései Haenitidr GBEidé Mter
formng a gate oxide film conposed of Hf Sio.os-0.37 This hafniumsilicide
t ar getl Scontoapeynds are aptablhloobitim swficigpt deapipaincieash@uring the siatesng sincpiteye and
a Hf phas r I i ar. r 0, i ne

na ni i ¢ SvSEe A0 et BBy bSBRRGGRR e ity o SR B R it B

rel ative dssesinty thrgeongsnimasud geabrafibVof particlbs.i tt | eness deteriorates due

to the lack of density, and the workability also deteriqgrates thereby. This
al so generates tYROD PHEFVERES 187 ImpapYy HicednEeaiedl FRpsithether BREEEIN cinypmiion

scatteringgQfeehEPH bbtafring h rget dubtable 5 NHERARRARE silicide target for forming a gate
20  oxide film. |
The present invention is a hafnium silicide target for forming a gate oxide film
composed of HfSigos037. This hafnium silicide target contains a compatible phase
- principally including a Hf;Si phase and a Hf phase, porous textures disappeared, and
thereby obtained was a hafnium target having a relative density of 95% or more.

25 When the relative density becomes less than 95%, the brittleness deteriorates due
to the lack of density, and the workability also deteriorates thereby. This also generates the
increase of particles caused by the fracture and scattering of fragile crystals. It is therefore
preferable that the relative density be within the foregoing range.

It is desirable that the oxygen content within the hafnium silicide target for

30 forming the gate oxide film be 500 to 10000ppm. When oxygen is less than 500ppm, there
is a possibility that the target will ignite during the manufacture thereof, and, contrarily,
when oxygen exceeds 10000ppm, oxygen within the target will deposit as an oxide and
cause abnormal discharge during the sputtering, particles will increase thereby, and the

product yield rate will decrease as a result thereof.



preferable that the relative density be within the foregoing range. It is
desirabl e that the oxygen content withirtthe hafniumsilicide target for

30 form ng the gate oxi.de filmbe 500 to 10000me When oxygen is | ess than
500ppm there FertherpBds prsferabls thatdhe gireonivip goptent withingthe targetre oagtrohied
manufact ug JRA0Le 1csaWhef AL Rfouhd of 2HARRRKIENS X EERASHHIRAMRRMRippXY goN
within the target w deposit as an oxi de and causé a rofrar> divse arge
during theudput twitagg, cyrsant iandesubgirdtt temperaase duniagethy, reactilet fruttefing doct
yield rate wi|l decrease as a result thereof. 4 Further, it is preferable
that the i?rfﬂeaﬁitft?rﬁxe&g@wwerm&ﬁeatﬂweartdathaéﬁ nePrEtsFt®| | ed to 2. 5wt % or

| ess. yhen the aialerol i8ikeeRbIMEX iffitRic? W HOmPTHAREST SOAM L fiTor SUC
as voltage, current and substrate tenperature during the reactive

sput t er i ndofong theogate ngidehi@imoarede: 300ppmadt less;dFiy 100pat by lesanidot hOGpirsomot

referable. 5 eover, it is eferable that inmpurjties. within the hafnium
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100ppm or 10gsH: oxM?:'ssN mggg.gg&h or §§§,K:\Ag1}99€gi s ©59.01Bm 39@%9:' Hd RSs,

Fe: 10ppmor less, N: 10ppmor |ess, o Oppm or |ess, Na: 0.1ppm or
| ess, K ©.0lppm erlegsedbis ig)bea@usd thpsn iompuritiss wilhheconie the @oMtampmation sb@ssto Thi s

is because these | riti.es will,hecome the contam nation source to 10 the
gate g@ec??eo%agegﬁg%%ﬁlp I%chr\é%bsgk’ggg%: I'n order to manufacture a hafnium
silicide target Ii @fder @6 Mhai@fangatachaiiufesifitidetagePfrifofming Hpdtt bkRREAM

resi stance conposed of Hf Si Q.05-0.37, powder of the conposition conposed
of Hf Si 0. G8p@Ioz7in; bitdenass fedstanrs ¢amenased tof rtHiSdeos prre Powdenpf 1o o@apesition
1830CC. Upgn _ conbini t he.powder of e c ositio ed

500 05669???“%‘%@‘%;}?%3}%‘? é»g%z%z}é ?mﬁéﬁg Pgﬁ%&ﬁ%‘ﬁg@@%w B0, cpar ed
and m xed at a r ihi wWod ' r r_Si a
600CC to 800CC. O?rfgughﬁl?%e eué% of Igtft f)owdg? noanyagﬁg% gg?cotﬁgjloﬁoesg’gg?tsﬂ
powdet5i s hydtide hafefumr pbwdersindd powdbmare prepang and mixedbit hirhglar mtid of WD
pul'veri zed, .t e g aprohlemin b y ignite. 20 Therefore,

haf ni um hﬁifliogg’iagé a‘féetiateb?‘“'ﬁfeé’\ﬁéﬁbé}ﬁg‘? %‘5‘%"8& nd of ignition. Hafnium
hydri de powder i i ri . V, in size
of 20,0 o 1 CaNSaEE HERe S HP POAKE AT HISh b RS ARE B BT ] Pl ot
hi gh densiprefemblet dimcetit has strbng skidizability .anDehlyar mdestived aherdrisla ptdbilenh ¢ethat

formation.are conducted with the heating process
1t may 1gnite.

20 Therefore, hafnium hydride is used for prcvénting this kind of ignition. Hafnium
hydride powder is used upon being pulverized to have an average grain size of 20 £ m or
less. The use of this fine powder enables the realization of high density at the time of
sintering.

Dehydrogenation and silicide formation are conducted with the heating process

25  during the sintering described above. Dehydrogenation begins to occur from around 600C.
Although sintering is conducted under a vacuum (1X10™ to 1X 10 Torr), it becomes a
slight hydrogen atmosphere for dehydrogenation.

Moreover, dehydrogenation is completed upon heating to a temperature of 800C,
and, the portion that may ignite with the Hf metal is formed into a silicide, or sintered to a

30  degree without any fear of ignition (approximately 3 £ m or larger).

As described above, by conducting dehydrogenation and forming a silicide at a
low temperature during the thermal synthesis, grain growth can be suppressed, primary
grain of the sintered powder remains fine, and may be made into a high density during

molding. If the sintered powder becomes coarse, pulverization before sintering becomes



25.during the sintering described above. Dehydrogenation begins to occur
from around 600CC. Al though sintering i% conduct ed under a vacuum (1 X

10-4 to 1 X 10-2 Ton), it becopes a sl' ht en at m)sphere for
dehydr ogerfitficyh: a’N‘b’Féﬂ\?éﬁ‘ res&ﬁ‘ﬁ%?%é’ﬁ%‘? ijg I”éfi"e‘tf‘lﬁpon heating to a
tenperature of 8QQGLdin l?%lgﬁlﬂganl?gﬁérhé?&lsttﬁa% yﬂmtédhﬂt}lat ﬂte"@r falld? ﬁn?r tal
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and decrease in density. Accordingly, a significant characteristic is
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Wth a target average cr I'ze of Tess
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fear of ignition during the nmanufacturing process. Mreover, when the
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t enperat ure i nmedi at el y. unde qu1 e _generation of the
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si ntering.palltigsa ﬁ%bgggnsttp%fgg%ldrmrkon of a high density hafniumsilicide
target having a relative'density of 95%or nore. The high density hafnium
silicide target Tk hl@ledprmésélnfnmm\sdmdedargyt of tis pacseet ingertioni yields e effedtng
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nerely illustrative, and the present invention shall in no way be limted
thereby. In other words, the present
2 Examples

Next, the Examples are explained. Further, these Examples are merely illustrative,
and the present invention shall in no way be limited thereby. In other words, the present
invention shall include all other modes or modifications other than these Examples within
the scope of the technical spirit of this invention.

25
(Example 1)

A synthesized powder of HfSig3; was obtained by mixing HfH, powder and Si
powder and heating this at 800C in a vacuum, whereby dehydrogenation reaction and
silicide synthetic reaction were conducted at once. This hafnium silicide powder was

30  pulverized to obtain hafnium silicide powder of —~200 mesh. It has been confirmed with
XRD that this hafnium silicide powder is composed of a compatible phase principally
including a Hf,Si phase and a Hf phase.

A sintered body having a density of 99.7% was obtained by hot pressing this
silicide powder under the condition of 300kg/cm?® x 2 hours at 1800°C. This was further



i nvention shall include all other nodes or nodifications other than these
Exanples within the scope of the technfcal spirit of this invention. 25
(Exanpl e 1) A synthesized powder of Hf Sj0.32 was obtained by m xi ng H H2
powder andnaShinepprogrssedatooprhRate iarfareehps @t 3@omnC K-k dgmuramathebaydly
dehydr ogenat i on reacE)i on %d silicide synthetic reaction were conducted at
once. Thi STREPTES RS OPIRMEA RE tRYder was 30 pul verized to obtain haf ni um

silicide powder spfitterZfdOwiepétforhied N8 Ihd &REEt GRETréd TR d¥dctiBed XB¥el RAY, dpdhs

haf ni um si |l icide powder is conposed of a conpatible phase principally
i ncl udi ng measirkig thth padiclasdon Ho-ehswafen enljit artothl befdy4hpartinlgs ahaténgsiat y of

99. 7% bt ai ned b t [ t hi ilicid wd t
condi t bon TSGETEDY SRR hanRe! Hererisbd candrit SRR Pl Rl ReTe

processed Ctogsig&g?lgre a target of d) 300mm X 6.35nm . Texture with hardly
any pores was obtained thereby. Sputtering was perforned to the target
prepared as des ihbfaduralsilicdde tangkt suparior ineecnkabihity tihd epdbritilerh@s resistands- i nch

wafer, only a total of 24 particles having.a . measurenent of 0.2 u in or
| ar ger wertasiitiacd ang reshit Ogé]i’f’ei_‘ "Fpﬁ“’?ﬁer’p‘ér?c_tci t_gFetérngE’lagg?_e“d“pl%eﬁé“d‘é?tabl y.
A haf ni um Jﬁb%é\ggh%ghér@ﬁﬂg& loR&ERARY Bdar bf\i%mrdﬁmrﬂngwe praeeseiBr i tt | ement

resi st anc tained as a result of the above. Furthéer, since this

targeftOmay be enployed in wet processing, there is no |longer any fear of
ignition dyri ng gqe processing. 10 (Exanple 2) A synthesized powder of
Hf Si 0. 25 agBledned by nixing HfH2 powder and Si powder and heating this

at 800t in a vacAldpithdiRlewdde by HESIGRNRAS Shlain€@ Gl i hixiNHIHS bbwaérdhd Si
synt hetic reaction were conducted at once. This silicide. powder was

pul ver i zedpavalet Bndheating thisf ati 800 | ihiac vateupowderebyf dehgdgaration reactivasandeen

confirmed with XRD that this hafniumsilicide powler is conposed of, 6 a

conpat i bl esitids&mietiacrastion y'emqnaa?tﬁ%, abonge2 Sis S_ﬁﬁ&@@%r avaﬂfPUBﬁagﬁéi toa

sintened bagyy garﬂim \Aaﬂic‘ij&;bﬂv&dér of -96b fknashabb@hnediled QlithPXRBSthAGhisi S
I clde er und 00kg/ c X ho t

haf ni um si powt er the condition of 300kg/cn® 2 urs a

1800t . Thilsafmam silicide powder is composed of a compatible phase principally including a Hf,Si
phase and a Hf phase.

A sintered body having a density of 99.8% was obtained by hot pressing this

hafnium silicide powder under the condition of 300kg/cm? x 2 hours at 1800°C. This was

20 further machine processed to prepare a target of ¢ 300mm X 6.35mmt.  Sputtering
was performed to the hafnium sputtering target prepared as described above, and, upon
measuring the particles on a 6-inch wafer, only a total of 30 particles having a
measurement of 0.2 4 m or larger were found, and the generation of particles decreased
considerably.

25 A hafnium silicide target superior in workability and embrittlement resistance
was obtained as a result of the above. Further, there is no longer any fear of ignition during

the processing.

(Comparative Example 1)
30 A synthesized powder of HfSip4, was obtained by mixing HfH, powder and Si
powder and heating this at 800C in a vacuum, whereby dehydrogenation reaction and
~ silicide synthetic reaction were conducted at once. This silicide powder was pulverized to
obtain hafnium silicide powder of —~200 mesh. It has been confirmed with XRD that this

hafnium silicide powder is composed of a compatible phase principally including a Hf,Si



20.further machi ne processed to prepare a target of 0 300mm X 6. 35mt .

Sputtering was performed to the hafnium%puttering target prepared as

descri bed above, .. upon neasuring the particles on a 6-inch wafer, only
h r$ﬁ€?@§

a total ofPhass 3 having a nmeasurenent of 0.2 9 in or larger were

found, and the gengidtd Y3dPTwRAEthinkEDyIRG NS
haf nium si licide target sugev?i or In V\Dlyga.@i ﬁ??s‘; r%lggg?rl%ég?{ ?P%éégn@deﬁthc

r esi st anceondition obBa0kmicnas 2ehouessat 180T . tAlthoapowes hbiusrtdsede conbiRiod vias tho

| onger any fear of ignition duri ng}g the processing. (Conparative Exanple 1)
30 A synt [$amezAsdE erl, ghe sintgred bpdydwdobdew rdegsity ofi8YiGy Phiswgsofutder and
Si powder d heating . this at 8001 jn,a cuu reby dehydrogenati on
reacti%ﬁ e{rr]l%rﬂmsei r?%ﬁs%egi tgfrrﬁpr%%c%r eigtt?o%(y egzc PEd at once. This
silicide powder spafiet Wak pERSmIEA toXRE AhfdeNBeBh | ek G €IndO{ipert 00
mesh. It has begrf?ﬁc%rﬁfkgl rrrelg W th XRD tharget%ifeg ﬂé?aaanehﬁnﬁﬂgiﬂlﬁgygegngb&ﬂ%% is
conposed aheaguizagribatpaiiciesinas inphiwederpaltdtyl ofiidOyditideschamnzSi mZasupneseoind a
Hf phase. si nt e[ed body _was, obt ai.ned gﬁ h?'t pressing this silicide powder
under t he O-/5HUPE 12886T SYeTS ERNAG/ tion, g qhprlity ofipyeeonsyefatsddn as mpdulerot

pressi ng LIl I the sintered body had a | ow
density o?‘gg%%%cpﬁ?zh%}geﬁ%?ﬁﬁ%@ﬁfagéﬁa%ﬁ?% etprocessed to prepare a target
of 0 300nm X 6. dboeedverSpuntdreinatich wih tieplooéssig flidd bbeurt ¥hgRbdSPtRBAREHeAS

descri bed above, and, upon neasuyring the particles on a 6-inch wafer, a
total of PIeFessng mathed, Rad; sigeethitsetirmmatien ganngs be removed d theypupsequsat e

f ound. Inpqg&' i e i ; I . -nodul es.  had
gener ated on % #162’0@8{621? R ep?llgh]te%flatﬁgtflggsgﬁ(g;b%? ﬂg&ttg%glﬁ gcllﬁx[gg}ol?ag%@e&'? purity
cont ani natshtdablevfartpradtiealappbiestiminng f1 ui d occurs when adopting the wet
processi ng nethod, and, since this contam nation cannot be renoved in the
subsequent processes, there is a problemin that it is not possible to

obt ai psa tab ‘hrahay'gﬂgnbig%puri ty suitable for practical application. 15
(Conparative anple 2)" A Synthesized powder of Hf Sio.7 was obtained by

m xi ng H H2 powdesynthesigd poysiedof Hif.7iveast obtginediby mixi@OBIHp powderaandusi
ther o0y SSRHRPIET R AR ke R S P Sl igh S ST
silicide synthetic reaction were conducted at once. This silicide powder was pulverized to
obtain hafnium silicide powder of ~200 mesh. It has been confirmed with XRD that this
20  hafnium silicide powder is composed of a compatible phase principally including a Hf,Si
_ phase and some amount of Hf ;Si; phase. |

A sintered body was obtained by hot pressing this hafnium silicide powder under
the condition of 300kg/cm? x 2 hours at 1800°C. Although this hot pressing condition was
the same as Example 1, the sintered body had a low density of 80.0%. This was further

25  machine processed to prepare a target of ¢ 300mm X 6.35mmt.
Sputtering was performed to the target prepared as described above, and, upon
measuring the particles on a 6-inch wafer, a total of 510 particles having a measurement of

0.2 1t m or larger were found. In addition, a plurality of nodules had generated.

Moreover, as with Comparative Example 1, contamination with the processing
30  fluid occurs when adopting the wet processing method, and, since this contamination
cannot be removed in the subsequent processes, there is a problem in that it is not possible

to obtain a target having the purity suitable for practical application.
The relative density of the targets in Examples 1 and 2 is 95% or more. Further,

the number of particles was 35 or less. Improvement in the relative density was achieved



obtain hafniumsilicide powder of -200 nesh. It has been confirmed with XRD
that this 20 hafniumsilicide powder is &onposed of a conpatibl e phase
pri.ncipally including a Hf 2Si 3 phase and _so ampunt,.of Hf 5 Si 3 phase. A
sintered bomjlahngnésstthe h@ﬁpw%ﬁow@émdwﬁstcnég%ﬁ"gnﬁgmeﬂ%%tfﬁ Fer

under the_ conditi of 300kg/ caR. x, 2 hour t 0 . hi;s,_hqt
pressing c@HRi'? ilo¢%giesf ﬁ%lagéfﬁlegg%gb%?a%ozlgﬁ,m% %:191%1'1 hﬁértg%%g%%@ ‘H%&’ % | ow
density of @Qr£84 inthé Exuaplel Ut hiteen 2onfiraRithng tipy Ol ofltHeGinerepdoéy éan
target of 0 300mm X 6.35mt. Sputtering was perforned to the target

prepar ed abe ipsevddsgablibove, and, upon nmeasuring the particles on a 6-inch

waf er, _a total . ticl i f rger
were fdund. In %&?&?‘%?ﬁ%{egﬁ“ﬁ? 8%& '?121(}3 H@g%ﬁgé %ﬁg@bgglng?g%oéﬁ% Ei@br é’ottger , as
Wi th Conpafegilt Was Bxfafipl @hdre thontmbemeft papticled tvas B apd oodslss amse 3O af resuiltd

occurs when adopting the wet processing nethod, and, since this
cont am nat hefof.cannot be renopved in the subsequent processes, there is a

problemin that M&é&ﬁg%p@%@é BiRicy §P COMpEHaVAERARORT DAY IR, SR0BUMd V.

suitable for practica I'i cat 1 on. ative sity o e targets in
Exanpl es 1resiitwas irferd@itare thermmbletof peaticles wheS Huadskbnodofespanilarty} assavasa 35
or less. Inprovenent in the relative density was achieved 8 simlarly
under ke Fs¥t heB9&i ng conditions of 1700CC to 1830° C. By reducing the

H :Si ratio to A.QudiheR! sdfFdrigSoaR OtiRglesaRo¥Rlindtd RRUSRsnnVeRASPR | S
not necessary clear, ag&ilrlﬁﬁlst?;t ed in the Exanpl eg:, it %Jgs been confirned
t hat -t he devidértyandfit isifertkdriclear thdt the gyesertnnvention ppssessesisupetibt gharagteristics.
Contrarily, the relative density in Conparative Exanple 1 was |ow at 87.0%
The result was inferior where the nunber of particles was 310 and nodul es
arose as aggesWrthe nbeftpmf . Mreover, the relative density in Conparative
Exanple 2 was |ow at 80.0% The result was inferior where the nunber of
particl®es was 51Thaprgsendinyentionsis eharagteyzedrip hat ids able gobtain g hafpiney wligide
Accordi ngly, superiorit f, t.he . rding. t e invention
is evi den?‘frgezrfgp?rfori g %ﬂ&f‘%‘i‘?y gll%égrrqlgflﬁge{n %f' ﬁgcsgs#aé% &n ncf E@tea’r%h go'r%lr%gls"snﬁsas es
superi or chgsiactien hpd HESION Birhekdt nefy techaed ay e highodielkbtrithatdinesienidén fily ént i on
is characterized in that it is able to obtain a hafniumsilicide target
superi or i AubsHRIREIrRiSQ2 BHB enbritt] ement resistance, and suitable for
formng a The present hafnium silicide target has a relative density of 95% or more, and
20  possesses superior strength.

Moreovér, the highly densified silicide target of the present invention is capable
of preventing the generation of particles arising from pores during the sputtering and the
generation of particles resulting from the fracture and scattering of brittle textures, and
yields a significant advantage in that it does not ignite during the processing or

25  manufacturing process of the target.



HfS| Ofilmand HHSION filmthat may be used as a high dielectric gate
insulation filmin substitute for a Si @2 film The present haf ni um
si.licide target has a relative density of 95% or nore, and 20 possesses
superi or stlEmyth. Moreover, the highly densified silicide target of the
present invention is capable of preventing the generation of particles
arising frompores during the sputtering and the generation of particles
resul ting f.rom thAkafhiwc silickle sarget Seaforreingraggatd oxide fitrh eompasedroddifSandssryi el ds
asignific nt ady e i,n.that oes. not ignite _during th essi ng or
25 manuf ac uri ng* SF&’& §‘16‘fJ°ttﬁ’§°'t£9’§%‘?m“§agéfﬁa? f‘? H&’Pﬁ?ﬁﬂfgﬁlp‘él‘)d’e
target o or ,fdQioiiaftfn agéﬁl?atﬁﬂé fifasé bhﬁelﬁgmﬁaﬁ@lngfa rlrffzﬁ $ha9af smf paaseA
hafnlumS|T|C|deta formng a gate oxi | m conposed

Hf Si O. 05- 03. 37 5Aanaﬂnmorsnlmxdn taggeafqroﬁtvpamgm gatplmax;b flemi mogahgyo phcmuldomg a
Hf 2Si phas mS|I|C|detarget for formng a gate
oxi de fil rﬁ r‘?aﬁl?eﬁ‘anﬁ)lbe r(?ﬁé’lvﬁdinsg?l 15 &ié‘ P2 ™ wherein the . rel ative density
is 95% or gpore. A.hahib@f dlitiae $ér%ét010€|€foxtrﬂlhg3£ ghteroxi@d Bl thcRoMiRteS tP¥acdheofl i | M
according to each of clainms 1 to 3, wherein the oxygen content is 500 to
10000ppm ql@mslm3aavrhmeermh§|opcvgqncr@nteatrgé@oﬂ@ﬂOQQmeg a gate oxide film
accor 0 eac e i

2. 5wt °o or %ess ‘g ER“Hla(‘@%ff %pgﬁ]e ;tzlar %lctl%aef g ;{] tg J(1)'{ %?'ﬂg&égbga‘{be%;%é eOffl | m
accordi ng tRinch @ﬁnhcfdnatmlr&omm&onwhaselswmm@r lesspurities are C 300ppm
or less, Ti: 1028 pmor less, M: 100ppmor |less, W |Oppmor |ess,

10ppm or | bss hafpmnsibigide darget fqr - 'I@lﬂﬁrﬁ 8?t31®1¢%§%m ZGCOT 1%}5?#3@5#1 Pfess
Na: 0. 1pp , RiM S dor & Olppm
or |ess nhg{&];nﬁg 5u§h§| ci“l}m deu%{uerliruggt%rﬁ‘ or 90 %S]lggsgg?efogﬁgleo? ePrhIQO
accordi ng lmp@aﬁh la$s, Vi Eoppm dr less, &b: \M)ppmlom 1¢s|9,eFav1é)pptgeorgesu, NisiGppmi er 5 to
200 u m factu thod of . a umS|I|C| e target for formng
2 gat i Iis% Op TR ISR - HRRF 159 K HL o Dbssh: T 0 08 hlBnd St and

Hf Si O. 05- OTR70.bFppayBiie&sSi zed and  ther eafter hot pressed at 1700 to

1830cC.
7. A hafnium silicide target for forming a gate oxide film according to each of

claims 1 to 6, wherein the average grain size is 5 to 200 £ m.

8. A manufacturing method of a hafnium silicide target for forming a gate oxide
20  film, wherein powder of the composition composed of HfSiges.037 is synthesized and

thereafter hot pressed at 1700C to 1830C.



