17 JAN 2006 1 DESCRI PTI ON HAFNI UM SI LI Cl DE TARGET FOR FORM NG GATEy Qﬂ%
FI LM AND MANUFACTURI NG METHOD THEREOF Techni cal Field The present
‘invention relates to a hafniumsili cilde target superior in workability and
enbrittlenent resistance, and suitable for formng a HHSI O filmand Hf Si ON
filmthat may be used as a hi gRENHBIIONC gate insul ation film and to
the manufacturing method thereof. 10 Mreover, the unit of "ppnt as used
in this description shall nmean wtppmin all cases. Background Art The film
t hi ckHgdSNBMa HiLSCHE r TARGEE PORI FORMING| GARE 9D Fyenceanghe
-perfo st and it is essential that the Interface
\FI)\A th Wﬁ%@ﬁé@éﬁ ﬁ-@RP@ Kl ectricall y snmooth and that the
nopility of the carrier does not deteriorate. Conventionally, a SiQ2 film
has been used as this gate insulation film and was the -nobst superior
i n' t edeshnirfal Fiedeér f aci al qual ity. In addition, there is a characteristic in

~ that the ﬁ..gl nner the § Imuilgd as this gate insulation film the
number f Presput IPYWS‘[OH I'Flétes tQ p detpmsiliidetagset sunerinn irewprkabHity eebes, and

t he délﬁbﬂt Teitien® i,

ci r cunst anc es, easclzsﬁént%? n%dacguﬁeglg\ﬁgﬁ H’E{E’g‘ﬁ %/H\%g Ofgglga&gﬁféﬂjﬁgg?n‘ﬁ%‘éﬂ% a

r esul be ssedas higly dizlenlgictgate imsulatign fﬂxhemgﬂtoethSln%ufackdﬂdgaﬁcﬂhQ& Rhereof.

Si «as i hin ssi bl.e.w n a range .that would not
de er%’?gﬁ‘)c ’ttﬂé 8m”§€ %‘?I?Stlﬂfcgf“&m‘iqsﬁ’a?tﬂq H“B‘r‘é‘éﬂ@ﬂmmﬂéﬁgﬂﬁ%J ess, a
tunnel | eakage current flows directly when the gate SiQ2 filmis forrred of

a thickness of 3nmor |less, and a problemarises in that this film 25
woul dB?'RhgT?‘LWcNton as an insulation film Meanwhile, although attenpts are

bei ng made e SI stor. sp..as- a re are

linmtati on'ghtlgn tﬁ#&f“l’sg i 2‘ kﬁlggcg N glaﬁe ingutagiop; f‘i’ﬁ‘ qalﬁ E’h miduenges the

i nsul pirfarmahie mfaslvmafambsid)raﬁm/ﬁ isnessérialilthat ath QRtefthed REH BRNS]iS Or | oses
roblemarises in that the per formance 1s not

f d
Lr% oi}ﬂ’a mtlécig n‘%‘i‘ n§mg‘?t apd that th@dﬂ?‘?}h@foftthecmmoeg wppisieniatatcage of the
: LS' .as wel Coﬁ‘%?cnlt@ﬁﬂ[ TarS:i'Oz as Bl '@%} I %esl %tte in%uﬂ?@ ﬁ %Iéé was ke the

gate I nsulation fil m even thi nner. vert sin or obl em
r egar@Pﬁ@“Ph@OTg@t t@rmﬂ of istairfacinl Qualiti.dinvad dwtivan thekeis a charactenstlc in that the

‘thinner the SiO, film used as this gate insulation film, the number of carriers (that is,

clectrons or electron holes) increases, and the drain currcnt also increases thcrcby
20 . ~ From the foregomg cucumstances each- time thc power supply voltage would
dccrcase as a result of mlmatunzmg the wiring, the gate Si0; film has been consistently
formed as thin as possible within a range that would not deteriorate the rehablllty of
, dlelcctnc breakdown. Nevertheless, a tunnel leakage current flows directly when the gate
Si0; film is formed of a thlckncss of 3nm or less, and a problem arises in that this film

25  would not function as an msulatlon film.

Meanwhile, although attémpts are bcmg madc to miniaturize the transistor, so as
long as there are limitations in the film thickness of the §i0; film, which is the gate
insulation film as described above, miniaturization of the transistor loses 1ts mgmficancc,
and a problem arises in that the perfonnancc is not improved. _

30 Moreover, in order to lowcr the power supply voltage of the LSI as wcll as Iower the
power cogsumptlon, 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 _t-he"Si02 film is made 3nm or less as described above, thinning of the film
‘had a limitation in itseilf.




filmthickness of the SiQ2 filmis.made 3nmor |ess as described $ ﬁ
thinning of the film had alimtation in itself. 1 7 JAN 200p 2 In | i ght
of the foregoing circunstances, a high dielectric gate insulation filmis
being considered lately as a substltute for the SI2 film And, the H Si O

filmand HSilight bf {heferegoingicircanbiaiesad highldiQectas phtdiiSsul 8 £k i 'bei'ﬂfg
dielectrigc. ate insulation film This high dieleCtric gate insulatron film

is a CempdeRed; %télywstal‘ﬁ“éﬂltﬂﬁelfﬁi the$dO; Elre.afved (the HEBO faloyand HEGON filaparei ty
equi Vaﬂtﬁgt%twg%t&ﬁ?o Qﬁlskt er%flﬁnlgdle ec?rhar cgtggrl é?rhg nthat it is able to

-suppr ess 2 cup ren this can be deened as

. a- filmin T bigh d51€Rrit garddadation ﬂrﬁn 1s|ark§cﬁ([ﬂa%7ﬁv%ly Gk filky, aﬁali@éa?ﬁblteo t hat
-Sl CBZ can_be expected. - . Thus, sought i's a sputteri n(gmt ar capabl e

of Seasl %?qslﬁfag&%@swtw e akent 40 HeghiQyime anwssvl@rmmm t ftiiglablditel ectric .
gate 'sfﬁ Bllc@st {hQr\uB lrﬂeal&ge Q{lﬁgﬁtOFHftﬁcrogln‘Eé]ﬁllg DYEPL 40y, Or r IO ﬁ ic rcome

t he forégol ng pro resent 1nventron alns o pro nium

sui ci. dti0p dw ayleded imﬁﬁrmtnrfacnal qmlit;ahtﬂliat;othmcbf@ibﬁ i beemyetted. eSI St ance, and
a HS.Ofilmand H SiON filmthat nay be used as a

ﬁi’ghagl gl ‘;glfquﬁ,ié’o&g}l@%wﬂ frefing farget ¢apable of gasily anthstably founing e higlserade i1 m
and_ trTO A RASION Rk REREt: hlShaRfion i Pr esent invention provides: 1. A .

haf nium silicide target for rmng a gate oxide film conposed of
Hf1gi 1. 02-2.00 (In this conposition ratio, however,. Si: 1.02 is .not
gther -words, this inplies that onIy--theIower limt

i nclu
val ue%gdgfum gfgwc}ﬁ e("(]311Q m)re) This applies throughout this description);

20, , .2, Anbedenitd8Vértdhe t@efote3bB@prdMIEmS, Qh@bfbgerﬁ ngﬁnﬁoﬂéhﬁjseto?r&gﬂé@ rrposed
of HfS|1 02-2.00 and containing a mxed phase principally in ng a Hf S

‘phase hafpivg Smosﬂeztap%wer@r in warkahitithaahembrittiesicalresiaiages, ahdsuifablaong a

| gﬁgfag?g?ﬁ HJ[ @rﬂét% f"il egl[dhe re Ifn\?@t&@lﬂggb%u?cd asé’glb}ggdl ‘f%%cegaqﬁmsmaﬂon haf ni um

silbi cifile manbeitutk dor £ SiOFifilg:, an@meenamrmringl meth6g Giegdofg to each of 25
par agraphsér]h to 3 above, char acterl zed in that the oxygen content is 500 to
10000ppm ¢ RIGSSRIMYFRUON AreYides: target for forming a gate oxide film

.accordi.ng tOnSREdn @i‘hm&atﬁt@f ﬁﬂrf§mlunéfa P s il fllrﬁ%frﬁ:v%&ir 6519&21{ Dbt the.
- zirconiumcontent is Yo or | ess
: this composition ratio, however, Si: 1.02 is not included. In other words, this 1mphes that
- only the lower limit value of Si is 1.02 (or more) This applies throughout this- dcscnptlon );
20.. 2... A hafnium silicide target for forming a gate oxide film composed of HfSi g2.2.00 and
: . containing a mixed phase principally induding a HfSi phase and a HfSig:iJhase; o
3. | _ A hafninm’ silicide target for forming a gate oxide film according to péragraph 1or
. ﬁaragraph 2 above, characterized in that the relative density is 95% or.more;
4. - A -hafnium silicide fargef for forming a gate oxide film according fo each of
25 ‘paragraphs 1 to 3 above, characterized in that the oxygen content is S00 t0-=10_000p‘pin;'-
5. A hafnium silicide target for forming a gate oxide film according to each of ,
paragraphs 1 to 4 above, characterized in that the zirconium content is 2.5wt% or less;
6. A hafnium silicide target for forming a gate oxide film acéord_ing to.each of
paragraphs 1 to 5 above, éharactcriic_d in thaf the in'-ipurities. are C: 300ppm 6r 'lessl, 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 formmg a gate oxide fllm according to each of

_ pafagraphs. 1 t_o 6 above, characterized in that the avc‘rage grain size is 5 to 200 & m;




6. A hafniumsuicide target for formng a gate oxide filmaccordi §q Jan 235
each of paragraphs 1 to 5 above, characterized in that the inpurities are
¢ 300ppmor less, Ti: 30 100ppmor 3 ess, M: 100ppmor |ess, W 10ppm or
| ess, Nb: 10ppmor |less, Fe: 10ppmor less, Ni: 10ppmor less, C: 10ppm or
| ess, &Na: 0A bpmufaturirgsimethbd of a hafitiumrsilicss tarkét foOfddhpipmn itel Bxsde fimnd Th:

0. 0lppm or | ess; %Ahaf I u ilicide target for formng a-gate oxide film

~accor cﬁmﬁ&cfﬂélzé‘glfht ?thcri’ﬁwgﬁrr‘g‘]p‘ﬁ% CampgsIgon aefpROSed 9h FHeh oxdop isyinthesiged, the
avera I ' ' 00 i , fsaCt Uri Nng met hod
-of a %gjfl %I%Fn&]gs?% 29%121 aérgg%’ g I(I:)drﬁlP %}d%e%mi’%ggdegto@ Pglchft Wﬁ#@‘@c Fi%f‘; actg erized

n thag thea poaleicniingt eth6@BPatiakiion SRAROAEei0h: HirRlide 9%t O8dL $ilm
synt hesi zed, pulverized to be 100 nesh or less, and thereafter hot pressed

at v140®8tonding &3mragraph Soaboxe, rabatsttesized im hathoh pressing as perforimeh & 150cbde

t ar get (fOqu %ﬁnm:ng a gate oxide film 5 according to paragraph 8 above,

chara,cQt en%fé i'n that hot pressing is performed at 150 to 2000kgf/cn®.

Mode for Carrying Qut the Invention A high dielectric gate insulation film

- conprising the quality as a substitute for the 10 SIQ2 filmis forned by.
“per f or¥MPigios pgaing Quicthe JaveaieR tering to a HISi target. This oxi-de filmis

consi der ed - he el i | i epr t . th Hf 02
S or o HACRICGHRE Gt FRbl Ay Hinboihf b U, SCESTREE for b e
and a Siéy g wdermusiiay pyrfordeng ndygrnatacive appnaitg ©m BiSiSafddt. Thid oRide ,
General ly, al t_hough the conposition ratio- of H and Si is demanded to be
a conp¥el Bicansidered & be a dxbridizatir of angeide filmps gepppented withdf(d ¥$i0nor5 tends

. to havegea. -hi | atJ dielectrjc constant,..a Si-rich,oxide film,has

“t ovor dbfifin il stic &R ¥l GiBE i SolRT MR igtbath AR By FeL bl

- anor. phizusindéd oftd vsrpogitich of SIALE Al (RosLBSAtodgk iR askiitihi @tiebr Bavi ng a
|l ow | eak. current. In light of the above, it is necessary to consider and

- det er fPAS 1t Agmpidediip de aomppsition; iapie closp do hsristash filane Hfeigh exide Blm in-
 donordeneun aighidges Sl SRASRYY sioee bdd e YIRS
capabloomphtibility twitlr ial §i simirgienand lben cesiho betdnn anadmharphbustraciareSiands
necessary 0iﬁs! in de d.'_t'*ng,en' "E_Lnt ering the m xedr poyvc_j_e'r _of hafni um .andr
silicoff’ ﬁﬁ-B@éW%ﬂ?@“@ﬁ?ﬁ‘FWé ‘GBgrﬂ(B%‘gtl?aérF“Fr&{‘ﬁ'o, sil'i ci'de phases such as
- a H Si -phagg 1386 of kﬁcSﬁt?ova‘ﬁS@ ne€¥3bhry b 6BHsi8LYMdPdtermine the balance of the - ..
- dielectric constant and leak -current in accordance with the purpose of use. M‘ofebvc’r_, each
20 . -manufacturing process of a device is ‘demanded of uﬁique compatibility, and ‘a material =
- cap_able.of arbitrarily changing the composition ratio of Hf and Si as necessary is:in demand.
" When sintering the mixed powder of hafnium and sificon, in-accordance With the
composition ratio, silicide phases such as a HfSi phase and: HfSi, phase, and mixed crystals
such as a Hf phase and Si phase are formed, but generally speaking, there is a problem in
25  that these hafnium silicide inter compounds are not able to obtain sufficient density inb‘rcase A
during the sintering since they have a-high mélfing point, become a Sintered body‘ of a.
. porous texture, and thereafter become a target with numerous generation of particles.
And, unless adjusting the hot pressing conditions; that is, the heafing temperature
-and pressure in accordance with 'thé -cdmposition ratio, a target of an -,opt:imumi'-de-nsity_ :
30 cannot be obtained. B '
; Upon persevering to improve the increase in density, the present invention
succeeded in obtaining a target suitable as a hafnium silicide target for forming a gate oxide
film.




such as a Hf phase and Si phase are formed, but generally. speaki$g,Jaihegps
I's a problemin 25 that these hafniumsilicide inter conpounds are .not able
tO0 obtain sufficient density increaset during the sintering since they have
a* high nmelting point, becone a sintered body' of a _ porous texture, and
thereafter Dicpreen ihedigioh providedREHUS GRdieE Mol fol@nf iaChR6 oxitvd,

unl ess_adj usting the hot pressing conditions; that is, the heating

t enperfd F%‘“P%ﬁ“rg op HdS s o200 fthcopsidsration ©f the halancy belwsep dig dielsptricgonsant

tar get ol 1A curdal ﬂighgﬁg\ﬁﬁtsﬂicidestgwgﬁgﬁ}gérisgfa%&% pﬁ:gb haPRB AR fRE' "9 1O
-inprove the increase in density, the present invention. sueceeded |

- -obt ai namdga HiSidphade =5 prinaipabpleses wWhidhnéliminates thel pheodsataeturd, and khidiiag a gate
oxigde film 1 7 ,JAI\tl% 4 The present invention provides a hafniumsilicide

t arget @ TRtV sleRsity Pt 952 PemE% - de il m conposed of HFSii.02 2.00 in

consi dérati - I ; ' P l,eak
current. i SR U RABEERZE ADREETs Un ol 3¢ Bhil-fa oMo tE™2 1r s
phase thadackaof-HGisity,pirals theagoyimbitity plab deleaiwemcs thirebly. This nlsvag@srdtdsethpor ous

| structure, a i.ch has,.,5 elative density of 95% or nore. \Wien the

“rel at i%‘ea%en@’idﬁﬁ‘ﬂ%%%’é%d PE%@C bﬁﬁﬂreﬁa;sc?%mg‘?ftfﬁgé]ﬁéﬁstﬂét’él‘ﬁ B‘PE‘E‘EE due to
-the |%Bfe?ibl@'ﬁﬁﬁih%yelaﬁwdéﬂaﬁy\wWiﬁt'i)diHctfb{reg@ihé?a gteriorates thereby. This

al so generates the increase of particles calsed by the fracture and

.sd&t t eri ng lofs desirable dhatrihe prygsn content withir tbé daiumpsiicideatotget firforming -
| ati densi]. | Lhin  t oregQj,ng range. 10 |t is desirable that the
(r)g yge htﬁg_ﬁgfceﬁ%lhgmfﬁﬁi l\#’ 5@@9 Qﬂ a@ﬁ?‘ﬁﬁﬁ“&?ﬂ’f‘éﬁ?d’éw BetS% n:‘ @Dﬁi’wlg there Is at e

oxi de paskibilhve (R0Qhd eurddd GRUPIgRIte Wik EheyE@iuthciureQisrebl) ANd SRRy, Wk e IS a

| possibility that the target will .ignite during the manufacture: thereof,

and, . CYBER sxeaegs 1RAUpPh axyaen within the woesd OB Hepesiy ge anvaxids and pause ar get
1 . It 43 ' : r.oad - di dur : -
"\émput t e&?ﬁg,ﬁélpcg%a@ee@ﬁ#ﬁh?%gﬁcﬁg t [egrge' Y, mgllr?g&'[]ﬂ{gg%ly ’o%dc'pg %E&i/clt eld

rdte vitld retecriialsercas @ areswt theteo€r eof . Further, it is. preferable that the
zirconiumcontent, with

' he .t t b trolled t 2. 5wt % qr .| .
- Vhenthe. artEn df SoArPieEhie et b cltroniS s Gagnt Srit e apgsh B eoBrled don as

.. vol t agBSwi% GHIdseWha theSinktsidnk 8f Sirdopie eféee&sez.éwi%pgmh&%chﬁ@iﬁghélﬁmh as
I eatly, and thi

sputtering for formng the oxide filmwll-vary ¢ s'Ts not

. pr ef-ervaifiage, current and substrate temperature during the reactive sputtering for forming the
oi;ide film will vary greatly, and this is not preferable. N h
20 - - Moreover, it is preferable that impurities within the hafnium silicide target for
- formmg the gate .oxidé_ film are C: 300;3pm or less, Ti: 1-'00ppm or icss; Mo: 100ppm or less,
S W10ppm or less, Nb: iOppm or less, Fe: 10ppm or less, Ni: 10ppm-or less, Cr IOppm or
-Iess, Na: 0.1ppmr or less, K- 0.1ppm or less, U: 0.01ppm or less, and Th: 0.01ppm or less. -
- This is because these -impurifics will become the contamination source to.thc-gaic 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 HfSiI_oz.z;(}o, bowdcr of the composition
composed of HiSi; 035,00 is combined and thereafter hot pressed at 1400C to' 1535°C If the
:teiilpcrature is less than 1400°C, 'tﬁe density will be insufficient, and if thc‘:terﬁperﬁture‘ :
3_ 0  exceeds 1535°C, this is not preferable sincc paftial ﬁissolution will begin to occur.
o Upon combining the powder of the composition composed of HfSil_o?.z.od, haﬁﬁum
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. |




20 Moreover, it is preferable that inpurities wthin the hafniumgi 7l JAN g
target for form ng the gate oxide filmare C. 300ppmor less, Ti: 100ppm
or less, M 100ppmor less; W 10ppmor |ess, No: 10ppm or Iess, Fe:
0ppmor less, Ni: 10ppmor less, C: 10ppmor |less, Na: O.1lppmor |ess,
K. 0. 1ppm a‘klthoangh thdxlsea)f(liipmwdﬂ rri@%so bancbnkiderdd, GlIlpde@:r is @8 preferdtle S 1S

because th].g%l ﬁgnrltjes me the contam natlon source:to the - gate _

el ect rioYE § ghidizaby “& t ?”" £ pulsrigedictheregis paprobleat i éhad iy um
silicijggid arget for formng a gate oxide film superior in enbrittlement
.resistance conposed of HfSi1l.02_2. 00, powder of the conposition conposed
of Hf Si 1. 0Zteregorei shaérumlm hedtidend ubet éaf perveidig phiesised aft igh#QOt It gs - 15351,

n 14001, the density will be insufficient,
. an i fdef‘]ﬁag)q?gfl’?gi’?é'ﬂ gg 89‘5@"&(@%1%1@@ PYVficE anusr?St“PBFé’F@rgaﬂﬂl‘éﬁf@P%ce '
.. parti aindei SGPSi. %evuslelofbﬁﬂlfﬂle éﬁ\ﬁ%? Bhabldd@P r%ﬁ‘gﬂééﬁ BBnih ygﬂaq éh‘g t he
conposi tion conposed of Hf Sil 2.00, hafnium ride |

pomdertlf‘a‘?@f%ﬁltéﬁww and m xed at a nolar ratiro of 1:1.02 to 1 2.00, and
ough the use of Hf.

th fter 8 JAR 200 5 Al th

po%g? may I%hg&l%gggaé%ﬁ's rbﬂo Pgﬁldcl-g’r'BBMrmf Sopdyeted: &’f‘@ré‘ﬁ léeatigg rRFRcest has

St I on@lueing dhe'éifictink Yiescaibdd b6V DRM HBELTEEN EBIRE fo bbur froBf ABLAITsHGC! hatl

may ignite. Therefore, hafnium hydri s u preventi ng 'S ki nd

ofl 0i grlttiongh sinterirg is condieséd @mbd eacutimt (1hafot 1 Ryd? Imﬁ)mw@&fm@%lfghl icon

powder are used upon being pulverized under. 100 nesh. The use of this fine

powdehygipgen aunasphbere don dehydiogpnagionhi gh density at tge ti rr:e ﬁf ﬁl ntering.

Dehydr ogen nd .S ornatl n.are conducted with the heating

pr o>c/essg dSJrI"JlJI%SV 7 8'°h I gcf’%hodl G "88‘5 “B%&‘@at“}ﬁem foRRetreot B¥ins to

oceur aﬁaqmgbmdhﬁ%&y gt Akl (RUBm B o6 | tto GRNAES B snflry acuum (1

X 10-4 to 1 X 1012 Torr) It beconmes a. slight rogen’ at nosphere for

dehydldggenaeuﬁhontaﬂytfbamfagmtldnmp@rm;gmamy}mm Srtaﬁgwj et ed upon heating to a
erature of 800t, and, the portion that may ignite with the H netal is

f ggp d i nt §saessrifediabave.diy eandp@inglehpdmzennsignaad g siligidd sz lowf -

]
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the sintered powder remains fine; and may be made into'a high anSIty during: moldmg K-

- - the sintered powder beoomes coarse pulvenzatlon before smtcnng becomes difficult, and, ‘
resuits in residual coarse particles and deterioration in dens:ty
20 - Aocordmgly, a 51gn1f1cant characteristic is yielded in that the crystal grain gtthﬁ
. can-be suppressed since sintering is conducted at a low temperature, and the average- crystal
grain size of the hafnium silicide target for forming a gate oxide film can be made to be 510
200 £ m. And, high dens1f1cat10n can be achieved upon sintering,
With a target having an average crystal gram size of less than Su m, 1t is difficult to-
:25 make the amount of oxygen 10000ppm or less, and there is fear of 1gmt10n dunng the
| manufacturing process. Moreover, when the average crystal grain size exceeds 200 4 m,
since particles will increase and the production yield rate will deteriorate, it is: desnable that
thc average crystal grain size be set bétween 5 and 200 £ m as described abovc 7
' ngh denmficatlon during sintering is enabled through the synthesis of the powder |
30 composed from the foregoing HfSi 022 00 and hot pressing this at 1400C to 1535C.
‘The foregoing hot prcssing_a,-r temperature is a temperature immediately under the

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




tenperature during the thermal synthesis, grain growh can be  § 7 JAN 2505
suppressed, -primary grain of. the sintered powder remains fine; and may Dbe
made into a high density duringnolding. If the sintered powder becones
coarse, pulverization before sintering becones difficult, and results in

- resi dufdr thoasisteripgr This|ensblas dhel et AizaGorlof AN high SHEF HFnidf ﬁﬁEﬁE%@gﬂ y, a
: signichant C ar.aciqtralrj St’g is yielded in that the -crystal grain growh '
can- be " &{iPp P ESULE AEnFIER0ST P OF M9EE-i s conducted at a | ow tenperature, and

t he average OF Bd i S [ jlicide target for formng
& gat e o duis Mg ens®f AR <fickic Ry BRI MR myEuckfh Bl gy efee i
densi f prodeciting thegerveatinifpuritiaspansesi byt tae pb@s dWihsputleanget having an:
ave!-)rage crystal grain size of less than 5 ain, it is difficult to .25
make t he amount of oxygen 10000ppm or less, and there is fear of ignition
duri ngekdifiplesrenuf act uring process. Moreover, when the average crystal grain-
si ze exceeds 200 ,u in, since particles will increase and the production

yi el d rate Mexth thitcBeamplesatrs, explaindds Fudthei, tiadsé Exhiples drd encadiliBgQracivy,st al -

grain §jz . het wee and 200 J.¢ in.as descrihed above. Hi gh

densi f@é’a@."%ﬁ"‘%ﬁ% f-“r‘(&“‘é‘i"h?‘é“?‘i g &ay iy fimited ﬁ?ﬁéﬁgh Iy gpthes yrprds sthe pgsenthe
powderinv@ichodhangedudd aMmotie n{ddes 80 inktidifitadohs 64 g this
at, 1400t to 1535C. The foregoi ng hot prléssi n%%én%%?g?%Fﬁaﬂe{gf‘g%ﬁgrature

i nifle di the s6Qpens ds teehical ppigit Pthiniasentipmer at i on of the synthesized powder,
and this tenperature range is inportant ;17 JAN 6 for the sintering. This
enabl es the realization of a high density hafniumsilicide target having a
rel at i(Bganphsi)ty of 95% or nore The high density hafniumsilicide target of

 the present,invent.i (31{1”}& | ds an_ effect in preventing the generation of
. particles cAf¥Rdesige %@sl{ﬁﬁrli Yigs eptained byrgiximk Hif: powdeNender 108 e

Exanpligsshaift 8XBhatfesuddrUob - =xapp| e : nmerely illustrative,
_and the present IBi nve_n{till:l1 on _shglﬁml %ﬂf;gﬁz\}\t&; E‘ES f‘tisﬁﬁ‘:@dmt ﬂevr%ﬂw’ MreEPher '
wdgdfs ;dehtndrogexesieﬁ.treactiguem shineidsb thctlimhétﬂﬁh\%rb c@%&h‘%ﬁ:drﬁ? deSe.or ¢ ih -
~nodi fircati Qs %t er than these anples within 10 the scope of the :
- techni cal spPi ibpiym siicide powden Biss Rubxerinod do btoln Syfitines sitieilepposetier -of
- Hf Sij dnd¥PpoRbal, Btk Bis s RsibleHa AUSiet. yhder o {1}1%) sh and Si powder
under 100 rresl}rii)l angE ﬁeéat lI";nr}glgs)&téfg sélﬁa'lt_{.% %g(%%wr#ﬁle&lz\?gm m\;‘ﬂ%l%%?owc‘er' - '
Ca ;-has.bcgn confirmed with XRD that this hafnium silicide powder is composed of a mixed S
phase including a HfSi phase and HESi, phase. s -
.20 - A sintered body having a density of 99.3% was 6l_)taincd.by hot pressing this silicide |
pqwqcr under the-_'condi_tiqn'of 300kg/cm® x 2 hours at 1500°C. This was further mackine
.proces'sed to prepare a target of ¢300mm X 6.35mmt. Texture with hardly any pores was
obtained thereby. - '
_ 7 Sputtering was performed with the target prepared as described above, and, upon
25 . measuring the particles on'a 6 inch wafer, only a total of 12 particles having'a measurement
‘of'0.2 # m or larger were found, and the generation of particles decreased considerably. |
| ' A hafnium silicide target superior in 'wprkability and embrittlement resistance was
‘obtained as a result of the above. Further, since this target may be cmployed in- wet
- processing, there is no longer any fear of ignition during the processing. o |
30 '
(Example 2)
A syn‘thegiied ‘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




15 -dehydrogenation reaction and silicide synthetic reaction merg;gqqmtmg@gd
at once. This - hafniumsilicide powder was pul verized to obtain hafniunm-
silicide powder under 100.m esh. Hire, it is also possible to add
pre-synt hesi zed hafnium silicide powder. It .has. been confirnmed with XRD
t hat tdehgdiegénatiomredctine aoidsiticide eyntheticesqisedere boaduttedad onghase i ncl uding a
Hf Si -phase .gnd Hf S 2 phase. 20 A sintered body having a density .of 99.3%
was obt ai ne l%ﬁlhl"'fbc{c Effvé‘gél iF5: Pulyfirzed jtp jobfaig ha eiligidel ppwedereundsndO0@i on of
. 300kg/iaedh. Here, ROMI 35 ¥ I1Sa) ; i essed Lo prepare
-a target of OéO_Onm X ?%%%?éo. ﬂ%&ﬁfﬁ?‘g‘hé\% aﬂrugﬁflﬁk‘%@e ng":«ag?'s%ﬁg%* b‘%‘E)t ai ned
t her elpniisped tathi KR Dhakat pbist bafniwth wilichlet pewdarigedongrosghined Asxddepidst bed

abgve,; . . 25 . uring the particles on. a 6 inch wafer, .only a
t.ol(:gal ‘%‘?_m@’i‘g%a ilgﬁ%sgaﬁggﬁﬁ'@ph“%easur ement of 0.2 9 in or larger were
found, and Alsemaeacscdy Rivifl aPdisits| drSoslssy a8 SAbuRP bY FR0Lssidh gl ni um

silicide target superior in workability and enbritt SI stfance was
obt ai hefhiam. silicide powderofndeh theadpaditionFafri00kp/cmeixn2 eotfi £ 1430YRITHRWHE

empl oyed in wet processing, there is no |longer any fear of ignition during
the privthdmachinegyogessestpipseparsa targsy af H880mud >homdEmmef Hf Sit. 5 was

obt ai ned by _m.xi.ng.: Hf H2. powder. .upder 100 pesh and Si powder under 100
mesh. and )hé a‘?‘h‘bggt‘”ﬁﬁ @céf’ﬁg%@lﬁhnﬁ‘i E’Hf}hfll\ﬂﬁgr‘éfﬂ?t prepancaap dascribed

ddRy drbges aindpopdie arkiehgathd fitldl i€ a hier, " al r ted at
once. This sil ii():i de powdgr wapg pul veri iﬁégﬁ‘%ﬂg&%%{aﬁftﬁa@%lﬁ@l ?%@95% powder
under having aEasuremert, of 0.2 kmabrs ugroseél found, amidther gensyationess gadclear ni um
silicide j ogder.. |t, has been confirmed with XRD that this hafniumsilicide
'pomderde?rg&f Peuddally- 2 mixed phase 5 including a HSi phase and HSi2
. phase. A sighgm - Jo AS |, : % [ hot
pressing this - ﬁg?ﬁﬁi&igeglﬁf@lcg?uﬁﬂgg&ggd %a‘rgjfi g?gﬁnﬁe&%%ﬁg?@%%nﬁglglag‘éOW% cn2 x 2
“hour s chtained g gaesultnigheaelpves Curthies thera i fsapobigeivadiutiag ticopacasiagt ar get  of
- dhg300mm X 6.35mt.  Sputtering was perforned with the hafniumsilicide
target prepared as described 10 above, and, upon neasuring the particles
on a" Examgdie BAfer, only a total of 18 particles having a neasurenent of
0.2/Lm-or [lar er'-;'\’NSre found., and the generation of-particles

it .. .- A synthesize powder ‘of HfSi; ¢ was obiained by mixing HfH; powder under 100 -

mesh and Si powder under 100 mésh and heating this at 800°C -in a vacuum, whereby
dehydrogenation reaction and silicide synthetic reaction were .con'dli-c;‘.cd at on(‘:c.r-‘ '
. .20 - - - 'This silicide powder was pulverized to obtain hafnivm silicide powder under ‘100
mq_sh. Here, it is also possible to add pre-synthesized hafnium"silicidc --pov;f-dcr.- It has been
.. confirmed with XRD that- this hafnjum silicide powder is composéd 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 1520C. .'l)‘his was -
further machine processed to prepare a target of  300mm X 6.3Smmt. |
| 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 pﬁrticlcs '
ha\?ing a measurement of 0.2/ m or larger were found, and the gcner'é;t“li;ﬁ_’:bf -pérﬁcles
30  decreased considerably. | -
A hafnium silicide -tar-get's'upérior in workability and embrittlement resistance was

obfained as a result of the above. Further, there is no fear of ignition during the processing.




decreased considerably. A hafniumsilicide target superior in wori(a.b\ym tz%a
and enbrittlenent resistance -was obtained as a result of the abo

Further, there is no fear of ignitiom during the processing: 15 (Exanple 3)
A- synt heS| zed . powder of Hf Sil.9 was obtained by m xing H H2 powder under_
100 r(é‘slm;wmdn@ Epomglerljunder 100 mesh and heating. this at 800C in a-

whe deh nat | reaction_and silicide syntheti.c reaction
://\g(r:gu?ondu Q‘FS% Bo‘ggerﬂf I%%Flsﬁ Wn§ phtptned fovigisingHEHy ppvder l:led:brtlﬁﬁobt ain

haf ni Liﬁ?:ﬁxeﬁﬁ&'sﬁi oRAE Ghadd 8! 80 sndF8lhine ISLSL BT Bn eR R SRRy 2

_pre-synt hesi zed “haf ni um sui Ci owder

that . _dehySropaddtionicétignc nRYes difetfORRRAGH vife LoRbuteh QF%%S v ng
Si | Kars‘)leg aﬂﬁd Hf Si ZHpElgges A S|Ynt eer ed body hav? n8 ensity %fﬂé% 4% was

ob ai rﬁéléf’lﬁ%/ PR¥HetWas Bylnerizedi to obpain Hlafmummlhcuﬂe; poederpoee 100 mash. thas

pr oceaseeh ophmbiael Rt that olF il sieiecponslehic Bapmatd of b HEL Pt  or rec
\F/)Vlth -md:iadingfariiﬁ.ﬂ?rphaslelaﬁﬂtHESi@hmt prepared as descri bed - .above, and, upon

measuring the particles on a- 6 inch wafer, onl%/ a total "of 20 partic!es
‘havi ng a neastitigrdnbodyr was cahtaiged byl hetg@reswggeth soéihidide aprevddreunyienathat i on of

" wor Ran oA 12BETBACE 2R RIS mdoing é‘rweié&'t%q%kﬂ%déﬁo%eé@éﬁff of

the essing. 17
1 S €t o R R S LY, L.

by m xi ng I&lﬂdeﬂhcpmnﬂ@romﬁefargbﬂﬁb ldmahmagﬂl-p&cs RRIYELRA! T‘H&@ﬁfre 1@9(:6‘!%%" and
heat i n t hi in a vacuum, whereb dehydrogenat i on reaction and
silici® Ee’?fzﬁft %E@qugt foecltpingts caBtaEninginnyeh ‘ﬁ@rkmcféuldmr@gshs iproesssieg powder

Do confy PASUE AP RS ANULEL 1 SRR B IR T ™S
i xed ppstble to perfondivagpracskisi. ’ﬁﬂrﬂlefmeamnioi'd‘e&o?prﬁbm egmfé\)tﬁd)mel’p@@bebﬂﬁb’ was
| ohkai Sgrd Egc;lalpnrw_ceasstslrleg (‘}m;[srt1 'be taﬁ(clnls%]:lgi gs erfo rmméJ I?igye;r)rotcgsgmg under an inert
gas atmosphere. . o o T
Sputtering was: pc-rforfrlled. with the. tafgct prepared as: described above, ‘and, upon -
~measuring the particles on a 6 inch wafer, a total of 270 particles havmg ‘a measurement of
.0.2 4 m or larger were found. In addltmn, a plurality of protrusions referred to as nodulcs N
20 had generated on the outer peripheral face of the target.
| | - As described above, density cannot be improved when sintering at.high tcmperatufcs'-
: outs.idc the scope of the present invention, and this also resulted in the generation of

numerous particles.

25 (Comparative Example 2) 7 _ .

‘ A synthemzcd powder of HiSi; 5 was obtamed 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 sﬂ:mde synthetic reaction were conducted at orice.

This 311101dc powdcr 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 HISi; 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




- processed

' “extrenely difficult t

.condition of 120kg/cn2 x 2 hours at 1500cC. The obtained si ntereﬁgbg)ﬂg
had a low density 10 of 92.7% This was further machi ne processe

prepare a target of 300mm X., 6.35mu. Since the density of this target is
| ow, through-pores existed. Therefore since it is extrenely difficult to
el i m neft99.6%ITlaswasfirthier afachine prévekied do f:h:;rm@ aoturgeﬂefﬁb@orﬁﬁloses%gﬂ.gm upon i

manuf acturing the target enployed in manufacturing the actual .device, S
not possi biiece tbepbnﬂorqf thds {pgdde dew,nroubhqroedsordsted. MTintefore, E;ihc@litepgent

T ARt g g o e M LR
was: nqrohommacfamﬁﬁg tthe tit\géiggﬁlpﬁfy@ﬂ’ameﬂaﬁffa(g&?g% 'tf?@q]gﬁrgggnggnﬂ qoeon -

rre%surl ng the particles on a 6 inch wafer art| cFes havi ng
mé@érlbﬁréhpetfm’m WﬁQPltOpetmrtﬂ Theretee, inerder fto precvent igniidd iof ltlmr'proe‘csﬂhglr ality

f odul 20. had nerated on the outer
gerl Brg’wa# ggaalrlﬁg% e talrlsgeeta ; 5@&%&8"&'&8&&? PIRGTSTIRG U r?tS‘t‘l‘Jlffé

| npr oy awiephaent ering at high tenperatures outside the scope of the
present |nvent|on and this also resulted in the generation of nunerous
particl es. P“ﬁ%“‘(@’ﬁﬁe[’ﬁéff’@@i miinthe dargpt prepyied s sdesedbedoatdee, afd, p& 1. 3 was
_ obt ai e S owder under 100
Tosh anaind ok gl S RETHEN iR Y tord 88 RN haiing ietenetiino e

r dct i0cdwanok laiget wabefouﬁ&thraatlinenrzegmdlwoﬂ\ﬁmlééq&ﬁlg%ﬁéteat once. This .
silicide povvder was pul verized to obtain hafniumsilicide powder under 100
30 nesh. tASrFlﬁcr!i@érﬂb@mfdenﬁ!é)dcamohbeda@rov¢¢hwh¢m31atemg ni oW senigegitetes powder

is co eflePhass i.ncl d|n Si phas. Si 2 phase,
si nt er%Te]%ﬂgeo t%ﬁgg v RGE IBP’eg%cﬁh t%ﬁ”&%&?ﬁ?d’?ﬂt § IgF’(}‘?IEFeO“pB‘(}\der
under nuhmromqmadlcldson of 300kg/cmz X 2. hours at 13801. The obtai ned sintered
body had aElJ ow density-1 7 JAN 2 9 of 90.6% This was further machi ne

ge prlapus éefeltmfg@f IeSpectivg buRes Yo Exampies 1 1o} wee 95%e0rdaorsr ty of
thés - g refore
S8 el Qropeatipte b 30 BtoRk Moo ERBF P HE WlRERS P dur i ng

t he praduemirsngllaﬂmmmmﬁmqﬁeminggohﬂIﬁoﬁ%ﬂ]ﬁDO@mb(1535?0 n manufacturing the
actual device, is not” 5 possi‘ble . to perform wet: proce55| ng. Therefore

~-.in order -t 6&8&6&?@@@1 3p@Yﬁs i Ing bsen confirpred dleat sibafpium silicide target in-which the -

.HEf:Si ratio is 1:1.02 to 2.00 can. be stably manufactured under the forcgomg conditions
while improving the density of the sintered body. - '

20 . - - Contrarily, the relatlve density i In Comparative Example 1 was low at' 92.7%. The -
result was inferior thrc the number of partlcles was 270 and nodules arose; as a result
thcreof

. 'Moreover, the relative density in Comparative Example 2 was low at 90.6%. The
. Tesult was inferior where the number of particles was 490 and nodules 51m11ar1y arose as a

25 ~ result thereof.

Accordingly, superiority of the Examplcs' according to the present invéntion 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 hlgh dielectric gate insulation film in
substitute for a Si0; film.



powder, special neasures nust be taken such as performng dry pro_zi%s%,@ 05
under an inert gas atnosphere. Sputtering was perfornmed with the targe
prepared. as described -above, and,.l0upon neasuring the particles on a 6
inch wafer, a total of 490 particles having a neasurenent of 10 0.2 IL m
or |arger vitheepreseatihafniunn siiditletthipet has Pralitale density on9sksl sismbach@goeEat ed.
As deﬁlﬁi_&ed. aboge, density. cannot be inproved when sintering at |ow

t enper 2§ TLSIY, F SPHESTEH SUREIBparGIEth-he present i nvention, and this al so

resulted ing enRNabH s r e] relative nsity of
‘the respect | vrg§¥cg?g§tl§£1?lgia§§%ﬁp gilsﬁ Cw%%?%égbﬁge@%gg&vﬁﬁo&.m pBa EP? her,
t he npibyenting theagenwhigen ofvpertick@ misihgeSsom |popssodeimnthe- dputteARe 2al ahé ve
de‘gsi% RS gchite%ed sim | afrlr%/ Hn&er t he hot pressing conditions of 1400
to”1585RTEA QE PR HECSHEYR o (the factuse apd serifaringeef Britle taxmatsniaudn
 Sul Ci geeldfradionificanh £ i et i adide@ | k021 0 tably
manuf gct ured. _gunﬂébgyhtér?gaétggcedg'if tnh? clgﬁ%(%eg i l(%")r:;ts }gﬁvk\ﬁi I%lgltlﬁgrpz)tp gv? r(rt;bg@stsﬁg §%nsi ty
of thaanufachyiag pyerpys obeGupetrarily, the relative density in Conparative
Example 1 was low at- 92.7% The result was inferior where the nunber of
particles was 270 and nodul es arose as -a result thereof. Mreover, the
relative density in Conparative Exanple 2 was | ow at 90.6% The result was
i nferior where the nunber of particles was 490 and nodules -simlarly arose
as-a 25 result thereof. Accordingly, superiority of -the Exanples according
to the present invention is evident, and it is further clear that the
present invention possesses superior characteristics. Effect of the
I nvention 30 . . The present- invention is characterized in that it is able
"to obtain a hafnium suicide target superior in workability and o
enbrittl enent resistance, and suitable for formng.a H S Ofilmand Hf Si ON
filmthat may be used as a high dielectric gate insulation filmin .
substitute for a SIQ2 film 17 JAN 2 10 The present hafniumsilicide target
has a relative density of 95%or nore and is of high density, and
possesses -superior strength. SR - '




capabl e of preventing the generation of particles arising from p
during the sputtering and the generHtion of particles resulting fromthe
fracture and scattering of brittle textures, and yields a significant
advantage in that it does not ignite during the processing or

manuf acturing process of the target. ,17 JAN 11 CLAIMS 1. A hafnium
silicide sintered target for form ng a gate oxide filmcharacterized in
that' conposed of HfSil.02-2.00, &3ABNi ng a ni xed phase principally
-including a HHSi phase and a Hf Si 2 phase, and the relative density is 95%
or nore. 2. A hafniumsilicide sintered target for form ng a gate oxide
filmaccording to claim1, characterized in that the oxygen content is 500
to 10000ppm & hamidmakiticidesiitéred kdgetSonfoemnig 4 gat@ekide dilmicharattegzat igat e oxi de

Nbr eover, the hi ghly densified silicide target | of the present i nvi%jégl@ 2@3

- filmaccording to claim1 or claim2, characterized in that the zirconium

cont ent thif campW¥edO0BTHSESS, 0o ScontniibioNd Mtk phdsb ?}@in@ip!aﬁ? riﬁéiudlziﬁé letlfgl or
an

‘forming a gate oxide filmaccording to each of clains 1, 2 ,

char ac-}\@ I éﬁﬁhéHf@i@ﬁl}nas&,ha‘?ldi\}vﬂ@iihrl&twe%nﬁfﬁs %%ﬁﬁq’? or less, Ti: 100ppm or

| ess; : 100ppm or | ess, Oppm or I'ess,: Qppm or I ess, Fe: | Qppm
orles Ni : %Bm . | es 'é%’e E lﬁs - r .ess, K
0. 1ppmszo'r I es‘%,h = %{lﬁipp%mggdl ess, I%é;e?nﬁ)) _:égé'gidpﬁ% (k)ifplglrgggosrfhng%ﬂaf ni um
silicidg sintered target. for formng a ga X] filmaccording to.each of
ol ai o <ol SaE§teh 2l Mo o Rielh MinBeriR0o R1APOPRIL grain sive s 5 to
200. u 6. nuf act uri ng et hod aof haf ni um si li cide sintered target
for foﬁn’ ng dé&gﬁ’é"méﬁ}c utersd; faeget g?fn%%@@ peatgrogide ﬁg"-"’é.c%‘,lmédﬁt aining a
'm xed phase_ princi gal ly including a HfSi phase and a Hf Si 2 phase, and the
rel at i vdaigeher ¢lgim & dhstaptsrizeshingthatihe aiseaniym sontentis 2ifat¥t ordessowder of t he
conposi tion conposed of. HSil.o02 2,00 is synthesized, pulverized to be
10. 0 nekh or A ds@junasiicidecsintgfadetarged forpfoenmg gate okide Gl @caBdisg® 7. A
manuf acturing method of a hafniumsilicide sintered target  for formng a
gate . eachief tlalnm Bcawdd, chathicterdba im that thdhanmeities azed: 300ppmadr 16s3] Tipr essi ng
~or hot isostatic pressing (HP) is performed at 150 to 2000kgf/cn?.

: 100ppm or less; Mo: 100ppm or-less; W: 10ppm or less, Nb: 10ppm or léss, 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 hafiium silicide sintered target"for fdnniﬁg' a gate oxide film according to
* each of claims 1 and 2 fo 4, characterized in that the average grain size is 5 to 200 z m.

6. A manufacturing method of a hafnium silicide sintered target for forming a gate

‘oxide film that composed of HfSi; 6200, coﬂtaiﬁing a mixed phase principally including

a HfSi phase and a HfSi; phase, and the relative density is 95% or_more characteriéed

in that the powder of the composition composed of -Hfs.il_oz.z_o(] is synthesized,

pulverized to be IO_O-mesh or less, and thereafter hot pressed at 1400°C to 1535°C o
7. - Amanufacturing method of a hafnium silicide sintered target forrf;)rr‘x'iing a gate

oxide film according to claim 6, characterized in-that hot pressing or hot isostatic

pressing (HIP) is performed at 150 to 2000kgf/cm’.




