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DESCRI PTI ON  SI NTERED SPUTTERI NG TARGET MADE OF
REFRACTORY METALS TECHNI CAL FI ELD The present
invention relates to a sintered sputtering target
containing two or nore types of refractory netals

whi ch is capable of inppDBESORIENEON arget structure to
prevent the dropout of netal particles other than the

matri x-form ng 10 maj or conmponent, and inproving the
deposi ti on quali fﬁy gly elimnating the generation of
areiNMFRER PRUTTERING TARGET 8tADE.OBRERRIOND RMETFALS
Since ruthenium (Ru), rhodium (Rh) and iridium(lr) as
refractory netals have superior thermal stability,

and al so possess super4 Lstivity and barrier
properties, they are éltlf(lr:'é{b?&ﬁg%lt-énti on as a
deposition material of sem conductor devices, and
particularly as a gate el ectrode naterial and various

di 1 THE IgPBs IRy it dTPfeRitalts i | ini
(Ru), bl (Rh) and | Sz |rr‘§ SPHEBARY 1R ¥Bhtaining two

or user@ itymbspendefatiorpsmatdl§iwhith! B apasie dof #hPRiving the target
material for formng such a thin film there iIs a

strgetule &npreveridhetdrepaet bhbidtal yartivleisngtheheha #ié Reatrix-forming
rocess is inferior. Thus, in order to overcone this
maﬁqrawsamene@ﬁ,om@au@pm@g bthen depasitico gaatityotblyereliminating the
nmet al s 8i n _.particul ar refractor,% netals) to the three
ge’FF‘e'taﬁPQ 0 P“E'Bﬂr?él% RAFtICkes Ip RRYtteriRgdi um (Rh) and iridium
(Ir). The well known sputtering nethod is generally
used as the neans for formng a thin film A radio

frequency (RF) sputtqu@&d@U@AﬁTused as the
nufactu

sputtering nmethod. The nanu re of an alloy target

of the foregoing conposition is essential when

performng sputtering. In addition, inproving the 30

t argjace quilleniymi GRuwx rhediehy (Rhpantaindidm @) ¢y réfeactory metals

imgrove the deposition quality. 1 Although the nethod
havgs ShReHeENemd! pitabiline aRst lalsy posaese stpesioddowdresistarty and
barranfaCtﬂ{i ng, a tal[%et kéz_addi ng a refractory netal to

P'at HERPE e(SRg‘i‘?V PHo AR altpntian @sum deppsiiiont material of

- I [ heni u r hodj u nd .
serfiESATASE NeTERS. anduFANRRA T OB P and vrious
diffiBd 8 badlier mhh&idigl ter is i? extrenely expensive and

plastic working al so requires special skills. Thus,

Although ruthenium (Ru), rhodium (Rh) and iridium (I) are sometimes
used independently as a thin film or as a target material for forming such a thin
film, there is a problem in that the wettability during the plating process is inferior.

Thus, in order to overcome this drawback, proposals have been made to
add other metals (in particular refractory metals) to the three metals of ruthenium
(Ru), rhodium (Rh) and iridium (ir).

The well known sputtering method is generally used as the means for
forming a thin film. A radio frequency (RF) sputtering device is used as the
sputtering method. The manufacture of an alloy target of the foregoing
composition is essential when performing sputtering. In addition, improving the

target quality is extremely important in order to improve the deposition quality.
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there is a problemin that the manufacturing cost

becones high. In view of the above, it is suitable to

use the sintering nethod for manufacturing a target.

Nevert hel ess, even when manufacturing a sintered

conpact fromtwo or nore types of refractory netals,

it e i i k0 ' the | :

of {TinCREnoREERERbg HrERRNe and Dif WPhECeah R pifpsicered
whemeraresasoragt a i trdett He RiddRd '?au}efradtéf?@ﬂ hrEa( ﬁﬂ)ruﬂeﬂium (Ru),

iridium(Ilr) as the refractory nmetal 1$ [ow, then this
rhadilim (8h) obdddiuen iriagnita esfrictonyolleedn sNeeerthehiass, rhodium,

if the additive anmount of alloy to becone the m nor
angdotfigiianhave higle rreelied, poietsalandaare Hegienomtedarpotentmelter is

will 15 exist in dots é,i sl and shape) in the structure
eXUREEY eXPSREYReANY Blastinaverging a'%%rfﬁdhé%,sl:mﬂu?lt sigie  Thus,

rate particl es.

et & BRI by L G h A PP DB 3T B 0RO  cgul

' he. Vi Ci,ni f hol . th
S35 3, 1 S o 1
m&?ﬂ*fﬁétﬁﬁﬁé‘ga @%tpa%&dﬁ’}%@@f g@Q/éﬂ Wrﬁéh%cww & sintered

nore particles. In or I nprove thé qua

COIAPROSIrdINOINO bh&idPe &y Fes bf ASTERAIGTBRERIS, Of isChotdssAfly easy to
the generation of such particlés. Gas conponents or

improme thé¢ gpalitytdfdise éariget.ing in the target are al so
eas] | collected at the interface of the structure,
and'ftt%% certestt @ @dopfelemests aniher minwsconpaerddnsetenien (Ru),

o P4 0 TNk o g i i e
i1V, j t k h t
o858 B2 SR IBRER AP S Ebrgo hov
beddife tRE IrANOP SR il MErde88d RbtAs %%%leymfrfdraéﬁnwnent will
the target of the present |nvention, proposals
exisionc elots iglarRRSHABS) IPth®rAMRMieNtnbifts cgﬁl‘b%h%ht)ofﬂs Ghe major

particles and cracks in the target (inprovement of
corpportkmgasd teess Wjll M duattinfsputtetingrantbgendrate paniztdd, on
with refractory metal targets are now explained 2 for _
r ef¥PER dWlesarmioymeshaitartthagopout andystegudan edgas are formed in
bendi.ng str h 75 a conposed primarjly of _
the DA S AR Fuperer T GRuFS T ORBeHiaioptalnGal discharge
; ' d interi I num.particles and .
n s@&nli‘l‘ge@ﬁghagér%u%fee% p\?\ﬁlg%aggag?ﬂﬁt'gﬂ EVEONGORS ParigigRceln order
to iPbrdvd B Glialt§ Bt depBshiont theralBLstING G&ERENd for eliminating the
generation of such particles.

Gas components or other impurities existing in the target are also easily
collected at the interface of the structure, and the existence of these impurities
also causes the generation of arcing and particles in sputtering. Thus, there is
a problem in that the sintering density will deteriorate and weaken the target
strength and lower the deposition quality.

Although the following explanation does not directly relate to the target of
the present invention, proposals concerning measures for preventing the
generation of particles and cracks in the target (improvement of bending strength)

that have been made in connection with refractory metal targets are now explained
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A manufacturing nmethod of a tungsten-titaniumtarget

material for preventing the generation of particles

and which is used for obtaining a sintered conpact

havi ng an average grain size of 50pmor |ess, wherein

m xed powder of tungsten powder and titani um powder
forirefeserigecct to pressure sintering at 1500 to 10 1700C,

and conprising a structure conposed of a

ti t Anmoiyidenyst-amgstéovtapdets Baving taubgﬁa'mg Rfr@Agih ¥1d750Mpa

a titani um phase having an area ratio of 20% or
corgpesgcrprirarityhef t molddectns sarske dungste(r effearetro tRat emticture is

Docupent 2). A Ta target for formng a barrier film
aCfE%\é?&EB)é SEYen@ Y hqrunn pagisles and bimasten particlas with a diffusion

o AT L 025 ol T o
oo B Indthedc o e ndSRf i SUTh bl dterial for
prege]é‘h%@%‘ gBHEMH1ieA d)f%‘aﬂgf?r 'é'éénn'cg%% isl G8LF Eé)r_ g@%m%  sintered

JapaneSe Patent Lal ubl' T cat1ron

con2fedt Peivig aPeseregy grdin SRRABES6uMadeREs Lahdrdi e
Publ i cat ion No. 2000-355761 DI 901 CRURE OF i Ted powder of

tungeENDIVEIE 'Téred fitaesiemt powdenisi subjeetstodereisse sintatirgnai500 to
the foregoing points, and 25 proposes a sintered
1708p4t eedicegrrEinga Sfucteercarnpesechet altisaninaktungstanl allayophase,

i ove, the target structure for preventing the
c t%ﬁgb%wh%?e’r?é}fgﬁ q%%ﬂ'%‘ﬁbl"é%s%hﬁ\éﬂgtq??aﬂretah@ﬁogﬁ 20% or greater in
| x=f.arm ' opgant, i ove the deposition
the e B GTSE o TRS, cPURAT BBk PPEG e, deposi L]
re ¢ - A - a :
AT REGETRAT 35 PSR 2S8R By PHIAGEH Bion o
partéuiek pbiainad b slrﬁeriﬁ#’oﬁ@@r&\ﬁb 'dﬂgnor%,tilﬁeé)bfjﬁéwgér g?,@,q}’, , Ge,
t he foregoing object, the present inhventors discovere
CeQhaRu@R) aff Mopt%aorglets famd Tppbiveler bf Stiatd drunbenijefer to Patent
rhodium or iridiumas its major conmponent and having
Docyiisitidr  deposition characteristics in conparison to

conventional art can be obtained by addi ng an m nor
conmponent of refractory netals at |ess than 5Cat %

ParEFl BEEGFhY ST SRR LAREGRERBIRTF B  hobty
[Pateal Betafeht Qmﬂé&e%!é lﬂé‘téﬂl Laig-Bp&N #1 '|i8?ti&rf‘ﬁo%§ﬂ%%584
of particles, reducing the Inmpurirty content of gas

[PatentDooermient 3ndagdirskel FgentDgidadpéh iFRbAEAorENBITR0M855761
the density by inproving

DISCLOSURE OF THE INVENTION

The present invention was devised in view of the foregoing points, and
proposes a sintered sputtering target of refractory metals that is able to improve
the target structure for preventing the dropout of metal particles other than the
matrix-forming major component, improve the deposition quality as well as the
workability of the target by reducing impurities such as gas components,
enhancing the density and eliminating the generation of arcing and particles in

sputtering.
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and devising the target structure. 10 Based on the
foregoi ng di scovery, the present invention provides a
sintered sputtering target of refractory netals
conposed of one or nore types of mnor conponents
selected fromW Ta and Hf at |ess than 50at % and at

'S 2?2@ tog : ﬁ)ﬁgﬂg{/s Fﬁ@ gﬁ{?gﬁﬁ?mggtﬁhg S&rtﬂggq{;igggri]tggsf IEjiscovered
thatab BRA, Gttt e TRicRng AP DB TROLRLFS, & BN o i major

m nor 1 npone
compopern carith asi j Hh t ' i 0 i
havi ng an aver argée %%r@sﬁg%o ofI 1 é&%g?nét?ggg%omqﬁn B@rﬁganson B
cosverttmnatl aspuah eivé ruptainedely edapesad WindreddrASbREnt of refractory
metals of the present invention is conposed of at
metalgat legscthan 58at% salpcteddmmonerndrsnoredypes athdngo, Ra.and Hf to
Rh. and I n These refractory netals may be i ndependent
a PRI CHRIRMN Pl lepshpee Gumotedypest seleatieduitomt Rer &5t and I,
hal.l be 50Cat % o eater as the major conponent.
pr"%ieﬁgggt (e?rP@PPgCS{)rR?rVQ?%I JefuGiRds thferimpuriyeeortent of gas

co@hgn%gfrst dnd QHQ IﬁJeS?a}nedg’gaaﬁ@@aif%%bigg{:iglgo%r ghssﬂyl %iyt%proving

rrer proper

andl@RORird B BRiATdRlcn@k, seni conduct or devi ces, and
particularly as a gate ?5 el ectrode material and

var Based dnﬂh@%r@gob@"dis@évdf?,ttﬁé'@é%nt@@@éﬁt%‘ Mrovide8 a sintered
metal structure conposed of Ru, Rh or Ir as the

sputtaringxtargebof sefsactornonydtbls composen ofivereage ngdrai typss 28 minor
of 10 to 3QUmn Although this is not an "essential"”

corgpprents ratected dsarur\y, g’ﬁ antk Hp e dess tHamvsdat%e mndt &ti lsassone or

effective in reEéJci n9 the generation or arcing and _
MOH MY EAMPRNERLR B8 e gemanfer selediedfiqradie lﬁ’g@@d Ir, wherein
i t i f ' f th tt d fil .
gy S8 SR R, o R SRR | o minor
. . ¢ o .
O o S auebe ity Blly RS qrch MRS, pABRE e major
ancatihdi irom companeraddivinPan alvetade grairee chyﬂﬁ{?m"?fto BOOAM.

conponents. The additive amount may be arbitrarily
selldrt eintecedr shuttering ttagepucpopesed ol eefrdbiose mietds of the

5 conponents _are effective in inproving the plating
Pres@at abianticd ¥ campased of nat éemdioskel @f meser atajor \components
seldAR Fortil B ol 100 e i S SRS M et o
conf R iy B Byt e BESEUF A S R SB8he 8 Brr o
the major component.

Since these refractory metals have superior thermal stability, and also
possess superior low resistivity and barrier properties, they are useful as a
deposition material of semiconductor devices, and particularly as a gate
electrode material and various diffusion barrier materials. Desirably, the metal
structure composed of Ru, Rh or Ir as the matrix comprises a roughly uniform
average grain size of 10 to 30um. Although this is not an “essential” constituent
feature of the present invention, this is effective in reducing the generation or

arcing and particles in sputtering, and is a preferable mode since the uniformity

of the sputtered film structure can be improved.
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Meanwhi | e, the maxi num additive anount of m nor
conponents is less than 10 SCat% fromthe restriction
as an mnor conponent. The issue is the existence form
of these minor conponents in the target. The netal
phase (including an alloy phase or conpound phase) as

St et 0t B SR RERERLS cGHpaenf Ty ShGpd iR alfolBedt sae or

strudture as

moherfid | dseathant Qﬁaﬂ%‘deﬂ Rdepis nﬁﬂﬁp n‘Rfe %ﬁ%ﬂ?'atdaltlon or an

shape in 15 the formo 'l akes ubstances

additiodayf taaebst mmestxpés of heihop B@ﬁﬁb‘émeﬁf&d 'FHe ahaule aﬁﬁount may
understood that there is no particular limtation

beregpi'rra'ri g Sehected hageordiigere hreaipispase t e WB6IOr These minor
onponent are conposed of a granular m nor conponent

Comﬁ9a¢nt§ha§% efactiyg il limproving ether pdaatmwwtabnnyae{e aofthin film
m nor component havi ng

00’598?‘%@@ ﬁg&%\? E‘tb“-%'g ‘f@@)pﬁﬁ tRh ozdr aédmarmamﬁ@@@ponent The

realfft Py} f‘§c$’ﬁsﬁﬁﬁ8ﬁﬁwb§at°5?“49§{eﬁsoi%ﬁ%%#'eﬁff be #ﬁtﬁt@r Fore is
beca‘i@ét IR edaitRe @Ff@?tngg@ﬁétngepgfegfezitf it gﬁ dltegg at[htagr &’Uat amount,

he gralns exist a

MeQNﬁhllet e MRaXimum Téﬁcﬁtnﬁé('a‘iﬁ&ﬂﬁeof it TP Ys Jess than

i nportant. |f numerous m nor 25 component 'particie

S0attiatromr el restridticarasl@®piinexteipbnentie metal struct ur e,
there is a problemin that such fine particles wll
f | aidee issugpisttherexigience fotrhaf thesesyinot hempoalehty it the target.

r., conponent particles existing in the matrix, the
TheoH}?g?'n & HNCluringhan @lleyvihaseper %@ppuwd ahase s, th&ﬁa minor

hatth icles wll

oSS AR K AL AL bl e o
o LT v S R B pgblndb AR e shape

the A6rim of §akés MpaBufir |s‘€1bsie@°nct=3§‘5‘c<5‘rld)‘3§t&‘5‘§utf'},ftarg;re"’a"j Qﬁofh'é?tshapes and

exceed 500m 1 ncreases segregati on of
it sheog bramderstooel that theré ¢s hbamidar KA TREGE P a/VdIrig this shape.
become noticeable, and it is desirable that the grain

SI Adese g@mﬁ @13 the $8inon compenent ase ltoeymsel dfoargranular minor
tion partlcular it is desirable to

COWkP Pié@etgﬂ @J’éﬁ@r&«raﬁ RYPY Rtasenent ﬁ@moupﬁagbasenofammajor
the mmj qr an

o 88 8o  ATBIRE B0 Sk B 8 ur
5002R0M Tﬁ@§§egrra?rf|§hea¥e°§¥at'9@rleﬂl fh Afe! %g'n{n&%aﬁ%@sonen{he metal

are exposed~to uring sinterin
structure composed of major components. The term “scattered” as used herein

refers to a state where the grains exist almost independently and scattered over
the matrix.

This existence form is extremely important. If numerous minor
component particles that are less than 100um exist in the metal structure, there
is a problem in that such fine particles will flake in sputtering. In other words,
the smaller the minor component particles existing in the matrix, the bonding with
the matrix will be shallow and weak, and it becomes more likely that the particles
will fall off (drop out) from the peripheral metal structure. Contrarily, if the grain

size is large, it is less likely for this to happen.
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and nore or |less forman alloy phase or a conpound
phase with the peripheral refractory 10 netal s as the

maj or comnponent th| I phase or
conpound phase fungmgﬂ ?EW rfgrtt'ﬁkng%/he bondi ng of
the particles as the mnor conponent wth the
refractory netals of the peripheral matrix.

T T T e —
ST o Sy e o,
desﬁ&%’%ﬁgﬁe ﬁﬁlﬁ‘l& ?h?%@o;rr‘ﬁodmééss fﬁS? Qr & %@F’e\@h@gwg r(iiteBosmon In

conpoun naj or and

partl(‘:abér Nis HesRMsHE i%g@orﬁ% ) Eﬁr Wno’?%&ncd}fﬂéﬁ rﬂéﬁf @gafskél dr an alloy

the periphery of 't m nor rrponen

pha§é‘ 868 cGMBBurﬁdSﬁ%sé iof ! nﬁ‘%o%ﬁe fingt cﬁﬁ’rﬁg et g\%/bziieg@'anular size

he maj or d the mn conponent ha

ofmom‘hlrosmlﬁmto 100m and nost preferably, ?(1 the
peri phery of the granul ar m nor corrponent nmet al phase

c oTingdesrefactory ahdtals ab iRSMirdF c@mR HkpBEESH rfat Hgﬁﬁ; sintering
maj or and the m nor component havi ng an average Wi

andaforerortiess Rffiran dﬂbﬁ@hﬁsé 6r a TohpBukhd Ehééé With HeAs&ipAEral refractory
conpound phase is hard to begin wt if there is a

methlaag theomajot cdrypdrieat eof t he wor kability soneti mes
deteriorates, and, although this also depends 25 on

t hio this case the allay plﬁa%rw compoad phage farictidrss toistremgthen the bonding of
desirable that the upper Iimt is 200mor |ess. The

the padidlestasi the eminbiocomparenp mithi the sefractomtreetald of thé tperiphegal matrix.
target conposed of the foregoing refractory netals

Thergfseha exisiengaof supdag nbasengraompoeisd phage isxusglhin preventing the
content is 300wtppmor |ess and the carbon content is

flak Imlﬁerrﬁqmpqrea@amne@ present invention B Anendnent
er Article 34 additionally provides a sintered
P@F'wr@f flesigbly, @6@%9%}/@% then granuiae gunargomuronait metal phase
erein the total (grmunt of Inpurity content

mmBSl%qSLﬂ? ﬁ@glga*%as@oqrp%ﬁ%’ﬁ‘f)gun phasf@plbe BROT a3 the inor component
BSOS ) 0500 ol g
mindg E8Pafeht T tHERE BnBReR ap Hiw P armib PRl nase of the major
and H{é' %mopgé%ﬁﬁrﬁen'i HS\A&? gﬁ %rgﬁgf id ﬁlﬂ? guﬁ)gttawroﬁgcmagng Most preferably,
v AN Y S EETNEE H P RAR A o rce or
comps RS o tiehaaraR! e A rfERBATHRY R gt of Sum o

20018 %0 :)I‘ hi gher, and voids of 100um or greater do not
exi s

Meanwhile, since the alloy phase or compound phase is hard to begin with, if there is a
large quantity thereof the workability sometimes deteriorates, and, although this also depends
on the combination of the refractory metals, it is desirable that the upper limit is 200um or less.

The present invention also provides a sintered sputtering target composed of the
foregoing refractory metals wherein, as gas component impurities, the oxygen content is

300wtppm or less and the carbon content is 100wtppm or less.  The present invention

6
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The exi stence of voids is directly related to the
density, and, with the sintered sputtering target
conposed of refractor net al s sible to
prevent the genera %ﬁ'@*%@%@”“ﬁ ?H@f target and
reduce the generatlon of particles by enhancing the
density. This is also a 15 preferred node, although it
is not a primary (essential) constituent feature of
the present invention, Wth the sintered sputtering

addﬁiéﬁéllzz)r&ﬁﬁ&%s frefdd s{gﬁﬁérﬁ‘@ t?{ggtt ﬁi‘?ﬁ;?dsgd ?Jfﬁ@f&bﬁ&% RitBBry metals

pres |nven 1 on, esir varratlion I

e OB RS R orss
| N AUnEQEAPIRE 186t 8Qkddd ﬁl‘?ﬂl”“&o‘n d&g%rﬁuré'o‘?‘fﬁe géerg‘?%vgntlon, this is

e
present” 1 nvention 1S a SI ntere onpact

effedtNB ifrediR ng th Rg%ﬁet% ﬁlﬁﬁj}o rfﬁi’e{saﬁs u r EH&'aseé Yreferable

in order td secure t e u

mod&Sificét hePQSikrAlE of tHe épﬁxﬁel‘éasﬂlrhaeﬁrh@tul?é’c&?% IFnBFbveFe Thus, it is a

variation in the alloy conposition to be 10% or
prefdrable rhédetb Sindtanediyaredsst %Hé%mp@héﬁt@blﬂ@oﬂhbr ihrfpuRids. a
primary (essential) constl ent feature of the present
I N\t hersintéad/sputtring’ &gt lcomiposétt obReetont Metals AdcRFdRsh to the
sputtering target conposed of refractory netals
presentnwetitiog, tesifably the aslatite densitptis 08%yorchidserpand!R6itls @f 100um or
effect of being able to inprove the target structure
greateydomobexistt i ng t he dropout of netal particles other
than the matri x-form ng maj or conponent, inprove the
d e‘Bmsemstmceq:ﬁ s0ids ip dirsctiyrelateddo theedameltykalhni Ivithyheosinteteel sputtering
t ar get reducing the inpurities such as gas
g@@@ﬁmeea/ of re&aﬁawanetgla ihis ppssibletty praventehe gienerationgoftdracks in the
eneratjon of arcing and particles in sputtering
targ restucexthexgeppiationvet pertigles by enfaar@inggthardeglﬁm Agis is also a
the structure of the refractory netal target of
prefeéssgnﬁ\oee,la@wugtﬁvswebe ey Apseenii@) comstitiant festuravef die present
%[O The high nelting point alloy sputtering target
inve l?ﬁ‘posed of rut heni um (Ru) al 1 oy, rhodi um (Rh) aI | oy,

oyt i St spiarBt el SRR SR maER Sfmgraing to the
ol A AR A e
o} B A o e iy
the ﬂ?@@erﬁ \}éh %' é‘%ﬁ’\té??d %BH\bB&rédﬁgpcfsEH f m& %?tmérge %&5*' refractory

epos a 'sem conduct or

metal2 Ne%'r'tl?élés‘é, Aorderdebdourd HEUhRAMI)BE FEiheiPnuch as possible, itis

desirable to keep the variation in the alloy composition to be +10% or less. This is also a

=1
=

preferred mode, although it is not a primary (essential) constituent feature of the present
invention.

As the resutt of the above, the sintered sputtering target composed of refractory metals
according to the present invention yields a superior effect of being able to improve the target

structure for preventing the dropout of metal particles other than the matrix-forming major

component, improve the deposition quality as well as the workability of the target by reducing the
impurities such as gas components, enhancing the density and eliminating the generation of arcing and
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various diffusion barrier materials. The present

i nvention, however, is not limted to these uses, and
it should be obviously understood that this invention
20 can be applied to materials of other uses, and are
covered by this invention. Generally speaking, the

A ' f the sintered powder is reflected on the
pa@@?%@pﬁ*éﬁ%?@gr sintering, and it is necessary to

control the grain size at the stage of the raw
material powder. If the powder is refined excessively,

the powder will BbSORIPPIONEF BFANINGE | becone

difficult to realize a | ow oxygen 25 content. Thus,
fromthis perspective also, it is desirable to avoid
using excessively fine powder. The size of the raw
matfeigi al isppwikgram showihfebe stheturef ofmibeemrfractoryhaetal target of
m nor conponent phase; that is, the existence of

Exargpigel -2arount s of fine particles in the target will
cause the generation of particles, and it is therefore
necessary to vO control the size of the sintered raw

mat eri al ' t 1

sinter edBtzgﬁgl\éltH[%% ngeﬁ g%%hgg}@a@ﬁﬁmgllﬁb@ﬁm@
speci fic manufacturing nethod of the sintered conpact
target conposed of refractory netals according to the

pr eRrenhighnivieftiigopoeint aloy BELAEG targ@frer@m@baéb ¥%f ruthenium (Ru)
avai l abl e 4N grade (purity of 99.99% ruthenium
allogovitetium_ (Ri)i alfoys quaridiem ¢ir) aloyisiobizinett by (reading @nkeosy more
oxygen product) is introduced into an ultrahigh
typ&s umtgﬂ@#ﬂérgovmﬁf, trhedium Hawden poddisidiurs pewded witta metal
ared | anp heating or mcrowave

powrﬂeeg?qqgﬁé&%u?tdo?iﬁlﬁ{é@%Oém%ﬁa@%S 6% s comBongacERoNg tungsten
[ ' 1 1300 Thjs |
0, SERELE 78, B PR TP 20, a8 jeshr e Soate, ana

sint@ﬁﬁ?%s%&%tpdwdeﬁf?par ated sufficiently. 10 This
healing I1's perfornmed so that the rutheni um powder,

r hadeuiirmovbeline®rby rSpditteAngonder tarddt! ig1AiseRandsWat Beposition
each other and deteriorate the sinterability, and the

mategakoha lsempcordudtoy device) padicaleyhasbi gajei e pleodo nmatdrial and
is so that the powder can be cooled to room

varipusm@iifaeione bafiierk matepipiser The pligsentiiaventiafi, sbaweyer, is not

. .of oxygen has been.confirmed with the oxygen nonitor, ,
imitgg QetEg YePs. Ad HeShQuiabe: obYinus aidarataos hegspiednvention

[ ' . .Subse nt | argon.qas.i s
can WAL At S BT IFONS s MER BB BR8P,
r h@@n!é"r%lﬁp‘éﬁéékiﬁg, tHd %kéiﬂ“d?%\%?rthé SisteAEPoWdie? is reflected on
cont ai ner, and then 4
the structure after sintering, and it is necessary to control the grain size at the
stage of the raw material powder. If the powder is refined excessively, the
powder will absorb oxygen and it will become difficult to realize a low oxygen
content. Thus, from this perspective also, it is desirable to avoid using
excessively fine powder.
The size of the raw material powder will affect the refinement of the minor
component phase; that is, the existence of large amounts of fine particles in the

target will cause the generation of particles, and it is therefore necessary to

control the size of the sintered raw material that will affect the structure of the
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grade (purity of 99.99wt % tungsten powder, tantal um
powder or hafnium powder is mxed thereto. 20 Each of
the tungsten powder, tantalum powder or hafni um powder
is obtained by pulverizing the EB i ngot of each netal
t hrough repeated hydrogenation and dehydrogenati on.

sinféYed tg}—b@qo%vw cbBafmUBi,gct to deoxidation treatment
at 110

once agaln, hot pressed in a vacuumat a

temper al wpechic hHHUrAGUHRGOMmetRHd 5N8Ae ditsreldl @mPRt target

hot isostatic press treatnent in order to create a

comipased exf refraptory . matals aicsofdimg heths whgsait ihoehiidn, sfak istance,
(machining or the like) to obtain the intended target

commgreiallyravadiabe Abdgradiehgiritynodl99838% ) hattienianaldowydesr rhodium
iridiumalloy-sintered sputtering target has a purity

POWHEH @ JoidUR ROWHhésacik @ (W yvger Ri’@g‘g@‘helﬁt itrodgoed into an

o AP o LBl Bt e ion v
R0 PO oL BT AR AR W Bl o T

poW&éN@éeréréiQf@%S?SPFHximﬁPé 9r11%%°W§Gé%.byTﬁ%L%CBé%se if the

the grain size o he powder and adj usting an

tenymratureng nohe160C er hivhetonvdidencitnot BRI sied SUtfciently.
wel ding pressure). Iny addition, the elimnation of

gasThisrhasiingt is perforbeechsbithakthebsutheiptri pgwaler,nitiodngn powder
of elimnating gas conponents under conditions where

or g8 P Meer ‘dg|r PRnbend (withveagfe otherxant deterjaratartheesinterability,
Tﬂ?e present inventjon is now explained in detail with

angt Je Feeedr |

PR (NP Pty ok Mipiov@veTheaindimppiiegmadés so that the
[y | Vie, t nt _i.nventi shal | -
pofBElckn e 6, (OB, ORGRIAED! QUG | B suticen
IsaTRGE T, 8 LEESLopPTRREITR he H38A, ABgfBPcomnecte to
the ichamistedthe Medthy isr268péd aRdealiidneRindSistofhkatedf
course. (Exanple 1, Exanple 2, Exanple 3) 15
Corbryssiquiently,avaagbormbyas 4N grtaadugedt i the ptovdgoing! oMthenium
oxygen cﬁr oduct) was introduced into an ultrahigh

POWAEE U (R wanr derapiliridiemrRaviéeti igracaladioy a anataisgbjasct then 4N
gracg‘? I(ﬁ#rﬂ&tcﬁuﬁo‘ﬁég\gtﬁf guar{g%?erh %%dgﬁatgint% ur{qnpo%\r/ eerrort r?afnium powder
is mixed thereto.

Each of the tungsten powder, tantalum powder or hafnium powder is
obtained by pulverizing the EB ingot of each metal through repeated
hydrogenation and dehydrogenation.

This mixed powder is subject to deoxidation treatment at 1100°C once
again, hot pressed in a vacuum at a temperature of 1300 to 1800°C, and then
subject to hot isostatic press treatment in order to create a sintered compact.
This is further subject to finishing (machining or the like) to obtain the intended
target shape.

The obtained ruthenium alloy, rhodium alloy or iridium alloy-sintered
sputtering target has a purity of 99.99wt% or higher excluding gas components.

A granular minor component metal phase, or an alloy phase or a
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The oxygen concentration of the raw material Ru powder
was 1200ppm and the grain size was 1.5pm The
tenperature of the powder was approxi mately 20 1200C.
Heati ng was stopped after using an oxygen nonitor
connected to the chanber to confirmthat oxygen was

fficientl [scharged,, and the ruthenium powder was .
COEST]lfP&L@?fR } %‘Eﬁh@ﬂ*@ﬁlﬁﬁ@%@%ﬂ%'mf §OMPeREDERBWNg N @verage grain

e b e
mégjﬁll e6#ipeRehRanY ﬁééﬁggfrﬁggfaiﬂ‘%?zeow Bé%er Pd_adjusting and

rough repeate enat'i on and dehydrogenat i on;

seleetingNirgy afietetingy ebAAitipAYD Gbm A& U P OWERAiN ssure). |
haf nléum powder gl assified ignt geg%mrresh to 200 g@ghsure) :

additioa, chang/ininationespeati s@hpohentancad did iachicauby &lopting a
5at% 15at% and 30at% and then m xed with the
methethedfi efimitatingr gasheompppentsc indentaoaiditions efheréeoxygen and

i)ungs_ten raw materi al powder was 20ppm the oxygen
carooRcEWinod e Mi¥edime 30 tantal um raw materi al powder

ppm and the oxygen concentration of the 10
[E%@?ﬁ#?%m raw mat eri al powder was 130ppm The m xed

POVEIRE Spr’é%%ﬁt W”S@h 10 nBGPEL SR it r(%?%lgg@%l E}éfl%é?gecto the

once agal n, essed I n-a vacuum a

Examiplder 'ﬁ\t@eeEkaﬁfg)léﬁ_ﬁaré SASiA liifustrBEifSS ahl %‘elffﬁgé‘sgpg invention

order to prepare sintered conpact. The resu S
shalhowh be imited! thetebyds IBhotieri Wortizblvairibust M dE@tibhy &and other
anounts of tungsten shown in Exanple 1, tantal um
embpditrenta basadsineth®, teahdicah§piritiotagrheavin the EleimplstaB be included
. were respectively changed to 5at% 15at% and 30at %
in thg ERIRME ARYaNtionRs aamaltenpfepursene sint ered conpacts

' f 99.1.to 99. 8% d all exceeded
(Exé%g}glg%O%&%”ﬁaﬁi%ﬁm@ﬁ@ogygen c%n?gnt rati on was in
h f - al y n
LR Al DB BB, 1 ARG, SRR pacr
wadBhtroduSdd Ui Ve 1AFahigh VRdRIm CPERAENbnYefhe thPBrﬁiHQ powder

range of 8 to 22,um “The average grain sizes o

wagrsabigcartomigbroutpapinfearednretr@ hehgsg in tek ke elillifdte oxygen.
phase or conpound phase of the nmajor and the m nor

The: pxy@ere aonast(atmneohitifet mw mefteralddu povadertvwas 1800ppm, and the

rrp')onent net al phase") of particular inportance all

|

gr a@ﬁts Z§ &P tiheHMondl e JRERFTatURR fr R rROWERIe MtaSoRPPRAXIMately
120@?@%”—?&@9%8;3% ’stE)BSe(%%‘taelr qu)PnagSS% o%)/g Rsr%gn%r (t:cr;r?nected to the
chamber to confirm that oxygen was sufficiently discharged, and the ruthenium
powder was thereafter quenched and cooled to room temperature.

Subsequently, the ruthenium power was placed in a container, argon gas
was introduced therein, an EB (electron beam) melted ingot was pulverized
through repeated hydrogenation and dehydrogenation, and 4N grade tungsten
powder, tantalum powder, and hafnium powder classified into 35 mesh to 200
mesh were changed to respectively be an additive amount of 5at%, 15at%, and
30at%, and then mixed with the ruthenium powder. The oxygen concentration
of the tungsten raw material powder was 20ppm, the oxygen concentration of the

tantalum raw material powder was 80ppm, and the oxygen concentration of the

10
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conponent were evenly scattered. Fig. 1 is a diagram
showi ng the structure of the refractory netal target
of Exanple 1-2 described below. 20 In Exanples 1 to 3,
the density of all targets was within the range of
98wt % or hi gher, and the oxygen content was within the

naf e i) gt IR a0 o1 ﬁeléim(el; " he s ve
o, e A A o
agaite st Pre 85 Plin @Uaéﬁ&ﬁratcmg‘g;ﬁ@ %0%53&#{2@”@%" isostatic

phase having an average th

presis tréstmererin @preey toprdgire d sintere@nimeadt. NThal reBOAS @re shown
Consequently, a superior Ru-5at% Wtarget with

in TalPerti.or workability, no generation of arcing, and
generation of particles at 3 x 10-3 particles/cn2 was
30 OBtshoMeyin 1ablenkitheradditive ameuniss ek tugsten shewn in Example

verage wdth of the allqy phase or the conpound
1, Jdelilasheun o Exagadeof. # Pefmte homn i dxapaln 3 were
il ustrat e | es, the ,
oy BSATa A RaRE o P 5B B et o e, donsiy o
t; ' 1 Rb,Ma| o
the SH1EA colPRicRIRERIn Mg FITERFSa IR B e o A 6rdtRTiga oo%.
of InheddtibethelBeQedrcdritenfraliBe Wis PNR8Safbe di%0 12 56wippm,
conponent fornmed at the periphery of the granul ar
andvi mndowc oxpgerntontent warachigvaer alfthe avetegel grdiassize of the
been confirnmed that the size of the overall granular

ruthgigm Bwiv fdficture gathecmajar cormpgnent asts imthaieange of 8 to

The | 1 owi ng Exanpl es 10 showed the sane tendency.
22‘*I’Husfrgﬁeq‘@£)?‘8? el 3ran & itom SrrMylap&iBey cor@onept metal phase,

or e EToyngBhRe TraBUBoRaF atlhSh oine BEiToAeY yR8ieE component
(hei@iﬁ@ﬁerc?é‘ﬂé?ﬂé%nﬁ '%gﬁ%v‘%ﬁgr 'cd et Hr@?a?aplﬁ)%eﬁfl@pbgrﬂcular

-2, the size o nmet al phase conpose

imporangk &l satisfied the TeAaRIBhs W shd pARsBnt Ak dna! | oy
phase (alloy phase of najor and 15 m nor conponent)

or As sbapouind Fihasethewietgl phasyercagepddbdckneiss granular minor
S2um was fornmed at the periphery of the mnor
ComRAnSEY avRrerpmedly sratieredComseqliémal diagears whewing the structure of

Ru- 15at % Wtarget with superior workability, no
the rgfrac?tory metal ta?get ovfméxamplg 1-2 described below.y

In Examples 1 to 3, the density of all targets was within the range of
98wt% or higher, and the oxygen content was within the range of 40 to
220wtppm.

In Example 1-1 (Indicated as “Ex. 1-1” in Table 1; hereinafter the same),
the size of the W metal phase composed of the granular minor component was
147um, and an alloy phase (alloy phase of major and minor component) or a
compound phase having an average thickness of 60um was formed at the
periphery of the minor component metal phase.

Consequently, a superior Ru-5at% W target with superior workability, no
generation of arcing, and generation of particles at 3 x 10" particles/cm? was

obtained.

11



<

[0

15

20

25

30

generation of arcing, and generation of particles at 4
x 10"3 particles/cn2 was obtained. 20 In Exanple 1-3,
the size of the Wnetal phase conposed of the granul ar
m nor conponent was 139pm and an all oy phase (all oy
phase of major and m nor conponent) or a conpound

O B B B et T SyheEle o
coRBAPALTREE sl B] W Mo D o, Aol P cases ar

nofidsBaRer &4 bg‘lémﬁfeso?ﬁ%rg%b@%t%% (?ftpéari'ialég t@?ﬁ%(jhgé ﬁ\é;%%@slightly.

was obtal ne n Exa Sl ze O

Howetval, plragmateimasifbredset asFntitafl andriviey n??'H?QJ‘?‘F&bIematic
was 124pm and an all oy phase (alloy phase of majo

levahd m nor conponent) or a conpound phase having an
average thi ckness of 48pm 30 was forned at the
per Aheugh dhe eistencroof tempdagmhase orethal cgphpeend ph2se of the

' - % ith
ma;)%.j' %@e asrr‘]%\éfﬁ@é%ieaiu‘igfst,rhle?iger%@?g%ttggrgfgg3‘; én:l\inﬁtg,r camponent is a
mof PRERLUTE bk hs b58s Carilierdndu ¥ sieS o e eleral oranuiar
i NERAS; i e | horcogponen
i AR o o o en Rttt i shas LG PO G Exampies
shoWt the RImE RIS, ) THu FAER O ngghgaﬁ%tti ﬁVWWIgbéhrberpi)}ted for

average thickness of 39pm was for e perip

casel Whereither acergenaidthTaf NBé adlldyhphlse FORFELRMbOOND phase
a superior Ru-15at% Ta target with favorable

formed e e ipeyiphaty ofgibieenintor @ongforent metal pmaseyisrsumatdrdess.

of rticles at 9 x 10-3 particles/cn2 was 10
obt'gia'%@vpiem BdhpisizeoBthe Wé metabpbase rempesedtef the granular

i S T 05 0" Sy oA T e B melor ang
i i R8BS, AT By AN AR RS s
ves A SIARN oTMRinl: aifameycppphaten . o
worGarisdquenilyna sugerier #u-08ai9f VErtaidged wingupensr doribility, no
of particles at 4 x 10"3 particle S/CVM was obt ai ned.
generation of arcing, and generation of particles at 4 x 10 particles/cm® was
obtained.

In Example 1-3, the size of the W metal phase composed of the granular
minor component was 139um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 56um
was formed at the periphery of the minor component metal phase.

Consequently, a favorable Ru-30at% W target with favorable workability,
no generation of arcing, and generation of particles at 9 x 10 particles/cm? was
obtained.

In Example 2-1, the size of the Ta metal phase composed of the granular
minor component was 124um, and an alloy phase (alloy phase of major and

minor component) or a compound phase having an average thickness of 48um

was formed at the periphery of the minor component Ta metal phase.

12
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In Exanple 3-1, the size of the Hf netal phase
conposed of the granular m nor conponent was 185pm
and an all oy phase (all oy phase of major and 20 mi nor
conmponent) or a conpound phase of an average thickness
of 9pm was formed at the periphery of the m nor

CRURERGTL H hobe RSB S SRRy fogtBEL) Shabity o
oo AR LA 458 e A, FDELAALEN o IS o v

obidige¢i ze of the Hf netal phase conposed of the
granular ? m nor conponent was 192pm and an all oy

phakeEkamply 2rhase e Bhitios Tanfetalphase COMRIN of Ble Granular
conmpound phase of an average thickness of 10pm was

min@r cenpanenhavased 8 pher, yaraf ahhalloyi phase qatiopgrasef of major and
_metal phase. Consequently, a superior Ru-15at% Hf

MR gRIMPANEnt) fodveb FaBIN® URGr Iaasd hayingran geeragst thicknefss of 39um
and, gener ati on of tﬁarti cles at 13 x 10-3

Wag;?‘iief{f]*gf?%s%ﬁbgm@@”e BB r¥fd.thgoMiRorEgatppenents Ta; paetal phase.

Cofsé@atiy: o ettt “RuBrBG, g Baehth | ByofhaE ndfiabilty, no
| o ;' afk P |

oertdehon AaRe o Lahe Ry, B BRHFATRERER 1o Paghpigpiom” was

obteed ormed at the periphery of the m nor conponent Hf
net al phase. Consequently, a favorable Flu-30Cat % Hf

t arlgeExample 23y dhalsize vbtheaa Imétdl phase genfcRedast 1Bk granular
_arcing, and generation of particles at 14 x 10-

minNgdr ¢eroperenin®agat! 8Labt aindedn afloy ploasydaliay phasktaf aragor and
.shown in Taple 1. The term "average grain size of

MINGr LAMRYMFBhEREA pHRBEUNI PhasE kaving iR Average thirkness of 30um

v ai,n_ sj f  particles including the overall
Wagm]eo&g}%%cggr%pgﬂeenbéﬁgﬁ%ﬁy éﬁai ° YL &OHR 'thge n'ﬁ;aLrphase.
h { ke, 8RLOL . _ it oy
- al so| ag& i@lezé\fo 586|1ealgﬁ‘le§gét%d@g%@g?g&m‘[;%gg?%%% V}loriw’lb-ﬁ'ty’ s

obtained.

In Example 3-1, the size of the Hf metal phase composed of the granular
minor component was 185um, and an alloy phase (alloy phase of major and
minor component) or a compound phase of an average thickness of 9um was
formed at the periphery of the minor component Hf metal phase. Consequently,
a superior Ru-5at% Hf target with favorable workability, no generation of arcing,
and generation of particles at 10 x 10 particles/cm? was obtained.

In Example 3-2, the size of the Hf metal phase composed of the granular
minor component was 192um, and an alloy phase (alloy phase of major and
minor component) or a compound phase of an average thickness of 10um was
formed at the periphery of the minor component Hf metal phase. Consequently,
a superior Ru-15at% Hf target with favorable workability, no generation of arcing,
and generation of particles at 13 x 10 particles/cm? was obtained.

In Example 3-3, the size of the Hf metal phase composed of the granular

13
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minor component was Zfﬁ’”&o%%raeﬂ allay ."I'(“gallﬁgy phase of major and
BB Ra MR Ao BRRSS TR MR AL M of 1

0 tdhei S O I
vas by BNR=LE B LaRGLABHEINT ot e

Cozseqesiitygral faserabie BaadatEhelfmaxgst pomdeivbrasieewdekability, no
5 pressed in a vacuum at 1600C, and further subject to 5

genetationost atcing, prres geneeationeot parictasdat 14 o< f0€ppartickes/cm? was
si,ntered conpact. The results are shown in Table 1.

obin&down in Tabl e 1, the additive anmounts of tungsten

sho

oot 1BreaoT i Esoils e SHAWn RaTARks &1 v hNESHR Bwerage grain size

o PP S0 M 3B, Y B0 g sice
partidfesSinBiRfirRs 1P BREISmiiRSr tBmponent metal phase, or the alloy phase

or compound phase of the major and minor component.” This also applies to

Table 2 and Table 3.

[Table 1]
. Additive Average Size of .
rticl
c Mejor N Additive | Amount | Minor Component | Workability | Arcing (X1E€° |ce/s z)
omponen (31%) Metal Phase{ & m) pes/cm
Ex1-1 5 147 @ NO 3
Examplel Ex1-2 w 15 133 ® NO 4
Ex1-3 30 139 @] NO 9
Ex2-1 5 124 ® NO 4
Example Ru E>ample2 Ex2-2 Ta 15 131 O NO 9
Ex2-3 30 118 O NO 4
Ex3-1 5 185 @) NO 10
Exampled Ex3-2 Hf 15 192 O NO 13
Ex3-3 30 210 O NO 14
Comparative 5 90 o NO 24
Ex1-1
Comparative|Comparative W 15 72 A NO 32
Examplet Ex1-2
Comparative 30 61 % YES 47
Ex1-3
RQmparpative 5 53 A YES 49
Ex2-1
Comparative Ru Comparative|Comparative Ta 15 64 V. YES 58
Example Example2 Ex2-2
Comparative X
Exo-3 30 33 YES 89
Comparative 5 2 x YES 52
Ex3-1
Comparative|Comparative X
Evampled Ex3-9 Hf 15 16 YES 69
Comparative ¢
Exd-3 30 11 YES 84

14
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the range of 98.3 to 99.6% and all exceeded 98% The
oxygen concentration was within the range of 350 to
1960wt ppm and the oxygen content was fairly high.
The average grain size of the ruthenium |5 matrix

structure as the major conponent was in the range of 6
he aver zes of the granular m nor

Catnatila Exgrale bﬁ@?@%@‘iﬁ”\fqiéxammﬁ/z, GAEDarsive EraoRRI3)
i i ) t.
P aRixed AolfadrRL e @ﬂEéaﬁQ??%‘ RS 166 JPretining fxamples 1 to 3,
111 H t ’.
HOWRA R, BIRARTdsten dobfder Ml iantaRh (Rikefer"BhE 1o8 Ratnium powder

wer@\ Rty irde Z50rABSIe ok Dess abavgsedV tthd Hﬁx&ﬂ’\'@%ﬁré‘(ﬁere hot
Exanples 1 to 3, the density of all targets s 1n

preisisedr ange vaicuQfweto D600TIYhand fuRgeP XU BFECICRNTRAL isvBfatic press
in the range of 350 to 1960wt ppm and the oxygen

tregioperintn wsdemiqiprepareCangintesied veoripactpl &hg- fesults are shown in
(I ndicated as "Conparative Ex. 1-1" in Table 1;

Tablgrlei nafter the sane), the size of the Wnetal phase

SIS P B o shon i
; i i akl O
coRfEagHls BYAIHIN, WRGSPH sl b Dostbishh ke . ana

i i j n f i o,
P18 19 SngiaEIN A i IO change 1o s

15atesTpamE80atmst alCarizagaentCans ey of tharsihiabed 'c@Fn(Pacts was in
Ru- 5at % Wtarget in conparison to the Exanples 30

therranga @f 98/3 taBP& %pahdhil lexc¥edead 9§8kher at i on of arci ng,
but_w th generation of 15 particles at 21 x 10'3
par [he PE¥gemeonaentesion weg. withiaitbe range ¢f 350 ted9&9wtppm, and

the SR AR ViR | SEE ?\:‘éf%:é?p{fginié%%awgm rutheniurr
ead as e S
maf e AR, Chfipalit s b8 AR T . e

. _ ! . I
ave?éra]%él Rirhivr si2edhtt thel derWU%Q %ro?wtn;hd’r?e 88 ﬁ%a%go\@?qhe alloy

same tendency. Thus, bel ow, e explanation Wl
phase oncotmbuhar plhasesf e reajohry teagfnav 8bimpehehhnhereinafter

allo phase or the conmpound phase forned at the
refgsead %@Syhef“nﬂm@ ¢amponeninpete mhasedt el paptiasier impbtence were

of less. In Conparative Exanple 1-2, the size of the W
qu{[etaéld e satgifsbivecurditios ehivegirgrantinventor.

g? 'Hjsgagsnéribméads agg\Per,nwiﬁwng\edb%mnpoatra’tsl\% IE“?(fal ptlgse 1Ct8n3qlt}1|eodnensity of
all targets was in the range of 98wt% or higher, the oxygen content was in the
range of 350 to 1960wtppm, and the oxygen content was high.

In Comparative Example 1-1 (Indicated as “Comparative Ex. 1-1” in Table
1; hereinafter the same), the size of the W metal phase composed of the
granular minor component was 90um, and did not satisfy the condition of the
present invention. Moreover, an alloy phase (alloy phase of major and minor
component) or a compound phase having an average thickness of 35um was
slightly formed at the periphery of the minor component metal phase.
Consequently, an inferior Ru-5at% W target in comparison to the Examples

having favorable workability, no generation of arcing, but with generation of

15
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present invention. Mreover, although an alloy phase
(al l oy phase of major and m nor conponent) or a
conmpound phase havi ng an average thickness of 28pm
was fornmed at the periphery of the m nor conponent
nmetal phase, an inferior Ru- 15at% Wtarget in

oBITRES B 02 SRR T L 5 o
j . ' 10" 3 . t

SRR PR 0 gl LM HE M TBrope or e

cobf ATptale PEESRCORSSE: iy BB BRI LROTR R goses ar

nobfllustratedpas eRBIMpI & @G igeerdfrEoN BArticRIsBAHEY 18 Th@EhSY slightly.
phase (alloy phase of major and 20 m nor conponent) or

Tha fotowimgnGopipasativeat kaypies svewegehd basientesdenty. 24THus, below,
was formed at the periphery of the m nor conponent

therexalangtias ewillt e onvitted bior iaages walserienther averaganwidth of the alloy
inferior Ru-3Cat% Wtarget in conparison to the

Phse, h11BS COmRAUY BBARe Lenmeed 6t the Perghennaf the minor component

i y ' f ticl t 47 10-3
e RS B A0t o ned. 25 T comparat i ve Exanpl e
2-1 ' [ t
> i P P e S, TG g s o
thd?@n@%@nﬁdﬂbo‘ﬁﬁpdﬁé@ﬂ VL3S, hAYENY 'n%;t‘ saﬁ?@ﬁﬂgﬁfgndition of the
a

though an all oy phase (alloy phase of na
presenbinvemtiponeMreover atthonghl 2k ﬁi@sﬁés'@/(dnlﬂx%a@é%f&ﬁﬁjor and
t hi ckness of 15um was slightly forned at the
mingyr ¢grRpeRent orre campoundopipaseshavifg aretakrageateckraass36f 28um
inferior Ru-5at% Ta target in conparison to the . .
wa %ﬁ%‘?‘g@t HiR/ PRIEPRRIY £ dhamnisor eempenrabmeatalphage; lgn inferior Ru-
e [ of arcin nd geperation of. particles at ..
15445 V619t BreBinbrlShn s e ERBR R R a8 vind Inseriar erkabity, no
- 9. i T come : 2
geriBlTph of arking, Mt Wit Rhet Mo Bt PRERIe8 4 % [P & Halotesrom
was abtsihygt he condition of the present invention.

Moreover, al though an alloy phase (alloy phase of

maj lor CamgarativeoExaomjeone3)tthe &ized of EHEP W nfetAN pE&sd @8Bhipdsed of

an average thickness of 18m was slightly forned at
thetgfangler inpRer goBoniest wasds 100 it ndhsaksfaltheltasdition of the

an inferior Ru-15at% Ta target in conparison to the
PreggAlpVERL PRy i @@f%\fe&vakﬁww apiRymhasey(allqy phase of major and

i B VR AN b B BT hRAAS S B OB B of cgu
was formed at the periphery of the minor component metal phase, the workability
was inferior. An inferior Ru-30at% W target in comparison to the Examples
having generation of arcing, and with increased generation of particles at 47 x
10 particles/cm? was obtained.

In Comparative Example 2-1, the size of the Ta metal phase composed of
the granular minor component was 53um, and did not satisfy the condition of the
present invention. Moreover, although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 15um
was slightly formed at the periphery of the minor component Ta metal phase, an

inferior Ru-5at% Ta target in comparison to the Examples having unfavorable
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In Conparative Exanple 2-3, the size of the Ta netal
phase conposed of the granular m nor conponent was
331lim and did not satisfy the condition of the

present invention. Mreover, although an alloy phase

(all oy phase of major and mnor conponent) or a
.average thi ckness of

wel KB S 8 Feriion &t Sleia0pend ARIArUAN CRARINGE Bt 49 x 10°
at T | h , i nferi Ru-30at% T
o TREERE B B 105 P e of SOt e
unf gy ey aerati\\/@%medlétzya We@%@%??ﬁ??gﬁﬁ%gﬂ%}%é %gmsposed of

and significant generation of partic

theng faraeimitest - confp SHeray &4 B?FmEéﬁHTHiG ndt Satishhe! dfdifon of the
the Hf metal phase conposed of 20 the granudlar m nor

presemp imearitionas Miepvandlitiodghein sty shasd eloyPidiskl sfimajor and
of the present invention. Mreover, although an all oy

mipPrasempanenl) qrhaisemyfouns phasebavingnan avenqgenthichness af 18um
conpound phase having an average thickness of 111m

wagsligatly datmed abthr @eEpPhenechide pinsrcommpenrntrianmetal phase, an

. . ) 0
inf?crg(%)ép? t%&;{%‘é&%ﬁﬁﬂ?@%aéﬁ%%ﬁ% %nggthgvmg unfavorable
r e i L]t | tion of arcin 3
ol S SoZipREal Lt b NSRS hOlBE A « 1
pa,g@%tsi/é}héwagr%t%%dpbt ai ned. In Conparative Exanple

, the size of the Hf netal phase conposed of the

gr amuCemparative ERampient3 wae sk eiwi TdirfetaPbhasé icdhposed of
the condition of the present invention. Moreover,

theagraholagmaor abhrponend seas( 33y aptakie nof satigfgrthamdndion of the
m nor component) or a conpound phase having an aver age
PregaNticyessons WMelieover, adbough gntalipyrdrased(@iey thase of major and
. peri pher the m nor c onent Hf netal phase, an
mirfit enpiedt] sk GPRPGUIEG BRave RaykishAsaterBge: Hickness of oum
Vi I i) i, t
waESHEPLE ] BCUTLHSNAY 8, el Loy meta prase, a

infePRIrt RG] t - e |
ISR 5 gt 1 rhgpin ST R PR ool

wornkaddity, ositlpgereratibn dffeerciigrandasigmitioait gavaranentof Wagicles at 89
133Nm and did not satisfy the condition of the
x 197 ogamobiaingsht i on. Moreover, al though an all oy phase

(al |l oy phase of major and m nor conponent) or a
co é@mpafﬁi% Esamale 3rl, dbe sigseot tiecckihesiabphase composed of

T T TR A X A
pre%Jn tg@g?g@r‘éonﬂﬁéw, Lithdigh 5 &Y %“f’nalggv(hngy phase of major and

minor component) or a compound phase having an average thickness of 1um

was slightly formed at the periphery of the minor component Hf metal phase, an
inferior Ru-5at% Hf target in comparison to the Examples having unfavorable
workability, with generation of arcing, and immense generation of particles at 52
x 10 particles/cm? was obtained.

In Comparative Example 3-2, the size of the Hf metal phase composed of
the granular minor component was 16um, and did not satisfy the condition of the
present invention. Moreover, although an alloy phase (alloy phase of major and

minor component) or a compound phase having an average thickness of 16um
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wor kability, with generation of arcing, and abnornal
generation of particles at 84 X 10-3 part icles/cnR
was obtai ned. The results of Conparative Exanple 1 to
Conparative Exanple 3 are simlarly shown in Table 1.
|5 (Exanple 4, Exanple 5, Exanple 6) Commercially

r hodi um_powder (| ow oxygen product:

wa g O o i, B BieaP PR e M P! I TEvRob ROVIRARGHT HfTBi@) phase, an
o S SRV o, L G5
wor‘gggilc?)igfr%tv{}ig%n g@ﬁﬁgtgbgﬁnéﬁgﬁﬁng f\/r\@éeﬁ%%%%@?@gf particles at 69

x 10€ReliAbsichfas Bstdiqugler was approxi mately 1200C.
Heati ng was stopped after using an oxygen nonitor

corinedrapatativiehExanple®3, tive st@ndi the Hhalet@pHasRe ¥&Pposed of
sufficiently discharged, and the rutheni um powder was

the ighaneaf nEnogoemploadntiwas cldpine caric didonon saispethat comdition of the

Subsequent |y, the rhodi um power was placed in a _
preg@ytiaveriyon. ar Mereqyes, altimughsan alley phese (akry phase af medor and

o e Rl S A of
) 00 RS A0 ARG BB,
infeWBF Gu-NaRge i ganrgéggg?%n\bghiéohQOalrr‘leaéQ%rh\'%}éteshﬁ?ﬂgaturﬁtavorable

Sat % 15at % then m xe

workabitliyy mithogeiesratibh et afiiggN afd AHraRN geAbiANodf pdvGicles at 84
tungsten raw materi al powder was 20ppm the oxygen 18

x 1@¢dpedidesicindiwas obtainddant al um raw mat eri al powder was
80ppm and the oxygen concentration of the hafnium
r awheafesultsl op Svareparative 1B0wpaie Thto ompansdvecExamete 3 are

. | ect t I dat i t t t at 1100C once again,
smfﬁ%ﬁ) %?%‘@@Z'ﬁgﬁf%ﬂsaéﬂﬂm gfalgggc: aand further subject
i ] treatment in order to
(Ex%@g%g%,etgé’@bﬁe{ é?gégngﬁéct . r":f'he r esu: ts are shown in
Tapjotnrderdgiiy R9wabig Iﬁb%r%d%’ rﬁd?ﬁurﬂdﬁb\tvbﬁre \s\lgupk%t@er?fproduct:
Exanpl 4, m sho in

tungsten shown in tant al

Rh) ExaeiriteoduceanicitdahniltrahRinovacuuim oraie?, Bn#wah€ Rh powder was
respectively changed to 5at% 15at% and 30at %

subjeshie figinputputtintrackehEny hefting inherder o elisdnatenpagen. The
oxyél\gw?/@(i)gcénht?atiroa}lng? thCZaf ra?/\zl3 }noatfaﬁalglghssgwggrdwgé |908é8r?1?%$1% the grain
size was 2.2um. The temperature of the powder was approximately 1200°C.
Heating was stopped after using an oxygen monitor connected to the chamber to
confirm that oxygen was sufficiently discharged, and the ruthenium powder was
thereafter quenched and cooled to room temperature.

Subsequently, the rhodium power was placed in a container, argon gas
was introduced therein, an EB (electron beam) melted tantalum ingot was
pulverized through repeated hydrogenation and dehydrogenation, and 4N grade
tungsten powder, tantalum powder, and hafnium powder classified into 50 mesh
to 200 mesh were changed to respectively be an additive amount of 5at%, 15at%,
and 30at%, and then mixed with the rhodium powder. The oxygen

concentration of the tungsten raw material powder was 20ppm, the oxygen
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In addition, the oxygen concentration was in the range
of 40 to 260wt ppm and a | ow oxygen content was

achi eved. The average grain size of the rhodi um
matri x structure as the mgjor conponent was in the
range of 13 to 34pm The average grain sizes of the

ranul ar m nor conponent netal phase, or 15 the all oy
COfg‘Fﬁe{&@ttﬂn ebHsolamtielgRnsaw snaterial papeer aes 80rRomi Aod the oxygen

ent |nafter referred to as the "m nor
%@R fntg?% aTaL Y anteﬁgtpq\egqﬁrawas i"ABBPMance al |
o ot He el HORRS i et a B e Bh R 2 34 T once
agé(Yﬁr %o?‘b‘?@éé(ecﬁﬁ@tat% %rh'&sfbg)oﬁt ‘Eitft'fr et T I]éc,}i)toaﬁot isostatic

he maj or conponent . escf ove,

pre@s&f’éﬁtﬁferﬁ ih @réer {ErePRRs i é’ntﬁreé'don‘iﬁcﬁet $h¥a8sults are shown

within the range of 98wt % or hi gher (‘excl udi ng gas
in Tadp@nents and other inpurities), and the oxygen
content was within the range of 40 to 260wt ppm In
Ex afYp Is@ogenin( Takde c’;’attbel aslitexameunts oihtufigbtes ghown in Example
herejnafter the sane) the size of the Wnetal phase
4, LEHBUNRASRAWR HE E¥aRAlar Sniamer @néh?wﬂaiﬂ Example 6 were

res Ry iRoRRA R Saoeh 135R% ghh%’%&s SoguRRyBe giggsity of
of_t

e NSISSSEcE T 585 BRI C il s

RN-InSaidibioM ttﬁégﬁé/g\éhtdbn%ﬁﬁéh@ﬁ WY ikahb {éﬁ%e o'f‘gfo to 260wtppm,

generation of arci'ng, and generation i cl'es

andsaxol @¥X§ geardontéreswastBcivesedbt Fheederads bftﬂh e of iH;é, rhodium
in cases where the average width of the alloy phase or
maHPKeStrucgutﬁ)&@mmmqumnmaeemﬁsm thesminge afott3 fooB4pe.
at , al though these cases are not illustrated as
exa égeratqeeg é\zsﬁuqiﬁh@fgréaw@rwe@r G@ﬁe@aenbmetal phase, or

S T S S T e —
heﬂlﬁé‘@éigli’efea def(d Sefse “%n&h%oﬁ#répo%nmﬁ ?éhoés;é? ) (f gparticular

ound pnase ma) or "corponent

mpbﬂéh@éeéﬂ’ éﬁtlshbﬁ ﬂlfeaﬁbhéﬁloﬁ’sngf 16 NHRLEAL n‘w?e ionT'the metal
preferable node, it has been confirnmed that e size

phasés tcoenmoesrcad ther granliEr mimon @ nowRAN &Elre IeS/eﬁWJS@étteer in the
the greatest influence. The followi ng Exanpl es showed

struchise Jaadrixleas Sre majareamporemw, t he expl anation wil |
be omttegéecgr 10 cases where the average width of the

al ASy IBBE: abpMe. Hbipairieprhde@ 6, the density of all targets was

within the range of 98wt% or higher (excluding gas components and other
impurities), and the oxygen content was within the range of 40 to 260wtppm.

In Example 4-1 (Indicated as “Ex. 4-1” in Table 2; hereinafter the same),
the size of the W metal phase composed of the granular minor component was
138um, and an alloy phase (alloy phase of major and minor component) or a
compound phase having an average thickness of 27um was formed at the
periphery of the minor component metal phase. Consequently, a superior Rh-
Sat% W target with superior workability, no generation of arcing, and generation
of particles at 6 x 10 particles/cm? was obtained.

Incidentally, in cases where the average width of the alloy phase or the
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formed at the periphery of the m nor conponent netal
phase is 5umor less. In Exanple 4-2, the size of the
W net al phase conposed of the granular mnor
conmponent was 130pm and an all oy phase (all oy phase
of major and m nor conponent) or a conpound phase

coRfouNdl SHasy a3 Brh ir (&es5n of fo?rﬁ@H‘a*%ll"‘%fth%ﬁg@gr?eﬁ cases are

t he periphery of the m nor conponent netfa

noCihseatehab examped ¢he genshatidrab VpAMitREABhddl & increase slightly.
superior workability, no generation of arcing, and

Hayesmarathemmdunaoft inctesseatvad mirithal pad twas emt catla yasblematic
obtai ned. In Exanple 4-3, the size of the Wnetal

'ev[%-ase conposed of the granular 20 m nor conponent was
an

AL ik e I RS0 P g o
ol O, L, R AR R ot
eré‘ﬁ?é%%SleRﬂbéQgﬁ %a@’ﬁe%rng@énf%egnt@rﬁg ﬁéogi&gvﬁrthéﬁa:dg}'%lggranular

no generation arcing, an - pa

misér é@mpohBnBisPalitjbel RS IHETBreREst RAUBRLE NPHe fbﬂbwing JFxamples
Exanpl e 5-1, the 'size of The Ta nmetal phase conpos

shaWed tbegsamel tendenty or Tiows)piosiont th@exbRiRmonaWll B8 omitted for
al oy phase (alloy phase of major and m nor

cagsmydiesat theo avaragsnyddind op he ealfay iphgsanomlee agempound phase
t hi ckness of 30pm was fornmed at the periphery of the

formedqt tgerﬁ%w@ﬁw Rt MM ey mRetgliphass is aum or less.

super i - % Ta.target wW,th s rior workabiljty,

o ToE<gRE 308 dheced ot g, W b BReseeobipased of té granular
e ki X ’ LG tained, . ln.
it afa8ed whssr 3t B ' R Bhafe Ju8e'd o R feior and
mirdr ddifpaé@mtylor’a cOMPRUNEPRAREAAVING Nt AF8FAgAHicIHEss of 26um

al | oy Fp))hasey(al | oy phasg of nagj orﬁgn(gl"1 8 ﬁgnor H
wagorfponest atorthe eenpbend phasite hanholg sompodeABemetal phase.

t hi ckness of 22pm was fornmed at the periphery of the
Congemendynporeuneriast Ah-phaiSe. W dargséquitht supetios upenkiability, no

Rh-15at9% Ta targef with favorable workability, no )
gerbeéﬁé?%tqfoﬁ{cm agnemii@ngehendiciesnabf’ pat@i qlasticlgs/cm™ was
btXinkd 3 particles/cn2 was obtained. 10 In Exanple 5-3,
° ?'ﬁe Size of the Ta netal phase conposed of the

9r 3AYERmple 4-3, the size of the W metal phase composed of the granular
minor component was 130um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 25um
was formed at the periphery of the minor component metal phase.
Consequently, a favorable Rh-30at% W target with superior workability, no
generation of arcing, and generation of particles at 12 x 1073 particles/cm? was
obtained.

In Example 5-1, the size of the Ta metal phase composed of the granular
minor component was 136um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 30um
was formed at the periphery of the minor component metal phase.

Consequently, a superior Rh-5at% Ta target with superior workability, no
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m nor conmponent was 1691rm and an all oy phase (all oy

phase of nmmjor and m nor conponent) or a conpound

phase havi ng an average thickness of 3Cpom was forned

at the periphery of the m nor conponent netal phase.

Consequently, a favorable Rh-30at% Ta target with

favorable workability, no 5 _generation of arcing, and
gepeialion; PoATING. pand | GaTissalian of Patisles ghrd el B RATBCIRaEM? was
b {ned. In Exanple 6-1, the size of the Hf netal
0 conposed of the granular mnor conponent was

rzn.ogfr{ Eka@rg)geng%;’\]hlgfé’%@?gz}g% ﬁ%gﬁ@'@%ﬁ@ c%fmd%;é.r?%r o granular

nor co avil n aver ag

mirhdH esmedneRi Mﬁ?QMM@Sﬁr{OOEHEg”C%{‘] Ehﬁ@e P(?[I?P'}ﬁfa%e%f tor and

m nor conponent netal phase. equently, "a superio

mirdr- Sarhfohént) argeicompdunidayieistbhavingr&fbiveidge tHiékness of 22um
generation of arcing, and generation of particles at 6

wag IforrBegarati dhes/marpheng obbitlae neninot n cExaopleat 6nigtal phase.

the size of the H netal gﬂhase corqéos_ed of the .
Cogpeanerdly. 25supeiior BbnthaténtTanderges withn faxatatde wprkapility, no

hase (allo hase of mmjor and . m nor conpogent) or a
gengialBnrl PR S igegerion, of Raeidles ckdess 61 Rsfiviense’® was
obtfaﬁ{e'ﬁEd at the periphery of the m nor conponent netal

phase Consequently, a superior Rh-15at% Hf target

Wi tfy fémgpebé-ea,g@é@% of e TAGng@PRRLALICRMRlseR & A3 granular

and generati on particles at particles/c

mingscordforsniaivagdl 6@dml mntkanpalRyopBasé Nallsy Zhaek éhehajor and
Hf netal phase conposed of the granular mnor

minayngoneenemaer 208pmpoand phasal haying has avérddeothighnase of 30um
of major and mnor conponent) or a conpound phase
wapafPhgedn sy dheg@eritherneoé die gminonasomponett ametake phase.

CoRgHABRTR! 5ol MBS BEREE Bed o 5B yorsbin, o
oA Sy bbbachly SRS, 162 Bl ves

obtQiled ned. The foregoing results are shown in Table 2.
10 [Table 2] ~~ EE
In Example 6-1, the size of the Hf metal phase composed of the granular

minor component was 209um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 10um
was formed at the periphery of the minor component metal phase.
Consequently, a superior Rh-5at% Hf target with favorable workability, no
generation of arcing, and generation of particles at 6 x 10° particles/cm? was
obtained.

In Example 6-2, the size of the Hf metal phase composed of the granular
minor component was 162um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 8um
was formed at the periphery of the minor component metal phase.
Consequently, a superior Rh-15at% Hf target with favorable workability, no
generation of arcing, and generation of particles at 9 x 10 particles/cm? was

obtained.
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ti arative, Exa e 6
m’ﬁ@"&@@*ﬁ“@ﬂéﬁ&%ﬁ"@&?@&' AN B %S@”%“ﬂ& %@aﬁ%ppﬁmor and
i e t n t
i, SonpoReRY T o AnbHte S RsE Mg AT Gy ek iriRnese of oum
Wagoq'@ﬂﬁbdor | h e )
22 pressedatl ﬁmg \%&Wgt -{688?31 @ﬁgpfurt er SEanE%’FaI phase
Coheehoéntly; ost fat/bratpe eBS-30atBaHTERgéth withd &fvorabler WK@Olllty, no
a sintered conpact. The results are shown in Table
geperadinovef arcintbdard genetadioadal pantielesnmatimnt s 40" 3t;namj;ustexl.r.;’r:m was
shown in Conparative Exanple 4, tantal um shown in
ob rati ve Exanple 5, and hafni um shown in
nﬁ) t|ve Exanpl e 6 rere tively changed to
5at 3@?:9[05}39 B AN OSSRl v, "t he density of

the sintered conpacts was in

[Table 2]
’ Additive Average Size of i
ricl
c Major " Additive | Amount | Minor Component | Workability | Arcing (X1F(>;3 }cis o)
SMeonsn (a1%) | Metal Phasaliim) pessem
Ex4-1 5 138 ® NO 6
Exampled Ex4-2 w 15 130 NO 7
Ex4-3 30 165 ® NO 12
Ex5-1 5 138 ® NO 3
Example Rh Bxampled Ex5-2 Ta 15 18 ® NO 4
Ex5-3 30 169 @] NO 9
Ex8-1 5 208 O NO 6
Example8 Ex6-2 Hf 15 162 O NO 9
Ex6-3 30 208 O NO 14
Comparative 5 53 ®) NO 26
Ex4-1
Comparative|Comparative
Esxampled Ex4-2 v 15 il O YES .
Comparative
o 30 32 A YES 57
fomparative 5 03 A YES 57
Ex5-1
Comparative Comparative|Comparative
Bomple Rh Example5 e Ta 15 78 A YES 78
Comparative 1%
Ex5-3 30 85 YES 85
SeTpRte 5 44 A YES 65
Ex6-1
Comparative|Comparstive
Examplet ipies Hf 15 21 X YES 87
Comparative =
sy 30 30 YES 91

(Comparative Example 4, Comparative Example 5, Comparative Example 6)
Mixed powders were prepared as with the foregoing Examples 4 to 6.
However, the tungsten powder, the tantalum powder, and the hafnium powder

were classified into 200mesh or less and used. The mixed powders were hot

22



(=3

10

15

20

25

30

the range of 96.3 to 99.9% and the addition of Hf

caused a significant decrease in density, and in

certain cases the density fell below 98% 10 The

oxygen concentration was within the range of 500 to

2220wt ppm and the oxygen content was fairly high.
pretBedavea9acalimi At S1600°C, AME fURREF Wibje@t{d hot isostatie press

structure as the major conponent was ih the range of 6

treaton&@Nm ofidee toapespge grantersd zesnpctt h®her@aultarare shown in
m nor conponent netal phase of particular inportance
TabdeZe in the range of 21lmto 93pm and were all outside

the scope 15 of the present invention, The details _
ar eAgle8lioWBel bk 2asthge sgditived aamaivEs @f tingaen shown in
t he densit

CoSBRRAIE |25 P o o G ke 5 an
i. 220wl

SRR EhntBiebly SIS T ARl AR sav,

syt (| 9580007 EBRIL Ve ol ol s

therahgk digEs® 16 @IPPReanaitht RRIditdrpBtHAtal 6@ SigAMRARNtecrease
was 53pm and did not satisfy the condition of the

in densigrand mveertainrcasbbite®densityfdlhwelgiv $8%al | oy phase
(alloy phase of major and mnor conponent) or a
condriAYygemsentritratiprawaavetigéhe rangeanet500to P@RAWtppm, and
was slightly fornmed at the periphery of the m nor )
the c@ﬁ&%%f)n awaﬁﬁag& high. 25Théfaverage iaknsizenef dhgethodium

j ' t he Ex I havi. what
el SPUBRES B8k, SRR DAY PRI e tggomm. The
ovel40 RG24 80 AL hoflcopifrirtJoda phgse,of partcue
impobahee tWigreaivethadingledd 2 Aimt teen@h O¥n@hase &Nl oliffde the scope
conmpound phase was 5limor |ess or not formed at all,

of tiaé pheseytt inVvediwncaske details 20e detciibédibeloat.ed as
exanpl es, the generation of particles tended to _
i néxedetcriladyabove, wilstheneomuarativen Gxanmpbes dttov the density of
Exanpl es showed the same tendency. Thus, below, the ,
all @GS ES J 1§ g of §aWigk: Of Soiars Byt fire 0XYgRR content was in

' e all hase or the conpound
the FAEACBFaPh 36 2220phpcrndins BR036h R tR st onent
rretlﬁl i | 2 S R ke i e Chrnds
ARG ERARD Y e GBSOl B BB 4 4n Tabe
2; ramdfer tHene@ank)MAsesizeVas tRdmy anstafighaaet csAposEY of the
the condition of the present invention. Moreover,
grarallahonighr aomgldrent phas &3Lah,| ayd mhdsot odatisfy dhe aswthdition of the
present invention. Moreover, although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 10um
was slightly formed at the periphery of the minor component metal phase, an
inferior Rh-5at% W target in comparison to the Examples having somewhat
favorable workability, no generation of arcing, but with generation of particles at
26 x 10 particles/cm? was obtained.
Incidentally, in cases where the average width of the alloy phase or the

compound phase was 5um or less or not formed at all, although these cases are

not illustrated as examples, the generation of particles tended to increase slightly.
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m nor conponent) or a conpound phase having an average
t hi ckness of 12m was fornmed at the periphery of the

m nor component netal phase, an inferior Rh 10 15at% W
target in conparison to the Exanpl es having favorable
wor kability, but wth generation of arcing, and

Th@%%\gﬁr\gm%@fpargﬁ\}éoﬁ%gﬁgﬁ X X eesgmrgttleﬁhgﬁéf rzrgl_ hys, below,
thd @S{gf‘éﬁﬁﬁbﬁ'wﬂ@é%nﬁﬁ%ﬁ"@?%agé VW% %@n?%&rag \Qlﬁi:trp of the alloy

onent was 64m a

ph&$e oRehe LoniRARNphASY eorimd at My EQMBI‘Iery"J‘b]’t f?\‘é“ﬁ#hc?rncor?ponent

al | oy phase (all oy phase of major and m’nor conpone

metal Ehasenp@und ophesse havi ng an average thi ckness of 12m
was fornmed at the periphery of the m nor conponent
met bl Compasativen Exafgpie ¢r2 Rie Soatofetve Mdmgetal phase composed of

conmpari son to the Exanples having inferior
the\/@fgﬁﬁaiﬁﬂmmr CRMAPNEHE \eas1646m, an @@.nﬁ@sabﬁa thesosdiien of the

/
preigBt bfafing. MiteedaRaP oD Aealyithas Sﬁﬁélﬁgif%n"gjor and
|
R AP il U s o 1
wa$Fornhéed anh%SSé‘rtlphéNed’ftthé"PnlnB/PESﬁ’l}b%henF‘Hett‘él s%n?ﬁllh%\‘lor Rh-

phase (all oy phase’of mmjor and "m nor conmponent

15ateiiv tadiep irasonipayistg tarthe \Flrgsiel fnaﬁzﬂﬁigemo@émé%ﬁébnny, but
was formed at the periphery of the m nor conponen
WIthraeallergiimsef ageingnfindi geneRatiors af @aliclesmged k02 particles/cm?
ari son to the Exanpl es having inferior
wa% Bed.ity, with generatlon of arcing, and
tion

57 x 1 tic|es/cne
oot BiGRAveDFaimale 3 hs e o6ine W estd| pae comgosed of

e G S RS A o5 540 B B o
preé?iéntt iRPent?dh. prﬁl%?é@vér”&ﬁr%uqman Mﬂb??ﬁ%@e{%ﬁh&yp PHEBe 37 major and

| oy phase (alloy phase maj or

mincomporEientoor @ canpound pMagsehd\and PG averdyer tttkness of 12um
t hi ckness of 14pm was forned at the periphery of the
wasriongedcairtpernatiphesy af thehedeor compaihent metaRiphaséaafdifarior Rh-
in conparison to the ExarrPIes having inferior .
30%r\%§@f§f3¥ Y camaarisgarier thei bxawp @rbawgg iafafior workability, with
i.on of particles at 78 x (%rtlcl es/ cn2 was

aen§iTe branab i anbiratesa dereraion "Gheadioes o o x 10°
partide SRhA W 8B fifOgPosed of

In Comparative Example 5-1, the size of the Ta metal phase composed of
the granular minor component was 93um, and did not satisfy the condition of the
present invention. Moreover, although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 19um
was formed at the periphery of the minor component metal phase, an inferior Rh-
S5at% Ta target in comparison to the Examples having inferior workability, with
generation of arcing, and generation of particles at 57 x 10 particles/cm? was
obtained.

In Comparative Example 5-2, the size of the Ta metal phase composed of

the granular minor component was 78um, and did not satisfy the condition of the
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the granul ar m nor conponent was 85pm and did not

satisfy the condition of the present invention.

Mor eover, al though an all oy phase (alloy phase of

maj or and 10 mi nor conponent) or a conpound phase

havi ng an average thickness of 15, um was forned at
t he m nor conponent netal phase, an

PreSreTTtTIRA. © Abieaen AGoYEh AvAlkonphase GHoyeRase of major and
i EpnPRg S % i Bl PR Brinolan svoraed Flbitesror 14ur
wag Yofimet af i Behbip B°oHe fr EBhBaERy pitayMhaseaan inferior Rn-

1581985 &PgPOFEELRbarithe t?rtﬁ@%@mﬂsgqawgﬁg wiPRability, with

44pm and did not satisty the condition
gemeresientofi avedy, i 0l ghRERAAI of PatiBRILIE 28 »ah bOYpdthaRs/cm? was
(all oy phase of major and mnor conponent) or a
obtagrgsbund phase havi ng an average thickness of 2pm was
fornmed at the periphery of the m nor conponent netal
phakeComparative Fxampte 263.3hewizé of theyda metat phpse icsomposed of
inferior workability

therABR G D CORATAT NARETHTRASE el aalgh the condition of the
oreRBAL oA cirkpdh AunB 3G o1 Gh Rk RS bt llor ang
i SnBORB 4 i Foriobeo B AE B, SOERARCRICRSS of 15um
wapfedesd at heepérisiery ItROYehor 8binRBHEA M2t JrasePRASSferior Rh-
(al l oy phase of major and m nor conponent) or a
30attnjlauaygiinserhpatisan o tiay Exaglédinakimes hfeforlwerkadty, with

formed at the periphery of the minor conponent netal
gengiaten ah araings i and REigNifEantegaterationeof iparticdepant s&h x 107

. | es havi inferi kability, with
pa@@lﬁ%@ﬁﬁg@b@%%b:gakg ie:nl“rga_s\éogr;eﬁelr alt |t )c;n \cl)mft _
A T T
| ] !
thegéﬁ%lggm%r EQ%&%@H’[ fhs 44@?9,9%&5‘ U|oaﬁ%ﬁé’t%rfy glférpﬁﬁgl%n of the

m and di not sati he “con i on

presemsianéntiar e tosoveyDaRRTh adlaliBY WhiasaNafby PHabdd$ thajor and
(al l oy phase of major and m nor conponent)” or a

minoorpeoipaheptipse ehavimpyuad piveseapaving skressagd tRIkNesB D 2um

forned at the periphery of the m nor component netal
wasplesred atriheiresinhery Rhthe3ownon cmpanestmetal pbapes as onferior Rh-
Sat{ioHE 12145 1 OTAPI PR Yo e dRIRTRIER. Gens dTtesier grorkabilty, with
genBRitdre! &S #ing! ZndOnfmense generation of particles at 65 x 107°
particles/cm? was obtained.

In Comparative Example 6-2, the size of the Hf metal phase composed of
the granular minor component was 21um, and did not satisfy the condition of the
present invention. Moreover, although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 1um
was formed at the periphery of the minor component metal phase, an inferior Rh-
15at% Hf target in comparison to the Examples having inferior workability, with
generation of arcing, and immense generation of particles at 67 x 10°

particles/cm?® was obtained.
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particles/cn2 was obtained. The results of Conparative
Exanple 4 to Conparative Exanple 6 are 10 simlarly
shown in Table 2. (Exanple 7, Exanple 8, Exanple 9)
Commercial |y available 4N grade iridi um powder (I|ow
oxygen product: Ir) was introduced into an ultrahigh

b ol CARTAT e ExdIF ding. Hinb PRI (he GfidBptal §hase composed of
tne AT i P pereld e SOL0 Geha dny Seteg @ Genation of the
Pt it Mo Rel YHRhBh Tl b BF fcptigator and
miAdr eB}BRRABNbE Br cSAPHGSA Hhake M\ﬁnfé@g‘?@%rﬁg@i }fﬁ%{?ﬂé&%"&f 2um

t hat oxygen was sufficiently discha

wasdoreed e she beephafit e thgurmohednfsithep® MR8l BIRaded ¥R inferior Rh-
tenperature. 20 Subsequently, the iridium power was

30al% déldtargetaincoomaarison tartherExgaspleashaving irdfdrioeevorkability, with
therein, an EB (electron beam) nelted tantal umingot s

gengiatign) wér arirg, @ndo @PMormpk agesteratian ook eartickesamtl 91 x 10°

e rogenati,aon nd 4N grade tungsten powder,
pa&'&%g?m%%%@?fnegnd haf ni um powder classified into 50

nmes = o,respective.be an

a7 et T EOREBL Sy TR 4 1B3EBRRA GV broelg © are

simiiaXgHevirint Tibié i, di um powder. The oxygen
conCentration of the tungsten raw material powder was

(Exzompen 7, ttheanoxggs Exeemsiey)rati on of the tantalumraw
mat eri al powder was 80ppm and the oxygen

concemmercially afaitabte 4Nafrzideniridawn naivetdrallow asggenvgsduct: Ir)
130ppm The m xed powders were subject to deoxidation
wag iizeehksad Hito proolyabvge vagourgehambeantansy tesittiom powder was
. 1600C, .and further subject to hot isostatic
sun@rioehBh, uRHTInEIeA 16mpeheringp it peer e Simiete@xygen. The
r in Tabl e shown A
o R aoR 7 h 5o BB ob it HeSFaae o e oai
' I , t ' 0
SEPIT, TR AR MERBIRET oo BRARAT 200
Hed&atd/vas 50 3pedatieBasingoarCoRERH BTHNitSr cbﬁﬁeé&%ﬂ?bttge @hamber to

t he sintered conpacts was in the range of

confgnodhatarakygeh evaseesidiiciosty disohadgid| i the itidRinoxpgeter was
therea %?%[a%griwgg a\pﬁsccjorl]edt thoeroroam gmgferz?tgret.o 220wt ppm

Subsequently, the iridium power was placed in a container, argon gas was
introduced therein, an EB (electron beam) melted tantalum ingot was pulverized
through repeated hydrogenation and dehydrogenation, and 4N grade tungsten
powder, tantalum powder, and hafnium powder classified into 50 mesh to 200
mesh were changed to respective be an additive amount of 5at%, 15ai%, and
30at%, and then mixed with the iridium powder. The oxygen concentration of
the tungsten raw material powder was 20ppm, the oxygen concentration of the
tantalum raw material powder was 80ppm, and the oxygen concentration of the
hafnium raw material powder was 130ppm.

The mixed powders were subject to deoxidation treatment at 1100°C once

again, hot pressed in a vacuum at 1600°C, and further subject to hot isostatic
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and a | ow oxygen content was achi eved. The average
grain size of the iridium matrix structure as the

maj or component was in the range of 11 to 30Pm The 10
average grain sizes of the granular m nor conponent
net al phase of particular inportance were in the

22/ a 2121im and al |l satisfi t he
e fifefusd oph pradimta ARiede cibad adbersutis are shown
m?&’&&% in Exanples 7 to 9, the density of all targets
Wi thin the range of 98wt % or hi gher (excluding

gaSAQW}?m $aBBd OhReLddithve LYt bfﬁ%{}? fég wn o in Example

oxygen content was ‘Wi thin the range o

7, ltanfaxanpbRovin Lin IMeirsaeed, afnd' %fmznﬂ sHo‘anT‘#?' Exa?zmgle 9 were

hereinafter the same), the size of the Wnetal
reapmpmslgcbha‘ngteddodjai%;lﬁatm (00 Sﬂmﬁon@@nmenﬂ%@m density of
and an all oy phase (all oy phase of major and mi nor
thec%iﬁfﬁiﬁ@rﬁofnnﬂd%wa@dﬁﬁbarﬁalngfhafs%ﬂam9&;9%} aaealhgrceeded 98%.
th| s of 251rmwas forned at the 20 periphery of
the ‘ﬁ% HoR kg o??@/r&enn%qrmenylaaga Wasiisieguengeyef 3 to 220wtppm,
perior wor.kabi

and 3B, Bt poRlert e ot g oFas Aveispe Brainaes of He idium
mafix $fultuhd a3 MR hlafdreedrh néﬁ%ﬁ?ﬁrﬁﬁ%ﬁarg{gﬁ qgr&éa@%p The

i n cases where the’avera W dt

avérb?e Gramelred PhieegMaRIRPMIRSr é oﬁéntnﬂbtél%ﬁﬁ%% 8t particular

al t hough these cases are ilTustr

importanzieewere inethgeraayatof d22pin n&etzﬁﬂneanﬂ%md@ﬁls‘ﬁ@d the condltlons
i ncrease slightly. However, the anmount of increase was

of theriraaent iaMenties not at a problematic |evel. Al though
t he,exjstence aof the all oy ﬁ)éase or the conpound phase

of Ah&lesgHped %Qﬂvﬁod@rﬁxarap d7 40 9hthepdenphierof alf targets was
witaRR Fonds o6, 2BATRoor: hibgr (Ui GeSeComnoRents and other

AR S ol P et R ki

sanp ELNfpRCY-1 (IRdRatd®la8WEN f’rere?irP*réBl%tﬁ Oﬂet‘@nlle#]ﬁ&ethe same),

omtted for cases where the average w d

theaizepf pha¥e metal phaserqumiposazhas the f;rdrmiair atinéM&omponent was
eri phery of the m nor conponent netal phase is 5m or
128msand am aliew mblase7(@loyt pleass 2é nadjor IaﬂdWrmmrabormbaaent) or a
ranul ar mnor conponent was 12

00"39%'512 Pglagf@yt %ﬁa e aRYRRIBh HYeknsrssnaf c5Lan dwas i%rmed at the
per@ﬁg&ﬁ%éoﬁrﬁnﬁ?@ 8Hggt Pnh§ Fpﬂgé’é ngcgﬂsggﬁérﬁﬂl a superior Ir-
Sat% W target with superior workability, no generation of arcing, and generation
of particles at 13 x 107 particles/cm? was obtained.

Incidentally, in cases where the average width of the alloy phase or the
compound phase was 5um or less or not formed at all, although these cases are
not illustrated as examples, the generation of particles tended to increase slightly.
However, the amount of increase was minimal, and was not at a problematic
level.

Although the existence of the alloy phase or the compound phase of the
major component formed at the periphery of the granular minor component is a

more preferable mode, it has been confirmed that the size of the overall granular

27



(=i |

10

15

20

25

30

was fornmed at the periphery of the m nor conponent
nmet al phase. Consequently, a superior Ir-15at% W
target with superior workability, no 10 generation of
arcing, and generation of particles at 12 x 10-3
particles/cn2 was obtained. In Exanple 7-3, the size
of the Wnetal phase conposed of the granular m nor

MigehEemeRD NS i‘%@]ﬁ?t bma'leagr%atesiymﬁha@@e ( aThon;!nvwgg tamples
shBRed 5P agamEHEBRRBEL of da g mé@e%pr@% "¥ilebe omited for
oo AR 1], PR PG BFTRESHIRPosP 23R campound eso

forg?r%géﬂatﬁié {gb@%éﬂl es atnggﬁ'%r‘%f(g‘hgﬂparPle}éges/sdun@ntﬂ e
obt i BREmplen 7EX afiRl §z8 0t thé 'W’ &g pAhsé 'E%ﬂﬁbé@%té‘ﬁ the granular

phase corrposed of the granular 20 m nor conponent
miriet9opmandean walsl 0g2pmasend ahl aljoypphase qkllopjphasangf major and
m nor conponent) or a conpound phase having an average
mlmqr exRRgRem) of SusPMpRsIntophase bavingearpaversyer thickneskeof 22um
t netal phase. Consequently, a superior

oo SR B30 o oracpsrbpran el rese
CoERGANL by BT BB STADRLD ) S il o
co R Sk Sk SRS 1o s

obtﬁhﬁé’iﬁ (all oy phase of mmjor and m nor conponent) or a
conpound phase havi ng an average thickness of 17m was

f orimefixarhpleh®-Fehe phes wf tie Wenstanphase EpaiRTednéitiak granular
phase. 30 Consequently, a superior Ir-15at% Ta target

mingrt ¢prmpereribwaswod kabi [andyan ralloy2ghassdaboy ghasé of major and
arcin and generation of particles at 5 x 10-3

mingesqo w&%}rgr\ﬁagomesﬂad rirsel mﬁ\@t@rﬁa average thigkngss @f 32um

ranul ar

wa! e 2oL BRBRERRTRP T Sic SARRHHED: B ase
coffed B, 0%e, beBST SRRl RS TRBURE QMg v
criatr ! 2RGSO B 6 RO s va
obtéiamedr abl e workability, no

In Example 8-1, the size of the Ta metal phase composed of the granular
minor component was 149um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 15um
was formed at the periphery of the minor component metal phase.
Consequently, a superior Ir-5at% Ta target with superior workability, no
generation of arcing, and generation of particles at 7 x 10 particles/cm? was
obtained.

In Example 8-2, the size of the Ta metal phase composed of the granular
minor component was 170um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 17um

was formed at the periphery of the minor component metal phase.

Consequently, a superior Ir-15at% Ta target with favorable workability, no
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generation of arcing, and generation of particles at 5

X 10-3 particles/cn2 was obtained. 10 In Exanple 9-1,

the size of the Hf netal phase conposed of the

granul ar m nor conponent was 196pm and an all oy

phase (alloy phase of major and minor conmponent) or a

n i i iL1hd B 2

e S e B BRCISt A 018 P g ein® was
obfaivésk. Consequently, a superior |r-5at% H target

with favorabl e workability, no 15 generation of

ar cimgxanpte gedethat siom od theydatetad phase Tomddsed of the granular

particles/cnm2 was obtained. In Exanple 9-2, the size
miggr ep@ppneRenas PGk, canthbeseallay phage gedoyiphasendhaonajor and

.conponent s 182pm and an al | oy phase (all oy phase
mingr ePn%ﬁﬁ OrR $8MROSRFMEARS haying b AyeiAde f«/m%mess of 18um

wagn dofIEpRD iy P8P RerBrE o BT c i onho! nEpRPOPRAL, Metal phase.
[ 5at 9 ; i -
Cof BB 2 iayBslE T dtarle” T8> Brdpl G HG0rale worabily, o

ger%ﬁﬂbﬁtdfoé‘rcﬂfgéxpgﬁn% :gghgﬁastﬁin 6f Yakitiss Ry ixcwa 1%@6%2 was

obtai ned. In , the size of the
obtplreee conposed of the granular 25 m nor conponent was
212pm and an all oy phase (all oy phase of major and
m nlor Examplen8rit,)thersize 06 thso b dn etiah pbase comp esedavfethaggranular
_thickness of 1lum was forned at the periphery of the
MINArERMEsRph s HBean. mssan alynpbasedellgy phase of major and
.favorable 1r-3Cat% H ta t with favorable .
mingd GErpeTe) 9o cgbiaure Bk Naviichgh avRiagebickness of 7am
f i cl.es - 10- rtgcl
Wa%btfgﬁlée%. aggt%e%f%'lp égE}? ng]ar é@%l ﬁghgﬁcé\ﬁg\?ﬂéﬁ% %ecg?le PIESE:
Co@seqde?@l?! €a 3buperior -r-5at%- Hf- target “with fARFaBle Gorkalility, no
i K ( ' ]I i af 7p ro--"13 15
generation of arcing, and generation of particles at 5 x 10™ particles/cm? was
obtained.

In Example 9-2, the size of the Hf metal phase composed of the granular
minor component was 182um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 6um
was formed at the periphery of the minor component metal phase.
Consequently, a superior Ir-15at% Hf target with favorable workability, no
generation of arcing, and generation of particles at 6 x 10 particles/cm? was
obtained.

In Example 9-3, the size of the Hf metal phase composed of the granular
minor component was 212um, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average thickness of 11um
was formed at the periphery of the minor component metal phase.
Consequently, a favorable Ir-30at% Hf target with favorable workability, no
generation of arcing, and generation of particles at 8 x 10 particles/cm? was

obtained.
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T 7C Et (Corrparatlve Exarrpl e 7, Corrparat|ve Exanpl e
8;—C€o paf-atit-ve B culpl er9)- Addlt:\;e A‘gmge"ﬁz';eo'ffﬁ rerprepared
as W th"rhe foregoing D kSt | TvinkrQomBoent | NOMBY ©Kring [t (an:ff/im)
thgster—pawder—the—tantal it pewder-~and—t-he—-hat-nium
powdefr werle cl assPfied i nfo?200nest or || e8s and used?
The nj xed powder$ were| het | pregssedy,in a vacuumny at 5
16004, and furth(ﬁu'bLect to—hot—i+sostatic—pfresst0
treatjnent iln_order®{d prepar® a sidt'ered cBnpacf.| The’
resulfts arg shown s [Tabl e 3. |As shovvn i neTable 3, -

the additive anpl fungsten shown—imn Ow par@ative
I%)‘?mpn’sh e 7, |tARtaluii&hown in' ‘Cdnpar'8tive EXanpl® |8, °
and |haf ni Um showned-n Conpar at ijve Exanplie 9 wene 3

respecti velly chawg,gsg1 0 bal %

. |[15al% and 30al %
Consequent l|ly, the uen.c'ty

oft He sintered compacts was—
in 30 the [rfamge| of* 05, 87t o 99./9% 'and t hePaddiijon of

Hf caused a signifigcant decrease 1,p densigy, | apd in
certain—cases—the density—tetH—betow98%—Theroxygen
concgntratijon was _s-thin the’range ®f 350 Yo | &
2320wt ppm ng;yeﬂhg;'fg’xygen FQn_tent was flai kly| hbgh.
The gverage grai [¥,5148 of thedridiummatrix
Ex7-3 30 63 AN YES 85
Comparative
iy 5 41 A NO 39
Comparative C arative|C tive
Example Ir g:apm ple8 0'2538"_32 Ta i 2 % NO 3
Comparative
Ex8-3 30 28 X YES 76
Comparative
e 5 36 X YES 52
Comparative|Comparative
Exampled Ex0-2 Hf 15 27 X YES 77
Comparative
Ex9-3 30 28 X YES 103

(Comparative Example 7, Comparative Example 8, Comparative Example 9)

Mixed powders were prepared as with the foregoing Examples 7 to 9.
However, the tungsten powder, the tantalum powder, and the hafnium powder
were classified into 200mesh or less and used. The mixed powders were hot
pressed in a vacuum at 1600°C, and further subject to hot isostatic press
treatment in order to prepare a sintered compact. The results are shown in
Table 3.

As shown in Table 3, the additive amounts of tungsten shown in
Comparative Example 7, tantalum shown in Comparative Example 8, and
hafnium shown in Comparative Example 9 were respectively changed to 5at%,

15at%, and 30at%. Consequently, the density of the sintered compacts was in
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structure as the major conponent was in the range of
13 to 28m The average grain sizes of the granul ar
m nor conponent netal phase of particular inportance
were in the range of 27mto 63m and were all outside
the scope of the present invention. The details are

thecHe OF 90 et fa s 15 %,?fﬂvﬁﬁ%éirﬁsq%geﬁahgigoifaagt decrease
. i f 0 hj , [
in 4546 EnttT chltabl et e sl e BRloss B8RS 2320w ppm
Bt OGSYARSNEERL En WS, WBR the BalBERRS861 Y 2a2pmtppm, and
theT@W%%rﬁéor’ﬁ@h?Wﬁ@ffbﬁg/ ﬁi?ﬁ. S#H@aveﬁ’iﬁ‘e ?Paﬂﬁ He bheWidium matrix
met'a 0 a t

phase conpose the granu m nor comnponen
strvetsrés asthanthjancainboyiephwas iff #d mhgehelsts ef 28RO THe average
and m nor conponent) or a conpound phase having an
grafivesizge woifi thenegranofar Tinaas compondntitmeted pbasphef yparticular
. of the mnor conponent netal phase. Consequently, an
IMRaffaiGeoyere insfiedangenph &Y Ut BAua senwere aheutside the scope

of thE BRSO Ioh « Fh ehbiserreserbad el eglte lr 3 °%
i RRRENELE ROBE VRS (AR IITFS TR EAREE e thp bensity of
all ¥eh?etsC@/'§EQHrlﬂe%ﬁ§§ eS8 Wit Yr H}iﬁﬁér, qﬂt riﬂ% J%gﬁdccﬂﬁent was in
al I, ot 'illustra as

al t hough theSe cases are

theeanagplof 350ttb23panappin, @nhdahe ki Ges lcoptdrR Meedhigh.
increase slightly. The follow ng Conparative Exanpl es

shdnedomparativeeExempéan 7yl (MdicatedelsotCompamtive Example 7-1” in
xpl anation will be omtted for cases where the
Tabi%@r: d¢eeinptenthe same) athen§izesoipthesy metalehasspompased of the

R E l  SLD U ERGER 1 ma
ot e} €5l 30 1L S oA R gk e s of

7unh aWa8Y fefhese & th&®Bperip 8% NPle W%E%bgﬁé@? metal phase.

conmpound phase havi hg an average thickness

Congag)ueatipesh aifetibelrBatdpnetatgef int dtnparisin t?cDméOEﬁéHngles having
net al Ehase. 31 Consequently, an inferior Ir-15at% W

inferigr gesrkabilityo npagenssation of laecifgabpll with gemeiratiprs ofrpatimtes at 39

favorabl e wgrkability, no generation of arcing, but
< 1Q PRIUIGRHERRY@NOBRINRG -t i cles at 28 x 10-3

DA R PESe SR AS i AR sl S fhase or the
compound phase was 5um or less or not formed at all, although these cases are
not illustrated as examples, the generation of particles tended to increase slightly.
The following Comparative Examples showed the same tendency. Thus, below,
the explanation will be omitted for cases where the average width of the alloy
phase or the compound phase formed at the periphery of the minor component
metal phase is 5um or less.

In Comparative Example 7-2, the size of the W metal phase composed of

the granular minor component was 62um, and an alloy phase (alloy phase of
major and minor component) or a compound phase having an average thickness

of 9um was formed at the periphery of the minor component metal phase.
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5 the granul ar m nor conponent was 63pm and an all oy
phase (all oy phase of major and m nor conponent) or a
conmpound phase havi ng an average thickness of gum was
formed at the periphery of the m nor conponent netal

phase. Consequently, an inferior Ir- SOat%Wtarget in

C&%@Eﬁ%hﬁf '8 ah olgﬁ‘e%}?%Eﬁa‘r%eﬁ o \%Xg]&gfns %\A%fsofgﬁ Pr % Examples

el SR NS sBl ShoBab) B Syl g, st v

geBedationhsf sHriieleslattdsex Ta miraticpleafons9BBREREG Of the
granul ar m nor conponent was 4lum and an all oy phase

(al Inn@ophzeratioé Examiple 28dtha sie of ahpaNantial @hade composed of
compound phase having an average thickness of 4um was
the grarwlaaiminge cosrnqrient ywas 68hm, mntbancalipopbase netiay phase of
hase., 15 Consequently, an inferior Ir-5at% Ta target
m w %%ﬁ*rﬁan%@fhmpenﬁﬂa e APMesUAd Bhage Wataverage thickness

R Gan deliten t#hep%«?rm‘fa?@%r 0GB pagrponént Metal phase.

A T, AT TP e
ha@h?n'db#fevsfﬁdﬂofa\@%‘%l@n%rké(ﬁ 542&111 mff‘tﬂd%ﬂef"éﬂ@ d?haﬁé?ng, and

| oy phase of 20 major and m nor corponent

mcoenwd@@h@’aasﬁ dipertigesat 856 aye phitictd)ess s é}bmairvaﬁ

forned at the periphery of the m nor conmponent netal
phakeCompanaiaiExample 81 i theesizoof the Taahétal phase gemposed of
in conparison to the Exanples having inferior
the,granuidn Migor geMpenenhasnddiimarasichgn allay phase (alloy phase of
articles at 35 x [‘tIC| es/ cnP

el s EpmaBien) s abcathppund BRgas EveIeEn Gerage wickness
of 3 Jfes follicd AL W DEBPRP 3f Ble B YERHYFunindEhr phase.

Coﬁéeqd’@it@r aR ke 5 &O0TE RS RYek |rPEoﬁ1p‘éﬂ§Bﬁ‘f8‘i|hé’|E§éﬁ1phes having

havi ng an average thi ckness 2um was forned at

somewhphéavorablet Werkdbility, aorgemeeaiorref arcin§asat with generation of
Consequent | y,, an i nferior Ir-3Cat% Ta target in

partiolesaati3on 100 particesiamt was3Itaiaedng i nf er| or

wor kabi lity, wth generation of arcin

s. dhi Gwaﬁfatg/@n%mmpdﬁﬁo& thg sizeapt tha r@@tamhﬁsq@omposed of
ine B e AP RE PR, DR SR E b g prase o
ma@)r %' ﬁf%dp&%oqﬁémrg?ﬁ;cn ffgounts f)@%%%gl%gﬁ{b) Qrilagéra{)déar%‘?ckness
of BAPR IRRREE d1aMHe HeRBhaMeRAB et MifENRDPponent metal phase.
Consequently, an inferior Ir-15at% Ta target in comparison to the Examples
having inferior workability, no generation of arcing, but with generation of
particles at 35 x 10 particles/cm? was obtained.

In Comparative Example 8-3, the size of the Ta metal phase composed of
the granular minor component was 28um, and an alloy phase (alloy phase of
major and minor component) or a compound phase having an average thickness
of 2um was formed at the periphery of the minor component metal phase.
Consequently, an inferior Ir-30at% Ta target in comparison to the Examples

having inferior workability, with generation of arcing, and significant generation of
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5 of 1pmwas forned at the periphery of the m nor
conponent netal phase. Consequently, an inferior
Ir-5at% Hf target in conparison to the Exanpl es having
inferior workability, wth generation of arcing, and

I mmense generation of particles at 52 x 10-3

paBRigs &5 o IE BRRiR Bn” Heeabtainedl. conposed 2?:0 : 10
.m N d
ohalBCRRH5tY EXarifeeRl il 478 Oﬁf_ﬁ%]ff?ﬁﬁlaiﬁaﬁ?ﬁ SPmppsed of
I ST By SRR e R B
mabresred mifens&AaPBREhY .oracombBih@phiake kRitg bk VBFLR! thickness

I'n conparison to the Exanples having inferior
of ipmnkakas ifoymedi &h tige merggheoy off thay ehingr comtbarBr@NsRtal phase.
generation of 15 particles at 77 x 10-3 particles/cn
Cofiaequsittyi asdnferier tohpids ifitergebimoppagisen to e Eixampdés having

. the H petal phase conposed of the granular m nor _
'nf%féﬂfpa\f%h@b@a/s waBroenaw@tign &f | aicinhased( anmgnsehgsaertion of

ool RO g G e
Lo o2 RS EBIG . ARl composes o

theCQr@?@IdrSﬁﬁhd@cé@ﬁoﬁéﬁﬂWa@?Z?ﬁ‘rﬂViaﬁ‘ﬂi hﬁféfdgggh%%en é?lrlf')&/l phase of

wor kability, w generation of arcring,
maperegdamireT afmpeaert) of escorhpd@d phade %apﬁtfg(arﬁ: beéfa_Q]j’GZthickness
was obtai ned. The results of Conparative anpl e to
of tupavras ifen@k satpthe Pesipberysiofi thar hyineh@empanefbbinetsd. phase.
25 (Exanple 10, Exanple 11, Exanple 12) The results
Coeﬁﬁé@mwn@wf@agr l-i §at%rldf tgraednia pampaesen ceuihe ikxamples
the. case of hangi r} t he aver age gr ain ai.ze, relative .
havipg TEG0T Bopirhiin Wil Gpialem O cBs: apfldMiansgcaenaration of
[ Eﬁﬁﬂ 2 : re the conditions of
par@%&wﬁff}’ >ilsilﬂn [ Q%Sg(%é ‘8\7%%?1) 4N 81 s 15at % and t he
aven %gémtﬂesE%&nﬁfe d 1 the 3de léptH%OPiP?rﬂr-ﬁQF p%?gh@osed of

128 to 135/um are used, as Exanple 11; a case

the tdranulz3 mimdti ¢ormpenerfit wagn8en2 and aizgloyt hieaska (alloy phase of
content is 15at% and the average grain size of the

majer abd renes eestongMser acobiibourd phdgerhaviaguredyerage thickness
Exanple ,12; a case where the conditions of Exanple 3

of THmwhasnTaried rat e BREPNVIOAtthS EEOR semppaeaenetal phase.

Cor%rﬁﬁ:bjﬁpﬁi ,é%nofnférrilgr rlrri-g(s)ét%qqp?anr%g iﬁhggr%pgﬁs&r?]tot ﬁ‘ne Examples
having inferior workability, with generation of arcing, and abnormal generation of
particles at 103 x 107 particles/cm? was obtained.

The results of Comparative Example 7 to Comparative Example 9 are
similarly shown in Table 3.
(Example 10, Example 11, Example 12)

The results concerning workability, arcing, and particle count in the case of
changing the average grain size, relative density, oxygen and carbon content of
the respective matrixes as Example 10; a case where the conditions of Example

1 in which the W content is 15at% and the average grain size of the minor

component phase is 128 to 135um are used, as Example 11; a case where the
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used, are shown in Table 4. In Exanple 10, Exanple 11,
and Exanple 12 shown in Table 4, there was no
generation of arcing. In the case of Exanple 10
(addition of W, the workability was extrenely
favorable in all cases, and, although the particle

cor‘?&HBﬁs ok ESEPAGE D H W lltrt]wl %e“fheﬁ?ﬁﬂ%iﬁ&@qg&% %Elgi t‘ﬁngage grain

content increased S cases s

smé%’f%éhhﬁdr%ﬂﬁé@wedtrbﬁdé% isard &f 15y d@mpJIi %é?(ﬁ aﬁdeta‘s@kample

of Ta), the workability deteriorate

12t Acagrygheratit canditions ohEx@impled fafBibh médHT Rentent is 15at%
particle count also tended to increase sonewhat, but

and Hibs@vwea@ goainagtizea op tiod Ineimat icompawmeht phasé he 1@dste 202um are
anple 12 (addition of Hf), the average grain size of
USQCheareﬁ"o]OrwmkﬁkTEthiﬁﬁonent phase i ncreased sonmewhat, the

car Bohaishle. 10, Erarelk 86, o '@%’@nﬁﬁaeﬁ o °X%€|%”Aaf‘tesre was
no FRFTaNRY, o FEGERT ol shoey ! hesﬁﬁ“?é g W), the

woﬂé{gm Wég‘éﬁl?ém\éﬁf%vb%léfﬁg' Jtd}%e‘é‘jéhébélltﬁdl%’%h {H@’Bé’ﬁfl‘éfé count

e particl ount ten de

mcr‘é‘eﬁs@ﬁdsl@it(}y wHenCHd @xPges airfll tBatort RBnkit KABidaskY §l?§ﬂ‘1tly, all

be inmproved and the particle count can be reduced

casadj shkaiweyfavioealaleaeagks.gr ai n si ze of the m nor
component phase and reduci ng the oxygen and carbon
corlnetite, cage pr Exaubler 11i (addiom df Ja),sthied wonlsabitityedeteriorated

en an carbon content should be reduced as nmuch as
S"gg‘ﬁgg‘f’%%t rfawsewa%n Gaﬂm Peme&t m?fﬁaa@ﬁcen?éaarmmgle count

mlrror component phase mcreased‘ 'somewhar 3111e w%rlégbgrty 3c’ietenorated
sthid;amz:lhm iHde (ﬂ);(geplemdlﬁaarbon content increased, and the particle count
also tended to increase slightly, but these were not at a problematic level.
Contrarily, when the oxygen and carbon content were reduced, the workability
improved and the particle count tended to also decrease.

Accordingly, it could be said that the workability can be improved and the
particle count can be reduced by adjusting the average grain size of the minor
component phase and reducing the oxygen and carbon content. In particular, it
could be said that the oxygen and carbon content should be reduced as much as

possible. There was no particular influence regarding the other elements.

[Table 4]

Average Size of Minor

Additive | Average Size of
Component

Additive Agc:;)nt Mat(rz :;Iase Metal Phase
{Ji )

15 12 128 99.2 40 40

Ex10 w 15 9 133 992 50 40

15 3 135 99.1 80 50

Relative | Oxygen | Carbon Particle
Density | Content | Content | Workability (XIO?G K:/S z)
%) (wtppm) | (wippm) peSicmy

Major
Component

5
5
(5]

15 15 140 897 80 30
Example Ru Ex11 Ta 15 12 131 906 120 40
13 10 138 99.4 180 40
15 22 202 99.1 150 40
Ex12 Hf 15 18 192 988 200 50
15 15 191 998 220 60

olojelo|e|e|e|e|e
SR EEREEE
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The results concerning workability, arcing, and
particle count in the case of changing the average
grain size, relative density, oxygen and carbon
content of the respective matrixes as Exanple 13; a
case where the conditions of Exanple ;i 4 in which the
(E>¥é(rﬁ6fét%ItEiaﬁnﬂtI%a{%%#)lléelsaver age grain size of the
S

m nor conponent phase 127 to 1341i mare used, as

Exafpbeeddits @oﬁcﬁﬁirﬁ@hﬁbﬁﬁa‘bhﬂ’% 6Rgi hh@paridle BoaRPInethe case of
in which the Ta content is 15at% and the average grain

chamngisgdhe taverage graiocsipenetativehdsesiiys okfgen @anti2epboarentent of
used, and as Exanple 15; a case where the conditions

theofespeatiye enarixas ki ctample 13; x oasemhers theapuditionarad Example
the average grain size of the m nor conponent phase is

4 inswhich T eprdentised SaheaBRdNA aYEragsl gradn size of the minor
Exanpl 3. Exagple 14 and Exanple 15 shown in Tabl

cogOfiRaf agse S 187 g8 el e Sed a8 Exarmnie: 1 4 5888 Where the

corffadily B FRahii el Pnh W PLlemBHEIR)! Fa Al Beid/ipge grein
SiZéﬁﬂqﬁelfﬁﬁ‘O@%m@ﬁm%Sbhg G 19 $HGROAAL UL GRPEY Example

slightly when the oxygen and carbon content i'ncrease

15;sd icgistl wheral thecasraditions ve & xaamie BinewhrRPineSH tBntdhe is 15at%
case of Exanple 15 (addition of Hf), the average grain

andg ithre ayeradee grain rsize obtiponenor pbapenent phaseds 468e0ht82um are
and the workability tended to deteriorate slightly

usegcha&e shewshipgédleaaRd car bon content increased. 20

G L R oM oehSHE s B E5Ge £er v
o SR 483 HEAT 1S3 LA b AR CAH ) an
Exdthph! W@éddﬁtibﬁb?"l’a),%@tvv@t‘kgbmty w‘é@%r?@ﬁl?’fé{mb@ﬁn al cases,

carbon content were reduce t'he wo ty I nprove

and altodghhtepsdarticlel eowalintrdagadeslightly aliseh desoR4§6n and carbon
Accordingly, it could be said that the workabilrty can

conenti inpreased slighitly,rall cased shdveed tavaralclarrebalts.educed by
adj usting the aver a?e rain size of the mnor

conpdherfiassnak Example dgu@Eadiianmel bitly jee avedageudsain size of the
irf b BRabe GobHese nbare Sl kbl tancea t
oo RRE Ay O e BB Lo, bl et ncreasea
Nevertheless, these are within a tolerable range, and were not at a problematic
level.

The particle count also tended to increase slightly when the oxygen and
carbon content increased, but these were not at a problematic level. Contrarily,
when the oxygen and carbon content were reduced, the workability improved
and the particle count tended to also decrease.

Accordingly, it could be said that the workability can be improved and the
particle count can be reduced by adjusting the average grain size of the minor
component phase and reducing the oxygen and carbon content. In particular, it
could be said that the oxygen and carbon content should be reduced as much as

possible. There was no particular influence regarding the other elements.
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L L S (N T U N T I A N . P,
(Exanmpl e 16, Exanple 17, Exanple 18) The results _
concerning workability, arcing, and particle count in
the case of t; changing the average grain size,
[Taldled&]i ve density, oxygen and carbon content of the
respective matri xes as Exanple 16; a case where the

contant i

I £ a 73 o~ P ol + Iha \AL o
U1 Orsy Ul Acdﬁi\g 1 eul—dgecsize v 4veng S‘{zﬂc}f'Mﬁﬂrj' Llalti:, \IE\;"\; Uarl :)L Tt LIy .
15atc(%frand t-ae: | avier a?ie’hagr al r@:ggg;gge Oinsiti tgﬁentrﬁorﬁb MWorkability | Arcing (x ga'zjimz)
mNoanomt ha Q(at’)l C “"h o 1 30.m ale (1)lcavﬂpm> (ﬂ;&m) Examl e

i B el - D -7 e ] a0 [, 0 |» @ T
News CONAT ThONS Olws EX@NMPTLE [© & MWt

FaWa¥Ya,
O UTI

17;
t he 15gtMand—fheaydragd grabn-20-¢lze |
2 g onent phaseis S 17@:«f[0nd ¥omM jare Used, -«
o) 2 p w. . o 9 AR A QLo 8
and , 4 CaSt Wietre =§£ CRAU T HORS 01 5
9

Exanpl e |[9°i i whitch-the H content s [15af % and f he
. 3 y . 158 980 | 260 60 1 O M ran
average dgrarmn sStze o1 e nrnor component— pnase 1S IoU

: in Table 6. In Exanple
(E*fg?m%g'aeﬁﬁ)gq@?eg?ﬁd@gg@gﬁym shown in Table 6, there
wasThé Pes\dtsgeoreierhingrwelkadligy, B@cingNah 8 Pap@si@ Tobht in the case of
Exanple 16 (addition of W, the average grain size of
changingithe avemage gain giteselativer darssity, skygdn land carboh entent of
wor kabi lity deteriorated slightly when the carbon
the igspeptive Aatdxaeas B@amplet thrarate wheve dhe conditiong of Example

7 LR i S B30 B o 5 O
' [ d th
N P
corfefMidNof ERERMe BNRNGRRA%he NBVESHBR £5P5atbd'8h thHleRePQge grain

%Earrp%e 15

significant variance. In the case of | _

siz¢ addhé insinoptohfponeh@hareriadeodtoal 76z elisddlandh8®Example
conmponent phase increased, and the workability

18;cerase ovhredhel dagidtitignsvhbExample 9 in which the Hf content is 15at%

]

and the average grain size of the minor component phase is 180 to 190um are
used, are shown in Table 6.

In Example 16, Example 17, and Example 18 shown in Table 6, there was
no generation of arcing. In the cases of Example 16 (addition of W), the
average grain size of the minor component phase increased slightly, and the
workability deteriorated slightly when the carbon content increased, but
otherwise showed extremely favorable results.

In the case of Example 17 (addition of Ta), the average grain size of the
minor component phase increased slightly, and the workability deteriorated
slightly when the oxygen and carbon content increased. Nevertheless, there
was no significant variance.

In the case of Example 18 (addition of Hf), the average grain size of the
minor component phase increased, and the workability deteriorated slightly when
the oxygen and carbon content increased. There was no significant variance in

the particle count. Nevertheless, these were not at a problematic level.
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25 the oxygen and carbon content increased. There was

no significant variance in the particle count.

Nevert hel ess, these were not at a problematic |evel.

36 Contrarily, when the oxygen and carbon content were

reduced, the workability inproved and the particle

t\age C . i-ngl LE s caul o

Cofuly, APRCthe Rug P ABPaBRn B Weld rbdybog B! forkavilty
imrAl o8 ahddht HRirede 'cdaunt HrRidd 19 Ao Bbcidide nor

conponent phase and reduci ng the oxygen and carbon

conAeatrdingly, piarddutdl e ,sdid thatlite beosk@bility hedn 1b|é€imy?1roved by

oxygen and carbon content should be reduced as rmnuc
adjustin® ¥ averagergrain sias afdhe painoi camaonint phase end reducing the

regarding the other elements. [Table 61 ------ ----
oxygeh and carhan content.. In particular, it could be.-said that the oxygen and

f t L ' iridiumto becone
parﬂﬁﬁé@ ﬁ‘éﬁ‘ﬁ%énﬁ%@é’ﬁ% trﬁ%ﬁﬁ%‘?rﬁg&% i nvention are all
group 8 elenents, and are approxinmate el enents.

Al t hough the Exanples illustrated a case of
[Tabregpendent |y conbining the respective elenments with
the respective mnor j5 conponents, it should be
understood that simlar results can be obtained in the
' ting pqini. [@ktoy.-with the lcombined addition of
menfesi | Apqordi HLEL. ecresgnte) meent 40 o o7
allly cavers @ablloy$ with the"CorBined addition
Ri My rthgdituthTandairHaitm—3-n—Rdedi-t3-on2 J

©
t Unastle t dantlal um—ands Hafnilum espectd vel v
‘I"gs“"}g’_ B 29 a'40'" %‘j 7%
u

40 .

120 NO,
2)r|t o difsf erent group ehenNents of [groupwd 5
;. group 5 eténentscan ﬁfuﬁﬁg 4— e Gi’&ﬁ‘ A
il6dilc "t ablie-—8s!shomn—in®t he'Examles’ o he s
AT %5 u||\.1Q|| st 00— QM’ b o B NO 10
present 1 nvention, when adding these elements to

ruthenium rhodium and iridium it has been
conther refchdidryt meitals| @ rythemant, iresdiunpeant iindiuvamdo become the
effect could be attained. Accordi gly, it should be
majgh ¢EePRBWINt 48 Wenhresant gnvestinns are Mt orewp dhegmenats2mnd are
iti I il yield siml eration
appg%gh%:tgg efm%ﬂe:e F?Jt gégr\wM theyIE(iampsi:egn il?Jstran’Eed al case of

independently combining the respective elements with the respective minor
components, it should be understood that similar results can be obtained in the
high melting point alloy with the combined addition of such elements.
Accordingly, the present invention additionally covers alloys with the combined
addition of ruthenium, rhodium, and iridium.

In addition, although tungsten, tantalum, and hafnium respectively belong
to different group elements of group 6 elements, group 5 elements and group 4
elements in the periodic table, as shown in the Examples of the present invention,
when adding these elements to ruthenium, rhodium, and iridium, it has been
confirmed that similar properties, operation and effect could be attained.
Accordingly, it should be understood as a matter of course that the combined

addition of these metals will yield similar operation and effect. Thus, it goes
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37 without saying that the conbined addition of these
el ements is also covered by the present invention.

| NDUSTRI AL APPLI CABI LI TY The alloy sintered sputtering
target of refractory netals conposed of nmjor
conmponents of ruthenium rhodium and iridiumyields a

witﬁUB?E%ﬂhg%E?me %mblﬂ?édqggﬁﬁ%ﬁ 5f°thi8g8r§qgﬁ§b§eist 858%overed by

or preventing ropo

thePpielsefit BventiBgr than the matrix-form ng major
conmponent, inprove the deposition 10 quality by
reducing inpurities such as gas conponents, enhanci ng
the density and elimnating the generation of arcing
and particles in JNDUSTRIAG, ARBLMEABILEEY i nprove the
wor kability of the target. Thus, the present invention
is extrenely useful as a deposition naterial of a

ct or de and particularly as
SpuThSraliy Sie@d Mpierao fepest of Jreialy gmetals composed of
may “CormRffRE G Bbedm 2hadi. qheLididBs h BhpEic efiect of

belﬁguéﬂlértbnﬂn rﬁ(/geﬁweo{arg?lf é@ﬁ&gﬁéé rﬁ{ﬂétpse ec@gpﬂ% o4 W[}ﬁ metal
partiBésHbthat trﬁeﬁ’ﬁﬁ'\é Hﬁirlﬁ@@\‘iﬂhéﬂﬁaﬁ? chRnePRenfrot®hi%e de gposition

maj or conponents as the renai nder selected from Ru,
quaitg byr reddodiimpulitesstiah s yastaoneportdnts henh@icing the density
conmponent conprises a granular minor conponent mnet al
anqaleag‘enatmg e geneyatigghat erding arcbppdictess hapettefinghas well as
and the m nor conponent having an average grain
'ml%fplz% the workapiity @Tsbegaiael. Thesstha erasend pukantionnig extremely

t ased of ref ctor al. s accordin
usei 5 SEPORRG e 6K BimlpSrid s BRERSH anﬁeoquwﬁr'v as a
n rse ubary r e t
SPAERARR e %ﬁsﬁg%é@@rbﬁ o 0 IECHREE sterf 8t various
d,ﬁagbﬁrbaangrst he m nor conponent of average granul ar
size of 100Nmto 3001lim 3. The sintered sputtering
target conposed of refractory netals according to
claiml1 or claim2, wherein the periphery of the
granul ar m nor conponent netal phase conprises an 15
al | oy phase or a conpound phase of the major and the
m nor conponent having an average wdth of Simto
50pm
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4. The sintered sputtering target conposed of
refractory nmetals according to claim1 or claim 2,
wherein the periphery of the granul ar m nor conponent
metal phase conprises an alloy phase or a compound
phase of the major and the m nor conponent having an

average 2 width of\Mgndmert ueriAicls 34The sintered

sputtering target conposed of refractory netals

according to claim1 or <claim2, wherein the

.peri phery of the granular m nor conponent netal phase
Clai grrprises an alloy phase or a conpound phase of the

- or A S Bt STTIRERl: B i ch qrzrp%gaypes o
mm&r’cgﬁréﬂ%m?se@%aﬁw 146k T ESTheRebE afil ¢ Resishe ormore
o AR 0 s SR P e i
o b} St gfor TR S ERRIHY tfod P Bloc BRE S 20 ey

Phaég%'%ucg\ﬁﬂgfuglgg)h%%@n%%ﬁ% ﬁ'lago‘? ﬂ%hpt%dnem@ tggepr%average grain

puttering target conposed of refractory
&zeEf*ﬂ)OfJgrﬂgg:ogrgfng to any one of clains 1 to 7, wherein

2. tlh@’hé Sinfdréd %p@i%ﬂﬁbtté(rgétsco?ﬁpfﬁs% dtin gﬁﬁ{ﬁ] og(g'd% to claim 1,

Oppm or greater not 'exi

wherePuthé hetactiaiaesf tﬁé’ H’ﬁ?’b’i%@m?l Prérﬁflcbﬁfghégsys%ﬁ%hﬁlaﬁ minor component

according to any one

metatv gh;ra;ﬁ D'Q?"egm’.yé‘mi%bﬁ @g}?gmﬂgb@ 6r‘ ih@rm%or‘?di% tRé n{n'ikﬁ' component
of average granular size of 100um to 300um.

3. The sintered sputtering target composed of refractory metals according to claim 1 or
claim 2, wherein the periphery of the granular minor component metal phase comprises an
alloy phase or a compound phase of the major and the minor component having an average
width of Sum to 50um.

4. The sintered sputtering target composed of refractory metals according to claim 1 or
claim 2, wherein the periphery of the granular minor component metal phase comprises an
alloy phase or a compound phase of the major and the minor component having an average
width of 5um to 100um.

S The sintered sputtering target composed of refractory metals according to claim 1 or
claim 2, wherein the periphery of the granular minor component metal phase comprises an
alloy phase or a compound phase of the major and the minor component having an average
width of 5um to 200um.

6. The sintered sputtering target composed of refractory metals according to any one of

claims 1 to 5, wherein, as gas component impurities, the oxygen content is 300wtppm or less

and the carbon content is 100wtppm or less.

39



10

15

20

25

Amendment under Article 34

7. The sintered sputtering target composed of refractory metals according to any one of
claims 1 to 5, wherein the total amount of impurity content excluding gas components is
100wtppm or less.

8. The sintered sputtering target composed of refractory metals according to any one of
claims 1 to 7, wherein the relative density is 98% or higher, and voids of 100um or greater do
not exist.

9. The sintered sputtering target composed of refractory metals according to any one of
claims 1 to 8, wherein the varation in the alloy composition per 1cm? of the target area is

+10% or less.
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