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DESCRI PTI ON  SI NTERED SPUTTERI NG TARGET MADE OF

REFRACTORY METALS 5 TECHNI CAL FI ELD The present

invention relates to a sintered sputtering target

containing two or nore types of refractory netals

which is capable of i MpESCR¥PTIENtarget structure to

prevent the dropout of netal particles other than the

matri x-form ng 10 maj or conmponent, and inproving the

deposition quality by elimnating the generation of

aP N HigRERYS éﬁﬁ&%@ggﬁﬁ\%ﬁTMDE@FmﬁMIéLs

Since ruthenium (Ru), rhodium (Rh) and iridium(lr) as

refractory netals have superior thermal stability,

and al so possess supeli resistivity and barrier

properties, they areet$ehgh¢$%dﬁgL ention as a

deposition material of sem conductor devices, and

particularly as a gate electrode naterial and various

di i NPT ' : t [ -

(R SRS bGP AN AL RRR Riring o
or maedl typekepEnagRictyryametaltwRichi lsncapalie 8f dpBRling the target

material for formng such a thin film there is a
struptuwsdltemrerenhtie diopontiof atethl pyrtdies oter healtiae imgtrix-forming

process is inferior. Thus, in order to overcone this
majglr LAFBRKIEPr cPEbdMPrane Beerdaps#iano quadity diyherliminating the

netals (in. articulaﬁ refractory netals) to the three
GeNGRAIONLOTATCirgk #ach PAFHC essiN(RerNBodi um (Rh) and iridi um

(Ir). The well known sputtering nethod is generally

used as the neans for formng a thin film A radio

frequency (RF) sputtghi ' i-s- used as the

sputtering method. Tﬁébﬁgﬁﬁgg@ﬁgﬁgﬁbf an all oy target

of the foregoing conposition is essential when

performng sputtering. In addition, inproving the 30

t abipee ouilénitign (Buexthodiueh Y Rhimzerd aitiumn(Or aerefr@ctory metals

i nprove the deposition quality. 1 Although the method
haveyfsuperier Agewm pladiity. candbrals e goassesh esupmmsir deme desivtnéty and

manufacturing a target by adding a refractory netal to
barrigl; HGREIMET RIEY arRoBitiaripenfltention jaf wndandsitien mieterial of

semleSHERER R S B Bk e, PRt e varous
diffuSBhdrabP mdtbgaeel ter is 5 extremely expensive and
plastic working al so requires special skills. Thus,

tb tﬁgrﬁaeu;@h%uﬁgﬁmnmﬁuy, Hh&diubrh eRARUHAH HIMNArC 8¢ 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 manufaciure 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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In view of the above, it is suitable to use the

sintering nmethod for manufacturing a target.

Nevert hel ess, even when nmanufacturing a sintered

conpact fromtw or nore types of refractory netals,

it 1s not necessarily easy to 10 inprove the quality

of Aifrougdr 88 métholh& GRRIMRNENES léHlé’Bch @F?&ﬁ t?escbﬁ§idered
m nor conmponent in rutheni dm ( Rg

wherr indanufatiuringas tahgetr bY radding Ya mefradtohs maa td hametnmrﬁ (Ru),
will not becone a significant problem Nevertheless,

rhodium KBhaddi iridiven i et the refrdciyrit metdie some tmeemwmrrhodium,
onent is increased, netals as the m nor conponent

and\MrInCPumshéxesh!ghnm@Bm ppmt&rmtdsﬁa@éyagllﬂ tededalsudharelter is
extr%;'rrfat“ X conponent the nponent, and these

Y SRENSIME @nds p 'érWﬁg? é oalg%nr@ﬁatrésp%mq*@h é%i”ls Thus,
d h t and
therg g ebp BRI oF e R endebfling s breet a*ﬂa Lo Phet
Wi Iy \%@Hfs%ft{h% %%B@éatd ey a[)a%\%nqp”ﬁ Eﬁ{tgﬁr\}%%ethod for

sputtering, and enerat

manlF&EtuBAgt QC{aﬁget | nN@Vé‘r@ﬁet@Qs t vdiPKAYE ﬁwﬁﬁi,lf&é%rﬁﬁ@/ Pfsintered

deposi tion ere are strong demands for el m natl ng

corripzet frgenevaior onoref types lof pafradictyemetdrasit BOAPONEIESadly easy to
other inpurities existing in the target are al so
impeswei thg quadityl efdhedargett he i nterface of the structure,
and the exi stence of these inpurities also causes the
geHéPStq%ﬁeerofa%I@yr@e@ﬁ&tSpa‘@ the Mo @pr@pgw@rlnﬁgthemum (Ru),
ere. Ieml t hat tering

rho%gﬁil Lﬁbrvarl jriadey pﬁog e alft E\%‘%ﬂ(eweﬁ%e'st effen this will not
bec@r’hIr eggﬁt, iA0gh 9B erﬁhel\%%@ﬁé es%b fqﬁ L%ic{ |véN|abbo i qf alloy to

oW’ ng exp anation

becé®@ thal Bflordompbifeili§S8EeakBY eRh8, aéofk%oﬁﬁl%rscompo?ent will

concerni ng neasures for preventlng t he generation o

exispan tdath egsland shapekInithet SteudtargeinalixeoeyIrRM) et the majo
bendi ng strength) 30 that have been made in connection

compiotiant, efndaltese wilnelr e otibingeidtesing arohg engladé peohcl@s for
reference. A nol ybdenumtungsten target having
beﬁﬂ]%d‘@?? @ﬁ@ifwmﬁrd aeoMbe drepppbaed Ipeaytar Bﬁge@are formed in
wherein the struc

the PRIy olas iR b SR bR dehratd i 6! dhioral discharge
in SRt BrRreqles Shsbbictn Br BebbtRBoevsh BRPE B tinkes, 1n orcer

o Roud MBREAGL Y 4SSa L hce! o SREAERCELS 30 Wnating e
gendgrativh el esichpdridlesh is used for obtaining a sintered

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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conpact having an average grain size of 50mor |ess,
wherein m xed powder of tungsten powder and titanium
powder is subject to pressure sintering at 1500 to 10
1700C, and conprising a structure conposed of a
titaniumtungsten alloy phase, a tungsten phase, and
for rafdrehesi um phase having an area ratio of 20% or
greater in the target cross section (refer to Patent
Doéu nenybdgnunatimagstan gtargéto hak mgnian gpeadivay ratength loh 750Mpa
capabl e of ,Pr eventing the generation of particles
compeEad nedmeyiivsiait araiviieswen oand visngsteporehesgiesthef structure is

T ACRC TR LR, TR AT
o T L7 AR sl SRS P o
2L RERSE PR kel 909 QHBLF A el 1o

prev?ﬁﬁ%?%ig@@ﬁ?ﬁ@Q@Qpﬁﬁ@?@an@'wﬁ%@ﬁgeﬁofr btaining a sifntered

e present invention was devised In vView o
comphet havieganngveragatgainagide oc250pnPpoRSBS, aherdihenidd powder of
sputtering target of refractory netals that is able to
tungstepr powdet redttdagiem sowdet ig subbjoct jor premsurevgintéring at 1500 to

dropout of netal particles other than the
170Grt ANEL $FPRIISIRY maplbrCluthpomensed phpribeaiumhiungsirssaligyophase,

a e g S i Pl entSs Moot i e, o Eifenrcdingter i
. SSuch’ ! f !
the thfft SFOR% oot erel B LRl PR 27 "or Ger 1 o achi ave
t he ThABRRRIGIGPRIRES bak s fnmee%gdé&alé BY BFHvRhEn 'tﬁégéﬁér%%n of
utteri h m

that an Talloy tardget for sp ng W th rutheni
particles dibtamed byi gintdringong drttdond rabre HHEP @ PBIvdaRIChBYIrNG, Ge,
superi or deposition characteristics in conparison to
Ce0&po )i rdfatsr or eas ded dbtpaiwdsd dfys 1TadYi ogmeme fraier to Patent
conponent of refractory 5 netals at |ess than 50at %
Docwaeilicdled from one or nore types anong W Ta and Hf to
a maj or conponent of at |east one or nore types
selected fromRu, Rh and Ir, preventing the dropout

: ! ! : . . f
Patels IRRAIAG] JabRRES: PRISIE ol Bl s BRIGR e Ege7
[Patdri® teRserity gﬁghﬁ@éé)%%t LapAOReK SRR atibs M@ngﬁsﬁgaz;

structure. ased on the ftoregoing discovery,

[Patemt Exumanm\B¢ 0bpanesy Petaie $.ai-Spehe? gdlicaionNEPO0m 355761
target of refractory netals conposed of one or nore

types of mnor
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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conmponents selected fromW Ta and Hf at |ess than
50at % and at | east one or nore major conponents as

the renmai nder selected fromRu, Rh and Ir, wherein

the netal structure of the major conponent conprises a
granul ar mnor 15 conponent netal phase, or an alloy

h . .

ot & 2erTesE R RIARRIR obley e PRl R} Wecoveres

that>@®mllof herget MéesRattarmdl WK IrithehAE SihRIRIMOsLHidim as its major

refractory netals of the present invention iIs
conymmens egnadf hating esgperore depositive  tifgratiet@IBONANEEmMparison to
selected fromRu, Rh and Ir. These refractory netals
conpeRtiarg i atd egenbie mblainegoby @dongm cnneirerti ebmpobent theefractory
be 50at % or greater as the

me t%:rfeg%W% ggf;ﬁ%%taflﬁ%@@ﬂeémra@t%wemm Yave and Hf to
a g, FuBbaei: € ot et anri O mRFe sy seBCtRGyORY Bl AN and Ir
prolf, 78 ArpERe Bt e R, el 38 AR ShFrent of gas
comBREILE Ao 4T hlisn Al TRl IR Bebhyay orovin

and|deviisng e tabel 2tre®omy. i ses a roughly uniform average
grain size of 10 to 30m Although this is not an

" e Basad ioal thedoregoingidistovérgather meeént iheemticesgmnivides a sintered
invention, this is effective in reducing the .
Spuldeiveg dangeh chrrefracitirngnetats pampiosed ofi ona putnoene typesasfdminor

ool UL FaTUE B S AT RS Bl s ne o
1 n e nou 0 .
o€ o % S BRR Rl BB, Bl S
e | 8aRaGRU 299 21 Bl N OBolr kR O Bt ey v

compbheht afdthlypsgdesciredn age9rHag b0at dEmPIiMPPRa8E diStBe major
These minor 5 conponents are effective in inproving

and e minat ¢orgporentimving gnafveaagd graif isize olctiqos ed 500um.
refractory nmetals with Ru, Rh or Ir as the major
cohpPndnteredhepuiterineavgst compasednof gkfractesy metals of the

presgaRIRTIRIaRT FSctOIERAE! Bedy eASIeaNPT of (Mpee TGQ8" tarbOnents
sote BB M, MR Yol PO A Y G e AR vt o
compISkd FULAR A FL0BH RSTRRBheo UGy 57 Ppk 8 roater o
the rhajogebmponent.

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.




10

15

20

30

The netal phase (including an alloy phase or conpound
phase) as these m nor conponents exists as grains in
the netal structure as the matrix. The term "grains"
as used herein nmeans the independent, conbined or
conposite shape in 15 the form of flakes, gl obul ar
SUNY! PAGRSH G8IABANHIHP ToMisGferlis UdiRY RNRRESMORAH of 15ki% or
shoul d be understood that there Is no particular
motei and d¢sotharegdattcng Hare stiihangy beThAeSSd@sdHdentasdditiéh or an
m nor conponent are conposed of a granul ar m nor
addiompoihbyn oretale typaseyf ronoarcoatpanenhasthemdgittenpooadt may
phase of a mmjor conponent and an minor conponent
be bitiagianseleetesyeacpostingsite ethd nopmeet of @8e500phese minor
These grains,are scattered in the formof particles in
COMARBERET 41705 EHEEI & CORpEYES S1e ripURO BRenM O Friin fim
rLaL" SC " u ergin efers to.a state
confifePl FBNEEIT B IAE) Al B er sl Rl GrpSnent.  The
r t r [ rdDd,S :
roa PV Siflunt TRy Cofmad e ¥ 150838 LTSy more is

bec@add ithé eadditied et | @Fhot D yikeIGEP™ ‘?cxisﬂeé's”}ﬁal?? &t &hount.

structure, there is a problémin that such fine
Meapautilec|the miaklmfimakeditine spmbliet iohgninond rhgonawisds, less than

the smaller the m nor conponent particles existing in
S0ah&ommthe sestrieiorbend@nmyingr compdnentat ri x wi Il be

shal | ow and weak, and it becones nore likely that the

pa?f‘?d?%ée Isnthg exigtancss forndeloiesatminor gempmnents in the target,

i.pheral netal. structure,  Contrarily, if th rain .
The BEEEPPRE8G (TENGlnd e "RLSY BoasT Braiinalind, phase) A& thebe minor
.5 iJe .f pns. th
comSRERE eRskeSENEl T 1 ok STy, BOTHREpiAE. e te
“graip@MRENRBH HdtelEhndh8iné thd hPIcoRMR ddsi '
J becone not i cgabl e, and it %ngggﬁrcgbl e t@ﬂg){?tctoweddgs#tgisnhape n
the formeofi falke@0hglobutar $Essandes, @oeesd 5ObRENESY Br YihdrogHapes, and
~ deposition. In particular, it is desirable to conprise
it shaulg kg sRdetstood tat thenepemenpanietiar liptiasien regaatingthisphape.
se or a conpound phase of the major and the m nor

p . .
co gfaips apolhiepming SWOPPRENtTATESROPRESLL Ob BygiRsLiargninor
osed to heat rin

t i t d .
com Gl TR PRETor S P PRSP RBYonCirR ATOHP i BBe5 of @ major
, ; et
comBRBRLANL BRSREM dhod AR B e BLe AL LBl o
500002 T s eC R NErdP NasefaNGhi 8125 5@n S ﬁ%‘ﬂﬁ&@@ int B%e metal
bondi ng of the particles as the m nor conponent with
strudtime carhpasédoy magbatsmpbnehise MRV her @cafteiddas used herein

Therefore, the existence of such alloy phase or
refers to a state where the grains exist almost independently and scattered over
the matrix.

This existence form is extremely important. [f numerous minor
component particles that are less than 100um exist in the metal structure, there
is & 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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conpound phase is useful in preventing the flaking of
m nor conponent particles. In particular, desirably,

t he periphery of the granular mnor conmponent 15
net al phase conprises an alloy phase or a conpound
phase of the major and the m nor conponent having an

averagaviviedt i éle SaurmbebOsn gvihe tmitefeﬁbé@&iyﬁoéﬁk% increases,
peri phery of the granular mnor conponent netal phase

segregaponses tiaa rainooycgrhpseerr ira relatipo uodthehasgoofcofigonent will
maj or and the mnor conponent having an average w dth

becomespeicaabl@opnd it desisablprisabihebigyaint sige2e HRGpher less in
ranul ar m nor conponent mnetal phase conprises

of, th
Ofdea{rioa@ ehi%ve #ﬁggeﬂ&ep@%&modﬁop%ﬂ@gér dt s desinelertoaamprise a
th dth of 5
gransil r%'h"rrw%ﬁm Shelf Rba%end: af pipY prase i EompaURg phase

ofth%hr'ﬁﬁ r'a?l ereo Qﬁ) abFI1PPLmt%§%®@sa arge
de‘t‘ﬁééé’rr@h@étor?r}ﬁetalg%saltﬁé‘CPHs%rtc*&'n?p@rie?ﬁ Q?%Di%QHc‘?sé:Hq to heat

the conbinationh of the refractory net

durisigsinteih@ ahtiahoteer laspeorrhiam 4lldysp?ANeR 8lcon@ssundTiease with

present i1nvention also provides a sintered sputtering
the peripreracretpoted mefals be the negoi canpefersct ory net aI S

wher ei n as conponent inpurities, the oxyge
c okt By cageegmmﬂﬁmbase X SCOMRD UrTek pba%éun@mnsmt strgngthen

or 30 The present invention
%CHH?A%SS g éhﬁf 986}0 aedhe '@Fﬂ'& €9'8R0BR YR i”ﬁ% r@fé@@@fy mgtals of
the [eripherdic TR gﬁaf’ffhé%?af"rﬁ%h%ﬁ%f%ﬁ%é?% de AR dhage or
comséén@gﬂagél%ﬂ%eﬂufml&%%ﬂﬂ e 5@2 d%drﬁhgwaﬁmtp*&'nént articles.

not an "essentla constit ure o e prese

| nvepaitienlart kiesiraslyefth@Ciariimdrp dfeghec gRghudiBe minor component
generation of arcing or particles in ~5 sputtering,

metaarphass eorppeses abl aloypkase wea tomponnt gheseyobthd hmjor and
sputtered filmstructure can be inproved. Thus, it is
the ﬁ“fi%fwl@ﬁﬁfo@mm sarnm\teamum h ekdhige gaSSO,um More
¢ nts an other urltles Wth the sintered
pre esfs %goqr Bbniish earapHiar o ik of9MRehanis metal phase
n P e I Ia t he
AP Al it i
com iy 8t RlerdQe WAk h S f
Wr ectrlgg;/ rel atreget 0 tl‘ﬁéj g’%ﬁstl-gt 150(5?3% EHBCrﬁRQtt %Péa‘?ér%%!y, 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.

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 additionally provides a sintered sputtering target
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sintered sputtering target conposed of refractory
nmetals, it is possible to prevent the generation of
cracks in the target and reduce the generation of
particles by enhancing the density. This is also a
preferred node, although it is not a 15 primary

i @ | f th : .
corf AT SR A DR LRI Pl G moun of mpury
COMOS s f ' to th
e0 present .’ﬁ@gﬁ?’.%ﬁ‘ﬁéﬂiﬁtﬁf‘gﬁ?@ﬁsgf fggtglgonoi n She
al |Ashoughmpesi fsi @Bt PEY “bsseia?f coRstif@nhgsbafllr8 2ot %héﬁﬁfpesent

or less. It is difficult to obtain a target materia
inventios, dbispiseeéieytieolin dedatinyi v gtadtidhneke atdieg psrepaicles in

invention is 20 a sintered conpact conposed of two or
SpUBFBgt gpegdsol prefarakleompdaesiats the Neiormitgl afsthe sputtered film

order to secure the uniformty of the target as nuch
Strugllirgosan e IMpravads ddiiss dblie a oradeegdle naodar foasirowtaneously

ol gl Pl B |2, T
! . . _ X
noeiT R 608l HERbug PRiYeC Erubbed” BR sty canetals
accORiithd ef tH&pi@e@r‘?‘inV‘e‘?ﬁ?ﬁﬁ%QsiP&be ki6d Fasdi d)gﬂe@?iiﬂss%%ror higher,

according to the present [nvention yre uperi o

andefdigzdf vO0uMeimgeatdraid Bot glpstove the target structure
for preventing the dropout of netal particles other

t hdhet Bxistestoei R fvoids gy directly retapdrienthe depsiox eadewith the

. deposition quality as well as the workability of the
smt@r&dgmuttﬁpqget@mtr@mmﬁq of edragten mstaj@st Bopossible to prevent
onents, enphanci Bgét he density and elim nati ng t he

the GERBIALENGR GFCKs i 1S drmet Angaredlier dbei gengsatea O mgricles by
| PT Fi ' di how

oo E5FE 0L B, WSS e BB AMGERRA o o

prim%@%&s%nlia@-c I £ dPRE TR ARl T Ay, | NVENTI ON

e high nelting point alloy sputtering target
cowfis eiteofsintetdienspumtd iRy tapddioyonipedidunaf( RelraidrPy metals

or iridium(lr) alloy is obtained by mxing one or
accarding toygbe @fresentheénventigpowdesiratlipodhemvpostier Bndthe alloy
i ridiumpowdeyr with netal powder conposed fromone or
COMRpBsion\asas o1 ¢ ertataaison@ift 1Q%odrgesanghtiediffiqul to obtain a
tantal um.(Ta) and hafnium (H) in a total anount of o
tarog @il b SokePenl Sord Silidn sikyS s IneBtpasphaiention is
: [ [ t [ j s.target. is useful
a s:ﬁﬁé‘?g& dé%@??fo%ﬁpgyeds% {v% &grﬁgﬂe ty&e@ of res’fracstory metals.
Nevertheless, in order to secure the uniformity of the target as much as possible,
it is desirable to keep the variation in the alloy composition to be £10% or less.
This is also a preferred mode, although it is not a primary (essential) constituent
feature of the present invention.

As the result 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 impurities such as gas

components, enhancing the density and eliminating the generation of arcing and
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materi al of a sem conductor device, particularly as a
gate electrode material and various diffusion barrier
mat eri al s. The present invention, however, is not
l[imted to these uses, and it should be obviously
understood that this invention 20 can be applied to
partiBé Sl 8hgHngpt her uses, and are covered by this
I nvention. neral |y speaking, the grain size of the
sintered powder is reflected on the structure after
sintering, and it is necessary to control the grain
size at the stapESTRIPTEONaQFTBRAWIRIGPOWder. |f the
powder is refined excessively, the powder w Il absorb
oxygen and it will becone difficult to realize a | ow
ox¥gen 25 content. Thus, fromthis gerspective al so,
i t Fi% dissardpgan shawsidthes silgctuexebths efracteinmetal target of
E %pd r. The size of the raw material powder w ||
xaﬁ} %3f21he refinement of the minor conponent phase;
that is, the existence of |arge anmobunts of fine

particles in the target will cause the generation of
parti cl hE SRt r ontr ol
Phe si 20 Dk, OB ARG e TR KT NSr co

the structure of the 8 sintered target to be of a
certain level. As a specific manufacturing nethod of
t héhsihigre medticg ppid tallogrspetteringrpage doafposetirafoiudisnium (Ru)
metal s according to the present invention, for
alloy, nBedinee (Rhy gherar @i didiyn raiailaplie obtaigeddy mixingtoneobr more
rhodium5 powder or iridium

99. 999 heni wder , DWW L
typeaoagéﬁﬁwbﬁéﬂe&)wafg&t@@ﬁ“p%wqe{ jands digMogeweteri Wit metal
o 5580 ¥ P BT P e Pal OB R st
) AR TSI R O o B PR A 2Bt anc

sinteHhigsthissmpescPps®dbf. the tenperature is not 1100C or
hi gher, oxygen cannot be separated sufficiently. 10

Thitse Heat iohdained pby f sputetingo thibatargble is widedni w@ a deposition
powder, rhodi um powder or iridiumpowder will not
matessh @f v $¢W@@@HU©§1ﬁe§ieVmﬁd pastiadady ase ghile electrode material and
reason | anp heating or

.sinterability, and t} : ,
vanowsce ﬂ%&ﬁ\’@” f‘?ﬁd“?gerﬁi?-f ol RBdPTEsest iINNaptiehe hopsxgsr is not
im0 BES, RSB £\ e U b ventor
can 4 SRl RSP OIS e B L SR,

T st il e bt S
the giawtiene alerssatarihg, raradl itdstraicessanandcohen #N 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.
sintéhecs targeeth Pewlarcdrgis hjegCct to deoxi dation treat ment
at 1100C once again, hot pressed in a vacuum at a
t erfigerat spesiiaf Ma00facturi®D0Gethand of hitle sPResatbj @ehpas target
hot isostatic press treatnent in order to create a
compapest afirefergiact metdb sagoordingtthethesprispent invention; &hiingtance,
machi Pin or the like) to obtain the intended target
f gaigacﬁ'%if%&r@féﬁ KRYWItY RT99.89%) rHEEN#NaPPBYeiprhodium
i ridium alloy-sintered utterln target, has .a purit
pouler gy Bl Bp PRt HERchn,& Mt oy s P B en Bt odiggdato an
ultr%igﬂq}a%ruum egém%%P%bem ?&B@hwﬂ?@ﬁ@g? is %%ﬁigéc{ ﬁé high output

conmpound LAY
infrafedola f
1501 .”%?‘E%%%E&“@‘Sﬁ%ﬁ@??@?gﬁ 8 o, Fhfida® oygen.  The
povaler tetriperalteao sgrprokimatejyor 1 GRIPABEOLS. b hseliedletalse if the
the grain size of the powder and adjusting and
tempetaigta isgrathid 06F Gtcerhiglgemonyigen oasnditbenpeparatec saffidiently.
welding pressure). In 5 addition, the elimnation of
gad h@o%ﬁaﬂw% p@ﬁﬁrrﬂ@das@mr@vélae ythaaisye ipsyvaer, mhadisn powder

o 8y SAAAE R R GBTOIRSE R A ol T G v

L e R R
pow@IEF etan | bé Ussiali %8 roind fe'?r‘?pféﬁﬁ@nbgfcﬂ}ﬂﬁm %%rsﬂ@ lsufficient

not be limted thereby. In other wor var i
dischadid bt akygas h@BObeQirhebnflmﬁ@QWiﬂﬂiﬂlﬁa@SoWﬂn@hltbh%onnected to

technical spirit clainmed in the clains shall be
the ¢hrohbeedhe hratihg lspsm@eti amiveudnahin@s eormateneedof
course. (Exanple 1, Exanple 2, Exanple 3) 15

Conkbsequently, sargionalgias 4N igtradeceditanshi the pﬁ@m@rng Irethenium
ced into an ul trahi

poway e EARABHer ghd T4 HE PAYHER FLFRHIOHGA QR NeDisknen 4N
L R e e g

is mp@abarbAdicRU powder was 1200ppm and the

Each of the tungsten powder, tantalum powder or hafhium 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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grain size was 1.5m The tenperature of the powder was
approximately 20 1200C. Heating was stopped after
usi ng an oxygen nonitor connected to the chanber to
confirmthat oxygen was sufficiently discharged, and

t he ruthenium powder was thereafter quenched and

co%@&uﬁé’sé 8P r?ﬁgff Ef%tdjirh m%‘?%ﬁﬂﬂfd?l ey ha(/f?n Fhaygrage grain

um power ace In a contal ner,

sizéVa$ 1I00LHP ey R, W%raﬂ' e s%@tt@%o( Bl aed "n%}ap%[]ltu?@'cro?r?posed of
I ngot was pulverlzed 25 through repeate

majby dooyemanito by asule ctérity tho geaiatsizm of aing p@McWréﬁiﬁi adjusting and
tungsten powder, tantalum powder, and hafni um powder

selagtingsithe esintering 3®naisiost cﬁtezmbra’rmehamer wetdiaggpskore).  In
respectively be an additive anmount of 5at% 15at% and

addgigry oheasiminadionnpk ABswcempoRenisucar & rAghiRest byTﬁ@optmg a

ge oncentration of the tungsten raw nateri a
metﬁsﬁuef NBhiHaS K8MRANGEE Bt tiins afhetrﬁeogmen and

ial powder was 8Qopm and the oxygen
Car%@@gw&aﬁﬁq%&gh% 10 hafnium raw nmateri al powder
[Exéﬂ'ﬁéle%?()ppm The mxed powders were subject to
deoxi dation treatnment at 1100C once again, hot

pr @gizegdrdsend inaeition & nbeP@&plaiiet finirddigr Wibirefdrehe to the
hot isostatic press treatment in order to prepare a

Exagipieer ethesamniaampl@hareesetdly iBustrasivoymndSthen piedahe idvention
As shown in Table 1, the additive amounts of tungsten
shals n@inoe dsrrEia&hﬁwebl tramtfaaruwomwranqusmmﬁicmmnsamw other

haf ni um sho were respectively chang

em by By S 0 %aeoy@m/@p@éﬁ@aagnme Cf@'\*@?&é\%ﬁﬁ/'ncmded
99.1t

m rprgs R UL e EI0RET SHiNat " aatit i on, the

Ex&ﬁ%@eﬁ B@Pﬁﬁ!@ q;*aqﬂm})wa@gl n the range of 40 to

wt ppm alo en content was achi eved. The

aveb&gﬁe@fﬁlyna@alléfbl@hr\t HRader i@l T SREEF Yol (B)H,Fg‘ew ;@roduc’c

as the major conponent was in the range of 8 to
was Tihtrodueed dgetogani ultrahigs vadu urh echgimaimed arndmhmruthentum powder
conponent netal phase, or the alloy phase or conpound
WaSMHE%CTonO bigh ewipoi iairarednian IhI@ﬂflﬂ@nmedﬁt ta liminate oxygen
hereinafter referred to as the "m nor conponent neta

The Gygen copreiplrtiee of He rﬂ"f‘rﬁﬁ"?ﬁﬁ'c%“aﬂqw%%t"iv% .18_80991@ and the
e
1200 @TPHERASIE SEBELY 61 Iy, Sen s FhAREARY o ne
charﬁbeﬂ(ﬁﬁ@hﬁmi‘tﬁatd@)‘éyfgérb%@sbﬁ}f@&i/ently 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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20 In Exanples 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
Exanple 1-1 (Indicated as "Ex. 1-1" in Table 1;
hereinafter the sane), the size of the Wnetal phase

hafﬁi@mﬂpwdnaxérihh@oﬁaéﬂwbgﬁsﬁbﬁﬁ{. conponent was 25 147m
and an all oy phase (all oy phase of major and mi nor

confimnemtad powderowees 8dbjeBBELdB@YHATRfcaHBERIS 1100°C once
t hi ckness of 60/umwas forned at the periphery of the

again,niopt pr@ssedenta vealimphid 600 @ nard denhély sulsest e hiodlisostatic
Ru-5at % Wtarget with superior workability, no

PregRi@aEnNeBhirodrder 4P mgepalieda ginierast compett. paritd dsedtsatreBhown

. Tx éO-S particles/cn2 was 30 obtained. 11
In TaRE tental Iy, in cases where the average width of the

oS s Tatenld 7. R RRALNE AR 2 GEn shgih M Example
i | . ‘ .
. s A e s SRITARAL S BESEEASY o wer
respat@heRsEhARFediobaBL 1410 VAR S0t éoﬁé@(ﬁfﬂ@f bfe density of
| evel 'l oy phase or

vel.” Al though the existence of the a

the simterednuonpacts vaseinahetrbgge BRPOIT &OOPEIEMENd 8l BREe&ded 99%.
the periphery of the granular mnor conponent is a
notre agdisiber His exygriecomntertmdioneeas cotifa ramge ¢fhv0 td BROWtppm,

size of the overall granular mnor conponent is
ands gp|Q¥¢ tOXYgenh&ogiastt Wae aefiipviethice ThEn@vetdeowrag size of the

g BB SRRl b o e Asor gg%epﬂéé@é%ﬁﬁg%%gghgf 8 o
' . | h

22uf A sV R G Sl e BR i gp el S TERENS BGRT Brase

or OBy | ha2® 6F cbﬁﬁﬁrunh?p@%%”@% %él'n‘?ajoF BRdStheemHort aﬁrp%nent

net al “ phase conposed of the granular m nor conpone

(heremmitbB Jeferremndoans ahkosmpbasropbhéy RASIEpRASE OF particular
~and 15 m nor conponent) or a conpound phase having an
impen@icegell salivlakide andiims odbefwesent iaventon. per i phery

of the m nor component netal phase. Consequently, a

suPershoWIRIn FHat Jo W€ dPEW RiiaskS seqrapeerd WHrtkabgrentar minor
comBnaoNEEE S Lo nd OSE e SR bl e of
the rietdr)ndtaf farflr SEHHBR! o RRHBGUERCY OF the

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
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m nor conponent was 139m and an all oy phase (all oy
phase of nmmjor and m nor conponent) or a conpound
phase havi ng an average thickness of 56m was forned
at the periphery of the m nor conponent netal phase.
Consequently, a favorable Ru-3Cat% Wtarget wth

e Y L R
comBrundOph A @@s Fum @é‘?é%’i 8r ﬁotlforﬁnfé% fiAL aﬁﬁo&@ﬁ tﬂ_@se cases are

met al phase conposed of the granular ~ i nor ctonpone

not iastrazddnas axanges| theyyapeastor af EQNICF@J@&%ﬂd@G t@%&éa@@@hghﬂy.
m nor component) or a conpound phase havi ng an average

Howdweark tless stnodurt8ol BRrews: fwersmedniatalt hrd peas plograt afprobRematic
m nor conponent Ta netal phase. 12 { }
ieVed:onsequent ly, a superior Ru-5at% Ta target with

o AT G0 Sistebbdiasaha apsxhasasop i PeTeoLoRmhass of the
malSﬁé@@'@ﬁﬁBﬁ%ﬁ%@t ¢eurbPS, & €8 Faph e aRfishaiaragnent is a
moré%@f@raﬁ%dm%ﬂe g £ /2% ﬁ@?@orﬁfﬂlrr\dé&/hh%?ﬁfs&% &%8%\%?911 granutar

nor con‘ponent or a conpoun ase navi ng an avera

mlnétht:@mﬂ)@ﬁ@nﬂs 3ahectas tﬁ@@i@ﬁe@i irﬁ!’&@né’@r ! ?H@rfﬁii&ﬁ/m‘ghExampies

m nor conponent Ta met al “phase. Consequently, a

showegetheosarRe- tEhdebeya Taugebeloit hhé as@i@aiiten will be omitted for
wor kability, no generation of arcing, and generation

cases whngrei hesvarage widi 3f phet aidyephase aashe 1@mpound phase
obtai ned. In ExarrPIe 2-3, the size of the Ta netal

formahaldhediryiaiedy 6f te@irprasamaenentimetal @Bﬁ‘ﬁﬁ)ife@tf”\/\%[siess

i b Prafifiecne peotiz8 3 o ot BDESE somit et of Bieagrenutar
LS AOERE P PSP LIRSy lor
mnnd@d&ﬁﬁbhémﬁ%r@@b%p&nﬁ%@@ée Wa%zhgl ng@(f@@ thickness of 52um

wor kability, no generation of ar and generation

was 6brrped bt tHeepedphetyofiBe dnipar tbmipentaniev@phaebt ai ned.
In Exanple 3-1, the size of the Hf netal phase

colposequasitiv I&estglﬁmnlam 15p1%0N Eogelonitntsupasiod 8&nkability, no

an al | hase (allo hase of major an
genera‘tj:on of arc?r¥g,p ge&eratlo)z/’l gf particles at 4 X 109 particles/cm? was

obtained.

In Example 1-3, 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 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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20 m nor conponent) or a conpound phase of an average
t hi ckness of 9pm was forned at the periphery of the
m nor conmponent Hf metal phase. Consequently, a
superior Ru-5at% Hf target with favorable workability,
no generation of arcing, and generation of particles
1 C S [ appl
Coflegh Ry & SuRafiol L P I R BB eg T Wiy, no

ger@framﬂ af ar815|gmal’rh@r g6REREBANGT mm%%zzﬁ'ﬂ 4@5“3|O%p§|lt‘c%/cm was
phase (alloy phase of nmajor and m nor conponent) or

obtgioedound phase of an average thickness of 10pm was
formed at the periphery of the m nor conponent Hf
metlalExXgtiagle . 2-Bowe gizentl the Taanmh@qwha:ﬂe cunpssedoHthe granular
target with favorable workability eneration of
mingf &WO”%MQ%rﬂ@ﬂMm,oﬁn@farpﬂiﬂVdﬁ‘@éiea alloy &ha_w @f major and
articles/cnm? was obt
mlng

ai g In rg)
FCbroTRnD bk Arkarapo ihobass g@daalf lweﬁ%g%;ﬁ@ﬁtﬁm%flis of 39um
s SR SEOTRENSH), 3100 S AbBIoRLERE i Hrace
Cor%@%ﬁ@nﬂ@thg @é?l&v?iﬁggaf%‘ %ngoﬁltm%ﬁ‘ra%swfoﬁéﬂ?ﬁ’ty, no

t he perlp ery of the mnor c

genal‘maﬁh of @etla qaﬁatdf( eratibm\@rphticeRuat39at YoHf pd@icd_lem? was
W th favorab e workability, no 5 generation of arcing,

obtaﬂneldgeneratl on of particles at 14 x 10"3 particles/cnR
was obtained. The foregoi r]rg results are shown in
Tam Exampin -3 ethe size arfdbe Tgr mietal phase esfmpogest of the granular
onent hase in Table 1 shall nean the averag

mingy PRRGNEEY dfas JABKIMy| 23 AUk  pgseadaloialise f meior and
J

mingo ERBRERLpELe PR RS e pubE B indlar a?f%?ﬁ%aﬂ?m%ﬁh@f 30um

was/t§fné@Pht Eet ger@@r)‘? ﬁf %ﬁg Fahbe ngdHF%ﬁ%e un%@!%hase

Addi t1ve Avera ize o nponent

Conbbgeente np caestabr e Boak %y TAT @i fest Mhlf%?w@%bﬂié”%brkab:hty, no
(at%9 Metal Phase(R nm Ext-1 5 147 O NO 3

genéetion ¥ aEin@3aria lgeNerdtiorEol partided 39 43><Nm9 ﬂaeé/danz was

o 124d(D NO 4 Exanpl e Ru Exanple2 Ex2-2 T. 15 131 0 NO9

odtame

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




Ex2-3 30 118 0 NO 4 Ex3-7 h30 185 0 NO 10 Exanpl e3
Ex3-2 H192 0 NO 13 Ex3-3 210 0 NO 14 Conparative 5
90 O NO 21 Ex.1-1 Conparative Conparative W15 72 0
NO 32 E>anplel Ex1-2 Conparative 30 61 x Exl-3 YES 47
Conparative 5 53 YES 49 | Al Ex2-1 Conparative Ru
Mirfo® NGEn pé mate @Qﬁ@f(ﬂlmV%nEaaﬂ%Et@g phadeS (aRy @éﬁ"(ﬁ major and
Exanpl e2 Ex2-2 Conparative 30 33 X YES 89 2-3
mirGo rqoan@driers) 6r %6cmn1ﬁ56n52)ha§&3”1a1vn@@mazﬁ\aérag§ thickness of 11um
Conparative H 15 16 x YES 69 Eranple3 Ex
wa&:oi@pmedt iate t'3® parigherS od4theExBirdr14otrPomeat aHf venetal phase.
anpl e 1, Conparative Exanple 2, Conparative Exa
Cofyéequﬁﬂ%édap&ﬁfmaaiem&@@ﬁ%éﬂfebﬁrggt wiithh favrrablsr nﬁa@mty, no
to 3. However e tungst povvd
gerERNE BB bR GReY R  RALAR SO RIAA it ebartitles/om” was

obt&h@ sified into 200nesh or | ess and used The m xed
ers were hot 5 pressed in a vacuum at 1600C, and

f U"!"Héeforé%&hg%sﬁl% hed shcﬁzﬂ?’?r@ﬁ‘étﬂepﬂ es@he{e‘?m '%Q/'étra%éwgram size

der t are a sintered conp resu
of rahewcdmpordéil phdse"Am SIJﬁménﬂéhérﬁme%rﬂ,thé réﬁ/eﬁé@é tgré(ﬁ] size of
amounts of tungsten shown in Conparative Exanpl €
pariicies dauwdisgdine dveradbrparatcovednemphetalphassl orlibe alloy phase
haf ni um shown i n Conparative Exanple 3 were
or qosypEsd pBage ehdhganaios sut minor component.” This also applies to

Table 2 and Table 3.

[Table 1]

Co::hpic:; " Additive itrfolﬁ\:: !\}:\:::a Sﬁf;ii:.i Worksbility | Arcing <><1IZT e
{at%) Metal Phase{ # m) pes/em’)

Exi-l 5 147 @ MO 3

Examplei Ex1-2 w 15 133 @ NG 4

Ex1-3 30 138 C NO 8

Exg-1 5 124 @ ho 4

Example Ru Example? Ex2-2 Ta i5 131 9] MO 8

Ex2-3 30 118 < NO 4

Ex3-1 5 185 O NO 10

Exampled Ex3-2 Hf i5 192 O O 13

Ex3-3 30 210 O NO 14

Congze;ritive 5 a0 O NG 2i

i Sewi IRV I 7 a jw| @

CorEZi?;ive 20 51 * YES 47

Conéi;ﬁtive 5 %) Fay YES 49

Cogi;m‘;;ve Ru Ccér;p:];ai;izve Coréizz—agtive Ta 5 64 b YES 58

Congzazrfiaﬁve 10 33 X YES 83

Corgzzr;ajtive 5 28 b3 YES 32

e | b H| s N S ®

Corggzrj}tive 20 11 b YES 24
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15at % and 30at % Consequently, the density of the
sintered conpacts was in 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
. T h , ‘
(CoRAIBINY ExabpIER: SRS xniRe 2 CoM by FReRlL o

of Mixedopewdbay waraireparmpaenyitiehal foPbgsiRg Ekar"np%s 1 {0 3.
all oy phase or conpound phase of the najor~and the

Howevesr teerpogsen (heden nhé ttentalurel gowest, taddathd hafnium powder
"m nor conponent netal phase") of particular
werengjassitiad entee28Omeshl dr, leandamibueed.at Tleé insidet Eowders were hot

conditions of the present invention. 20 As described,
Dfe%?z%eé? i Yaruue @orBlPHri wedERHifisresullietlo t@, hethisostatic press

ensity of [l targets was in the ran of 98wt % or .
treaiRgRb Y e 39,R7eRats f SHYCHEeCoRDRRG  TithéRswle 850 Shgwn in
Tabfk2$0Wt ppm and the oxygen content was high. In

nparati ve Exanple 1-1 (I ndicated as "Conparative EX.
1- ks i I r epnaf wbde . Ah ' 0 :
W noY P e oo iy camgORl, i utty Conown i

ConapavaginenExuapi@0L- itantaand Shewnolin Bdrhphdati/Be Example 2, and
condition of the present invention. Mreover, an all oy

hafrphiasehdwih linyCphasmtve Brpropleadwveaientrspectivglg netingeer toabat%,
conmpound phase_havi ng an average thickness of 35pm was

15akp; ght I3Pat%r neongequeatipeiticptiensityod! theesiniated compacts was in

oe BT ! o SRR, 2001715,
DR B AL AT 45 580, n
the \%ﬁ?ééﬁ'ﬁﬁ&ﬁw@@ﬁaﬁ@t ﬁigﬁ'?t?d-TrLé”‘éb?nl%@%a%#aYn JiZb SRSAS ruthenium

ere the average wdth of the a hase or the

mati60 BPaLite piaste WagoP BbApohess wals MOt RiNRdoRE 8Bl b1um. The
al t hough these cases are not illustrated as exanples,

average graireségesonf thfe gemiilan edndrecstegotenti metedgsmse, or the alloy
slightly. 5 The foll ow ng Conparative Exanples showed
phage, oF Lomepewitiehase oftihe, Meisircand thevenisgplcampanent heteinafter
be,omtted far cases where the average width of the
refertfg &G @S figs SUBPT EHEPLBRPbRIRR GHIASE | B PRICHEN (Rgortance were
er o ' : nt tal phase is 5mor
smafi i ABRY Bshiod ik, S SEP BP i orTRLPVBERGE. | he W
mej al S : I 1 nar :
B K e e e S L R
all tarfethwasphemeniangBVvenoswns, dvbmigﬁé@rme AyBEHEHABNBWESYIN the

phase (alloy phase of nmjor an

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
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m nor conponent) or a conpound phase having an average
t hi ckness of 28m was fornmed at the periphery of the
m nor conponent netal phase, an inferior Ru- 15at% W
target in conparison to the Exanples having inferior
wor kabi lity, no 15 generation of arcing, but with

parfiR8 B Rl RRIRsR s afs 80iaddl o 0o, (he sl ze of
h
oL i, B ARk EF BHRTH e e o o
conﬂﬁodﬁtﬁph@é@mtsﬂrﬁ\tﬁﬂééé)ﬂr nM)fo?ﬁﬁé lat. é}l tAhABg h"%ﬂe&% E9¥es are

phase (all oy phase of nmjor and m nor conponent

not &l ustrpted ag mme@a%er@mambaﬁgrtmscbﬁ%a t@fm&é@se slightly.
was fornmed at the periphery of e m nor conponent

Thentallawind &oe)parbtiveviixkaiyilés showedshé sbard andeAoy. Thus, below,
inferior Ru-30at% Wtarget in conparison to the

the mxpignagion wil bagpryidies: ki easesf whers Hg axahgsi width of the alloy

|ncre@sed rgeneﬂ}@tl on of art| cles at 47 x_ 10-3

Phasg i DR BRUNG SN8Ee APHBRA a35he Periphsrs af the "ERanpP@PONent
e he Ta nmetal phase conposed of the

metéléha é]% lﬁoorrq% %‘rponent was 53m and did not satisfy

the, ér‘a‘BU Cﬁxatnh1 e Péeﬁﬁbzb'}ﬁ%ﬁ'W%e%é}%%%gg:omposed of

al t houg an a I oy phase ase of na

the grarﬂflaﬁmﬁwrhboﬁént&m§§@9w(én@ir@§%dﬂ%‘é’n@ﬁr iR of the
fhickness of 15m was slightl'y forned at the periphery

presnttimeentionor Morgowserdithbaghedrabliphpisese allogdtiddeesti PBjor and
Ru-5at % Ta target in conparison to the Exanpl es havi ng
mMingheadoasns ors opomasid phgse Wavinggamavaragm thitkness of 28um
Ci n andﬁgeneratl on of particles at 49 x 10"3

WaS%QFff‘P ot dfic ABTIRRSVovh HerBior CRMEBSHSAE AtatalenBgmandnierior Ru-

1506 . tatBe i SoMlnstistinefh i alTos VAT istoL sy, no
gendRBiorC8dhkdi ltf’%ty\tvﬁﬁ agseﬁue?éﬁ?':’r‘?%ﬁ‘ FguL'?th%‘é fa%z Yoy (ﬁ"ﬁ’g)%rtacieslcm

al t hough an ase 0
was/gpi@fegonponent ) or a conpound phase havi ng an aver age
thickness of 18m was slightly forned at the periphery
of It Bemyanative xpomeat! -Fatheedizd oplies &Y nasal bnhes icdmposed of
Ru- 15at % Ta target in conparison to the Exanples
the granutay mﬁmmﬁmr@ntm@mm; apd dif nht getiefyahe (mndﬁfon of the
neration of particles at 58 x 10-3

presBaf ITVENEET o ndTaie e anual anraloy hass: Alley b major and
i et 26 oA T SRS B Py 2o
was ¥&n &P B&rifHery ¥ 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" partictes/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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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 9m 15
was slightly formed at the periphery of the m nor
conmponent Ta netal phase, an inferior Ru-30at% Ta

workBpRE, ki SRFRERISIE Bf igh Ol GRIRCRUPT bt Bariglesi Agdo x 10°
t f ticl t 89 10-3
par@ﬁ]agsfgb?r\}v éﬁ{bltln ”ﬁ;gr Ia?invg Eggfmlg gsla the size of
t hey @orﬁ?&@trv@@?ﬁnﬁl@{}?gsgﬁngfze AGnt e x%'é?élzﬂ 3B'Ed?ﬁﬁosed of

component was 26m an ot satisfy the

the gfatidier rrﬂm@rsmrhpbﬁMWQQ@%Nbra@@V@ﬂ ncﬁlstal%@wgiﬁeaébrai;th@yof the
phase (alloy phase of major and m nor conponent) or

pregatpoventiqrh adéotenvienaitioughearagitoyt phase ésioyofhasa owmajor and

slightly forned at the periphery of the m nor
mm@bﬁgm@men ornﬁtcmmmwygpham hianirgr anravRtiagatiickiiess of 18um
0 the Exanpl es havi ng

et jn comparison t
Wasugfﬁv rTeped £ thg nesipnery ¢f the mmfgewﬂa@nwa mgtal plegse, an
e Y N
wor&gat%iltlyt 'U\ﬁths 8Retioh6 El&i %%ﬁq%@%gﬁwgspﬁag I&ggtéth$?/ x 107

nor conponen

parﬂd]@_:,/g,eﬁqmg ohaffed he present invention. Mreover,
al t hough an all oy phase (alloy phase of nmajor and 30

m o Cotparatien Exanpla 8nheuside pif dise Thavieny phasa\onfded of
t hi ckness of 16m 17 was slightly fornmed at the

the geanyreminasfcanmeommovas 88ponant difi noesatisfyltaseondition of the
inferior Ru-15at% Hf target in conparison to the

Presegh piesdionay MRy eaneavdihabok anwiavapiase (alloyiphase of major and

mm%ZE«?""%%'aér”wg?ér(s%‘rc%e%mﬁ"age?“é}”se &80 =d8 Blotwgss ot ur
I

sl RoERPRSHALL Y8 B SR o A8yl 4 B e,

mferlélr'TRuaﬂU%ﬁ% ¢aﬁ@?geﬂ%'§é:ﬁa&ﬁ’%rﬁﬂf‘%é 'E%&n‘r’ééeé rh%vn ﬁﬁf’a{%rabie

i nvention. Moreover ough an al ase

workaiiiéie, with meheratmdof anciray, s;angigmigoant @én@raﬁ@ﬁmlﬁ)@ﬂlcles at 89
phase having an average thickness of 1Im was slightly

x 10 ovasabtainethe per i phery of the m nor conponent Hf
net al. phase, an 10 inferior Ru-3Cat% Hf target in
ofﬁpﬁiam@ﬁatt\@ ExaMpigaspl dberiza ahthimbavrtabpease composed of
ine YBRSBRIGhY 5o P E R S Sl 4P FLI B or e
pres}g@ﬁ%&r@hﬁbﬁ‘ed%?w&{érea%&zgr%n GNEPHrALVENES PABLE of &or 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 particies at 52
x 107 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

17




10

15

20

25

30

simlarly shown in Table 1. 15 (Exanple 4, Exanple 5,
Exanpl e 6) Commrercially avail able 4N grade rhodi um
powder (Il ow oxygen product: Rh) was introduced into
an ul trahi gh vacuum chanber, and the Rh powder was
subject to high output infrared | anp heating in order

was! ol PR RAN OB TR U SRR b Bl an
eS8 R, a8 B P2 nd ESSAMBE Rl yoravt
worl?i’r?iiﬂ%y\gﬁlﬂ JEPRrAtfn 6PBRSSS Sshd %H@%Sé@ﬂé?%t}]d %Eaﬂfdlééﬂat 69

at oxygen was sufficiently discharded,

x 10rusdreicliesronyowderobi@isedt her eaf t er quenched and cool ed
to roomtenperature. Subsequently, the rhodi um power

wals Gompeadative ExaomiaBrXrthe sizpof tas Hf 2tetabghase composed of
i ntroduced therein, an EB (el ectron bean) nelted
the grapuiar JANeA §OMRANENT Wasv Bl eand Kidbnghsatsgie Siegondition of the

s B SRRI B i USRI TR i rir
o SR 58 SEDTEER bR  Bitof B I08R 2o

was %ﬁ@htﬁ%ﬁ%ﬁecﬁﬁﬁﬁ& @riﬁﬂéﬁ%f%%zﬂ{n@? ORI RAVHE g;ﬁgge, an

gen concentration’of t ungsteén raw nateri

inferRPVRIGI30WE% RPRAMet il ompeIrRdn thBiHO BRI halingf uhfR®orable
tantalumraw materi al powder was 8Cppm and the oxygen

workeoilitye witragenaraifont dfearcafgyiameh alavormedl ereingtatpondiepamniates at 84
13oppm The, m xed powders were subject to deoxidation
x 10t ﬁ@égﬁﬁmcnhtwaiobt&i@@@e again, hot pressed in a

vacuum at,. 1600C, and further subject_to hot,  isgstatic
L i e S0 21 o PR B BRATG T e Fr GORPAIAE: BgaMPIS 3 are
I . esults are shown in Table 2. As shown
S'm'igﬁﬂgﬁéﬁg 'g!ql%tbg]ejadditive anounts of tungsten shown in
I n wn in Exanple 5, and hafnium
(Exas own’ .Eﬁaé?é‘%%r ?(EH@P?Q?

respectively changed to 5at%
1524 P casiall P Qtaab o nRe greI HoditiMe peaast Mvpbx%@%rg/&ﬁoduct:
. 8%

sintered conpacts was in the range of 98.0 to 9
Rh) aad iatrddeere bde dird8itahidmvaddirmi dramivdre aox ytgperRh powder was

_concentration was in the range of 40 to 26owt ppm and
subject te\highk yyépulcioifcesd lavap hastingviedordeido plisriagie gxygen. The

size of the rh?gﬂi’um matri,x%ruct re as the major ,
OXYORR FIBREAY TR OF 114 Y MarigHabRhizowaeswas 9PRBRPEY dngyihe grain
size %{%’ngﬂ .eSTRfe tte%epe%t%pgloqrthg' Bg%ngWa%ngﬂéro%rEQ{e;y 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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15 the all oy phase or conpound phase of the nmajor and
the m nor conponent (hereinafter referred to as the

“m nor conponent netal phase") of particul ar
i mportance all satisfied the conditions of the present
i nvention. The nmetal phases conposed of the granul ar

m nor,.co ent re evenly scattered in _the
congepaiol & (RadrTRUdarHE AR PR JHeh BOPBE. and the oxygen
j - t t nsity of
con BRI BhelEm U AN ErlBeleblEiBlr 1) ont
(e : _ e g ’
{ b paRIEATONe el 08 RUE RSl G once
agafdf (étppidsska iP@vateurh-dt §600HT ahd fdtherBubjéetlio hbt isostatic
Tabl e 2; hereinafter the sanme), the size of the W
preseetrabirpbasien colp os @epdret dsirge@aut@npastnomheorisansre shown
~_was 25 138m and an alloy phase (alloy phase of najor
in Talpl@ 3vi nor conponent) or a conmpound phase having an
average thickness of 27mwas forned at the peri ph,eré/
of ASHENGWM&Y Tablepdnidist aghiiive apruids otdmasieirshpyn ia Example
5at% Wtar rior workabi | i

4, R BB NN Mo E R EP Ry o1l JEHRLE IGWrbin paReTDISE were
resiot il TR SR S PR R sl sty o
the Snt¥dRAGEQE v&arge;ﬂtﬁ@ raggg%wgé.@msw@%n%n 8kcd SR3 98%.

or not fornmed at all, al ugh these cases are not

| | lruadidgiebedtasoexmmmt@scentheiosengs ai iherapbeRd# 40 &) 260wtppm,
tended to increase slightly. However, the anmount of
and ianlomeasegamsontent wab achieledas Tiw awrage grainl seaboif the rhodium
l.evel . 5 Al though the existence of the alloy phase or
matkixy gtrdelvre @sdhpHaaier 6pmpmaenhuasrin dogrrorisnef %l%im@dﬂﬁt-
a

i 5 BN ek SRR B,

: I en ¢ o
o S e P Ry L ESPRRIEL i compnn
(herEmaret %fer?é@vt@ldas% hRe SGAROL eéHi'ﬁﬁ&rYenth'?ulézal \Aﬁﬁééﬁ"’? h(ghﬁarticular

explanation will be omtted for 10 case ere

imparteatorg @linsgtidfiedf tthdecalditonhspas@eoprdseet dav@isid piTasemetal
formed at the periphery of the m nor conponent netal

phagasac@npessthod the geanulammiixamginepdnant wédre everdy stattdredh the
net al phase conposed of the granular m nor conponent

strugidee gmafsiv agihe Anaiar coyPeRase (al | oy phase of maj or

208 L0 RIS iR STRB PPISE P Pt was
withRETHP1ERYe Obt 0BG BP nERBPORBRBLAITR YasPEdSBonents 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-
5at% 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

19




Loy}

10

20

30

Consequently, a superior Rh-15at% Wtarget with
superior workability, no generation of arcing, and
generation of particles at 7 x 10-3 particles/cn2 was
obtai ned. In Exanple 4-3, the size of the Wnetal
phase conposed of the granular 20 m nor conponent was

compoumnd ghdsawsaal oy ghass ot abt ynipseainfalifaiugh thBse cases are
m nor component) or a conpound phase having an average

nottilhisitated sofxaxaples, thesgémeration af paHiclqetdrpleerty infreke slightly.
m nor conponent netal phase. Consequently, a
Howgveyy dbe earraunioat dowease geas winimalugadi waswoetkabal proplematic
0o generation of arcing, and generation of particles
levegt 12 x 10"3 particles/cn2 was 25 obtained. In

of "DHSUL e &SicHioR e el AfeRr R 8" 158 SR HAOa oo of the
ma®} BInGARE 16hd @ RAGSRrBhelPLPIn BB Rinor component is

conponent or a conpou aving an averag

moiehprefseste AfodRORMadBSeh ebABM & tHzﬁQh@%fﬂeoﬁi)e/fh\éa&feréﬁﬁranutar

m nor conponent netal phase. 30 Consequent

minstpenipomaRiiS3UYHeTa to ahgajremicsh irflupeEEOr TWer feilbiiid Examples
no 20 generation of arcing, and generation of

shopgdt the eamet teidenty- 3Tpast belows/tbatexmanatabt aiithéd. oiitted for
Exanple 5-2, the size of the Ta netal phase conposed

casgs \gﬁ%regﬁ%% [AVEragen Wiskh Inidenafiey viwise18mthangiomgound phase

forrfed BY HEes i<y TYRE BTG SrraBEhSA ARG aRoRb & ayen or less.
t hi fy.32 S, . f [
A e 2o e SRR 558 o Iy granuer
min&P chRAfdeh? a4 980uM,t ind P LAG ?h‘é@ék@%g' ﬁﬁfaﬁe’“Bf major and
generation of arcing, and generation of particles at
minar t6thpopant)i e & voemiowas phabd dlanied. ad QvkPadex iBkfeds 8 26um

the size of the Ta metal phase conposed of the
wasgrignmiedr atnither pempwgntofwdbe 160jpor @otmmenit| oyetal phase.

hase fﬁﬁ' | oy phase of rra{ or and mnor conponent) or a
Consgauenthd phadeeney ity 1880y ¥ agegethimdinssiwesipr a@atkakdiy, no

forned at the periphery.of the mnor conpongnt netal
gen g of BN R C AT PO PREIORR Jodt 30 TePa P gaem® was
obtaihdd favorable workability, no 15 generation of

arcing, and generation of particles at 9 x 10-3

Pairt ExhRple aP3 Wi sif®TAItREYV 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 10 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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In Exanple 6-1, the size of the Hf netal phase
conposed of the granular m nor conponent was 209frm
and an all oy phase (all oy phase of mmjor and m nor
conmponent) or a conpound phase having an average

t hi ckness of 10pm 20 was forned at the periphery of

aerk | BP PR SRheEhhe ems S AR Y vas

bté}ﬁedgeneratl on of arcing, and generation of particles
6 x 10"3 particles/cn2 was obtained. In Exanple

6 I Biaen b 2220thd bizeld thetl mpifasshenpasgdsal o¥ hﬁe granu!ar
granul ar = 25 m nor conponent was 162pm and an al

minphasengaddnywahasSuat, amg an ahdy phaser (atiogppemess bf mnajar and

conmpound phase having an average thickness of 8pm was '

minﬂbpnmoment)h@r petdnppeuyd phasedaringoan comepagre thickeest of 22um
Consequently a superior Rh-15at % Hf tar et

Wa&M tqﬁmﬁsivo@abﬂ@ wBEHRIRNYI t§f, the rgiesr Aonsensnt arreeha@ phase.

CoregulS o sfeter HH hEE e terastainnRBr oy, no
genglfat%t 8\1 @Pﬂﬁgeaﬁgg@]&?@qgti tfgfqrﬁél@g%tae x(a I o;{}amﬁlesécm was

cormponeéen and” an has
obtfhedmj or and mnor conponent) or a conpound phase
havi ng an average thickness of 9pm was forned at the

petn pramplefs-8 hhasinerofapsangstal fHadle ddragesedof the granular
Consequently, a favorable Rh-30at% Hf target with

mindao mgloinentwy&a BBy, amd angethey athiase @flogrghasg, omdajor and
generation of particles at 14 x 10-3 particles/cn2 was
MiN@hEAMREAENTHY & GOSRAUY Peath haviadear yRIAdh thislgiassof 30um

Ie2 Addi ti ve Aver.age Size of rAdlt
] ngo %tgFephase

WaSArJeh?T? Ni For EonpRIIRIRTY Wi k aBF | iTTYPORr &P
ConSBHBENED 2 Bladls' & PR TR Hhetnis P@Jwﬁ@ewoﬁ@é ty, no

genéﬁh'ﬂ@ %figrc% N%)nﬁ deterQiNCoB JRRERL &t R B8 P GRS RS was

obtamed.

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 8 x 10 particles/cm® was
obtained.

In Example 8-2, 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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Ex5-3 30 169 0 NO 9 Ex6-1 5 209 0 NO 6 Exanpl e6 Ex6-2
HE 15 162 0 NO 9 Ex6-3 30 208 0 NO 14 Conparative 5
53 0 NO 26 Ex4-1 Conparative Conparative W15 64 0
YES 54 Exnpl ed4 Ex4-2 Conparative 30 32 | YES 57
Ex4-3 Con'parative 5 93 A YES 57 Ex5-1 Conparative R

. @5@%@%&3 f{,l'—‘% %grrgeg CP VR é@mp%@&%f %he granular
m'”%md{I@é%él@%{ﬁxga%ﬁ$Iaﬁgﬁrﬁ%@fﬁeaha% of major and

minGe AT FirerR) 39 é@o?ﬁpﬁﬁﬁd%ad@(ﬁa@m@%mé?égi;é’%ig%ﬁé@ 8f 9um
4, Conparative Exa Conpar atirve Exanpl e

wasM kﬁmqatbwd’ermej\epertphe@ar@fd e Wnidort heorhgsegai ngetal phase.
Exanples 4 to 6. However, the tungsten powder, the

b Consagquantiyn po@ajmabfan&mmt%afhhﬁ targpbwadtr fagorablee workability, no
cl aSSIfI ed into 200nesh or | ess and used. Tha m xed

genﬁ(ﬁmg wEPiBghand genepatians 6f Paricles & ddnx 40 L padic)esipn® was
further subject to hot isostatic press treatnment in
Q'r to prepare a sintered conpact. The results are

sh I e 2, the additive
anoq\lﬁ%tfg% ﬁg rgs tsg‘%h %Vwrﬁ ?%bj arative Exanple 4,

tantal um shovvn |n Conpar ati ve Exanple 5, and

10 [Table 2]

Coxﬁi‘;’ent Additive i?nd;tﬁ r\.?:f:ag:mspii::: Workabiity | Arcing (M’;?{‘idis ,
) | Meta! Phass(um) pessem

Ex4-1 5 138 @ NO 6

Bxampled Exd-2 Wi 15 130 RO 7

Exd-3 30 165 @ NO 12

£x5-1 5 138 © MO 3

Example Rb Example Ex5-2 Ta 15 18 @ NO 4

Ex5-3 a0 189 O NO g

Exé-1 3 208 O NO [

Examplet Exf-2 Hf 15 162 G NO 8

Ex6-3 0 208 e} NO 14

C"?ﬁﬁ‘“’e 5 53 o NO 2

C;‘:::’;;:’e O°"£§:ia2"”e w 15 84 O YES 54

C°’EE’;‘“ 0 3 A YES 57

Comparmiive 5 0 o | ves 57

el I e T I I b |ws|

C"’gi?j'_aa“"e 30 & x YES g

Comparative 5 44 A YES 85

C;nx;p':;a'égre Corgiegfazﬁve Hf 15 7 b YES 67

Corg:z%';aswe 30 a0 % YES a1

(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

15 were classified into 200mesh or less and used. The mixed powders were hot
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haf ni um shown in Conparative Exanple 6 were
respectively changed to 5at% 15at% and 30at %
Consequently, the density of the sintered conpacts was
in the range of 96.3 to 99.9% and the addition of Hf
caused a significant decrease in density, and in
pressat & ra casesnt e 460G,y ahe! furiel osuHsse tolQnoTthstaUc press
oxygen concentration was within the range of 500 t
treagpeoivirpprgenatal prepareorysgieteredntenpactas Thai régultsi grre shown in
The average grain size of the rhodium matrix
TablgtZ.ucture ‘as the major conponent was in the range of 6

to, 28 The ., ayerage gr ai zes of the granular m nor
coftSoRBRV IR al alﬂﬁa@e e ;ﬁaﬂﬁ!\wwounﬁp&ﬂ‘t%@émr@owm in

Conlyfhyplive | ERBFeft, £ bl Sl o Commeraufl) B8Pl %, and
hafrfGSCEARAT lﬁw%ﬁlvgeéﬁm@%d?qp@r re %EPVG%!V%qalnged to 5at%,

nparative l'es 4°to ens

15ato8r 868 BOMR. | TR eeﬂgg 9k @@%t%’cﬁrthﬁ'sﬂﬁi%rred %?nﬁd?ﬁs was in

oxygen content was i n he range " of 500 to 2220wmp

the andet Ge0®.8Y19eID. 0ty teent thaagdditigh of Hi c@@@@dreﬁtsalgmmc_ant decrease
. Exanple 4-1 (Indicated as "Conparative Ex. 4-1" in
in demilyeanddn 2erthisr glaesttherdanisdy selhbplowt 88%si ze of the W

netal phase conposed of the granul ar m nor corap
wa$ne P¥peR FeNaLatraAliAn é‘,"é‘lsl‘g*f“wtth% rapgricf POR B2 aﬁ)@vtppm and

M B e S
matx%?gﬂﬂﬁﬂﬁﬁﬁkaﬁfe Hﬁa“iw@?ﬁ]pﬁﬁ}éﬁ{ A8% rEhth%kr;éﬁ%% (9Fm6 #g'r\ggpm. The

vwas s e periphery~o

averﬁ@@@éﬁﬁ%fz@t@ﬁ th‘éh ula%nm?n"_br' ﬁfrﬁ éﬁént%eﬁ ﬁﬁa‘é’etéf B&tticular

I n conparison to t e Exanpl es having sone

impdraarmealbee Wotheakaddd ¥ 2mongRNe8@n, @ndolery il REItsiBYtthe scope
with generation of particles at 26 x 10"3
of thparresenidisrentomasTlobdetailedireldesicdbed dlelopy. i n cases
where the average width of the allaqy phase or the
coﬁe@@ﬁerlweeéomswgwm Gosapargiive sxamplasd 1t 6.dhe, density of
se _cases rated as

|t h t
all e QEiiones, e rgoner ol W/aforprae@% %%rﬂaafaevocontem was in

the rafgE ST ERoTy AR0iReE and e cBUkE SR WL Sk ©
eﬁﬁ'@@l%tp'a%w\@ Ekar‘?l IeDEIHt gﬁgtcfa%d 8@9@%nﬂ5§5ﬁvé 'Eexg 1” in Table
average w dth of t y phase or compoun

2; hpresaftéotinedsate), htezeperzjepbertMeOW trheta greseC eoRPpoeal of the
nmetal phase is Smor less. 5 In Conparative Exanple

granylaz, mirtee eirapodntt wes \§3pen abnghdid en@osgitp dhefcondieon of the
granul ar m nor conponent was 64m and did not satisfy
presepaNYsRieR.i obfosgovaiealthough an alloy phase (alioy 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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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 12m was
formed at the periphery of the m nor conponent netal
phase, an inferior Rhn 10 15at% Wtarget in conparison

or | . ;
The, RUEE ORIl 00 0 LS MOLERR erbngl Ty, pelow
the &xphehatiokOwdl BardrileRS{dithsedaghakt ?ﬁ{%gew}% width of the alloy

Conparative Exanple 4-3, the size o net al phase

phasengohiedcarhpotifie phiags UbahediatAhe ¢RAPABAN b VRS nfiA camBonent
did not satisfy the condition of the 15 present

metahpkase enSumbrrdeser, al t hough an al | oy phase (all oy
phase of major and m nor con‘ponentg or a compound
£

ph& ERaRFaGvaE@rerlage2t therizesd tbe Wanetah@baseraesposed of
e B ATS4 BBt 5o Bl TR B ebion of o
presgst R ONATRIgNE » Skl el A Bl BB AT orbhiase iy 3 G b and
i pondAy St b SASSATER RS DHVRDE o NP ARRLIS 12um
wasObrmbbeit ghapetiphefy G0heGAMRPRBApOMAT ARtk sHhedifh iRfdrior Rh-

satisfy the condition of the present invention.

15atthWoreget inldonopeyisomntoalhcofixahpls ffalihgYawrasre whrkability, but
. major and mnor conponent) or a conpound phase_havi ng
withagengratiagoftatciignass eenantiveDfveastitlos b 102 particles/cm?

peri phery of the m nor conponent netal phase, an
Wasi‘ﬁ:ﬁ%'giegr Rh- 5at% Ta target in conparison to the
eneration

of Topel T A LR a s BB part 1ef &V%%fgé?ﬁﬁsa@f@posed of
the GAELNEBRI TorlfirE MY 880 ofid SRIPEL Sl 4 RBRyfion of the

reseReiriieanighar MBraevec @FRGEN nVBRy $HAs odigha88tof mai 4
P satisfy the condition of ﬁe 24ypr${egsgﬁ@qi g\?gnti on,oran

mindvbcaopengniplar o egmpaninagl preasephasiag (8l kogrageasicioless of 12um
maj or and m nor conponent) or a conpound phase havi ng
was jermedehie peiipheryd the minphcomasneot metalgthaskean inferior Rh-
Qe%ph&rﬂx .of the m nor conmponent netal phase, an . .
30atys, VE AREGEt RR -COMBRAEOPL Q. Higy EXamples hgxinds Bierias waekability, with
I ing_inferior rkabi lity, wth. a
aenddfidh 57 e Spbl o SinetE clisetion of ‘Hlicles et 5% < 10
ridk ihehes/cnm2 was obtained. In Conparative
pa IEl%g?rsr:pnﬁg%é-s%ﬁ%[hghsi ze of the Ta netal phase conposed
ofin 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-
5at% 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

24




20

25

30

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 15pm was forned at the

oro e, BRI Bl Al RIS G dtht mafor anc
rinG BPER%08 MBI pHELKRBUI 4o e BRARLAN B ur

vosSEIN0 BN s SRR g fr P

15at9h e tarQap irs edmplarisbh &o GhariEdzarn plek vt ITenenN workebility, with
44m and did not satisfy the condition of the present

generationt dloarcingr auy geneedtidnooigparicles 8by8phasé fgartites/cm?® was
phase of nmjor and minor conmponent) or a conpound
obtayire havi ng an average thickness of 2Nm was fornmed

' pafrlve EXamis & heatige o T dBipar BBALE GoriRosed o
the GEARA R A o R ooy Ml g B8 Bl e
presH FeAREh, CHEREGTE: SRR 00 3y e RO RS o yor anc
min&f comPsngrﬁ@wl Ao JRndCOMRRNBAYInEE ALBFgeAReIHedsN&t 15um

sati sty the condition of the 25 present invention.
wasNomeed et theapetipiugly airthalnhiogr pbapeneat neyalptase, ah inferior Rh-

maj or and m nor conponent) or a conpound phase havi ng
30atgn Tavieraefeint enroradse &9 themxamyes davirg afetidreworkability, with
er.i Bhefy of the m nor conponent netal phase, an 3
generatign; 8F " #igINg 5809 ﬁﬁgnﬂféﬁag‘gtgﬁ?fﬂﬁféa%apf Sitielgst gk 89 x 10

| e Kabi T Ty wth .
e Re M elitnse “gener ation of particl o at 67 x
o . : :
LOnCoRgPafie ELERATE. aRR O nER (¥ e FIREL B Heeo o
the @anutdieniabait o QasCRANERY VR AoBIMsRMEe ebHdieh of the

satisfy the condition of the present invention.
presbbt eweetional MuwegVeraaltadbugly aphdise fralseaglipnasaseff major and

maj or and m nor conponent) or a conpound phase having
MINGErCQ0RPRRTY) 1O & leHP LI Phase hayindansavesage Hiickness of 2um
was P 8 herersiamioling 418t CoRpeBApGmP G RNeBe; g inferior A
saroSABLER LN ERab R0 T ARl lint b RSABURT v
genefatloh 3of BALHIL! 8§34 CIRMUASeOBEALARAN 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 107

particles/cm? was obtained.
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The results of Conparative Exanple 4 to Conparative
Exanple 6 are 10 simlarly shown in Table 2. (Exanple
7, Exanple 8, Exanple 9) Conmercially avail able 4N

grade iridiumpowder (low oxygen product: Ir) was
i ntroduced into an ultrahi gh vacuum chanber, and the

| ol L BRI PR P5" e bikeat e pBirta lidsEeomposed of

. t | | |
e QAR5 SANSERLBLER: Ass SOt MATBEILa(bly BT of e
preSénttiRGemayier MoBSo\RR PR UG & éfl&@?ﬂé‘se (m @W&éﬂ@ﬁm'gr and

st opped after using an oxygen nonitor co ed to

minchawbgyortemt) oo compbbat shasgehawng avilveriNtRiYkness of 2um
di scharged, the iridiumpowder was thereafter

wasjipsmenedt thadaripblead of ther wmomrteompeeratnimeetalphase, an inferior Rh-
Subsequent |y, the iridium power was placed in a

30agsnilhigrget ihcgotpagisenviasthe mxaroalesdarving irfenor ayorkability, with

el,ectrgn bea ne|lted tantal umingot was pul verized )

genbf G P @Rap b AT CRONKAR | GHVHRA0e R) draelR @] x 10°
2 ! ten powder, tantalum powder, and
partﬁé‘l?sr{?ﬁ*mq’%%éj gra classified into 50 mesh to 200 nesh

LT RBRgCo! BTl g AT i o ar

similariyds wapawiighle 2The oxygen concentration of the
tungsten raw materi al powder was 20ppm the oxygen

(Exayopleent Example &fExdreplet@nt al um raw mat eri al powder was

80ppm and the oxygen concentration of the hafnium

r a%PW@FQ'%\’ly 9M§M9n@mgmlumn@wﬂeﬂowmem wedect: Ir)
was S RE by e SR SRR SR e o s gader was

subi ] ' : t t t | der
subBUPLeBlo Bl hPERLERIT R0 RE FEHOCE) BEMABEARD oo
oxydéh ¢eRbehtatioNSoSiRWaw Hwa-{_@fﬁ’ég% ?tmfd'%? ‘}ﬁ%@mﬁﬁﬁﬁﬁe grain

of tungsten shown in Exanp , tantalu
sizeEwagpl.8ufh. arrk hehpbraiughemihe ?oﬁmpwgs %ggb%ma'iely 1200°C.
respectively changed to 5at% 15at% and t %
Heathog sepusioppgd aftee udangsan pxpien heorsiontcenadciednpabtshaasher to
in the range of 98.7 to 99.9% and all exceeded 98%
confirm J8at t Pefen neapxsefdniendyc dischatdash s iridiurne powdge was

thoréligtdstoherien By dolsd G ré SRS he | 11 i um
Pz‘%%ﬂéé%ocft}é l@% %Hegiaﬁ@r# t}%\ﬁ\@jv%s SRBANE Y cNSine? ér%%n 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%, 15at%, 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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10 average grain sizes of the granular m nor conponent
nmetal phase of particular inportance were in the
range of 122pmto 212pm and all satisfied the
conditions of the present invention. As described

above, in Exanples 7 to 9, the density of all targets

Wl I 9 L.ah («excl udin
prof€eathbhl bRy 19800l AANAL GO ALEL CAHERIL%re showr
in Tap¥ogn content was within the range of 30 to 220wt ppm

In Exanple 7-1 (Indicated as "Ex. 7-1" in Table 3;

heriy s6WA'In tTABIS8Me addifi9e Hrdsurs df ienY¥BRIHovRNRSExample
conposed of the granular m nor conmponent™was 128pm

7, mmdalam ahomyn phaBraifpld @ ahasieafafunregliowand Exaaiple 9 were
conponent) or a conpound phase havi ng an average
respeftyeheskangeBphaifast fafmeancthBlathe 20opsedqydrehy thed density of
or conponent netal phase. Conseguentl

the S{RrachomPpacBatas i 1er1gaab Al o8 mas £  aist hsnereged 96%.

o0 1950515, 9o Sv G sles Bl Ret & HirartiePakhis e B wippm,
e OIS SRS S 5, LB v
matfk|strihirleosghd hessr 68 n@ﬁ?wa@ﬁnﬁﬁé rbhggz}ér?gﬁdséﬁm. The

exanpl es, the generation of particles te

avefaies gade sstegbt the grovademinbheoapBHBht AfethiNghaas of Wasticular
mnimal, and was not at a problematic |evel. Al though

impetianex ivere it theofangeeofal 22um ph@d 8uor, anllealt saidisnicthphaseitions
of the major conponent formed at the periphery of the
of the RIRSERE INYeREPNconponent is a 30 nore preferabl e

ov eaﬁiééﬁ%ﬁugﬁ‘?y@vﬁn%ﬁ%ﬂ%ﬁ%%%néﬂfhe? iéilzegaﬁ{fég?ae'{ grofis was
. i . The. i ng.. t
0 0, TSR DA S AR AL oo
:mp@:ﬁfl!ésl) ednd afe oﬁﬁf@c%@h?ﬁa@%iﬁ%ﬁ&ﬁ@%ﬂ%ghg?ﬁ? Eggwtppm.

al | oy phase or npound phase

pelr phemplef7-1 {mdidated @orpenent imdksle BHABLIKSGMHR same),
less. 5 In Exanple 7-2, the size of the Wnetal phase

the sigapaisibe \Of metal phvaseutamposedof thegpameat mviasr &@2wonent was

and an al | o%wphase (al l oy phase of major and m nor
128149meeRenn )aley Bhashpaimd Ppase ©f Hagiongrgh miver ggeponent) or a

comy TR B A Sk B o
e T
5atod W tarkfet WiRREUH SHGSVEARNRY, no generation of arcing, and generation
of particles at 13 x 10 particles/cm? was obtained.

Incidentally, in cases where the average width of the ailoy 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

fevel.
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
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obtained. In Exanple 7-3, the size of the Wnetal
phase conposed of the granular mnor conponent was
161m and an all oy phase (all oy phase of mmjor and

m nor conponent) or a conpound phase having an average
t hi ckness of 32m 15 was fornmed at the periphery of the

oSBT B i RSB i e
snlf S5 Q. SREOSTET SRy BBLHEh o o

cas8s 1whf:r*éetﬁé Zeﬁle?é éhﬁld-ﬁ"i‘ Jref aﬂ@;‘?spﬁbér‘sn%m?gﬁ &SmPBSnd phase

granu r conponent was an

form@@aetr(eabémme}paﬂeh@fmm 86mpBAenthBel| phaBBGOSNH 0Plesd.
conmpound phase” havi ng an average thickness of 15m was

f onmitkaaple e2ptie pizerof ok Wheetdl ndvaseorgrapesdd oetrd granular
phase. Consequently, a superior Ir-5at% Ta target
mingr e mgient ovaswdideabn, | ang ,amalloyehasat (adloy gfhaec bhgnajor and
and gene ratlon of particles at 7 x 10"3 particles/cn®
MiNQL §0MPONERL 9 Md COMPPUBhRPAE BaYing: Ak aiesagathigkressaof 22um
of t ranul ar mnor c

wasclopeB °8° GRIPARhYy, ‘ol 48, (fanngeay cianeiy Rastel phase.
CorRBflucfiy)Of, SORBABFOI 1o WO RA2 SN Wabijity, no
gen@faﬂorr‘xeoﬁhft‘?ﬁ g g /()%_?_zﬁ@?atw 8 pRIRRR at?’QZQQr‘]%@q;S‘ﬁrﬂEie\éy’crﬁ2 was

superi or a target th favorabl e
obtaNpsdcabi Ilty, no 28 generation of arcing, and
generation of particles at 5 x 10-3 particles/cn2 was
obtraFiadple 7-Exthepsiee &f 3he tWemsiat phabetdvenfaseteofihe granular
phase conposed of the granular mnor conponent was
mmqwgﬁmpoaﬁat arasy (! 56&%@@6& anaflley PpRES e(adPY idjase ahaajgr and

nent) or a oung ehase havi n avera
mingT P ORRBOE NG o I BRIVRA T OP R 2V IDdeAbEvP [ JTgmasse! 32um
h
v RN, e 30Sane HRBEL bRt meta phase
Conﬂ@&@éﬁﬂ;} 'éyfaﬂﬁ?abl@enreﬁ%ﬁﬁnvwftaﬁj;ési'/g\@r %ﬂgeg&n%@rtk gﬂlty, no

of 'part’icles at x 10-3 partic obt al ne

gendi@tibn dixamiie &nd geheeatiirz of phrilidies Ht gret ab=> phassles/cm? was
conposed of the granular mnor conponent was 196pm

obtainedl.an al | oy phase (alloy phase of major and

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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m nor conponent) or a conpound phase having an average
thi ckness of 7m was forned at the periphery of the
m nor component netal phase. Consequently, a superior
Ir-5at% Hf target wth favorable workability, no 15
generation of arcing, and generation of particles at 5

generdfiord opairting| %m/dCQ@nMQﬁon QI garfieds &5 Exarm{ﬂ Baficfes/cm? was

the size of t Hf metal phase conposed of

obtginadul ar m nor conponent was 182m and an all oy phase
(all oy phase of major and m nor conponent) or a
conip pRaSE, e biag ofrthavier expdalt phiasenewsposed pitta® granular
was formed at thes‘ﬁle” phery of the m nor conponent

MINGE COMUHIRIE Wago{Seduennd y’m éi”@)agmsgr (alley 15728 1|af major and
mingf Eﬁﬁlj"’”&‘? SE RSP GE PGS Hetrio, BB 258 JigRes of 18um

wasoafoﬁ'h\%ldesétc amgﬁ%@g&go@osgg rgﬁ%ﬂp glng%qﬁeé'ﬁ %ﬂ%%a‘-fephase

Cod@eﬂ%nﬁ?”’ﬁ‘)%aﬁﬁsl@é@ﬁ% “I%r‘ngg@% |tF?yfa%?§tﬂe(Worlgé’blhty, no

p ase o1f mmj or and mnor co or a conp

genphetiom bﬁ\anﬂg aanav @Qtlémww{i&egfaﬂé SURY V\ﬁért“f:iérs'fiﬁﬁz was
at the peri p ery of the m nor conponent netal phase.

obtabeedequent |y, a favorabl e Ir-3Cat% Hf target with
favorabl e workability |_g‘ener ation of arcing, and

geHeEXRMpMe &1,pﬁ'\€t$léeé>§ tae memwagarqqn@m@@/d:ﬁtthmgranular

obt f | t re shown
mlnqraspg]pgng%f% éggﬁmgfé? %lr,}g res @@Sg%g@yﬁqhq% I@f major and

oSy TRl B BTy B RRES of
R a0 e §IRG D Edt b (o B! exing ePhase
Conbeqlxap! a8 sty8rigr Tir-5h561 19 Qafget Swithx$avbraBlel AoRabPty, no
gengration of arcing, and generation of particles at 5 x 107 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 107 particles/cm? was

obtained.
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Ex9-1 5 196 0 NO 5 Eranple9 Ex9-2 Hf 15 182 0 NO 6
Ex9-3 30 212 0 NO 8 Conparative 5 52 O NO 33 Ex7-1
Conparative Conparative W15 62 0 W28 Exanpl e?
Ex7-2 Conmparative 30 63 A YES 85 Ex7-3 Conparative 5
41 NO 39 Ex8-1 Conparative Ir Conparative Conparative

To ; - Ex8-2 Conparative
1oThe fé@é@é%%g%ﬁvpﬁa E8 e X Vee o Evg- 1
Conparative Conparative Hf 15 27 X YES 77 E: anpl e9
Ex9-2 Conparative 30 28 X YES 103 Ex9-3 5
[Tall€Qpar ati ve Exanple 7, Conparative Exanple 8,
Conparative Exanple 9) M xed powders were prepared as
Wi'th [nsorf MegoiNg  EXANPT ESuate QveggeSizengg}V\EVer, L0 A——
L UNG$ELMP owde!r, thg_ t&ﬁﬁtveal‘\gg@: OM%&?T&; n'fsirkatﬂhe Arhral1 Ddrdih et
powader wef e CIrdsSItTrea 1Tnro ZUUIMESTIT OT TeEsSs [dara) USed.
The 1 xed powder|s“ere hot| _presse® in la Vacyufh at ™
1600¢C, and; b4« her<gubj ect| tto hot #sostjatiec press 10

treatment |n order tojpregare g Si nrered conpact rhe
results argp—shovwn i n [Tablle 02. As shown..i.n..T4d blel 3

the additiye amgunmtes of tyngsten skown i n@ n‘pa'aiive

Exampl e, 7, tantal um,shown [in, Conpatativie Example 8,
and | haf ni um shgwr—-n{ Conparat}veExanpl-e-9--were
respectively chan§éd to 539t% [15 1%at % afRd 30&tpo °
Consequenty, tHe density |ofs the sinterledccompacts was
in
Exampic® Ex9-2 Hf 15 182 < NG 8
Exg-3 a0 212 O RO 2
00222?:;\;@ 5 52 O NO 23
Comparative |G 18
Bomne? | g | W 15 62 A NO 28
C°'Ei?r_a;i”e 30 83 A YES &5
C”;i%’f““"e 5 4 A NO 9
Comparative Comparative{C tiv
Fxample r Exampled 02238?2 i To 13 42 = NO 3
C"’Eﬁ%’;&;"e 36 28 % YES 76
C°"gi;'"_i““ 5 36 % YES 52
Comparative [Comparative b 5
Exampled Ex9-2 i3 a7 YES n
C°“E:;r_"’;i"e 30 28 % 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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30 the range of 95.8 to 99.9% and the addition of Hf
caused a significant decrease in density, and in
certain cases the density fell below 98% The oxygen
concentration was within the range of 350 to
2320w ppm and the oxygen content was fairly high.
i, S (He ! XD
the Y S PO P o B S el ohi o PR Ve pecrease
in déBsity a#@PMceHAM BYSELHR &ér?éi!g/ fell Befwbsbdre granul ar
m nor conponent netal phase of particular inportance
veiTeel axyidee comeatratiod Wad withd, thel rangd ovase @l 2320wtppm, and
outsi de the scope of the present invention. The
the dxygen soatent desclairhedigbel dlie #Amerdgs graibesizabo e irith matrix
the Conparative Exanples 7 to 9, the density of 10
strugiure @grigetsajpasomponest nasde toe ragye of H3 thi2gher., e average
gen content was {n the range of 350 to

t he,
araip 3SR Th OB yLIPT c SRIGN SRR Mg PheRe of particular
. ' le 7- | ndi cat ed " Co ti.
ot B To B8 M P o) BRHEY B vl BlysidErge scope
of tH st IMBNIONE! fhe RASR SRMPARTBATLANE o anu! ar
mnor conponent was m and an al'l'oy phase (all oy
phaseiedicrifBH @hole, wnd tﬁbmméam@i@@wa)n};gésar Foog;p@\‘én(gensity of

phase havi ng an average thickness of m was forne

all tatgetdevazein Pleerangef ot Bewiner highenangthe Bty@fenPb@®ent was in
Consequently, an inferior Ir-5at% Wtarget in

the reowgsarti 3dhta 232hvetpErargiceihenayigeg contdrénivas high.
WO k&bility,, no generation of arcing, but with
gelet-gmnsiatye Fxpmrle st dindicatest agy GorpaatatecExample 7-1” in

Tao 52, LG B S50 e A G BRSEC b Bosea o
. | t .
orarPISAAS s AL I8 AT Bher oy 08

e gy Sy P4 SRRt e a0 s o

7umt eveterfoymedhas  thbepeviphetyhefex aniabl ofompbhele metal phase.
omtted for cases where the average wi dth of the all oy
Conggyptideanrinfener bobqide M taiget in ¢onpedsen ta the Brainphes lyaving
.. of th ] nor conponent netal phase is 5pmor less, In
mfef@cmis%fiﬁ I nexeenpiation of atrﬁiagsg%wah genergtion phpapisieseat 39
of> the granul ar m nor conponent was 62pm

% wgcr)P?frﬁﬁf%g{qn%waﬁgg {41 oy phase of mjor and minor
cOFERRERAY, 5 cRose AR 5083081 0 USRS Epngee o o
comp&endTbRBEe GREPNAT: 1B8S 3k nBh&sfhed Slall, although these cases are
not illustrated as examples, the generation of particies 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 Qum was formed at the periphery of the minor component metal phase.
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Consequently, an inferior Ir-15at% Wtarget in
conparison to the Exanples having sonewhat favorable
wor kabi lity, no generation of arcing, but with
generation of particles at 28 x 10,3 particles/cn2 was
obt ai ned. I n Conparative Exanple 7-3, the size of the
o AR DA 9T W 0L TR SDRERRT RR g Syamples
hawvifig OsoraB@hat Nfak o FTPORAkADIRY, s atoPhas erbimygl NBut  with
an average thickness of 9limwas Torned at the
genseafiphef paviclashat 28 ror0 "t papictes/tmhretalobphiasd.
Consequently, an inferior Ir-3Cat% Wtarget in
conpdrorsparatiyet Exarerignpide dhe kivei ofgtheddenietal fraser etbhposed of
workapi lity, but with generation of arcing, and 10
the | GaPBIRE JHINPErRTBR RN oWaD H3Une | 8ad AAn gHox phasg (alloy phase of
particles/cn?2 was qbtained. In arative Exanple . .
malgF ghoinERs e oo CRinau R RIEE S anits 40 Sferagndhickness
r.an r¢ A7l 0 S a |
4 e TR o R BB o S BB RO B¥E RS phase.
C a Vi , ane i [
oL T e BorE S0 ahe! Bramples
havirgf aonphalset faborgbls easrkabllivy, Bt iwifrergederdtiorpaé¥aféing, and
target in conparison to the Exanples having sonewhat
increased gbherationkafipariicles at 8Sgen o parvclesfondrwas gbtaingd.
wth generation of particles at 39 x 10-3
palit CQreparetive knaraped-nethe sise odriparfat netl phaspleomposed of

8-2, the size of the Ta netal phase copposed of, . the
the GraRALMIAPRSOTEARIN RS LM Z7RY ZRaaley BNPsy (@l @hase of
; : f ' Melels nt I .
e RS on, (P ol e CRMAL e faikness
a iheh t ] 0
of g0TRdsorkha BEye 66y, B M cf SREAGRTHA ase
Coniseqoenararsiafertoy It-batEanpl@st in kawiggisonfteth@Examples having
wor kability, no generation of arcing, but with
somgeviet davomabdd warkabiliyl ee eendgatian 10 "B cipayr hiut vedY gafleration of

was obtained, 25 In Cogparative Exanple 8-3, the size
partgles Ae3Sx Rt AprtigieEemc spsoddained. the granul ar ni nor

R Ry A LR BB B
v GL ] OO, O STAESYERGEHIE it s o
maj SR AHRHE bdmp@ﬁehfgicﬁrd 5mbbhard h%égﬁatgﬁ{glﬁgrajv@rage thickness

conparison to the anpl es” 30 havi n
of 4o kads [forviedvat thg grefaderprofofheangihbl.codsbnent metal phase.
significant generation of 32 particles at 76 x 10-3
Conpaquéndlyesdrerifewas lotBai%eda target in comparison to the Examples

of

having inferior workability, no generation of arcing, but with generation of
particles at 35 x 107 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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In Conparative Exanple 9-1, the size of the Hf netal
phase conposed of the granular m nor conponent was
36m and an alloy phase (alloy phase of mjor and

m nor conponent) or a conpound phase having an average
thickness 5 of 1mwas fornmed at the periphery of the

parf8 ot 787 0SBy e ST 8 el Biar i on 1o ¢ he
EXW&ﬁpQ%‘(NBQEanﬁ‘[BI%rQ 9r tH’é’él‘ﬁ@bdflth%Wlf r‘f‘('etaﬁ %erc?)tngyg&ed of

of arci ng, and | mrense ener ation

the géﬁu!&r oy Cdo%;é&@]tmés Qo NEd dd”aﬁi%ﬂ%ﬁb@é' (4foy y phase of
anple 9-2, the size of the Hf netal phase conpose
majof and Gninbe cgrraminleat) on dooMpoNNAETHseWss/iZy Bh Birdadd thickness
al l oy phase (all o% phase of nmmjor and m nor
of H&ﬁph’ﬁén@n@d atd ErpD@lth;iMaefeﬂh@\mh@ramrap@magemetal phase.

t hi ckness formed at the peri pherg of the .
Congeqgen b@blﬁé@ffordéﬁar%p‘rhfa@&et lTsRsuRIEANItY thakxamples having
|nfer| lL.r-15at % Hf t in conparisaqgn to the
pReoliEy Pl dsnerSt i RSS! d avsenssnarenaration of

tm‘e%%
pa”@{?saéﬁ%@ %18 PP ae SR oo, 1 ?:g:'r:);l?;? Tve
Exﬁﬂ%ﬁq@arﬁhvé BSati A8 NP, faesikh o“ﬁﬁ@' @t%? ﬁ@ osed of

of t he granu ar m nor corrponent V\ﬁS an a

the praada( atihoy cohasment wammprrﬁrqunanoancgpﬁﬁ@@@quoprph@se of
conmpound phase having an average thickness of 1mwas

ajérormab chinor cm@ppeent)rmwcmtﬁpbhed mhase remimgpae @versgeathickness
phase. 20 Consequently, an inferior Ir-30at% Hf target

of wﬁﬂ cwafpr@sﬁ @bt%eO%péw;We@‘ theaviingr igemepenant metal phase.
and abnor mal

Cond&Fl car delerigh, PERES. b ”t@%eta{n‘iég%p@aﬁpncioem@amples

o 3 e T PSS STREHS! B R fbon o
partides(&BMRI® qp@arti@@%’rh@w%}s olEXiReR! € 12) The results

concerni ng workabil'ity, arcing, and particle count in

t hie Caspardtivec BRAGIDIY Std)aha\vRrage titd pif &kl ghasebakiptRed of
density, oxygen and carbon content of the respective

the gmmla(emua@' Exapphentl @asal@ave andear dllvy ploesh {altns pbfise of
is 15at % and the

\%}QE 1 in which the Wcontent

ajog Y r@AMPenNeRt) 6F attuNPRYYY PBBSR bApingen apawmos ﬁhs;ckness
f1128to 35m€%fH§ EExa le 11; a case where th
OF T4 YT iren HepPBey 19 ik EHNPh COMPORGH dhetalgphase.

nd, .t f e

CondSRIhBn At hEcRHPIPS8eE; gt SrCbobbr bR ot Erampes
havirfeX #TBKEr workability, with generation of arcing, and abnormal generation of
particles at 103 x 10 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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12; a case where the conditions of Exanple 3 in which
the Hf content is 15at% and the average grain size of
the m nor conmponent phase is 191 to 202pm are 5 used,
are shown in Table 4. In Exanple 10, Exanple 11, and

Exanpl e 12 shown in Table 4, there was no generation

conafticRb QifrExarhplet Ben easch Ble Exaoplent 19 16a0didridPheohvdlhge grain
the workability was extrenely favorable in all cases,

sizeaobiheartiugdmpbeepaphasd s tduUnd 140par apseaded) algdiltdsyExample
when the oxygen and carbon content increased slightly,
12; al case| whess e shoddions af dossnpler @dumihich the Hieonderd isf15at%
anple 11 (addition of Ta), the workability
and&@ﬁeﬁ\f%aa@@iai%ﬁlzemﬂwem&wrtwwmh@ﬁa Iéa1r9aow 202um are

onte i ncreased, and the particle count also tended
use@ g?%“é%@-' i%?@v%a but these were not at a "
I I h t
ST 5 S A v
no g@ﬁ@ﬁiﬁ%ﬂt oPhé’ré%d NCHEYE L AQBMBLamplee 1‘00'(&%%&)“@(? W),

eteriorated slightly when the oxygen and car

workahiilignias _uire favndblehe Abcdded @neodboudd B b@ﬂﬁ;@lcount
to increase slightly, but these were not at a

increasdyl efighily Wiearelthe @@ygenaand ycaridre ontentoixggeaseaindlightly, all
carbon content were reduced, the workability inproved
CaS%ﬂh@W@dﬁ@YQYﬁBl%re@@Uﬁt tended to al so decrease. 20

T Gl anbdele ol 6o ol i o Featlofoar

S“g’ﬁgfn‘i’)‘@%@n o PSRIERATTE hotlid ﬁx%éﬁdaﬁﬁgrt&?b%%“m’e count
alsot8AHEA e rﬁ&eQ@%EbW&t E)Ltjtt f‘g&%bg%o% éfdrBBFerﬁ level.

oxygen and carbon cont ent S e re as muc

popstiy easd e Fxangse N dlti@ModU}-!fy nﬂw'euﬂé?ﬁgéeg}arrﬂm&@ of the
the other elenents. 25 [Table 4] Aver age Size of V-

minat mempyeapd Phasef inketaded: @(ygwhaﬁatr’mmmul‘whmmy deterlorated
Conp, nent Adonive An?9 Netr'u Phan Panicles Density
S“Q"(Udnwbﬁﬂ 1oen@ese NNBR G £B7 o1y cantdmgnsreaped Ccangdherpartialeosount

alsoSTieR 10 IBRat SISt PatoGesos R NG & PEoomgsc level
Cont?gri%/, %e%oth%)o%gg’n a%%l &g’rbjoll]iocc?r%mg gve%g rgdﬁgeg, 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
Component
Wetal Phsge

Citm)

Relative | Oxygen | Carbon Barticles
Density | Content | Content | Workability | Arcing (3010 ozs o)
(% {epom) | (etppm) Y pesiem

Major Additive | Average Size of
Componant Additive | Amount Matric Phase
pe (219 Cumd

15 12 128 292 19 Ils) ® NG 4

Ex10| W 15 [ 132 99.2 50 0 ® RO ]

15 3 135 901 20 50 @ N 3

15 15 140 887 %0 30 @ MO 5

Example Ru Exil Ta 15 12 131 28,6 120 40 @ [ ]
15 i0 138 99.4 190 40 @] ND 10

15 22 202 9.1 150 40 ® o it

Exi2 Hf 15 18 192 938 20 50 9] NO 13

15 15 181 99.8 220 50 Q 28] 13
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Euample R Exit Te 15 12 131 99.6 120 40 Co NO 9 15

O 133 994 190 40 0 NO 10 15 22 202 99.1 150 40 OO NO

Il Ex12 Hf 15 18 192 988 200 50 O NO 13 15 15 191 998

220 60 0 NO 13 34 (Exanple 13, Exanple 14, Exanple

15) The results concerning workability, arcing, and
(Expenplé ¢BeExamnple 14, ERempsespf  changing the average

grain size, relative density, oxygen and carbon

corthentesufts Coneenixpworkakalitypancings snaspaEialeptcrint &) te case of

case ere the conditions of Exanple 5 4 in which the
Chﬂww&ﬁ%n@‘fﬁ?@g@ﬁ?% 8ik8, 9iativr dpasy, graman sindecabonheontent of

the ety HROREE AL ERRRPIS 124 cedaainaraBe Goalinst ol Bxample
4 |riS P\IZHQEH %H?txﬂﬁ cofteh?Nb ‘:j[;gag émail'@a v Spgratﬂl%gg a\ér? rlélg%ﬁ% afﬁg minor

m nor co

cor‘rﬂ}%%@n‘é PR saYs EPE@’% 1;:?14&}3 arg GRRE a‘@hlﬁﬁﬁnbflégiﬁg/ﬂdd@%e%ﬁere the

Example 6 in e Hf conten at

contiftiens\#rRgengled th #ihidh fe TheoMdn®ls ¢Q§p@%tr@h&$&agé grain
158 to 162pm are used, are shown in Table 5. In

sueE:xfaHnel mirs, cErpomdre nwasearsd“lmmmlzeyri:ﬁaﬁimm,l and abl Bxample
5, there was eneration of arcing. In the cases .of
135, excans ehewe f’sﬁjaomgléiﬁn%fOf\ﬁXB@ﬁme Eawpich the Haddntardris 15at%

th kabi | i , t |y favorable in all
and dhe erage G sife 1o TRET SAMAEPEY ehaRe igécisiapm are
I en and carbon content increase
use‘i!l%"%hﬁ']"ig”” gﬁlabc!%gegxggomed favorable results. In the
I r
CPOEERITRIETE Exkhole 30, B aintt s LR LTTRIR SR ves

no @é&eeralienver kedlhi t yntpededsdd ofdekenbRy aise %dlﬁ@ﬁ'é‘f W) and
when the oxygen and carbon content |ncrease

Exampleef ¢ Hetldidion df ias etherwodabhity wast altmméwefat?@nm@% iraaid cases,
were not at a problematic I|evel. The particle count
and,aalﬁwtt%htk@dpardlcfaw@@@@tslétcsaasm slightiierhem éhe oxyeen and carbon
car bon corgﬁ [ ncr eased, but these were not at a
CoNtERLICERARE LS |aby; all @E%@%%'F@W?d faWﬁ@erﬂl@éUB&ygen and

SRR 80 B e o A 8 e BB YES of o

mmd?‘cé@frn bREhY ’ph'a eCﬂHlféjast%% SBhWAL dhePiaREbLY t&kd to

roved
deterlorate slightly when the oxygen and carbon content increased.

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.

35

s
i
b
L]

|




10

20

29

particle count can be reduced by adjusting the average

grain size of the mnor conponent phase and reducing

t he oxygen and carbon content. In particular, it

coul d be said that the oxygen and carbon content

shoul d be reduced as nuch as 30 possible. There was
[Tahle $harti cul ar influence regarding the other el ements.
35 [ Tabl e 5] Average Sae of Mhor nygen Carbon Nopr
Add SVe Aler age..Sae.. of . Rel-at:t ve U, LOnROTIEL Paritii o
G papheni A Gy e Aount &S’fé?ﬁiren PBS - WeRbsDens: wo ')
Content ntents Wr Yabidy I-\l13.LI (Xt Ot trsic
(Pl (o *( VAFP) | ChEPm 1518 134 998 4050

893 60, a
E, 13 W{I5|16 1301998 60 20 & NO 7 welb w3 42
=0 640 iI‘ 15-49-+12(-99-6-6{-30—-0FNO5{Shnp

Ta| 15 13 118 QGM 13& 2 NO 27 1 Tb I /o 1T

O NO 8 |"I5 541629891805 0+ V-H RS

986 250 40 0 NO 9 15 17 158 980 260 60 O 1t 40 15

(Examptanhb eEddmpECAipEarhple Banpl e 18) The results

concerning workability, arcing, and particle count in

thé h@a@éu& comceshiyWaLatidy.careingg @ngrrsrticlei caaint in the case of

rel atjve densit en and carbon content of the
e

chapgEigebe; A¥eTrge @Jawfﬁ densly, £>yder anskea boRecontent of

e S oI el 4. 1058 5 BT s
7 |nCWH?&P$ﬁ‘é W\ﬁéﬁ’teb? id 25419, LAAMRr S}é‘%@%ﬁgfﬁ?ﬂ?%f%e minor

7, a case ere conditions 0O n Whi Ch
confd@ﬁe?ﬁﬁpﬁ@@é WHZOStolﬁﬁj;?f(mad?@ ey, AR #7Na kas8l gkere the
of the m nor conmponent phase is 170 to 175mare used,
condmdnasafﬁmnm;ﬂe 8 BwhichcieeTavbent@nt fre 16a1didnidome @ferage grain
Exanple 9 in which the Hf content is 15at% and the
sizegfdhggaingr giompenentgthaseeism Hbto d doponaret Upedsand aS]EB(BmpIe
are. used, are shown in Table 6.

18; SepaSEAhaI e CORIORS S BrEmeh B Aiar i HE comtards d5at%

and g 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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15 no generation of arcing. In the cases of Exanple 16

(addition of W, the average grain size of the m nor

conmponent phase increased slightly, and the

wor kabi lity deteriorated slightly when the carbon

content increased, but otherw se showed extrenely
Contravidy, abhen tties wxygen|and kearteas eovtenBvadre! @dliéeliadi hiobKability

of Ta), the average grain size of the 20 mnor
impreyegarshtheppertiele coumt derdbedid glholdecrease. t he

workability deteriorated slightly when the oxygen and

cafBeRrditaly.e it Cower baserid el dhehwodedilityheare bandmpraved by

. si.gni.ficant vari ance. I]p t he, case of Exangl e 18 ,
adUBLREiTF GNCEITG BTN SH7e GhiBeAGE0] CAMPAsIEFE PHRSE REC TeRHeINg the

oxyGRTBRRSHpBRAERIACT 57 et PO QS ERLhEY g gavoen anc
carb%ntc%meﬂtngm@aeﬂe T@&Ec%eaygir%t Pl 95@[ ogarbtne.vaf#r?efﬂge\gtas no

in the particle count. el ess, ese Were no
partRuRir ol RiFlel e ghedial the Jeh&rbmahtd Y, when the oxygen

and carbon content were reduced, the workability

i nproved and the particle count tended to al so

decrease. Accordingly, it could be said that the
[Table6kability can be inproved by adjusting the average

grain size of the m nor conponent phase and reducing
the 5 oxygen on.content In particular |t

o5 car
. Avel .
cofil d be sai d Lhat| dfie bryten aad carbon content |
shpulxgpe [EOUCEY" Bl nuekiras passSISHEg S 00 pes/en®)
narticul arl i nf ||nr]4g%m>r eaabdinh th otiher b q
rJM T \JU’\MI T LI \15.&! l T uvmilzo\al lljﬁgl:gll ’ ao\.l\. IIGO ’NO 0 : !1
[ Tabl e B} cAvenge:s Aver d0e_ 76 Ofes AGT T[ake [See Ofvo REDIVE
L I\ 35 In 4li o0 Dadda | o H0 A AN 12
Oygen Carbpn—Nept—vior WM}}.}UII:I‘;% FaNTCLES Ot V€
Exa & deilt Jys (5 o K ld i
Arpurit  Net 1 xX® DerAsH-Cont-gnt—O@at-enl - Vgr- Va1 dye Arcihg—
X p10 t=S /RN ) el (AT l(ggatéi y S [Ned Al an'ne (M
18 213220 ~alBa nnl 8ol aRe A 144G .8
(I\/ DIT) \N)IT ung) 14NN 22 LY " 2 Lo L ZU @9vg b 7oy U0 1 =X

16 W15 19 122 99.9 30 30 OO NO 12 15 11 130 996 30
40Tr99 ngrélcz’roryl?nez’tza}uslgf0 r&%é?}iuﬁno, rAIrfa%d?unEP agd iridium to become the
major component in the present invention are all group 8 elements, and are
approximate elements. Although the Examples illustrated a 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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Sample Ir Ex 17 Ta 15 18 170 99.8 80 40 0 NO5 15 12
175 998 130 60 O NC 7 15 30 180 989 10) 80 O NO 3 Ex
18 Hf 15 22 182 990 170 IWO NO 6 1 0 15 22 190 987
220 90 O NO 10 The refractory netals of ruthenium
rhodium and iridiumto becone the nmajor conponent in

witidie garveRetiatitheetimbinedraicitidn 8f s BeRhIMROLS alstNovered by
are approximate el enents. Al though the Exanples

the iprésmttrimverdion. case of i ndependently conbining the
respective elenents with the respective mnor 15
conponents, it should be understood that simlar
results can be obtained in the high nelting point
alloy with the coWﬁ?HéEH@%HﬁPF%MQB%”dGXh el enents.
Accordingly, the present invention additionally covers
alloys with the conbined addition of ruthenium

rhagy u%\io?ngr(]{e{rl%&i éﬁﬂttérmgggﬂjlggt ocff;/ r%t%égﬁrgg %gl{gg%ﬁrﬂ)’osed of

tantal um~’ an niumte cti've

majet ChaiRMent BHRUBEANRAL $ofurd! Q4@ Er@?}i@ﬁ?gi%l&sa s‘ﬂu{p@ﬂ@r Bffect of
el ements and group 4 ‘elenents in the periodic table,

beirgs ablRovwn imprdvee tHx sanglee stiokturb efoprgeeahtind viea drefeut of metal
when addi ng these elenents to ruthenium rhodium and

particiégiothmr thanHhe rbaleix-focoinfg maged ddmaporsénti Inaprove the deposition
ﬁépgerties, operation and effect could be attained. .

quajycby deAEFiDg iMPusiies abeas g@sr e2ropanaatisa enhaneingothe density
course.thg% t he conbigﬁd 25 addition of these netals

and,glimingfing dhe; gRNRIBH A AT andl Rarfigles . inwRwtering, gsewell as

mpidfighlre BN boStadhe, THIR, T Bffert il Rlart R SSiremety
usefNBYST BehbsibR Lrh%‘?’!'fal—?iéseﬁni&ﬁd@bﬂo?ﬁe%d@ %{n%d%argipularly as a

sputtering target o actory netals conpose

spulteding tarygofientie afepogiteniotna datedeld®rodadnidiefhiuBYy various
yi el ds a superior effect of being able to inprove the

diffusirgearrers.uct ure for preventing the dropout of meta
particles other than the matrix-form ng maj or
conponent, inprove the deposition 10 quality by
reducing inmpurities such as gas conponents, enhanci ng
the density and elimnating the generation of arcing
and particles in sputtering, as well as inprove the
wor kability of the target. Thus, the present invention
is extremely
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useful as a deposition material of a sem conductor
device, and particularly as a sputtering target for
the deposition of a gate el ectrode material or various
15 diffusion barriers. 38 CLAIMS 1 A sintered
sputtering target of refractory netals conposed of one
or nore types of m nor c@hﬁﬁﬂénts selected fromW Ta
and Hf at less than 50at% and at 5 | east one or nore
maj or conponents as the remai nder selected from Ru, Rh

1 Sl SRR LB AP Lt R B apgor more
typdGERind oo d Y sBRRRE) AEmPwE GEPAUNH BRASE tAhn BhBt% and at

maj or and the m nor conponent having an average grain

leasgtiohe @f mbPONjbpcomPORBNtsld: the rEMfaiptBE S&lRdtcRPMEMERLNBh and
target conposed of refractory netals according to

Ir, wherien 1he whetadisirudiererret dhe shajoctatmepaierttheompiises a granular
~conponent conprises a granular mnor conponent netal
minphaeposenameirl phaphagreaorall@ycpingsund gpbempound phase of the
.major and the m nor conponent of 100mto 300pm 3. The
majey @ner JPIOE FIMRBORYHgBRVIBE N sBPrage r @R @iz wf 100um to
500mat als according to 15 claim1l or claim2, wherein
¥ He peri phery of the granular m nor conponent netal
ph - ' S ;
2. PRangsfaERid SPRnEd Al BORDE.0L &t ERARERT I AR Goraing to
claifi 9t hwiRérerNtheOnRAm structlie &f MhET #RiSPUbEPOhBAT (¥ gSises a
conposed of refractory netals according to claim1 or
graraliai mirdor cgrepenentt hetap @hpbesy anfallohergisansd fcompeond phase
conmponent netal 20 phase conprises an all oy phase or
of the wefpantthenaswraompmandjodit 08ach tchd00urinor conponent

havi ng an average width of 5mto 1 m 5. The )
3. si hersdtegd ppaitervng taegbeomenped &f refragiery awatalsyaccording to

caifiS B A5 it o o e o A Bt EbgaLmeta
phagé’%ﬁ'lpcf s?ﬁgaéik)gfyﬁlﬁgéé%roé D ) a@)ﬁﬁaggaffe‘[h%f rﬁaﬁczr and the

maj or ‘an nor conpon an avera

mind¥ &riip&he BV é}@%a& widiR otk hedogRYL Lering

target conpose refractory netals according to any

4. onehefintemdsplitérindtargbec@nposes cdasfracppnenials according to
inpurities, the oxygen content is 300w ppm or |ess

clairaridot tlairo &, ydrereontrenpeligherg@itthe granulae ssno7compenent metal
sintered sputtering target conposed of refractory.

phagg camprisesoriiallgyt Bhase or a compound phase of the major and the

minor component having an average width of 5um to 100um.

5. 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.

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
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30 any one of clains 1 to 5, wherein the total anount
of inpurity content excluding 39 gas conponents is
100wt ppm or less. 8. The sintered sputtering target
conposed of refractory netals according to any one of
claims 1 to 7, wherein the relative density is 98% or
gasHiheenerdfds VBPWEPPBOr 188 or greater do not exist. 5

5. TR I e b s e e B Stk aeoming o
any s OPBEHad Bat qubBisiiiha Biatii SensllcE VR Br igher 8ha 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 variation in the alloy composition per 1cm?®

of the target area is £10% or less.
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