DESCRI PTI ON TUNGSTEN SI NTERED SPUTTERI NG TARGET 5TECHNI CAL FI ELD [ 0001] The
present invention relates to a tungsten sintered target to be used when
formng a gate electrode, a wiring material or others for an IC, LSl or the
| i ke through the sputtering nethod. 10 BACKGROUND ART [0002]1n recent
years, pursuant to the higher integration of very-|large-scale integrated
circuits (VLSI), studies are bei nDESORIRTEINf or using materials 15 having
| ower electrical resistivity as the electrode nmaterial or the wiring
material. Under the foregoing circunstances, high-purity tungsten having

|l ow resistivity and thermal and chem cal stability i.s being used as the

el ectrode nateri al JrUNﬁLS-Wi_:Niﬁﬂq'ﬁﬁﬁeﬁﬁaﬂPUTﬁgmbﬁéé—&%ﬁE@?ectrode mat eri al

or wiring material for VLSl is 20 generally produced by way of the
sputtering nmethod or the CVD nmethod, but the sputtering nethod is being

i dely used in conparison to th ] ikce the structure and
s VA

peration of the sputtering devi ly sinple, deposition can be
performed easily, and the process is of |ow cost. 25Neverthel ess, a
tungsten target that is used for the deposition of the el ectrode nmateri al

or \zla[ftbbbwynat i bré SEntinSk nitid nt RGafgiuid arfungsken Rastersd tegydtredoofused

relative | arge size of 300mmor larger, and is further denmanded of high

purity andviemgforeing hygateG9esircaey entvirimain aterizd oredtheds faf apri€pdSingy t hi s
ki nd of |arge-size 30tungsten target, the foll ow ng nmethods are known;
namel y, a thetlikedthobugprtbpasputteramg inmgfdtodby way of el ectron beam nel ting and
subj ecting the obtained ingot to hot rolling (Patent Docunent 1), a nethod
18f subjecting tungsten powder to pressure sintering and thereafter to

rolling (Patent Docunent 2), a -cal l ed W net hod of |am nating a
t ungst en @A&K%?RE)%JILIB A&\P

[0002] In recent years, pursuant to the higher integration of very-large-scale
integrated circuits (VLSI), studies are being conducted for using materials

15 having lower electrical resistivity as the electrode material or the wiring
material. Under the foregoing circumstances, high-purity tungsten having
low resistivity and thermal and chemical stability is being used as the
electrode material or the wiring material.

The foregoing electrode material or wiring material for VLSI is

20 generally produced by way of the sputtering method or the CVD method,
but the sputtering method is being widely used in comparison to the CVD
method since the structure and operation of the sputtering device are
relatively simple, deposition can be performed easily, and the process is of
low cost.

25 Nevertheless, a tungsten target that is used for the deposition of the
electrode material or wiring material for VLSI in the sputtering method is
required of a relatively large size of 300mm¢ or larger, and is further
demanded of high purity and high density.

[0003] Conventionally, as methods of preparing this kind of large-size

30 tungsten target, the following methods are known; namely, a method of



5 layer on the entire surface of a tungsten bottomplate by way of the CVD
nmet hod (Patent Docunent 3). Neverthel ess, with the nethod of rolling

t he ingot obtai ned based on el ectron beamnelting or the sintered conpact
obt ai ned by subjecting tungsten powder to pressure sintering, there are
problens in that the 10 target is mechanically fragile since the crystal
grains eaiiréiéaﬁﬁgr 8RNingdRb@naayl 6 efrdtren S’oéa&ﬁem&m?]cam pivjectihgdhar e
easily generated on the sputtered film Mreover, although the CVD-W nethod
yi el ds favbtaivled Rydttter hoy rohiaga(R ateind tDosumenérty, issmetbodbdfesubjectingt it
is extrenely time-consum ng and expensive to prepare the target. 150004]1n
addi ti on, tdngsles pdwder dohpraasgyeosiniering andgtheseafiende rebingail RARI2 to
20ppm of phosphorus (P) as the raw material, and sinterjng.this, raw

mteri al Boswnent Hotans e Sngaund GMP-1N Bedard 1o FBHRIESh 3 HHEHEn

target having an erage i i f 4 I f

boconent - 19Yek0N henenfts Syoldts bheetingsiSn de Brarte B e phBERYR o
h h i f , d the inclusi f ph h
Caused o TRoRRhErRiR o urBRT RS (he grain boundary intensity of (he
sintered Corrpq\j:é\%erl”pe@?gt Wit e rhéLHcgj; 8¢ r8liRig e HhgiheBRIIAREY AR on

cont ai ned, the abnormal "grain growt tungst'en occurs easily, and grains
of 25 applgtirBheb¥arPnBItiMg lorbené caihtereed cabmuct Bbtminedr by subjechiag
concentrated at grain boundary of the crystal subject to the foregoing
abnor mal  guaysteyr puvidendof présmiredsirderiogat theraeatg aynobbemsdin ythahitbgsi ty,
and there is a problemin that chipping will occur during the nmachining
19rocess f darggti isdneghemécally fiagilengincsethe sayeial @raing @ARIlY RAaPE8r éf‘g.
30Al though it is possible to devise the sintering conditions_as a ure
for preve@anglarndeiens: rﬁﬁ%er&? i 10 g%quﬁ'&?e% (FGs CA5 Y gf‘eﬁ'%?%@r qrgetﬁgsol ve

h bl f . ' h ' : i h
:h?sr:rgreﬁsg’:“?@é'tﬁafgl%i?ﬂc odveLorthal ol B VRN el Jiclog Te¥Bradte 1T,
g d AR S ot~
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of 3N5 t0cBNsﬁ?ﬁﬁn?%ﬁ?’%&g@ﬁsW@Wp?é&@reofheg efefer to Patent Docunent 5).

Nevert hel ess, oregoi ng case, the total inpurity content and the
15MPYppbips Whilgh adetiondegischdded i v setheioyet of Subfrg fimgsten Kawder U,

Th, "etc.) are nmerely prescribed, and 10there is no disclosure regarding the

probl ems cansaithify 2t tre20pphuef phosphphus Rpaeshe raw nraiesiadi agd winteAng

t echnol ogy has nunerous problens;, specifically, occurrence of defdecti ve

targets, deiserawrmnateriabbyywaydof matherassingtarnst sHkcin SHABF JeeRLAYG Aease

Pat ont . PUBNREsiETo TGt heanaren Axsrage grain si28 of ¢ Ao & H8Ss Rfer B
Patent Document 4).

20 In the foregoing case, the requirement is the inclusion of phosphorus
in an amount of 2ppm or more, and the inclusion of phosphorus caused a
problem of deteriorating the grain boundary intensity of the sintered
compact. In particular, if large amounts of phosphorus are contained, the
abnormal grain growth of tungsten occurs easily, and grains of

25 approximately 500pum will be scattered about.  Phosphorus will be
concentrated at grain boundary of the crystal subject to the foregoing
abnormal grain growth and further deteriorate the grain boundary intensity,
and there is a problem in that chipping will occur during the machining
process for grinding the target and the product yield will deteriorate.

30 Although it is possible to devise the sintering conditions as a measure



[ Patent Docunent 2] Japanese Lai d- Open Patent Publication No. H3- 150356
20[ Pat ent Docunent 3] Japanese Lai d-Open Patent Publication No. H6- 158300
[ Patent Docunent 4] Japanese Lai d- Open Pat ent Publication No. 2005- 307235
[ Patent Docunent 5] International Publication No. WZ2005/73418 25

DI SCLOSURE OF THE | NVENTI ON [ 0006]In Iight of the above, it has been

di scover e(ilmlt bRdvdritind st WHin®dl grain growth of tHRGSWITObL S logdyr ky resdleet s

t he abnormal "grain owt h of tungsten and the 30deterioration in the target
strengt h. kRe RaobidH! 6f the tonbeathaonsof shosphbrisidtere isa prablem exteddi ng
lppm crystal grains subject to abnormal grain growth will exist in the

t ungst en thisgeterendegulis s af mappr coxinpiee|prodootianwidcess godt deeedAbout .
Moreover, it has al so been discovered that phosphorus will be concentrated
at grain lofierdnsgluwion far able/ preductidi.ect to the foregoing abnormal grain

AR A L0 N A b L)
hosphor udStt FvBe PrPLRly (8ksk AL PSR R rlY Al SfRslel e et atee &fy i g
the incl u%%gg@f'e?qg l%’%tégg DIESMN 535 RQSFERhELessOD the Topslingt agshi eve

t he foregol ] ect, resent 1nventors provide the follow ng

i nventi oNihe total Sinphirdtynesh&Shtsanteted FRYLIigES N@hich gie, undesstiabléd Ha
phosphorus content I's |wppmor |ess and the remainder is other unavoi dabl e

i mpuriti eseamnidohBuotgst @, CAAIBINZ) KThe Tohngst parsimerslgdrepatibedi agd
target according to the above 1), wherein the phosphorus content i.s
10. 5wt ppm ¢heteedés no disclosure regarding the problems caused by the inclusion of
phosphorus.
Accordingly, this technology has numerous problems; specifically,
occurrence of defective targets, deterioration of yield in the target

production process, increase in production costs and so on.

15
[Patent Document 1] Japanese Laid-Open Patent Publication No. S61-
107728
[Patent Document 2] Japanese Laid-Open Patent Publication No. H3-
150356

20 [Patent Document 3] Japanese Laid-Open Patent Publication No. H6-
158300
[Patent Document 4] Japanese Laid-Open Patent Publication No. 2005-
307235
[Patent Document 5] International Publication No. WO2005/73418

25

DISCLOSURE OF THE INVENTION
[0006] In light of the above, it has been discovered that the inclusion of

phosphorus heavily affects the abnormal grain growth of tungsten and the

30 deterioration in the target strength. In particular, if phosphorus is



[ 0009] 3) The tungsten sintered sputtering target according to the above 1)
or 2), wherein the relative density is 99% or higher and the average
crystal grain 20size is 50pmor |ess; and [0010] 4) The tungsten sintered
sputtering target according to any one of the above 1) to 3), wherein the
total inpurity concentration is 10wtppmor |ess and the oxygen content and

b : Lvel i I
5[ 0011] ACCHH 08T oA SIS CAGCT ol Bhol b0 bhosbhar L8 ant on to ba

1wt ppm or gb@ssmal NeraARNgrein Uil Bx oM fthef tingehetarean, kmdefdrains ol y
inhibited. It is thereby possible to prevent the deterioration in the

target stappedXinfitely 690uve witltbe@scattesed mbowier Misrquveb) irssiatso been
tungsten sintered target as occurrence of defective targets, deterioration
of yield idisc@Menedtthageathqepdthrosi will peocwseentaaied at geagebpHngdandotthen
costs. The present invention additionally yields a superd'n r effe(ftlégj‘r

bei ng abl eryssal agbinas tontheuferegoing wosoraia araky sreythyan ée’F‘?ﬁ'?ﬁa ®EIF MoDE
FOR CARRYI NG OQUT THE | NVENTI. ON 0012] The sLntfer ed.t ar get f.ort SBPt\}eehrSi ng
accor di ng @N RRUBABEL ARG NSt | TS eA CAYCLRET s PREFTHOR d7tienP TS 'E He

1wt | .\ t [ ' '

Tmpor 4 MG EboeTRl A, SERi EBR URGbtert ah B e, RSP HIRIAIAPDI of o s
i mpuri ¢ eS"OEHER SpRYY Us” Xl . |

of coar sty alhect 1oy REYAIIE, e PR E e N s R anerag  on

i mpuri ti esynddteheh ' habhFaPNApUSityNaTd Benbllimgg kive dpolusidn ¢derebfeto be
phosphorus content is desirably 0.5w ppmor |less. This can be achi eved by

10 educi ng tBdophas plossitdecont ai ned in the sintering raw powder. 15The
abundance of phosphorus nust be reduced as nuch as possible as described
abo{@Q0%hd t hén boder to aghievs tha foregsimg abhiect, $he rueaephVamMPEhPIVidge
standard m ninum detection limt. If it is possible to reduce the abundance
to this | &efollawiang wvegdiong probl ems of the sintered target for sputtering

SO 10 e R AT o BT B s e e s,
i bl i ; f _ 5
Por o cpen EAPER, BB, s At e forftifis3 B Drer dhdlEhdatie! ifbeRirke, dagancse

1Present Agpldsapt) . For exanpl e, amoni um netatungstate is dissolved in
water to create a tungsten-containing 25 aqueous solution; inorganic acid

i's Dy The tuHytbANsHiBiad Népat&dngotirgedl addarding hte ik uabove i $),
heated to precipitate tungstate crystals; after performng solid-liquid
separ at i omherbin theghvsphocuy spatentase).dindppirvedléss;anmmoni a water to create
a purified nother liquor for ammoni um paratungstate crystal precipitation
and[G009In3) e wnpatesi sinkered sputtering target according to’the above 1) or 2),

wherein the relative density is 99% or higher and the average crystal grain
20 size is 50uym or less; and
[0010] 4) The tungsten sintered sputtering target according to any one of the
above 1) to 3), wherein the total impurity concentration is 10wtppm or less
and the oxygen content and carbon content as gas components are
respectively 50wtppm or less.

25 [0011] As a result of reducing the foregoing phosphorus content to be
1wtppm or less, the abnormal grain growth of tungsten can be effectively
inhibited. It is thereby possible to prevent the deterioration in the target
strength and resolve, at once, such numerous problems with a tungsten
sintered target as occurrence of defective targets, deterioration of yield in

30 the target production process, and increase in production costs. The



30containing inpurities such as iron; the undissolved residue is subject to
separation cleaning; the purified nother |iquor for amoni um paratungstate
crystal precipitation is heated; and inorganic acid is added to adjust the
PH for precipitating the amoni um paratungstate crystals; whereby

hi gh-purity annnniun1paratungstate crystals are produced. 5 The ammoni um

parat ungstal o ki Yii&hifo P PAGH HiRha |etIJi‘§ 4 05 98469 TREAI08T Aeingr BBIR apd

cal ci ned %)o tal n anhydrous tungst and hydr ogen reduction’is

addi ti Onalimbr&%il@é R ornity @htH@fmajsaéhrmrnnrg filgler to obtain high-purity
tungsten powder. In the foregoing case, it is inmportant that the

phosphorous content in the tungsten powder is thppm 10or | ess.

[ 0014] Subsequently, the tungsten powder havi n horus cont ent of

| wt ppm or | ess naBEST MADE EOREARRYING OW ﬁ@'ﬂg NTKABWN et hod. For
exanpl e, a heretofore known method, in which pressure sintering is
Perfornmed in vacuum after pI asma treatnent of applying high-frequency 15

¢ Erer[f@iat?eﬁh Toiaitetr detast ﬁ“%f@@éﬁﬁé”%ﬁ%ﬁrﬁ“ertﬁt BeBafveREbNeen
The. tunge . %%%?&h? Bh R PRGLhE B olo, 25 Pl b e LRt (680t o
powder su {:r”?‘u%“i’r? erc?é‘tgﬁ%;%'t%ﬁd e liravbRIalA ARSIt @theNehan %ﬂmé’é&ﬁﬁﬁé%)

I nci denta |s pu y known art is a nethod that was devel oped by

the pr ese@kls‘t\p@hd cardd in¢l0Q&d] Nesraih | y Phibisploradesgalksion asi inepofity, engander
to be used in powder netallurgy, nore favorable the sinterability

1MNever t hel pasticsiandeeavilygaffests shangemsiatipnorf diczabe egraanerinathe fyngsien
powder grain size is fine, an oxide 25 layer is formed on the surface and
t he sint esidered yarget| amang Tb‘?aﬂtéefmltteﬁe fBla@gr‘d‘pF@ PResRBPBIy Db es

to elimnate the OX|deIayer n the tyngsten erformng
pl asma tr €8t IRtV SOFH'Q”?Gngs Re, PBIR&P@P BRf R '§| %ﬁéﬁo‘gg_ﬂ"ﬁ

o i mpr oS he Bisnah dif Pty %ci)[b'eféﬁiﬁ‘ifc?ﬁﬁﬁﬁsé&@?@#@%.e%%ﬁ*ﬁﬁi%?”%ﬂﬂ%dir
surface OEU@gﬁng g§ m/pomder it is difficult to inprove the density
since the apor urlng the sintering process and remain as pores.

deanwhi | e, undgp éBuﬁd&ﬁeértﬁl | 99sp 56 MECMURE bRX Fétfudey @ meichl drpodbitle by
way of plasma treatnent at the stage before the sintering progr esses, it is
possi bl e b déesbrised B®ovesighithegdower limit of such abundance is 0.01wtppm,
which is the standard minimum detection limit. If it is possible to reduce
the abundance to this level, the foregoing problems of the sintered target
for sputtering according to the present invention will be nonexistent.
20 [0013] High-purity tungsten powder from which phosphorus is reduced as
much as possible can be obtained using a heretofore known method (refer
to Japanese Laid-Open Patent Publication No. H1-172226; a method
developed by the present Applicant). For example, ammonium
metatungstate is dissolved in water to create a tungsten-containing
25 aqueous solution; inorganic acid is added to the tungsten-containing
aqueous solution; the solution is heated to precipitate tungstate crystals;
after performing solid-liquid separation, the tungstate crystals are
dissolved in ammonia water to create a purified mother liquor for

ammonium paratungstate crystal precipitation and an undissolved residue

30 containing impurities such as iron; the undissolved residue is subject to



5 resulting fromevaporation of W)3 and achi eve high density. In addition,
with the nethod of perform ng hot pressing while perform ng plasm
treatnment, since it has an effect of elimnating the oxide |ayer of the
powder surface and the neck growh is pronmoted with the generation of

pl asma, sintering will advance at a | ower tenperature. This nethod 10yi el ds

t he effec%eﬁgréﬁﬁgci B%a‘?ﬁﬂgﬁn-thbookmfﬁ@ds TRbtHG enagbbes for obh@hBnAIM

tungsten target r sputtering, wherein an oxygen content and a carbon

content aparagfRERthie’eh)st0ptatmmitation &S heaty®narhd énorgegds acithisatded t6. 1 to
10ppm the relative density is 99% or higher, and the crystal grain size is

50pm or | esijustThhe Pithtferi pgedipitatmghdlde f amraohimmngeparatualgstateo cpysiatsnt
probl enms such as an abnormal electrical discharge occurring during the

sput t er i nghErebyd¥ghepunityn@mousnidst peraipmgstatecerystalsprgam@diced. on t he
sputtered film In addition, sufficient tarngist strengci)h &En be _obt ai.ned and
$he probl em ofl hen@mprogéme PacRIUNYSIala (Fgystiaes RRIANTOIVER the TPIRAQIBY can

tEep%re\elggtmee eATEorN 0 SBAWAICHRE tan el SPnOLd RS RrBeley ¥7 ger
erftForf¢%0 | STREEVE “spUif ety £af get
and e aankees YEBhkRBy, & fagiBRaly Apfele A RIRREbEAREH ok 3!

based on weosmhew@gﬁg?n%a@ﬁ Puwteel oM, tigadidregotng obsdelenedst hat

the effect fromthe on of phosphorus is influencing the foregoing
result. impoltaipt aMateiné phodpgmrdassidntens ih anortabgstert posvderiis Wwidpm
increase the target strength. Morreover, since the refinenment of the crystal
I@rain sizerwesd. al so increase the strength, it is preferred that the
aver&ge crystal grain 30size is nmade to be 50pmor |less. Since the

ref I0@Meht ~ of Subsesiugstlyl theatungsien cpqvder Hiaving ehPhasriiosper QRN he
AR W T R M R TR e e T
For example, a heretofore known method, in which pressure sintering is
performed in vacuum after plasma treatment of applying high-frequency
15 current to the tungsten powder under vacuum and generating plasma
between the tungsten powder surfaces, or pressure sintering is performed
simultaneously with plasma treatment of applying high-frequency current to
the tungsten powder under vacuum and generating plasma between the
tungsten powder surfaces, can be used (refer to Japanese Patent No.
20 3086447). Incidentally, this publically known art is a method that was
developed by the present Applicant.
[0015] Normally, finer the grain size of the powder to be used in powder
metallurgy, more favorable the sinterability. Nevertheless, since tungsten
is an easily-oxidizable material, if the powder grain size is fine, an oxide
25 layer is formed on the surface and the sinterability will deteriorate. Since
the foregoing technology enables to eliminate the oxide layer on the
tungsten powder surface by performing plasma treatment to the tungsten
powder before or simultaneously with performing pressure sintering, it is
possible to use fine tungsten powder and improve the sinterability.

30 [0016] If there is an oxide layer on the surface of the tungsten raw powder, it



[ 0019] Al though it is apparent when closely observing a sintered tungsten 5
target, abnormal grains having a grain size exceeding 50pm are generated in
the vicinity of the target surface, particularly in a region of |ayer
within 1 to 10mmfromthe surface. In particular, if the phosphorus content
exceeds 1.0wtppm there is an abnormal growth regi on where the grain size
exceeds SQQpVfidUMt tBCinYp IV ttueoaem?/ 68t theuvies eevdpsrategi diving Gheher e
abnormally grown grains are generated will remain in the vicinity of the
surface i fsifteeinghprodersiandaehedih as pbrést pMeaniwhidssundet thisltechnalbgyl |y
spread to the inside of the tungsten target if such phosphorus content
i ncr eases simcethve sxiddé [dy@wispeliminateddwe wayt bk ptaseoa dreatmsntainibenstrog
grown grains will also increase. 15[0020] Generally speakijng, i,é t he
f or egoi ng b&bpes the Isjnigriaghpeegressegr i lssPessible te regueadhsdesidyalRRes by
rinding the surface. However, if_t abnormal gr h regi,on has r ead
?nt ernal | )V,esi‘ﬁ'nigsﬁt‘?ﬂbé’ﬁamr%{'t’ﬁaﬁf Y\R&» éﬁ’guﬁgﬁ'@fv gﬁﬁ%pﬁag‘c’% bL}' Séjsrdl'qb?qred
for elimnating the goarse; arai Wil in Thi. hat
pr oduct yi“élhbl %el Imgwf?%g?ﬁ#@%&'ggr é?ée&g%ﬁﬁ/bﬂeﬂd@eﬁﬁ@'{E/H;aelpggﬁnnﬁl
decrease eulinfeifi Nhcs! CRabNENCKIRLENSIE RimiRARNGCHE 2 08eWdyercarShe
chi pping during the machining process, and It w cause the production
cost to i neieBsesurface aAHSthedhklRRUGIOWIRETE pronfotsBt Wit the lgemetratite of
machi ni ng process and obtain a tungsten target in which the existence of
abnor mal gilasms, hsinteving 2wilh adeamcei ate eeXoeedi tempepmuae e olieis| ovtbad t he
exi stence of coarse grains causes the sputtering rate to becone uneven and
1@l so caus¢géeldsribw gffedi @nasfucieg exiygeat i ng the uniformity of the deposited

film Accordingly, it could be said, that referably, the generation
ar e40817hbnor llis gMmgthedi enabiles i to L1 oA 9-1"?95'49& t%idleﬁi on ‘ﬂf‘?ﬂﬂﬁ-he

Sbnornai JHNATRYT SAGETHE™ ST Sng e SatutF ARt Ak asPeap L8R pm
! 2 it t; t i i qet of
the. presetl PSe e ER i Brvgthy: Eohl¥ne JSR3E B [DAMf, e TRISHE edsigriget ©

concent r alggop drshib@]\étrpegh%é %ﬁfstaﬁpsai?hﬁzgxhég%pﬁp@? 98és angheashBringnt ent

as gas components~are respective Owt ppm or | ess, The foregoi ng gas
1 sonponent gnathodufav @ dakjét isablet iepreaddt igrobternsesgciabase 4w amtbreealbot h.
Thus, it could be said that these are limting val ues. In particular,
si nce t he etectricahpidserdrg eobcouyrgen damihge dhid @ip udiesing phocess, Wit huttarous
inpurities contained in the tungsten to formoxides and |0 carbides, it is
pr ef er abl defectr gauticlashdejag gemesatad somsthaicspulteisssdilm.e. Innaddiian.on,
t he gas con‘g(or]ents of ox%/!ggn and carbon al so react w th tungs

t
si mi [ ar | y SHEGPBLtaketapdeagHbicRds PesphiainededBdgde RIQREEM rﬁfgﬁ{]%égfg?sti de
o1 S, Ak Shet pho R B 0P €EROL! eblRitEs one

will

20 Accordingly, this known sintering method is effective for the present
invention.
[0018] With the tungsten sintered sputtering target of the present invention,

preferably, the relative density is 99% or higher and the average crystal

grain size is 50um or less. This can be achieved based on the sintering

25 conditions shown below, and it is considered that the effect from the
reduction of phosphorus is influencing the foregoing result.

Improvement in the density is favorable since this will increase the

target strength. Moreover, since the refinement of the crystal grain size

will also increase the strength, it is preferred that the average crystal grain

30 size is made to be 50um or less. Since the refinement of the crystal grain



15deteriorate, these should be reduced as nuch as possible. [0022] As

descri bed above, the tungsten sintered sputtering target of the present
invention is able to effectively inhibit the abnormal grain growth of
crystals, and it is thereby possible to prevent the deterioration in the
target strength and resolve the nunerous problens with a tungsten sintered
20 target; specifically, occurrence of defective targets, deterioration of
yield in the target production process, increase in production costs and so
on. The present invention additionally yields a superior effect of being
able to inproyve t.he uniformt: th L WM ] fi Jegsul t of
sputtering ngllzﬁ vtnﬂiaésc% !aeragie{a 3%%?{?'%@5 :éon, tll?'ﬁs)?“éﬁéet r%tlhléﬂ%a?ﬁeﬁ’ggeﬁsi ty of

the sputteri pginta raff bbiRiaPy, aRermt isianvadivantayel inabst 4 anifedustricureof por es,
refinement of crystal grains, and uniformty and snoothing of the sputtered
surface of thenbaregety offtaired.t he present invention yields the effect of

o010 SEREo . SR S B ACOrOf SBSh gt e {

sputte rocess a Ionally exte rget li1fe, and al so
yi elds the efdrgst abhotedingambl taavirigoa gedncize: dveeedinigailom armgeuarbiedy and
i nprove nass_ product| vi tkl. Exanpl es] [OO,ZSE?ghe ExarrPI es. and nﬁzr ative
Exanpl es of thidepreainel th@restoniriace. Ramicdiaslvdn fe§9 oﬁh%fs'éyﬁx"é%ﬁ&i s are
merely illus ive, d resent,, t i I o] ¥ntoe
limted therte@b"frﬁ g?ﬁeﬁﬁ%"éé&m?ﬁo atfRURRY 0T HHosphdru3oedin
enbodi nent s basedsoh Ogprh e tiere cal ars pbnétmal | growtid régiot hehereathasgretmal | be

included in the present_invention as.a matter of course. 24 Exanple 1
After tungst &&epeXagers Ry B Sf SNIb °§éﬁ@d§%€ as‘ﬁf?(?spm-%ﬁs']e@ ﬁ'terrlrF of )

| esgy than _O-Jv%gaogbﬁ"&%aﬁlv FUGHAISInGr b Yetietite@iwil réRBNAShEVidiGE bn a
graphite die and 1t was Seal ed W th an upper punch and a | ower punch of the
same mat eri athe tshefade eif wiie gopseszusi eedento i LAWtRPM ofr lepspFaut will

Sub tly, hi gh- f . t, of ' 0
2ppi i od To | HEUBPEAPEEH TosH R REINT Sy ERe i pIdeLd FtoBRPPR! asm
bet ween the sUERCGRrOhsdsuNYExEBsPINIEDWippni. hemdidoverNthet freqesyest sur f aces

were thereby cleaned and activated. Then, after stopping the application of
t he hi gh-fr egmoronally growntgraips edk atse inéredd®Pa was applied to the die, and

e GaBBRLenr BPRbly BEEHENS! B nEISBINY ZSTSHRRRY BN eoBRING AR 2
exist, they can be eliminated by grinding the surface. However, if the
abnormal growth region has spread internally, it is undeniable that the
amount of grinding to be performed for eliminating the coarse grains will
increase. This means that the product yield will significantly decrease.

20 Moreover, the yield will decrease even further since the existence of
coarse grains will cause chipping during the machining process, and it will
cause the production cost to increase.

Thus, although there is a method to limit the machining process and
obtain a tungsten target in which the existence of abnormal grains having

25 a grain size exceeding 50pm are overlooked, the existence of coarse
grains causes the sputtering rate to become uneven and also causes a
new problem of deteriorating the uniformity of the deposited film.

Accordingly, it could be said that, preferably, the generation area of

abnormal grains is kept in a region of layer within 1mm from the surface.

30 If the amount of phosphorus is reduced, the generation of abnormal grains

8



The rel ative density of the obtained tungsten sintered conpact was 99. 9%
and the average crystal grain size was 30pm The existence of an abnornal
grain size could not be acknow edged. In addition, the oxygen content was
3ppm 95As a result of sputtering with this tungsten sintered conpact as
the target, the number of particles on the filmwas 0.09 particles/cn2. It
is considered that the nunber of particles reduced considerably since there
were no abnormal grains. The results are shown in Table 1. [0025] [Table
1] Exanple 1 Exanple 2 Exanple 3 Exanple 4 Conparative , Exanple 1

%g?;&t Ive LawEXnggpglx_r(aainzsiEeh%)s(gggJng Sﬁﬂr“tv?iﬂtdec'r'é:algg eﬁQm:hougy.5 0.81.0 1.21.7

[0021] Moreover, with the tungsten sintered sputtering target of the present
invention, it is preferred that the total impurity concentration is 10wippm or
less, and the oxygen content and carbon content as gas components are

5 respectively 50wtppm or less. The foregoing gas components are
unavoidable impurities, and it is preferable to reduce both. Thus, it could
be said that these are limiting values.

In particular, since the gas components of oxygen and carbon are
combined with the impurities contained in the tungsten to form oxides and

10 carbides, it is preferable to reduce the gas components as much as
possible. In addition, the gas components of oxygen and carbon also
react with tungsten to similarly form oxides and carbides. Since these get
mixed into the inside of the wiring material for LS| during the sputtering
deposition process and will cause the function of the tungsten wiring to

15 deteriorate, these should be reduced as much as possible.

[0022] As described above, the tungsten sintered sputtering target of the
present invention is able to effectively inhibit the abnormal grain growth of
crystals, and it is thereby possible to prevent the deterioration in the target
strength and resolve the numerous problems with a tungsten sintered

20 target; specifically, occurrence of defective targets, deterioration of yield in
the target production process, increase in production costs and so on.
The present invention additionally yields a superior effect of being able to
improve the uniformity of the tungsten wiring film as a resuit of sputtering
with this target.

25 In addition, improvement in the density of the sputtering target of the
present invention leads to reduction of pores, refinement of crystal grains,
and uniformity and smoothing of the sputtered surface of the target. Thus,
the present invention yields the effect of being able to reduce the
generation of particles and nodules during the sputtering process and

30 additionally extend the target life, and also yields the effect of being able



grai n size (Inn) 70 150 600 900 Frequency of abnormal grains (g rains/cnR)
0. 0006 Depth fromsurface (m) 0.5 Nunber of particles (particles/cnR)

10

15
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25

to reduce the variation in quality and improve mass productivity.
[Examples]

The Examples and Comparative Examples of the present invention
are now explained. These Examples are merely illustrative, and the
present invention shall in no way be limited thereby. In other words,
various modifications and other embodiments based on the technical
spirit claimed in the claims shall be included in the present invention

as a matter of course.

[0024] (Example 1)

After tungsten powder having a purity of 99.999%, a phosphorus
content of less than 0.1wtppm and an average grain size of 0.6um was
filled in a graphite die and it was sealed with an upper punch and a lower
punch of the same material, the die was depressurized to a vacuum of
10?Pa. Subsequently, a high-frequency current of approximately 4000A
was applied to the upper and lower punches for 10 minutes to generate
plasma between the surfaces of tungsten powder in the die, and the
powder surfaces were thereby cleaned and activated. Then, after
stopping the application of the high-frequency current, pressure of 30MPa
was applied to the die, and the die was externally heated to 1800°C and
subsequently maintained at that temperature for 2 hours.

The relative density of the obtained tungsten sintered compact was
99.9% and the average crystal grain size was 30um. The existence of an
abnormal grain size could not be acknowledged. In addition, the oxygen
content was 3ppm.

As a result of sputtering with this tungsten sintered compact as the
target, the number of particles on the film was 0.09 particles/cm?. It is
considered that the number of particles reduced considerably since there

were no abnormal grains. The results are shown in Table 1.

10
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[0025] [Table 1]

0.003 0.05 0.2

Frequency

Phosphorus | Abnormal Depth from Number of
content grain size of abn_ormal surface particles
grains

(ppm) (um) (grains/cm?) (mm) (particles/cm?)
Example 1 <0.1 - - - 0.09
Example 2 0.5 - - - 0.07
Example 3 0.8 70 0.0006 0.5 0.4
Example 4 1.0 150 0.003 0.8 0.9
Comparative
Example 1 1.2 600 0.05 2 10
Comparative
Example 2 1.7 900 0.2 10 30

[0026] (Example 2)

After tungsten powder having a purity of 99.999%, a phosphorus
content of 0.5wtppm and an average grain size of 0.6um was filled in a
graphite die and it was sealed with an upper punch and a lower punch of
the same material, the die was depressurized to a vacuum of 107%Pa.

Pressure of 30MPa was applied while applying a high-frequency
current, as with Example 1, to generate plasma between the tungsten
powder surfaces, and the powder surfaces were thereby cleaned and
activated while simultaneously performing pressure sintering.

During the sintering process, the temperature was elevated up to
1550°C based on the self-heating resulting from the current applied to the
die and the filled tungsten powder, and the die was maintained at that
temperature for 2 hours.

The relative density of the obtained tungsten sintered compact was
99.8% and the average crystal grain size was 38um. The existence of an
abnormal grain size could not be acknowledged. The oxygen content was
9ppm. Since the process was performed under conditions of a low
sintering temperature, the crystal growth was small and the density was
not that high, but these were within a satisfactory range. In addition,
even though the grain size of the powder was small, the oxygen content

was low. The number of particles on the film that was deposited by using

1



0.8 2 10 10 30 [0026] (Exanple 2) After tungsten powder having a
purity of 99.999% a phosphorus 5 content of 0.5wtppm and an average grain
size of 0.6pmwas filled in a graphite die and it was sealed with an upper
punch and a | ower punch of the same material, the die was depressurized to
a vacuum of 10-2Pa. Pressure of 30MPa was applied while applying a

hi gh- frequency, L difht wuAgsted NsHBIR4 © chmp£ct9eheT héE RhARITR &t weeh7 t he

tungsten
particles/cmz, and showed a favorable result. It is considered that the
number of particles reduced considerably since there were no abnormal

grains. The results are similarly shown in Table 1.

()]

[0027] (Example 3)
After tungsten powder having a purity of 99.999%, a phosphorus
content of 0.8wtppm and an average grain size of 0.6pm was filled in a
graphite die and it was sealed with an upper punch and a lower punch of
the same material, the die was depressurized to a vacuum of 10%Pa.
10 Pressure of 30MPa was applied while applying a high-frequency
current, as with Example 1, to generate plasma between the tungsten
powder surfaces, and the powder surfaces were thereby cleaned and
activated while simultaneously performing pressure sintering.

During the sintering process, the temperature was elevated up to
15 1550°C based on the self-heating resulting from the current applied to the
die and the filled tungsten powder, and the die was maintained at that
temperature for 2 hours.

The relative density of the obtained tungsten sintered compact was
99.5% and the average crystal grain size was 45um. The existence of an
20 abnormal grain size was acknowledged, and the diameter thereof was
70um. The region where these grains of abnormal size exist was a
shallow region of layer within 0.5mm from the surface, and the frequency
of abnormal grains was low at 0.0006 grains/cm? and did not cause any
particular problem. Moreover, the grains existed in a region of being
25 easily eliminated by mechanical grinding. An abnormal grain size did not
exist anywhere deeper than 0.5mm from the surface.

Moreover, the oxygen content was 9ppm. Since the process was
performed under conditions of a low sintering temperature, the crystal
growth was small and the density was not that high, but these were within

30 a satisfactory range. In addition, even though the grain size of the

12



10powder surfaces, and the powder surfaces were thereby cleaned and
activated while sinultaneously perform ng pressure sintering. Duri ng
the sintering process, the tenperature was el evated up to 1550C based on
the self-heating resulting fromthe current applied to the die and the
filled tungsten powder, and the die was maintai ned at that 15tenperature

for 2 hoﬁ,@@&rg&%ﬁg{ﬁ%@&@?EB“te% F5He 1 Qht ai ned tungsten sintered

conpact e aver crystal grain size was 38pm The

exi stence of ?Heaﬁﬂlg{b@?" Oﬂﬁgi"tﬂ:lé.isz@h ¢RY S PhaowaRCHBPVLREGLY ushey exegen

content was 9ppnn. Since the process was perforned under conditions of a

low 20 Sf&b@biﬁ‘%thﬁg’@fﬁ@%&ﬁt@re@ heorapast ak Ureovdrgetasas Ml partitiedlendensi ty
was not that "high, but these were within a satisfactory range. In addition,

even t houghdtdwedianfaicrabid rédset.poMtierresadtssame simitdrdy shpgenincbaklent. was
| ow. The nunber of particles on the filmthat was deposited by using the
¥ or By &lg(Exmmpied)si ntered conpact as the target was 0.07 particles/cn®,

and showed a favorable result. It is considered %g&i‘ k@g nunber of

particl es redbied Bugstasr Bpges; Ra¥inghé PUEYe© BR5r prel@ ShOOrY$ e

I imlarl h in Table 1. 5[0027]. 3 : f:
Lungst on BoNEE S SfEPiue0d A6 Gatasco 1 rb SRR oas.fledih
tungs P BuPTE PGS 8sphar U of " °
and- i 1 vl U A ARE bR b R, Win BB A S B BRI RIEIP o ©

mat er i al , tH1gaMHeembRE ride thesEr Was UditedsiAsed o of valudieof 108PRr essure of
30MPa was applied while applying a high-frequency current, as with Exanple

10L, to gener at Pr@dasin dfeBodiPat vast wpydicen witive esipslyirface shighatieghenpywder
surfaces were thereby cleaned and activated while sinmultaneously performng
pressure surreat, ag. wWillr ixpmple si,nterdenerpiecelasma hetwegse the uﬁ@gﬁé@n
el evated up to 15 1550C based on the self-heating resulting fromthe
current appwided serfapesdiandiifie; mowden syriagegs waTepderaby Lieened e was

intained at that t { f 2 .S. The. rel.ati d it f
he obt ai AEA2EAGYDUR SN NSPUsShpREto TR0 RSeSoh AT REN Gy o1 age. or vt al
[ [ 45 The. exi.st f | ' I
cknow edged. ARG e draiih Pl “the VoRHIAWRE WiT e ll. Wita,
now e 2 dr S s 785 ° s 'Sdt dn° Wncre th
19 am the LoPPazassthefy i SeitTRatng Feshi FpHE e eurMAad I & Mi3os

gr ai ns/ cngjeangddike rﬁl}[ed?atuﬁgsféh’ goiidécuagd tpeollewadrhanigined lae thadi ns

existed in a region of being 25 easily elimnated by nechanical grinding.

An abnor neimperitarsif@e2diclmgot exi st anywhere deeper than 0.5mm fromthe
surface. Mor eover, the oxygen content was 9ppm Since the process was
per f or med undEhecraiativé chensity af| thw ebtaisedntyngsteersintgred caBPACH ¥as
grow h was snall and the density was not  that high, but. these were within

30a sati s99ck%rand ihg@veragadirysial graie izenwagnt Se@. gr Bhe axistenge qfran

20 abnormal grain size was acknowledged, and the diameter thereof was

150um. The region where these grains of abnormal size exist was a

relatively shallow region of layer within 0.8mm from the surface, and the

frequency of abnormal grains was also low at 0.003 grains/cm2 and did not

cause any particular problem. Moreover, the grains existed in a region of

25 being easily eliminated by mechanical grinding. An abnormal grain size
did not exist anywhere deeper than 0.8mm from the surface.

Moreover, the oxygen content was 9ppm. Since the process was

performed under conditions of a low sintering temperature, the crystal

growth was small and the density was not that high, but these were within

30 a satisfactory range. In addition, even though the grain size of the

13



powder was small, the oxygen content was | ow. The nunber of particles
on the filmthat was deposited by using the foregoing tungsten sintered
conpact as the target was 0.4 particles/cn2, and showed a favorable result.
The results are simlarly showm in Table 1. 5[0028] (Exanple 4) Af ter
tungsten povvder having a purity of 99.999% a phosphorus content of

1. 0wt ppm ? @%}ﬁé{? nglgtrh%' Qx ér‘?cahté]nt%%‘@@ﬁl filled in a graphite die

and it wa ed”wth @ unch and a | ower punch of the sane

material, them'eenuﬁ?oéieaf %%a%'élbéeé’n ttﬁeaﬁmaqnafrmis 48p3BRed BY Bimpshee of
30MPa was applied wnile applying a high-frequency current, as with Exanple

1, to genesrigdind asngstat Weerrebecsmpgst @s freudergetiwaaces, partitlesenyouder
surfaces were ther eby cl eaned and activated while sinmultaneously perform ng
pressure sndtshowgd Dfavorgbideesulit elihegrasuisears sirhidarty shemat it dakkes1.
elevated up to 15 1550C based on the self-heating resulting fromthe

Tur (@O29h feprmuprativeHexan@ledd the filled tungsten powder, and the die was

Obt i nedt uﬁééﬂgﬁt ARSI PEd POUTRSL ef Hohaid ob urtn ol e Elshndt RIS af 0
i 45

cknon edbBRTenndl dhawipeicial flerioRadraloyAd 8.2 %’é‘?%% led ippage

grains of gﬁ@?%l?%ﬁ@ |t9?\)a%tsé‘ﬁl%gaw"tﬁl ?ﬁ'd’ o Ebl%llw OA’Hd ﬁg!oQ\FbrOﬁuh@rYQif

wi thin O. he surface ency of abnormal grains was

al so | ow ghe Qa3 ntdtRIias/ GIE2dRNWadi dbpreksOfred tany vaaulircof 40 Praobl em
Moreover, the grains existed in a region of 25being easily elininated by

1orechani cal gr Pndssgre At SOMPaaway applEdzeviilel applying sa highafreneedeyper
than 0.8mm fromthe surface. Mor eover, the oxygen content was 9ppm
Si nce t hecprienés aswastipdrxampiel Lintergeneridite plasnd @Bﬁ"‘lﬁ@%lth?e'ﬁqﬂﬂjten

terrperature t he crfystal gromh was snmall and the deRﬁlé%t?mﬂ‘i not .t hat
hi gh, but POMEES acgst hahd 3e Rawdenrsustacasara dharchy idaanedeAnthough

e FumasE s 0 G BT AR 1
AR L A A TR R
191 0029] (¢8BRAG A 4¥&d BRI @ellheating resulting from the current applied to the
die and the filled tungsten powder, and the die was maintained at that
temperature for 2 hours.
The relative density of the obtained tungsten sintered compact was
99.0% and the average crystal grain size was 100pm. The existence of
20 an abnormal grain size was acknowledged, and the diameter thereof was
600um. The region where these grains of abnormal size exist was within
2mm from the surface, and the frequency of abnormal grains was high at
0.05 grains/cm2 and became a problem. Moreover, the grains could not
be easily eliminated with mechanical grinding, and it was a troublesome
25 task. It was confirmed that the existence of the abnormal grain size was
caused by the inclusion of phosphorus. The oxygen content was 9ppm.
The number of particles on the film that was deposited by using the
foregoing tungsten sintered compact as the target was 10 particles/cmz,

and numerous particles were generated. The results are similarly shown

30 in Table 1.
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After tungsten powder having a purity of 99.999% a phosphorus content of
1. 2wt ppm and an average grain size of 0.6pmwas filled in a graphite die
and it was sealed with an upper punch and a | ower punch of the sane
material, the die was depressurized to a vacuum of 10-2Pa. 10 Pressure of
30MPa was applied while applying a high-frequency current, as with Exanple

1, the tungsten powder surfaces, and the powder
surﬁg%%gggﬁﬁ%gﬁgg%%ﬁgﬁég)and activated while simltaneously performng
pressure sint aiehdtyAREtERI polRIeT Raind'%h OGS Df 90DIELPer PHusphures

el evated up to 15 1550C based on the self-heating resulting fromthe

current apphtstt bp 1t hatshie and aheaveragedgtaingsizenop@blem warsdfitiee idi@ was
mai nt ai ned at that tenperature for 2 hours. The rel ative density of

t he obt ai geaphitegiie eandiihtvaisesealedpwith aasugeropuaehl arik askpavelgeurely of al
grain size was 100pm The existence of 20 an abnormal grain 812 e was
acknow edifee samel material aihet die wasrdenresgyrigedgma YABUHBYPbAOWRE e t hese

1 gélﬂan; of “%[s%‘é"w%hzcin %ﬁ@ﬁaa“@siﬁwéphﬁa{éoﬁ%ﬁ%f%‘?ﬁl ho? oRTHBAHEh ST
0 _ gr 3PRY/S _
Techani caf CgENta A Wihd T TRE T B dtneBRaPbsng SRR hasten |

e oho; B0 sUNECRRICEIR ¥ SALe SuiRRLLRED Mictdly IdIEhtien Oana]

phosphoru e oxygen tonten p The nunber of” particles on the

fil mthat guagatapPamilednintad s Iy irerfareiag pressurgsiterisignt er ed conpact as
the target was 10 particles/cnR, and nunerous particles were generated. The

10esul ts are sDurlmay IthesbiovweridQi prdeéds the tpAUBORt¢@ vas atlevatekapplte 2)
After tungsten powder having a purity of 99.999% a phosphorus content of
1. 7wt ppm 4A8036 basedgn theaselfsheating ressliingntion ithe cwrrentappligmhite dhai e
and it was sealed with an upper punch and a | ower punch of 5the s
mat eri al , dith@nsl dheallleld fuagsten ReVder. aaldciigndis Was Jpgintained Iﬁire%%r e of

30MPa was, appl i ed ile applying a high-frequency current, as with Exanple
1, to gen "BBS%‘]”&%&W%&?&W@% the tungsten powder surfaces, and the powder

surf aces ver eriaeralye) anes AAehyahed WidReR SidmReeuMpagenber M g

pressure si ntglng. rrng the sinterin tenperdture was

1§l evat ed 99.% éﬁéotgeb%ﬁgaq?lcfrgﬁta? rhil@dtd Read ©990inh NO TheoBXishénsailofent

applied to t e and t ngsten powder, and the die was
mai nt ai nednaibhbrhal §rAAr Sizer wakoackhdWigdygedl end ehatdigmetensheseaffwabe

obt ai ned tungsten sintered conmpact was

900um. The region where these grains of abnormal size exist was within
10mm from the surface, and the frequency of abnormal grains was high at
0.2 grains/cm? and became a major problem. Moreover, the grains could
20 not be easily eliminated with mechanical grinding, and it was a
troublesome task. It was confirmed that the existence of the abnormal
grain size was caused by the inclusion of phosphorus. The oxygen

content was 9ppm.
The number of particles on the film that was deposited by using the
25 foregoing tungsten sintered compact as the target was 30 particles/cmz,

and numerous particles were generated. The results are similarly shown

in Table 1.
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15 99. 0% and the average crystal grain size was 200pm The exi stence of an
abnormal grain size was acknow edged, and the di aneter thereof was 900pm
The regi on where these grains of abnormal size exist was within 10mm from
the surface, and the frequency of abnormal grains was high at 0.2
grains/cn2 and becane a nmajor problem Mreover, the grains could 20 not
be easily elimnated with Gl 1 9K bBei ARG, it was a troubl esone
task. it was confirned thaﬁgﬁﬂgggﬁﬁégéﬁggqé¢g%ﬂgpg£nornal grain size was
caused by the inclusion of phosphorus. The oxygen content was 9ppm The
nunber of particles on the filmthat was deposited by using the 25

for egeaNp t unast 8veSUN 6F RSHEEINGaRk Bitoditoruar gettewtso Ik dartppol eslesse, and
nuner ous particles were generated. The results are S|nllaplﬁ_shomn in Table
1. | NDUSTH AlbrAdttdIC4BIih! hoviih0a1 ltdagataresant befeffectivg IignhititashoslHsr us
content to be 1wtppmor |ess, the abnormal grain_growth of tungstﬁn cgn be
&f f ect i veltiyeralhyi Ipossiblel to iprevent Hbeedetarinrationein dher targst strength an
deterioration in the target strength an%resol\/%r gt ong?elJl sqph nsnerqus
probl ens VES@lVe, @l nSUshNenerqus: BERDISTS Wil A HEGSIRT FUftELed Jaroe

arget s deteroratlen o alhshil Nakds, SARGBARRNCL, el IS AL,
super i o ef£gat0 BEHASEDLE GnkAREGY Sir NeroghRtihi f9sR Ly Phe  prodamast en

wiring fi gly, 'the tungstien sintered sputtering target of the
present g P i ' sUpRriot Srestuei beiri abf twdiniprgvéithen 15
CLAI V5 [Gmg\?énﬁta E@&ﬁ%@?@]lﬁs’?g%g eg%?putteri ng tar grg], wher ei rgﬂt_he

1@hosphor ugineRMEYt of She Tuhysrmwiringefiltn. t Wecoedinighdethe tungstien sintereddabl e
inmpurities and tungsten, and an abnornally grown grain having a grain size
exceedi ng spOGemingp tar gedtofethies pressmhiove ntioapisr effagiive far fusenint RECLUFINEce.
[Caim?2] 10The tungsten sintered sputtering target according to claiml1,
wherein t & LSI wiring fitm.
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phosphorus content is 0.5wtppmor less. [Caim 3] The tungsten
sintered sputtering target according to claiml1l or claim2, 15 wherein an
abnormally grown grain having a grain size exceedi ng 50pm does not exist in
aregion of layer within 1 to IOmfromthe surface. [C aim 4] The
tungsten sintered sputtering target according to any one of clains 1 20 to
3, wherein the relative density is GR%IMS hi gher and the average crystal
grain size is 50pmor less. [Claimb5] The tungsten sintered sputtering
target according to any one of claims 1 25 to 4, wherein the total

i mpur i til@iohdéntration is 10wt ppmor less and the oxygen content and carbon

faﬂt e?t as M?ﬁg‘d@é’ﬁ@ﬁ{ﬁr&daﬂﬁ#ﬁ%@?(lbfgﬁL xéwl’éé}\&irpnheowhcbmfrub&@htenﬁ]is 30The
sten sintered sputtering targe ar a to 5,
wherel v RETEHoRs e grsAnGRs o BEE i PTafier Raffflef add 1ufBstbo o
1nm fr and be abndracally grawvotgragr haning aegrein size ekeeeding §OQMBVWHOE? A0ks
that arg;geasy\where beebePRAAR™ mhfSfom the surface.

[Claim 2]
10 The tungsten sintered sputtering target according to claim 1, wherein the
phosphorus content is 0.5wtppm or less.

[Claim 3]
The tungsten sintered sputtering target according to claim 1 or claim 2,
15 wherein an abnormally grown grain having a grain size exceeding 50um does
not exist in a region of layer within 1 to 10mm from the surface.

[Claim 4]
The tungsten sintered sputtering target according to any one of claims 1
20 to 3, wherein the relative density is 99% or higher and the average crystal
grain size is 50um or less.

[Claim 5]
The tungsten sintered sputtering target according to any one of claims 1
25 to 4, wherein the total impurity concentration is 10wtppm or less and the
oxygen content and carbon content as gas components are respectively
50wtppm or less.

[Claim 6]

30 The tungsten sintered sputtering target according to any one of claims 1
to 5, wherein the abnormally grown grains are only generated within a range
of 1mm from the surface, and the grain size of the abnormally grown grains
that are generated is 150um or less.
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