DESCRI PTI ON TUNGSTEN SI NTERED SPUTTERI NG TARGET TECHNI 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 (VLSl), studies are bei BESOCRIRTI@N for using materials 15 having
| ower electrical resistivity as the electrode nmaterial or the wiring
material. Under the foregoing circunstances, high-purity tungsten having

| ow resistivity and_t ] S ility_1s being used as the

el ectrode nmateri al %VWWE%*EE%%U&%@| Jé\ﬁﬂ%&-rel ectrode materi al
or wiring material for VLSI is 20 generally produced by way of the
sputtering nmethod or the CVD nmethod, but the sputtering nethod is being

swi dely used in conparison to the&GVN R heESsHnce the structure and
operation of the sputtering device are relatively 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 Wi001hg natEne present MvBintiom tdiatexpts betuinggtereshndrés tarypti toese aked
relatively large size of 300nmor larger, and is further demanded of high
purity arwhﬁﬂg‘ﬁrfﬂmmg@te[@@@B]@rn\ﬁewﬂriimmmatwiadwrrtﬂhbosﬁkaroanﬂCeEzSIiarg this
i - S| r the follow ng nethods are known;
ﬁlagg Sf L{%rﬁgﬁ?ﬁiﬂﬁgp% tt%%gssgl?t?e}ir?g gn?ét’hod. J
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BACKGROUND ART

[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



preparing an ingot by way of electron beamnelting and subjecting the
obtained ingot to hot rolling (Patent Docunent 1), a nethod of subjecting
tungsten powder to pressure sintering and thereafter to rolling (Patent
Docunent 2), and a so-called CVD-Wnethod of |am nating a tungsten |ayer on
the entire surface of a tungsten bottom plate by way of the CVD net hod

(Pat ent Dompaing 3n ingot biXeweyt btledsstromi hdamhmetthoandfsulgietiing thiee

i ngot obtained based on el ectron beam nelting or the sintered conpact

obt ai ned ®ftaingq degohtp thohgselling (Batent Pocpmesd ut)e asimatdpidngf subjectingr e
problens in that the 10 target is mechanically fragile since the crystal
grains eadiNgptenRALT 4Rd PEEEHNCa S HEf 88t §nﬂe¥@rre & otoad oy i(Bptantar e

il d h d fi ,_al though the CVD-W et hod
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addi tion, disc gy o g tungsten po containing 2 to
20ppm of phaspierYtetdodsmidi Jyaw material, and sintering this raw

mat eri al by way of hot pressing’and HIP in order to produce a tungsten
target havi ngNavedkelsage witidithesmaened of rofthiyties ihgss obtsihed Basdnbent
Docunent 4). 20In the foregoing case, the requirenent is the inclusion of
phosphor wlectroan ba&aounhedtin@ppmtibe sinteredarcdmpacti nbtaisedn bygf spbjespingr us
caused a problem of deteriorating the grain boundary intensity of the

si nt er ed #HYSERN . PIWABRI1O PuESFUrS SINErGE, aifGiat 8refpighdemsoiushat ehe

cont ai ned, the. abnornal. ai_n owt h of tungsten occurs easily, and grains
106¢ 25 appPbdFhis BISFIBURRINITadlse Sika the &dVSiBbEralmn sasRbGRTREN] 290

concentr ' e Cl) | subj to t f pr egai ng
abnor mal %@%uﬁb%ﬁkﬁtiﬁgwﬁhg %ﬁgt%%irtpc():?%?aeart%heé%ﬁ&i ﬁ%ﬁggﬁ'&?éfym?gwgnsi ty,
and t her egd r empj I AT + VW, | CGU NG L ying
process %oelﬁéﬁeﬁdﬂﬁg' t kll\yelaliéadr‘?ert %Eﬂﬁ%wtgﬁet%% o%ﬁ?t%ir% d dﬁlgfélggtfeg?iggér@ltee.
30Al't hOUgébqtteﬂiﬁ%mabie&isttksqemtaﬁ@ i§ he pFbPlcah liRotHeANEiis | SRFe@B\AtIFRASUr €
for preventing the abnormal grain growth of tungsten or in order to resolve
t he pr obl@naafmingeacdro@ensite tm poéppleotEhtarget. there is a problemin that
this merely results in a nore conplex production process and does not offer

15a 461084l on f dn additienpr disgteserh. 15[ EodBlolegwndaf t Lsing diuwngsterd piosvder

technol ogy of acquiring a high-purity tungsten target having a purity |evel
of 3N5 tdvywmaaneg g?ntoa@gpaabogmpﬁpgpf@s &P)géépmﬁ(na& arategiahad g IMeEInGent
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t echnol ogyafaas DWweEmhEeHE 4pr obl ens; specifically, occurrence of defective
targets, deterioration of yield in the target production process, increase

20i n producti orincthet foragdirsp case, ke requirement is the inclusion of phosphorus

25
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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
approximately 500um 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.

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



[ Patent Docunent 1] Japanese Lai d- Open Patent Publication No S61- 107728

[ Pat ent Docunent 2] Japanese Lai d-Open Patent Publication No. H3- 150356
20[ Pat ent Docunent 3] Japanese Lai d- Open Patent Publication No. He- 158300
[ Patent Docunent 4] Japanese Lai d- Open Patent Publication No. 2005- 307235
[ Patent Docunent 5] International Publication No, W2005173418 25
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di scovered that the inclusion of phosphorus heavily affects

t he abnorthgl pepldem gf the lconicentiadisineaf phdspherBndbeee iivm@apraiemin Heatt ar get
strength.|ln particular, if phosphorus is contained in an anmount exceedi ng
1ppm cr ydisIMerely nesslls Br@ MPrehREMRIEX RraHHCPBWRFPGASS aBdi dpes Mathe
tungst en tﬁrrget, | nd or ai {1?% of aaﬁrﬁxi mately 500pmw || be scattered about.
Nor eover , OTET AZOIANIAY Tl 81aREe LLBUUPEANt hat phosphorus will be concentr at ed

at icR bou of t neC he f )i ng:.abn grain
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i nprove the production'yield of the target by strongly recogni zing the
phosphor w0 gmn(rafared PatémeDocngsdensps MebartAtldss, Muhetivrégeingosdges! | i ng
the inclusion thereof to be 10as | ow as possible. [0007]In order to achieve
t he f or eghiengotaj isapyrityheoptesker@nd rnhentroperipesvivtiéch haref aindasinagple in

i nvention: ] )
semiconductors (Fe, Cr, Ni, Na, K, U, Th, etc.) are merely prescribed, and

n

10 there is no disclosure regarding the problems caused by the inclusion of
phosphorus.

Accordingly, this technology has numerous problems; specifically,

occurrence of defective targets, deterioration of vyield 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-
1568300
[Patent Document 4] Japanese Laid-Open Patent Publication No. 2005-
307235
[Patent Document 5] International Publication No. WO2005/73418
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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



1) A tungsten sintered sputtering target, wherein the phosphorus content is
| wt ppm or | ess and the remai nder is other unavoidable inpurities and

15t ungsten; [0008] 2) The tungsten sintered sputtering target according to
t he above 1), wherein the phosphorus content is 0.5wm ppmor |ess; [0009] 3)
The tungsten sintered sputtering target according to the above 1) or 2),
wher ei n téentaiied | ke @lenaimiounts S%edlindii gbpm,anglytizae gvainsgesubjyst ab grain
20size is SOpmor |ess; and [0010] 4) The tungsten sintered sputtering

tar get acalyneinmg goaungrowsh owilt lexistbdavethe) tungsien wargedi randhegraisl of
inmpurity concentration is | OM ppmor |ess and the oxygen content and carbon
cont ent  aRPRYAXIBaHIYmiflismawil g@s%@éﬁ@@l‘%b%vw piaienvareishassismPepas a

I f .reduci i h h t to.be 1wt I ,
{he. abnorIRFOYF th 1A 0RDRCCROt Bkl & BancerlalE At idrain) BohAoBRY i they &
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resol ve, once, “suc ens Wi ( _
occurr enceraph KRRy Vite RSB SThAS! 8hi OhRIct ¥ HTisylh%FleH i§0fd‘§ré@ér&et
production process, and increase in production costs. The present

i nvent i ontheddbhownal fraini glothdhaofSuprysiten #id raprafe bes E@o@@d:t@orﬁ giglapsfove
the uniformty of the tungsten wiring film BEST MODE FOR CARRYI NG QUT THE
| NVENTI ONhg [tatget] The stromglyedetaggieting othespphosphoagisaccantdimed t im tthe
present invention reduces the phosphorus content to be 1w pRm or |ess.

Al t hough tURgsteh@snadhannaful irystrdy, anth sontllbn gl 4beenchisien tthese @t trebet han

phosphorus exi st and .gl'e i ncl uded therein. Phosphorus is also an inpurity,
and in aslow as possible.

ungsten sin target as

[0007] In order to achieve the foregoing object, the present inventors provide
the following invention:

1) A tungsten sintered sputtering target, wherein the phosphorus content is
1wtppm or less and the remainder is other unavoidable impurities and
tungsten;

[0008] 2) The tungsten sintered sputtering target according to the above 1),
wherein the phosphorus content is 0.5wtppm or less;

[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
size is 50um 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.

[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

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



10 particular heavily affects the generation of coarse grains in the
tungsten sintered target anong the other inpurities. Therefore, phosphorus
must be strictly controlled. The phosphorus content is desirably 0.5w ppm
or less. This can be achi eved by reducing the phosphorus contained in the
sintering raw powder. 15The abundance of phosphorus nust be reduced as nuch
as possi bpresant desentibed agbitvenalbngi¢lde bhowapetiom ¢ffeft ficheinuadtacte i s

0. 0wt ppm which is the standard mnimumdetection Iimt. If it is possible
t o r educdmmpievedhedaniéermity ofiitke ltengstent wirifgfibgoi ng probl ens of the
sintered target for sputtering according to the present invention wll be
nonexi stent. 70 [0013] Hi gh-purity tungsten powder from which phosphorus is

(retor o Japance ehnlChiet 8 CRRRL BTVt ARAENISYS” 2 et hoa

sdevel oped by the present Applicant). For exanple, amonium netatungstate is
dissolved in water to create a tungsten-containing 25 aqueous sol ution;

| nopgAR| C aci the SiREded Fa‘?igéf‘%rt %BQ&E?IHPCQE%@M% GoAHEBHEs SR IHvRBont Ne

solution is heated to preclpitate tungstate crystals; after performng

sol i d-1i qelddiceepdiatpiodspidi@ist dBasdmt €o asey statgprar er diessol vRithduyRnieni a

water to create a purified nother |iquor for amoni um paratungstate crystal

preci pi t aeinainded iantungdiasothe dimesidatde3Dcputife siother thani phesplsartls as

iron;, the undissolved residue is subject to separation cleaning; the

puri fi ed eshand peadnciustedhtiereiom FHresnegys aise alsoy stralimprisity, pandtinon i s

heat ed; and,.inorganic acid i.s added to adjust the PH for precipitating the
103 nmoni um R?JF'&FB’HQ@?QY'&V aflrgty the Gﬁ@?@i@%i@fﬁ%ﬁfﬁﬁt grajpfdn; the parsstengst at e
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f or egoi nges@se Thig ca® bmﬁié()édttf}ﬂ?ed&@n?fl%lo RESPROAANEBRtaihd tiR&he
tungsten powder is 1 wtppm 10or |ess. [0014] Subsequently, the tungsten

powder hasintegiry phwgmveders content of iw ppmor |ess may be sintered
according to a heretofore known nethod. For exanple, a heretofore known
15met hod, i n whiiheeh apuesisunce ef phesphgris mustfle meduced \asc munhags grogsiilElena
treatment of applying high-frequency IS current to the tungsten powder
under vac"lﬁjH\eﬁﬁﬁbgén%?%‘{q’n@n@)ltagdﬁ“@étlm&ﬁt$1lé0h @Rydan ceoisdeO 1adppates, or

ot vi ng G- er Ok BT PR 05 YRl GRgdrtn ok PaRGENE Jackaheand
O S PATR S Y630 U5 s T R R AR 1 ST R
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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



metal lurgy, nore favorable the sinterability. Neverthel ess, 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 wll
deteriorate. Since the foregoing technology enables to elimnate the oxide
| ayer on the tungsten powder surface by performng plasma treatnment to the
tungst en gsparatiobef @leamingsi MHd anaaifidd wnotheer flirudrngf@r esshimdnium
sintering, it is possible to use fine tungsten powder and inprove the
si nt er abi pamajungeiate Teystal phecipitatioars dydaded| apdrinorgarie aid imaddefl tohe
tungsten raw powder, it is difficult to inprove the density since the W3
evapor at eadiyst i the thid Eomtrieciyjtatingcdbe anmampairinn pasapBigsiatevisarsials e,
under this, technpl since the oxide, layer, is elimnated y of plasma
tr eat mentWhE EeNGTRE L DL AGTEOP RN SiaTa b Ol SoriaBe’® Proddeethes b b to
reduce the residu es r 1] o) o] I of . i eve
hi gh densi ty?ﬂjll(% %@c’ﬁ’ﬁ@ﬁ" ﬁ#ﬁﬁ’t’@%"%tﬁgy‘%}g é@ﬁ'@g% W&Kﬁﬁﬂg%&g@?‘ﬁg whi | e
perform ngePM@$ Mard " BAEAEHNd StAGthdd RASoBRIsT BRR LU g ghige
oxi de layer of the pow&er snu_rface_ and theo%(lzk ér O\E/(Pﬁé?sg %{H{%ﬁ%’ﬂeeg v?nhltah t he
generat | dﬁydlbgbhafdmjctﬁjrm@@dl@midnél!y pevfaneRdaht didioWemderaRaeainbrierThi s
nmet hod 10yi el ds the effect of reducing oxygen. [0017] This nethod enables to
obt ai n a touradgaien highgearifyortusgetdrerpogdenheriei than foreggpéng coasentit aisd a
carbon content are respectively 50m ppmor |ess, even the oxygen content is
0.1 to 10ppRrtamethad|thei peogeheiaus centeydsiorthei nastemmpwder r §wtRIPMgr ai n
size is 50#3m or less. This sintering 15 nethod for a target is able to
prevent pro§S&ns such as an abnormal electrical discharge occurring during
th teri oJ,. N raus defect par.ticles bein enerated on the
spOPRra 11 1 Fe oG Rny he TR BRWREL RNhG . g ey o EohE T led and
t he probl the r 2k iNg: p I 0 f can
e Probl A0 o dser s, 66 Aikichey UadhadTEy OPREAULRTCOkniilf HRBIGE
the presemér eRYATHIECE hEPOLIOM koWt ntethRl 8R WhitteREssird SRitbRAgL Rr 96t
of the present invention, preferably, the relative density is 99% or higher
and the geEfageedrinstatugmiaftesi gishsa Goganesnt o8 sapplpirg Gdgh-Heaetcgved
based on the sintering conditions showm below, and it is considered that
15t he ef f eqaurfemimte hthe ddogstem pdwgaospideuyaicsuimfandngéngrating fdasmai ng

result. | nprovenent in the density is favorable since this wll

i ncrease tiq{é{eteé‘rb'lﬁ t4RgERgt POWHSF SHVEICESs iafcRresiare sintesients performedr yst al
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the tungsten powder under vacuum and generating plasma between the
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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



30size is made to be 50pmor |less. Since the refinement of the crystal
grain size will also lead to dispersion of the inpurities that get
inevitably mxed in into the grain boundary, there is an advantage in that
a uniformstructure can be easily obtained. [0019] Although it is apparent
when cl osely observing a sintered tungsten 5. target, abnormal grains
havi ng ansadifiage tgr anprove éhexdersitnsibbpnihar BVoenevai ecites divengitheni ty
of the target surface, particularly in a region of layer within 1 to 10nm
from t he sotdgring procegmanidoenain a$ pones phdtgarovbise condenthiexeekdslogyOpm
there is an abnormal growth region where the grain size exceeds 500pm in
the vici rﬁ'ﬂ?eéhet%d?g?ﬁ%"t issglifieatedpe wey of Blassna Wiate el irthel $t996r own
grains arefgenet\éated will remain in.tthe Vi C'Hﬂ of th hsurfa e Iif t he
Shosphor (BB deR e RHFareseEss It BROSHIPI® I AHUPF Jhefesiinal P URa

i nsi de of ; i h [ S n incre ]
5excess ofre%.nglprﬁuﬁ%gﬁ :é(}/vatgﬁi:rgﬁhg éfrz\é@%r?g@o%?ma%ﬁl orr]@a pyg/ﬂélrt%vmhbggaﬁédd\?u |1
al so i ncngase it i &i-the ’ abn y
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However, tréatnhentabsiocenit aaewan !eﬁ@{corbm@inﬁnéﬁﬁg thd esxiae! Jayert of he
undeni abl e that the anmount of grinding to be perfornmed for elimnating the

coar se griawdemisuifacec raedsthe Tieick geamth iharotueedrwithctheyigeneradidh of
significantly decrease. 70 Mreover, the yield will decrease even further
si nce t hePlaging, efisdedng cyall sadyaneasatnia Ilowginsteropeppiung. dufhisgmetbod

machi ni ng.process, _.and jt wll cause the production cost to increase.
0Thys, al %ﬁ%@&ht\?‘len%ﬂf%c’ii 9‘! 'ée#&'ﬂgd”iyéel”i- mt the machining process and obtain

at en t t | ich t exi stence of  abnqrmal _grains havipg.25 an

ave[rﬁggzﬁ gr ai ?@?z@%@@@e(ﬁr}?&qgﬁpfﬂ &gy eR B eny ﬁ@'%gli g?rerﬁ,péjtgﬁq'%ar se

rains c : r I new
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abnormal grains is kept in a region of layer within 1lmmfrom the surface.

301 f the @@ uort higherhaswhthreusrystal goaivegizet Re50gnevatieos ofhabrmterhggr ai ns
havi ng an average grain size exceeding 50pmw || decrease enornously.

151 0021] Monethast fonia Harget isirafyeeto giraventgroplamer sughtas gen aifndrhreal
pr esent i@gven,ti ?n_ it is preferred that the total inpurity concentration is
10wt ppm &lesieical digehange 8LGHEING swristg theGPebicstig PsRTesH. @l ngmerous

componentB1arE RALITETHAE G HRRATAIGE, Santhd roh el VAR e HoSRaHR bot h.
Thus, 1t s3@itiEnPaar@ddstBAbth NEHE b Botdifikl' Hd VBl PFoblem of the target

cracking during the operation or use thereof can be prevented.

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



In particular, since the gas conponents of oxygen and carbon are conbi ned
with the inpurities contained in the tungsten to form oxides and 10
carbides, it is preferable to reduce the gas conponents as nuch as
possible. In addition, the gas conponents of oxygen and carbon al so react
Wi th tungsten to simlarly form oxides and carbi des. Since these get m xed
into the sinsiwidl alsot admd idigperaiar iofilthé dmpubitichithatggéhmeptabl g mixed
deposition process and will cause the function of the tungsten wiring to
15det er i dnantg théngsainshounhdate thedhsedn asivamdagasn pbasahlraforfrosz2tge
descri bed above, the tungsten sintered sputtering target of the present

i nvent i orfarsbgipasityooktieedi vely i nhibit the abnornal grain growth of

tals, and,it is thereb ible t t the deterioration in th
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Syivel d b PrASY AIIAtaralif SR ERE Bodev SRR BIAR 1R BRcRe R 0B Areny co

10yields t

15

20

25

30

eld get "pr oLy oY i oA .
bi o o |Inraated e PRARYIST el Sied, PRy g ledfan i, "0y

sputteri ngywt WitHini ¢ tbar@Am frifh thadslifags, nMpaeNemaRt ifitRet pieosieisriuky of

the sputtering target of the present invention | eads to reduction of pores,

ref i nementonténtrestesldsgriad s, thiede uisi har abhprraat growdh hiegdonfwhbee shet t er ed

surface of the target. Thus, the present invention yields the effect of

bei ng abl@ain sisgduexcedds gdbera. i bn tbe pminityc|afs thedtangeulsesfang.i nghehe

sputterin rocess and 30addjtionally extend the target |ife, and al so
Hgggcm KRerE ahosgaly grown gl caken@angatad ovilli fergam in ythand
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on L SEMasl et ISR W1 3 U bk ey e
t ungst en gimateralhayfown arains iyl afsdMhcP898e. a phosphorus
[0020] Generally speaking, if the foregoing abnormally grown coarse grains
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.
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
an average grain size exceeding 50um 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.

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



content of less than O.1wt 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 same material, the die was depressurized to a vacuum of 10-2Pa.
Subsequently, a high-frequency current of approximately 4000A 15 was
applied to the upper and | ower punches for 10 m nutes to generate plasnma
bet ween theviegrdraaesragje guaigssiee ex@edeling 1B 0Line will ele caads¢ lemopowdsily.sur f aces
wer e thereby cleaned and activated. Then, after stopping the application of
t helOB2di- f r eMerRgveruwithithe pluagstere soitese/rp utkaring paiged Qfothmpr@ﬁ?t and
the die was externpall eated to 1800C and 20subsequent|y maj ntai ned at

t hat temdBP’ﬁf‘ﬁP@’ ftde eﬁ%@@g_that the tpial iRPAIitY £OASRBTRYIOBT ist HAWHRM Hed

300 ThdSER) STENEE BRVGR" SRR R, arepal 28" R0 g HAS bamEBzas Z’%éichi.wa?n
m o Sl et
Thi's. tungeobe STMBE AR, o TesPRT TP i ddild  baBe SRR ATIRE A o1

the fil mymsvddBBiePhpuRties/ arB-it id prsietapR feredudd dbth he TRUEDAr cAid
particles reduced considerably since there were no abnormal grains. The

resul ts aresahbtimatithesedre limitidd02kles| Tabl e 11 [ 0026] Exanple 1
Phosphorus content (ppm <0.1 Abnornal grain size Irn) Frequency
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 LSI during the sputtering
deposition process and will cause the function of the tungsten wiring to
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
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 result of sputtering
with this target.

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

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



10

15

20

25

of abnormal grains Arains/cn2) 0.0006 0.003 O 05 0.2 apurity Depth from
surface (m) 0.5 0.8 2 10 of 99.999% Nunber of

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 0.6pym 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



particles (particles/cnR)
600 900 havi ng

[0025] [Table 1]

0.09 0.07 0.4 0,9 10 30 a phosphorus

70 150

Phosphorus | Abnormal oFfraet?:sPn?ZI Depth from Number of
content grain size grains surface particles
(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 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
5 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 102Pa.

Pressure of 30MPa was applied while applying a high-frequency
current, as with Example 1, to generate plasma between the tungsten

10 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

15 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
20 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

11
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Exanple 2 Exanple 3 Exanple 4 Conparative Exanple 1 Conparative
Exanple 2 (Exanple After 0.5 0.8 1.0 1.2 1.7 2) tungsten powder

the foregoing tungsten sintered compact as the target was 0.07
particles/cm?, 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 0.6um 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
99.5% and the average crystal grain size was 45um. The existence of an
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
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

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

12
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content of O.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
sanme nmaterial, the die was depressurized to a vacuum of 10-2Pa.

Pressure of 30MPa was applied while applying a high-frequency current, as
with Exanple 1, to generate plasma between the tungsten 1lOpowder surfaces,
and the powweer s enes, wes exyhenaphteheaaedoand activated while

si mul t aneously perform ng pressure sintering. During the sintering
process, the Thepamabear eof veartielesy anetheufilrh ahhb 303 hirpedited bheusiey ftheeat i ng
resulting fromthe current applied to the die and the filled tungsten
powder, JRfegPi@adtuEngaiennsintgrgidneamamact ea thettangelr wasr 8.4 particleslan”,

The relativ ensi of the obtained_ tungsten sintered conpact was 99. 8%
2nd the. AR SIONES, SAVOLASIETEStke. vES SERHHE #if SR GURROWY 12y 2RI ol

gr & hZ ot be acknow edged. The oxygen content was 9ppm Since
hjop§4e®%ﬁé%p&for med under conditions of a low 20 sintering

tenperature, Afig %Mag?érhqs&%@r V?‘?a?viﬁ@?% 'r 99g§n;dg_eggeé§g%i¥ tﬁh&gahéﬂaét

hi gh, but these were“w thin a satisfa n ad ven though
the grai rearitent of 1.@@@@%%&% a08¢dge GRRINOXKALBT APBLANIWAEFile@Mn Fhe
nunber of particles on the filmthat was deposited by using the foregoing
t ungst en graphéeediecanyait twaxs sebéed avigreanvwasp&r Punphrand e ddweRpuadd sfhowed
a favorable result. It is considered that the nunber of particles reduced
consi der dbeysamadeateriale the dée masadeprassuriged tesa vaiseuneoili0Ra.e sinilarly
shown in Table 1. [0027] (Exanpl After tungsten powder having a

3
Wpurity of 99.Rygsepre ghod Eﬁjé’vg%n%lérhlﬂ'e%fWbi'Bm@BBHiﬁﬂdaaﬁ'%réﬁ%@r@Nai n

15
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i f 0,6 fil i hite di i | i.th

punch and AT deas phiibrEseMile"Aate REnEidia) Plasihadhenieen dogr WasPod 1o
v . > "

i g1 reduendst Siffaces. RECRE Readl SRS BARle SHePdbuoRRRRN B80", e

tungsten &Q%@éd%ﬁ@%ﬁﬁultéﬁ?ghggr N ﬁﬁin@uéife%%%ﬁe‘@ﬁt’erf reby cl eaned and

activated while simltaneous m ng “pressure sintering. During the
sintering prasessg tHee dieRPRIADIbEeyE s tied eeatSsraiord avadd eb9aeKd n?q@ on

the self-heating resulting fromthe current applied to the die and the
filled turdi*éhbpesedern thaeddlfibedtingwasultinfminmedteaturréat apphpertatthee f or
2 hours. The rel ative density of the obtained tungsten sintered
conpact \HE ardsihieafitledhtungsdeageowdgst andgthe iei wesvwaaingpned Rtethat

exi st ence{eroﬂcpeargture for 2 hours.

The relative density of the obtained tungsten sintered compact was
99.1% and the average crystal grain size was 45um. The existence of an
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/cm? and did not
cause any particular problem. Moreover, the grains existed in a region of
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

a satisfactory range. In addition, even though the grain size of the
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20 abnormal grain size was acknow edged, and the dianeter thereof was
70pm The region where these grains of abnormal size exist was a shall ow
region of layer within 0.5mm fromthe surface, and the frequency of
abnormal grains was |ow at 0.0006 grains/cn2 and did not cause any
particul ar problem Moreover, the grains existed in a region of being
25easi ly @Wabnmggdsmumﬁémgg@h errtedt Weks WORv.abnormal grain size did not
exi st anywhere deeper than 0.5mm fromthe surface. Mor eover, the
oxygen cont entheesurBppmofJartieléhenpthec éisa thas was fdepoitedndgrusingdinei ons
of a low sintering tenperature, the crystal growh was small and the
density w@segetna amgstiegmmmﬁeot seswagiras he Hanggowasadi % pactioleg/sahge. | n
addi tion, eyen thodugh the grain ?i ze_of the govvder was smal |, the oxygen

content v&RdSHRWed a faypratignissullor [RE reeylEs a6a SIméarly shawmdn dadle 1
deposised I t f oregpi ng tungsten sintered conpact as the target
ms@z??p(aclf)%mg?b%ﬁﬁames owed a favorable result. The results are
simlarly sho i : 4) er_t owder
having a pur i%’}923@3%@3}30@%ﬁﬁ\ﬂé&ﬁé”_@%ﬁ{y@qf 819%6%% p%n#ﬁ%%sgﬁr%ver age
grain si zgokten®-sIPMARAPp ldrRf dnNade HRAPRYram QiR 3R BLMGPa$ §lleddinval h an
upper punch and a | ower punch of the sané material, the die was

depr essurgrapdhiteodie aaduitirwasd skiedPavith 20 bppses pue chf aBdMPiowes papehi ¢d
whil e applying a high-frequency current, as with Exanple 1, to generate

pl asma bethgesamehvateniafs the diowis deprésatsizedatedatvas yponaér! 051R4.aces wer e
t hereby cl eaned and activated while sinultaneously perform ng pressure

10sintering. DIFias§UBeoki 3QMPagvas oeerled t whileeapetyingr @ Wah-dlesuansy up to

0C based he self-heati It i ed
the i o diHliTHe 7 W88 EUAGHEn IpdRGeHoLsiE PIRSTIREDARLS T, fhealHRGS AN 1 hat
. h | at | i fi t tal ned _t t

i ntor o RSl SRR and. e RebBoE e ci bte OnerBu SE2naE sbfiny e
exi st ence @fyvaA8d v?lQl@@ﬁﬁﬁﬁBheS&ﬁQ%ér{fﬁﬁnW@s??éé@lﬂ' @‘ﬁﬁgﬁ% .and the di amet er

t hereof was 150pm The region esegrains of a orgnal Si ze exist was

a relatively Bhahyothe egh@tirf draxessWithdi rerlpSratufé onhs helevdtddcey tand the

frequency of abnormal grains was also | ow at 0.003 grains/cn2 and did not
15cause anyl §#HitG taksad @ndbkeself-Neatageresuithey droam rtheexurseértiappliad rtegihen of

25being easily elimnated by nmechanical grinding. An abnormal grain size

di d not elesandnihehéifleddbeigstenhpawdesmantr e tdie wasf exadntained at that

temperature for 2 hours.

Ln

The relative density of the obtained tungsten sintered compact was

99.0% and the average crystal grain size was 100um. 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/cm?,

and numerous particles were generated. The results are similarly shown

30 in Table 1.
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Mor eover, the oxygen content was 9ppm Since the process was perforned
under conditions of a |low sintering tenperature, the crystal growth was
small and the density was not that high, but these were within 30a
satisfactory range.In addition, even though the grain size of the powder
was small, the oxygen content was | ow. The nunber of particles on the
fil t(OWBpaeRPE Esdnbeusy ng the foregoing tungsten sintered conpact as
themqgrmg}e(t vvag 0.9 partin?l)llels@lcnﬂ, and showed a favorable result. The

resul ts are sAhftet auhgsshowowdemadving. al POAY] dfCOSPRI S, va Erasmpheruk)
After tungsten powder having a purity of 99.999% a phosphorus content of
1. 2wt ppm certtean afvér/agepm @ind sinzevefagr @painvaize iof | &6 Ui wagyfdiskli tre adi e
and it was sealed with an upper punch and a | ower punch of the sane

mat eri al , 9% @R 1@ digyasddid yas sealed it ag yarauRUsCh1ang @y lower ppREsRfr e of

30MPa was,, appl i ed ile | yi ng a  high-frequency current, as,\th Exanple
1, to gendfa %mﬁlrg\é/ﬂ%”%leﬁgéﬁet PGHE%%%H'%&S&E%% Vmé’éj%arﬁm the powder
surfaces wer r epy ~¢l @IOI% act | e il iyl ta 1 form ng
pressure si n%i‘%ﬁs&?g&?ﬁ%g theé“s)lglsﬂt %H)%g& p‘?’g‘é@sg,ﬁpﬁhgyt tgrrgﬁ3 a?te;/“ed%ﬁ{éy

el evat ed uprét, 18s IRRACERASASIeOR 1BE g8 RbFataeBiadifar BEHLEEAGHS Py

current applied to the di eﬁgrﬂg t he flgl ﬁed tu?gsteﬁ pomder,?tand th%h%ine was
mai nt ai negsowatet hairfacsmenadutiee f powdehosiiFaces weldethicebBy i vieapedsiahny of

t he obtai ned tungsten sintered conpact was 99. 0% and the average crystal
grai n si zactiveded OQipile sirhaltarestslycpedbrriathhgapredmoemshtegireg.n si ze was
acknow edged, and the dianeter thereof was 600pm The regi on where these
10grai ns of abrfP¥fRg & sivlaritg woCcaps hithe 2igmpewtiieevasr eeyatedindp tise

I i hi gh ) i ns/ d
Li38i’EPncyﬁéoe%%%%%%heﬁéﬁ's{%ﬁ%%ewh%nag%&&igq%%E@S#%a gapagg?g%h%d h
hani ] .pdj ; d,i t 25t Lt i t t
The oxi srdigoRhgr iR 1R s8R, Bel/oBY, aTialie Alibois, MailincR At B,
phosphorﬁgwaésré}%twgﬁrg aentkent was 9ppm The nunber of particles on the

n

filmtha eposi ted by usi ng the foregoing tungsten sintered conpact as
the target waphdQeRitijd ‘élefh%/itg”_gf tRE OB PYEN Gl SlrREre@ TR ragASr dled. The
results are simlarly shown 30in Table 1.

15 99.0% and the average crystal grain size was 200um. The existence of

an abnormal grain size was acknowledged, and the diameter thereof 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/cm?,
and numerous particles were generated. The results are similarly shown

in Table 1.
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[ 0030] (Comparative Exanple 2) After tungsten powder having a purity
of 99.999% a phosphorus content of 1.7wppm 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. Pressure of 30MPa was applied while applying a

hi gh-frequency current, asiNDUSTERERIPAPFLICIABIOEMEr ate pl asma bet ween the
tungsten powder surfaces, and the powder surfaces were thereby cleaned and
activated while sinultaneously perform ng pressure sintering. 10During the
sintering process, the tenperature was el evated up to 1550C based on the
sel [00Rdat i ng Aesuresuiyof reducing e peaspbppls edntemttthebelilavtapeh ohdess,i | ed
tungsten powder, and the die was maintained at that tenperature for 2
hours. THE€raPapIval geay gyowth {HLUPBEEE M@ Qﬁg@ff%ﬁt"é‘i"ﬁt '@P&It%rrplic*ﬁ was

15 99.0%and the average crystal grain size was Opm _The exi stence of an
abnor mal %?é?mysq‘}%s'%sgﬁcﬁ’(rﬁ&\ﬁngd@gd, e&%rdoﬁaﬁ@ndi'% Fepérlgﬁér%{ﬁn s3880pm
The regi e J | sl exi i £l from
he surr aesoat BEF, B48h TRuReralrREien™ SRE' Glng“Rin ii@rgo 29M08:

grai ns/ cregs afb RRGREE & WAL A8l &dts, MPERPRAtioh BT 9fidldSn CHYE q??&t not
be easily elimnated wth nechanical grinding, and it was a troubl esone
task. It prasiuctiohi predesdataridieinexésasenie plodutioabrst®l gTAENpségentwas
caused by the inclusion of phosphorus. The oxygen content was 9ppm The
nunber ofinpantiooladditinnahy vields a mtpeses effpctsof bdiny abde g ittpro28 the
foregoi ng tungsten sintered conpact as the target was 30 particles/cnRl and
nuner ous PHfAMhe of ibeetug@stentveaingTiibn e dpcosdimgdy, sthei turgsiesrsintered Tabl e
1. | NDUSTRI.AL. APPLI CABI L] TY [0031] As a result of reducing the phosphorus
cont ent (P HIETHR GRRSH O thel PrensihRGTHen B SRCHVEMOR W I RaSFerngan be
effectiv khhi.bi It is 15 thereby possible to prevent the

det eriorg%rlylo‘?pvn'%hgrﬂparget strength and resol ve, at once, such nunerous
problens with a tungsten sintered target as occurrence of defective
targets, deterioration of yield in the target production process, and

i ncrease in production costs. The present invention additionally yields a
superior effect of being able to inprove the 10 uniformty of the tungsten

ISwiring film Accordingly, the tungsten sintered sputtering target of the

present invention is effective for use in producing an LSI wring film 15
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CLAIMS 1. A tungsten sintered sputtering target, wherein the phosphorus
content is Iwppmor less and the renmainder is other unavoi dable inpurities
and tungsten. 2. The tungsten sintered sputtering target according to claim
1, wherein the phosphorus content is 0.5wtppmor |less. 3. The tungsten
sintered sputtering target according to claim1 or claim2, wherein the
relative density is 99% or hi gher apdAtMS average crystal 10grain size is
50pmor less. 4. The tungsten sintered sputtering target according to any
one of clains 1 to 3, wherein the total inpurity concentration is 10w ppm
or less and the oxygen content and carbon content as gas conponents are
respect1vel yA300gpieR sinteesd spubtering target, wherein the phosphorus content

is 1wtppm or less and the remainder is other unavoidable impurities

5 and tungsten.
2. The tungsten sintered sputtering target according to claim 1, wherein
the phosphorus content is 0.5wtppm or less.
3. The tungsten sintered sputtering target according to claim 1 or claim 2,
wherein the relative density is 99% or higher and the average crystal
10 grain size is 50um or less.
4. The tungsten sintered sputtering target according to any one of claims
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.
15
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