PCT/ J P2010/ 052837 DESCRI PTI ON SPUTTERI NG TARGET AND PROCESS FOR PRODUCI NG
SAME 5TECHNI CAL FI ELD 10001] The present invention relates to a
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a wel | -known technique as a nmea ing a thin film The basic
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the substrate at a close distance and which is formed froma thin film
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the argon ions generated thereby collide with the target, which is a
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devi ce, but these devices enp t he same basic principle. The material for
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target of the argon ions. Since this target is formed fromthe collision

energy of ions, the thin filmformng material constituting the target is

1bam nated on the substrate i n BACKGROUNDART or a cluster formfornmed from
b ggregate of such atons. As a result, a fine and accurate thin filmcan

d% ormed, and this is the reason it is being wdely used in yarious
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(anode side) to which the thin film is to be formed and a target (cathode side) facing

15 the substrate at a close distance and which is formed from a thin film forming
substance, so as to change argon gas into a plasma. As a result, the argon ions
generated thereby collide with the target, which is a cathode material, the energy
thereof discharges (knocks out) the target material outside, and the discharged
material is laminated on the opposed substrate face.

20 [0003] A thin film forming device employing this sputtering principle includes
various modified types such as a bipolar bias sputtering device, high frequency
sputtering device, plasma sputtering device, but these devices employ the same
basic principle.

The material for forming the thin film is referred to as a target, since it

25 becomes the target of the argon ions. Since this target is formed from the collision
energy of ions, the thin film forming material constituting the target is laminated on
the substrate in an atomic form, or a cluster form formed from an aggregate of such
atoms. As a result, a fine and accurate thin film can be formed, and this is the
reason it is being widely used in various electronic components today.

30 [0004] Recently, this sputtering used for forming thin films is being demanded of
extremely sophisticated deposition methods, and an important task is to form films
with few defects.

The generation of such defects in this sputtering is not only attributable to

the sputtering method, but is also often caused by the target itself. As such a cause



The generation of such defects in this sputtering is not only attributable
to the sputtering nethod, but is also often caused by the target itself. As
such a cause pcT/ R2010/052837 of the generation of defects resu} %& ng from
the target, there is the generation of particles and noddit&g/r201070528 In
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Since this is one of the thin film forming materials, it will not directly affect
the thin film. Nevertheless, minute arcs (microarcing) will occur to the protrusions of
the nodules, and it has been observed that this results in the increase of particles.

25 [0007] Recently, a target is not formed from a uniform material, and is often used
in a state where oxides, carbides, nitrides, borides, intermetallic compounds,
carbonitrides, and other substances are mixed in a matrix phase made of a ductile
material. Here, a problem of increase in the generation of nodules and particles
arises.

30 [0008] As conventional technology, disclosed is a sputtering target in which the
processing defect layer (fracture layer) containing minute cracks and defective parts
arising during the machine work is removed from the surface of a high-melting point
metal alloy sputtering target (c.f. Patent Document 1); and a technique for

uniformizing the film and suppressing the generation of nodules and particles by



Pel/ JP2010/ 052837 adj usting the surface roughness of the sputtering target
so as to reduce the anount of residual contam nation, hydrogen content on
the surface, and thickness of the affected layer (c.f. Patent Docunent 2).
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DISCLOSURE OF THE INVENTION

20 [0011]
Accordingly, an object of the present invention is to provide a sputtering

target with superior characteristics such as being able to improve the target surface
in which numerous oxides, carbides, nitrides, borides, intermetallic compounds,
carbonitrides, and other substances without ductility exist in a matrix phase made of
25 a highly ductile substance, and prevent or suppress the generation of nodules and
particles upon sputtering, and to provide the production method thereof.
[0012] The present invention provides:
1) A sputtering target with low generation of particles in which oxides,
carbides, nitrides, borides, intermetallic compounds, carbonitrides, and other
30 substances without ductility exist in a matrix phase made of a highly ductile
substance at a volume ratio of 1 to 50%, wherein a highly ductile and conductive
metal coating layer is formed on an outermost surface of the target;
2) The sputtering target according to 1) above, wherein, with the target

surface before forming the metal coating layer, a center-line average surface



PCT/ JP2010/ 052837 roughness Ra is 0.1 pmor |ess, a ten-point average

roughness Rz is 0.4 pmor |less, a distance between | ocal peaks (roughness
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20 and conductive metal coating layer is formed on an outermost surface of the target
via chemical plating method or physical vapor deposition;
8) A method of producing a sputtering target with low generation of
particles, wherein a surface of a target in which oxides, carbides, nitrides, borides,
intermetallic compounds, carbonitrides, and other substances without ductility exist
25 in a matrix phase made of a highly ductile substance at a volume ratio of 1 to 50%
is subject to primary processing of cutting work in advance and subsequently
subject to finish processing of polishing so as to form a smooth surface in which a
center-line average surface roughness Ra is 0.1 ym or less, a ten-point average
roughness Rz is 0.4 uym or less, a distance between local peaks (roughness motif)
30 AR is 120 um or less, and an average undulation motif length AW is 1500 pm or
more, and additionally forming a highly ductile and conductive metal coating layer
via chemical plating method or physical vapor deposition;
9) The method of producing a sputtering target according to 8) above,

wherein the primary processing of cutting work is performed to cut an area of 1 mm



10) The nethod of producing a sputtering target according to 8) or 9) above,
wherein polishing is perforned to polish an area of 1 pmto 50 pmfromthe

surface after being subject to the prinmary processing of i n .
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
20 [Fig. 1] A photograph (laser microscope image) of the Co coated surface and the
surface before coating.
BEST MODE FOR CARRYING OUT THE INVENTION
[0016]
25 The target subject to the surface processing of the present invention is a

target in which oxides, carbides, nitrides, borides, intermetallic compounds,
carbonitrides, and other substances without ductility are mixed in a highly ductile
matrix phase at a volume ratio of 1 to 50%. A typical example of this kind of target
is a Co-Cr-Pt alloy as an example of a matrix phase, and (Co-Cr-Pt)-SiO; as a hard
30 disk target made of SiO, as a substance without ductility. Nevertheless, it goes
without saying that the present invention is not limited to the foregoing materials,
and may be applied to other similar materials.
[0017] When this kind of target material with substances without ductility being

mixed therein is subject to cutting work with a cutting tool, for example, with the



POT/ JP2010/ 052837 | ocation where oxides, carbides, nitrides, borides,
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ductility exist as the point of origin, defects (dents) i f
S LA

cracks, indentations caused by fallouts, or in sone case

remaining in the indentation will be. d.. 5 | e] Thi,s, ki
def ectlogationn wherwgr Oxdeh FshideRe ﬂgrﬂ‘i?osir' n%%hd?ﬁgﬁp?%fﬂé‘%tsplfﬂt &%ﬂﬁﬁ‘f@r‘c‘;ﬁce

. a%%r@éﬁi}{io‘ése FHATR& sﬁ:f)st nded QitHOURMRH|IPERIst ase v lppiranek biigial y

di spersed. Further, when the hardness thereof 'is neasured, it often seens
to be defettst(dentd)dkethe foamdokseaals, irdentatipnisy causad oy fiadowisx OFHASOME 400

or less, the Vickers hardness of ,the.oxid bides, nitrid i
"It o1 rEERITAS S CaRAINg G I BHPT Rt B B JSBERAr ubst ances wi thout

%bgﬁéé' ity is 49fiOkinASfesurBR@ &échaneneseud Eier anem e aberddl Mithout

_ fore_,._ in suc_h a case, the surface processing nethod of the Pres nt
i nventdustilityshgang iacuderage gfaridei diamefeyoxrfd- THe ‘slgum eF iy et 1argyen Voﬁnghe

present invention is characterized i 3 j i
condugir\_e\%dﬁg??ﬁﬁedcp}tq h YO&EP trﬁ%ﬂ?,b({hﬁégqh% °ﬁs gt@tag,p t%dsﬁy gf&éfri g%%ﬁgftothe
tar getpd ahthehviekédeRardpeebigiase Highlyi dlasile boatridgshasense4 0 balléss; the
conmpounds, carbonitrides, and other substances. w thout ducfti lity are m xed
in goyﬁﬁt& hedeessrafithepxideni gambjdasu Aitrifes shpyides, duedpeta I{PonéOWé‘fsi'o of 1
0 0 ere is I | [ 10t eq,0fietal b [
lbhl S ncé%rg?n'gtgésco_ r&j n%twfaé;a/gedrb%?%ﬁn%sj B\gtthbggo%@tgﬁ}; I?y?f)ée g(%r er@?}gf %ﬁqﬁgl Esed
S0 as hfaffessdifferérsceris . ghilmegducti |l e and conductive netal. As descri bed
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surface of the target in which oxides, carbides, nitrides, borides, intermetallic
compounds, carbonitrides, and other substances without ductility are mixed in a
matrix phase made of a highly ductile substance at a volume ratio of 1 to 50%.

There is no limitation in the type of metal that can be used in this metal

20 coating layer, and just about any type of metal can be used so as long as itis a
highly ductile and conductive metal. As described later, since it will be sufficient to
form an extremely thin film, it is extremely rare that the metal itself will become a
contaminant in the sputtered film layer.

[0020] A material that is favorable as the coating layer of the outermost surface

25 of the target can be selected from at least one type among metals configuring the
matrix phase made of a highly ductile substance. It is thereby possible to
completely inhibit contamination.

As the highly ductile material in which oxides, carbides, nitrides, borides,
intermetallic compounds, carbonitrides, and other substances without ductility are

30 mixed in a matrix phase made of a highly ductile substance, uses is metal;
specifically, Co, Cr, Pt, Ru and an alloy containing one or more of such metals, and a
typical example would be Co-Cr-Pt alioy or the like that is used as a hard disk material.
Moreover, the thickness of the coating layer is sufficient at 100 nm to 300 nm.

[0021] As a mode of the sputtering target of the present invention, preferably,



As the highly ductile material in which oxides, carbides, nitrides,
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pr ef erintdrynetalie commpesndsardairbistridest rantksothisor swWesian¢er evitkawl duetility

conmpounds, carbonitrides, and pother substanc Wi § i Lt isting
in a rfAf$iNg Hhé’s@%ﬁéﬁ}ﬁsean}ﬂc%np adﬁlﬂ?ﬁ?x gugﬁ%s?’%@éthi}gﬂgnggv%\fe%éégr ain
Si ze Qfrafh dizE>f b1 REMO[}R22] The foregoing nodes are associated with the
direct” adjustnent of the 10 oxides, carbides, nitrides, borides,

i moezimet al | i ¢ doepvegsingcacdeniarei arsociaiad Withdhe litest asdiesimant b he

uctility in the matrix ng the_ef . coat i-ng:l: r n be
1gurt he X'%{%r 89&%‘1%@ ng'ﬂgg’i ﬁﬁ}'pﬁg é@%ﬁ# ?%Ihé&% t (Selﬂ{sdusr’fgécﬂglagghgéé%cra ﬁged
above. othBt Suls@hess tWitharit fdretiligf ini therwagix Giridhihebefieitngf thewertdl acdatiag
matri x. Accordi ngl é,ﬁfthe conductive netal |ayer vyields ?rn ef f ect oi}?&d

i nhi bilayegcan bs fughar ifeproveh headiysting the gonditianif thasutlgcs RseRar
subst a S i i TP A ; L bonitrid
ot t o M5B auis Jeids Uit SrebetiahERasiry e HERnG BohEFto 1RIARLOOT 10 des

i nhi bit the gemercatdinglyotheaondattee anetahdahdregeids aneftast iof enbipitingeri ng
rocess and not only at the initial stage of. sputtering. [0023 e

1gr oducthrjoenodphetier ?Hﬁh? r'@%@'?y af“SdWcglfui?%tm(gp§ﬂb§tla89gﬁggl{cg'r ag&pﬁe%o

whi ch oxides, Gald¥sdesriddst Id itr@RS. witRbat mehalitiivityc oM osinAsseb

car bon‘%?%é,'ﬁg[l Sbt e”rdéssﬂbésrgg%gggsm{vl\}r?%%uwtdag{i lity .éxiy(s:t in a rr;aet_ryi X

phase posiibleftoaeffegMely dumtdnteorsinbibitatheegeneratiool afingartialescad nedulessiny, and

a highly ductile and conductiyv tal caati.n [ [ on an

out er nbSt IR SRVEEENIIRCESH ag&_n%?only at the |n|ﬁ§| ?‘%@ec‘ﬁ}ﬁp@ﬁﬁg] ating met hod,
el gptropl ating Wﬁéﬁ?ﬂ%t’i&iﬁ? th& RipREeAhgthMpt CpRIdurBdrBtahedisttering teget in
el'ectrochem cal plating nmethod or the el ectrol ess plating nethod. i be
20sed, wahitht heidesmepripdess adridesr boudes, @éeftf"l*%tablﬁy%)'é‘ﬁpuOgﬁoPa@@é@gag%n,

t he vacuum deposjtion net hod, Ltering neth - pPosLt i t hod
and t nenY (Behag bl aa o ATROIE 8. ror! PhegfiRadeRata LS,

whi ch géiflesubsaimeiedfsa volunte ftfo of Bo 5006, atesa Highlgrduetil dnd condpativeds,
carbonitrides, and other substances w thout ductility exist in a matrix

phase W&t asratiagHayer iy fatned 08 aupYteamost suriace of 1arEET o of 1 to 50%is
subject to primgyy ypl 0GRISiEY ObiaGiHb! | MBtHRS K diBcRINBARE: methods such

25 representative coating methods as the electrochemical plating method or the
electroless plating method may be used, and these may be used. Moreover, as
the physical vapor deposition, the vacuum deposition method, sputtering method,
ion beam deposition method and the like may be used.

[0024] More specifically, a surface of a target in which oxides, carbides, nitrides,

30 borides, intermetallic compounds, carbonitrides, and other substances without
ductility exist in a matrix phase made of a highly ductile substance at a volume ratio
of 1 to 50% is subject to primary processing of cutting work in advance.

This is subsequently subject to finish processing of polishing so as to

form a smooth surface in which a center-line average surface roughness Ra is 0.1



This is subsequently subject to finish processing of polishing so as to
forma snooth surface in which a center-line average surface roughness Ra

is 0.1 POI/P2010/062837 pmor |ess, a ten-point average ro n is
0.4 pmor |less, a distance between |ocal peaks (roughnes?cﬁggﬁ%%iﬁ%s 120

pmor |ess, and an average undul ation potif |ength AWis 1500 or _nore.
hi ghl HrAGE1€3% 2aieH-RYAHAYEAZE fﬁﬂeﬁne%ggi 'ﬁ&-‘# HJEPT [EsS B&'%@Pﬁ%g’g}v‘i"%e@ he
cheni ' Y Gl P& $&MigRedndiansn
0025 B Tt DS T I P B A B PR T f ace
of t hembtifrlgrythnay\eisi 850Mmynt trempre.maAhighly destienandtondiectvet metey BRI And,

in performng, the finishi rocessing. via poljshing,. desirabl rea of

1 pm tléygociigﬂesf%ﬁm sW@ot?‘gr m'ﬁéFB@?mc@e@mchrw&g%aﬁi’ae?r g%p?ﬂgoﬁri mary

r ocesfd ing work. 10 The purpose of cutting an area of 1 mmto

?0 mn%{%gs'&?tg@éfa?bggh vely renove the defects on the targget mat eri al surface
]

t mpsjwer e pr evFodbey desinably, tameareenof | tminstadé@immbisecutdrasatheshifagetafng vi a

| at he processi ng empl oyi ng.a_cutting .t ool i - a result

of 1 nitBe GRIGRT R RERIEN e g e sease gy FarfiBlaRorne Aph s Berdinle

def ectifie FinalhirRP pRIcREkiAg ANl pbiielfig, addspaslyc ansrda by 1f @l tolBGsuasis idplistedcr i bed
i1l occur, such defects can be polished wth sandgaper or a

above w |
gr i ndstaméhesvifage avhioh grasgeihiectsoAbe GrimanyrPTPAEESING ©f CHBING \Womk400.

her eby, the f i - C i t &t b
ali ou%/s are eﬁﬁ%ﬂﬂ]gﬁg%é,iSgﬁgﬁlggﬁ%a%}e%ﬁo sﬁrrgﬁ? %qte gpg{;%q? aegﬁgl Cﬁga}lg?hrr%gg d
t her elyte dPORS]cPRINGPRRRSt ratetialbUridss tet Werei prgvimuslyufghmgddheresinze ltos #80

to #400 is 20 able to effectively elim nate the defect.s ﬁri%i natﬁ.ng from
oxi desdesirabif tpcrerferm FHUE, Vid AthadEoCesRiIRg FEIRIPYING ac%%ﬁa% QR orachip.
carbonitrides, pan u ' i b r aftesudr afet he
cutting work, aA%dgi gé gozp |m@ﬁ§'3%éwe6@f%g?'@gﬁi¢f§b§s%ﬁgf gnd sém)oth

sur f acgerierationli ofg defebtst sueh rest crackshase. indemdatiorse cauisednby nkeddutso ager f or m
mrror polishing, and it will suffice so as |ong. as the fallout of cracks
land 25desahigedt ﬁgPYﬁ‘\M'ﬂaﬂC%’ SEFBve _ec{mgﬁnpp%p%cﬂpﬁ&daw]ﬁha§argfp§p§$m%rtﬁ
target i erdiRfhe e RSt linstamcan#sdnaepd@. | onserebystp@ by
fall ou%ﬁéﬂ,&él??h% s@gqoﬁ‘sg:%bfoceé%thogiaz?lsi depﬁpgﬁi_lshi ng the target material fromthe
start feredoisgqudfeysisuon as gacksigndnirdentations eausasyhy flkuts are elivinaled t o
#400. Neyerthel ess, i.p.such.a case here | s a problemin that the anount

of tin@d" @(ﬁ(?itﬁea %‘?Otﬁé?rig?ﬁﬁﬁf '5?8%%%?’%%%?‘” be enormous, and the
mjpsenance fr egippapeplor thgrigaétodst mnengid toughcgrnas sizkief #80ttbe#40lbist ance
of a highly ductile matrix phase adhering to the grindstone

. e I
2addi ti able toaeffeativelr Ejminate thardefecisoprigifating Host &xdesy, caaPdRsuGHMgRRr e rrgy

not be_a.signjfic A in iwface Ko e E€ With&ut
tenden%?/”(f?%t' t‘ﬁ'ﬁ%{l%r CBE*?"?&pEﬁ‘er Caénr 83%@%5? ESF’t P%a?gb%%f‘iesﬁe ‘nore, and
anot hegudtnieplgentistet fesm tRETARARY WDIR5283 7S dne wptitruah irangeidflprepaiing en t he
target surface. Therefore, in realit I S iInpossible that. the sucm ace

pr ocesHatriandsmoséh sHrfgee indudipsi %QHBKFSHIP%UIB;F)I § sHilRE NYELS LSS hout
perfor g 8o ¢ YhitldPhRhlhg, and it will suffice so as long as the fallout of cracks and
25 indentations can be removed. When preparing a flat and smooth target without
surface defects such as cracks and indentations caused by fallouts, it is possible to
consider polishing the target material from the start with sandpaper or a grindstone
having a rough grain size of #80 to #400. Nevertheless, in such a case, there is a
problem in that the amount of time required for polishing processing will be enormous,
30 and the maintenance frequency of the grindstone will increase due to the substance
of a highly ductile matrix phase adhering to the grindstone.
In addition, particularly with manual polishing processing, aithough there
may not be a significant difference in the surface roughness, there is a tendency that

the outer periphery and center portion are polished more, and another problem is that



[0027] Subsequently, the present invention perforns primary processing of
Cut]'El ng using a lathe to finalize a target shape, and, as needed, after
perform ng grinding processing, perfornms the processes of t se ry
polishing including wet prinmary polishing based on pure v@zg\if\@rljzodp@g%g um na

pol i shing agent drop. It is thereb ible t hi .a.center-|

S S o aben koo s rhesfod Pt £ il
roug £ st : : ,
(rougniae e sfiiage ReARting BFTne ardel 1SAERINEN A bY RolTER SRFENSIg ¢

| engt hwithwud retfofing cuttingmerkand obtain a target surface that is flat and

extrenel h 0028] Si th ter-1i . f
THETI on i - SUBPERREHuHRe 2ot THENTRS SeHE TSRS S

éfOPg?H‘Lﬁt’ﬁfgsmpig{ﬁ Ahend fidifzd SAVSGRILHEPAULAHT @R ABdddd, | smart Perdfving e
definitions o e surface roughness standardized with JIS (refer to JIS
B0601,grind(BpésBssind epesfqriventite prodesseriaft wet secondary poliskenge inaiediags, it

shoul d be understood that the cutting. an ol i shj dth
condi t"?’%%meaMé?oﬁﬁl?'Qgilb%iﬁ‘#]%emﬂ?ew%?eéfcgﬁeﬂ’ %mﬁ??%%és?ﬁwggb%gfﬁreﬁemi SI
condi tj} @ntheratty pEEADMRY attfieldBOSdABE-lind dvBeagy eadate rovghndsenRaoft@1form a
hi ghly ductil e and conductive netal coating |ayer on the outernost surface

of t haimaardess, a ten-goinhaverngeyesghpees e §fi @f 4N of eSS, dedigiancedigtween of

reventing. or, dnhibiti . e [ f I i
Bt £ P aop Gt OB K o8 ch B ER TS 2T oscRes B S SRefder | RButeRen

i nt er pbat |dngts AUNOosMAS00 Gan erinbreé desd obitaincd lterges wosfagactbat vé flaband
25ductility exist in a matrix phase made of a highly ductile substance.

[0030]e>I{tBitﬁﬂ|glsé§<}’0th- Next, the Exalnpl es of the present invention
expl al ned. ] [ I j e, )
ﬁ@ﬂ%} siitesheranmleR S%egag“lé sﬁh%gé tr){)/&%ﬁfjr{:eﬁg 'IIE'\‘X’eg rtrBf‘gEgﬂ bgfgt BU&ER8!

. ntion shal I not 1'n any way mte
Joagi j robyhngdse Flaz) the ﬁistance betweewdecal EeaksovcheighnPss poatier ARaadd She2
owder were used as the r. mat erjal, an target. raw materi al )
1gbt ai RETBR edNGHatR ’_ﬂi‘PHg\L,Y@Fg%n A_é&né’ﬁr?i gﬁ@n'ﬁqn%&f e sy ear{auéﬁqgss-rhe
vol umegb ahl QiR ﬁwglﬂr%#%% JAVBDEDA LYSIBDEN) Shb @x@RInaYes i&ffttend t he
average grain size of e SI02 grains was 2 pm The major
Nevertheless, it should be understood that the cutting and polishing of

the surface and the condition of the target surface are preferred conditions, and not
essential conditions.

2(0029) What is important in the present invention is to form a highly ductile and
conductive metal coating layer on the outermost surface of the target. It is thereby
possible to yield a considerable effect of preventing or inhibiting the generation of
nodules and particles upon sputtering a target in which oxides, carbides, nitrides,
borides, intermetallic compounds, carbonitrides, and other substances without

25 ductility exist in a matrix phase made of a highly ductile substance.

[0030] [Examples]
Next, the Examples of the present invention are explained. These
Examples are merely illustrative, and the present invention shall not in any way be
limited by such Examples.

30 [0031](Example 1)

Co powder, Cr powder, Pt powder, and SiO, powder were used as the
raw material, and a target raw material was obtained based on the production
conditions of hot pressing and HIP. The volume ratio of SiO> without ductility in this

target was 25%, and the average grain size of the SiO; grains was 2 ym. The major



PCT/ JP20 [ 0/ 052837 conponent of the matrix phase was a uniform Co-Cr-Pt
al | oy. After performng primary processing of cutting using a
lathe to finalize a target shape, grinding processing was additionally
per f or med, Iand the processes of wet secondary polishing i Jﬁ%ﬂlpéf’%%f
primary polishing based on pure water dr al u na polishing agent dro
wer e mmmd&%mam phaze wasraneaif ‘Hﬁhgeté%? alloyt ar get . Thg

aver age suT f 2CRAOUANBRARGCbriLIR bRUARK ot Bl s ur bAetd apalbacss was

adj usted as descri ca , the asurenment results of the
cent ertatgeteshaper ggadmgrpﬁracesslngghanaaddiﬁanaldmpetfennmu and dvepeagessesginess

Rz, the dist b I I
(ndul HHEGHECE00RG DFIS G Y R ! SFETE P TAED Ga5o0 FtoP HEaBUFE AR “Boi nis
were tz{]@m&r@ ?@lsﬁﬁ{g‘ééeerﬁfdr%‘@véréggﬁyrﬁ% i@é@ usBihed sldﬂi%c@lamrdbiélh V@kggs shown

In Tab age valu the th ree poi nts. [0032] As shown in
Table 1, Ra wa3he. a4érage sRrfavasraughBepsn ofAthewiaraetl in wiigh medspwfvcaas
1700. 00

wns i rouRBheshBs AR BRES gy eSRBEE Bhbkd sriitHcany, A heaTatRe RS,
in t haheaRge@indadedde Oéurfé%'ésrou RAec&d Raafﬂﬁ@téﬁbbﬁﬂravbm@ rdl@ﬁlﬂ%sémghness

notif) AR was in the ran e of pmor less, and the average undul ation
noti f therdistang@\bghgeem chraé peahgémfghnse@ matfbARmeNe, therrvaradedsdgisdionl e t o

b
180 sunseaie BT BiaineteiadBaffisal (BiE abash St Fdoris Les e Hipacss:
target dihttshoi e it@iyep| Airfaee, rRidhed nliierichbvalieapshoin tiheTdlde chatredthsur f ace

and the surface before coatlng is shown in Fig. 1. The left side of Fig. 1
shows amag@wab@eofﬁbeéhr@eomm%g, and the right side shows the Co coated

ci‘i?? and t%%ﬁﬁ!ﬁﬁ ﬁﬂ‘f’&ol8f1 & GRS O:QH‘tigjnpaﬁQWasb@ 2@§§rtﬁ{))ﬂ&ﬁdw§£t1q'1.1t1he Co

ng 24003 ; e cobdl't™ coate rget was use orma sputtered
film qma aﬂwwtwat/@sl n760.08 pm5 Ra alt masahethe eedtar-linee aberagrutsusiacag
condi tion of 30w cn®

lgener aceghpass rﬁij‘ VA& 'Bﬁﬂ? fenga gl Otv%:é‘?% % VI"t?%éé’EEPfW%QV:§§5§§§OUﬁne‘@%r ©
appr OXR?Wa@ 1 eF}Hh e bf I@”%]gn{ ?Pﬁés@,' ﬂ{@a@,faﬁ&e%aweew 1BBE! Raks (MGuighrsst er

t he saneg), ther y any difference in conparison 30to the grain
si ze orfnouﬁ)l,éiBswe‘s inpheoreinget ef 120 wm & flessmand the averageTwedylation tgotif e

SO gt ALT s MRS B b SR GhafY, 1 RSk ao(R! R bt o)
extremely smooth target surface with minimal surface roughness.

20 Subsequently, 200 nm of cobalt was deposited on the surface of this
target with the ion plating method. The photograph of the Co coated surface and
the surface before coating is shown in Fig. 1. The left side of Fig. 1 shows the
surface before coating, and the right side shows the Co coated surface, and the
existence of oxides could hardly be observed after the Co coating.

250033] Thus, the cobalt coated target was used to form a sputtered film on a
substrate in an Ar 1.5 Pa atmosphere under the DC sputtering condition of 30w/cm?.

When observing the particles that were generated during the sputtering,
the size of the particles was approximately 1 pm x 1 um (‘long diameter x short
diameter”; hereinafter the same), and there was hardly any difference in comparison

30 to the grain size of oxides of approximately 1 ym x 1 ym.

The results are shown in Table 1. In addition, the number of defectives
(defectives/mmz) caused by the particles was reduced to 1.8.

[0034] (Example 2)
Other than achieving Ra of 0.256 um, Rz of 1.234 ym, AR of 118.76 um,
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[0034] (Exanple 2) O her than achieving Ra of 0.256 pm Rz of 1.234 pm AR
of 118.76 pm PCT/M2010/ 052837 and AW of 1530.50 pmin the processes of
wet secondary polishing, a cobalt coated target was produced ba t he
sanme production conditions as Exanple 1, and a sputtered Pic?}ljjmmg?ﬁgfned on

a substrate in an Ar 1.5 Pa atnosphere under the DC sputteri condi tion of
Sow crnd AW of 1830 50w i BsSBIaRRBSS REWBAPEFRIRY ARG & SRR SRR or i ng

the Sggliﬂte‘?w(e{égproyﬁgﬁaib%%gafont P%r Q%%Eigrbﬁﬁct cERRtioNd BBBladle PMahdla pm

("lon ameter ort drame elnafter the sane), and there was
har dI ypaittgratl filhenerclerinedanmpasubstmate o ahdrgt.aifa stmespliergxinsies tae DC

approximately 1 pm X m 5 The results are simlarly
shown awtt¢aagé=om8'tlpﬁ é@g’i"‘f/?’@n-, t he nunber of 10defectives (defectives/ nmm)

gaused by the pitdd 6heSIRSHEPPHRIS! Mot vlre[¥heFhtedmy@g the beutesiger - | I ne

aver age surface roughnes outside the range of 0.1 pmor |ess, the
t en- pahetsize ef age partiglenesas Rpprexingtsly de Hhe fange (‘SN damgpieb™ FBaR

120, prlBmSIREeS TaIRR eh 4 oer g et A s on ity Aoy SRIPRNRGT CORRARREC pe

15 r ang8nekyrdinQ s SXid@®beapploxirhaicly Pe@sixbl gmi o deposit 200 nm of cobal t
on the surflace of this target with the ion plating nmethod with no space in

bet ween, the gdherresubin ase sianilaily showa in fablen + By adgitga. 81 SPACEN ng was

I'ight inferior to anpl e 1, s was yi el ded.
1éor e Ftév,esi (:defq{:ilvggffq?rgﬂ ?aﬁé’eg\t}grgggﬁgﬁ@%%yé%r%ggﬁﬁggéé 1 is within the
r[ﬁﬁg]e of 0.5 pmveh Keaps, cditerligg-avitapei surfauee ragghnensgReess oRtside thet hi n
the range of 2 pmor |ess, the distance between | qgcal peak ﬁ{fou%hne S
not i f)rangeia Cafl tHin @ &S, thd den-ePINt RYSHRID FOYHYESS %ﬁ\étséﬂsﬁe © | ation
moti f |ength LS s b AR i Sigenthe
confi rdi&%h%ﬁ\éééapygﬁ%mﬁPﬁnﬁ%éﬁgg%éﬁeﬁgg?%@éﬂnﬁsgnggggiAbf{el_ggﬁg t he sane
ef f ectrap@e dfe120 phrediesdpandshe [aTabige Wihdulption MCotifdangth AW Exewside thp

In Co ti EXx le 1, Co powder, wder , Pt wd Si wd
i e e e €1 posier. T gt ey a0 v
on hesﬁé)%uf)? 'tﬂi@nﬁﬁﬁgﬂu%/}tﬂnt?leofonlhgh’gi%eﬁﬁ%!tﬁw th hbRspscenirt betweem| el, and

this target” was o ect to e finishi n?. _ ~ The_ average
sur f acgemaratbnest paftitles satt thegénitiak séagd ifaspytfering wasasligbierpfari@sulot s of

r oughnEsSTRIE Tt ket apeyianaBe LS Te s Benes ( rallghtbR T BdBeran
the avgtaggeylikakhed roBghhedsCRA R WiHiar theszeige o0 Bapireod lesEhehe ten-
zrgeasursgiﬁ?taverage roughness Rz is within the range of 2 pm or less, the distance
between local peaks (roughness motif) AR is within the range of 120 um or less,
and the average undulation motif length AW is within the range of 1500 ym or more,
it has been confirmed that coating with no space in between is possible and the

same effect can be yielded.

250036]
[Table 1]
Ra Rz AR AW Particle Numbgr of
(um) (Mm) (Mm) (MmM) size (um) defectives ,
(defectives/mm®)
Example 1 0.045 | 0.28 | 111.11 | 1700.00 1%x1 1.8
Example 2 0.256 | 1.234 | 118.76 | 1530.50 1%x1 2.2
Comparative | 1.633 | 7.387 | 180.40 | 1115.47 1x%x2 20
Example 1
Comparative | 0.333 | 2.047 | 171.10 | 1215.00 1%x2 15
Example 2
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Opoints were the three points of the target surface, and the nunerical
val ues shown in Table 1 are the average value of the three points. [0038]As

shown in Table 1, Ra was 1.633 pm Rz was 7.397 pm AR was 4 and
AWwas 1115.47 pm In all cases the center-line average éj&ngggoéO}r%g%g}mess

Ra was_ consi derably outside the range of 0.1 pmor |ess, the ten-point
avepaGeomRRIgHe £XamPlads consi derably outside the range of 0.4 pmor |ess,

the distance bgy %gébgf%@ép%a%ﬁ{ﬁﬁe ﬁf‘@HﬂEB\%ﬁér,@rtb(f)\)/d@fR v@derr?iaﬁ@rsa@%y

out si de the range « ess, ahd the average undul ati on noti
| engt IpcAMieragerearssidies tid ravontatérs, ahe artargss ralv ma@diapwasobtaned dasehe

present i tion, dth bt ai ned ) i .
and sevLif prshNen s gal [ebf esy aedrdl pooulBRs o i e "
goat i qgrdgei‘Ws é’“ﬁ?ggﬁt"gt‘%”“@ﬁﬁ‘%h%t he target surface. [0039] Subsequently,

this target was forma sputtered filmon a substrate in an Ar 1.5
Pa at nospher e Thderaveiag®C ssipfiace errpughressdi of othinf taoalk crapecifisally.oBber vi ng

the particles that t dur i t - : :
e oLl e LR & SR ALE TR LR RS R 28 B3Gh pols W U1
si m | ageta§d p¥iHEsEaRY hé. didanee tetwedh ool seaks gfougaﬁesg imat) AR, and
(defectives/ caused by the particles increase

04 ?L"h@ﬂﬁﬁ@g@t“lnﬁ‘@"?@@nﬁ“’é‘f tgng;b_/ﬁvn\/earepéhcrw i J@biéng- Sr ih%;%gg\td%éghg[ of

1" nar B DR BB PP B SRERL 808 g MR Mok 2o

vere tiuh|sanReakie GoeRReAtdlve oE@&Nree boints.

[0038] As shown in Table 1, Ra was 1.633 ym, Rz was 7.397 ym, AR was
180.40 pym, and AW was 1115.47 ym. In all cases the center-line average surface
roughness Ra was considerably outside the range of 0.1 ym or less, the ten-point

15 average roughness Rz was considerably outside the range of 0.4 um or less, the
distance between local peaks (roughness motif) AR was considerably outside the
range of 120 um or less, and the average undulation motif length AW was
considerably outside the range of 1500 um or more of the present invention, and
the obtained target surface was considerably rough and severely uneven. In

20 addition, it was not possible to form a metal coating layer such as a Co layer on the
target surface.

[0039] Subsequently, this target was used to form a sputtered film on a substrate
in an Ar 1.5 Pa atmosphere under the DC sputtering condition of 30w/cm?.

When observing the particles that were generated during the sputtering,

25 particles with a size of approximately 1 um x 2 ym had generated. The results are
similarly shown in Table 1. Moreover, the number of defectives (defectives/mmz)
caused by the particles increased to approximately 20.

[0040]

(Comparative Example 2)

30 After performing the primary processing of cutting using a lathe in
Comparative Example 1, surface grinding (surface grinding processing) was
performed to prepare a target. Other conditions were the same as Comparative
Example 1.

The average surface roughness of this target, specifically, the
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The average surface roughness of this target; specifically, the PCTIJP20
10/ 052837 neasurenent results of the center-line average surface roughness

Ra, the ten-point average roughness Rz, the distance bet aks
(roughness notif) AR, and the average undul ation notif I\é\%g{}ﬁ%i%é%gg?shom

in Table 1. The neasurement i th h i f.th
sur f adBeagHEMENE resusy picthe ?/éo)ﬂqtlﬁ'g ﬁ%\é@%\%giens? ‘ e@“%%hf@ég t@%i‘?@'@é ;I ue

of th ' ] . :
S o AR TS AR AR TobEe s ol SRR AR andas

i npr ovtheeerage Undutdien motit i iASYrareoshaven dadablss 1onlThepeepsemeant| at he
processi.ng, in all cases the center- |ine average rf :

Consi daiEE) Y16, ei s RanfnEedn st e Ab 17 oot BRI BHOSBRRD Hler age
EOughngge iz ate GOBRIGESFABS bf e §irde pbigs.r ange of 0.4 pmor less, the

di stance between | ocal” peaks (roughness notif) AR was consi derably outside

t iesflange of 126 phewn inekable ahdRahwaaReageltindia #asoR-Udt M. RRgVAS AW was

consi d out sj 15 r. tea-AVENt i ON,

and tht e el ARy HRR 170 Y bR FeouREn B AT BB sk R YA N o

l'gyg?%dm?émsc{nttd/\m%t ét!’-!ief @psﬁny%%zdzr]mgﬁ%nama pretedsimyahialigcdsmpethesasriteras a Co
on e target surface. ubsequently, this t t d

{ o m diNpaNaraBeGUiacRIGHOBNG S e CPRS AT AklY DU W g FILEh b TG t he

18 P bhs hA%e R MIa0t (O0MNSEG RENEL, CORGEXIR, bURIREIS Rlre® SRl wor ©

enera arrn e sputteri rcles w a size of approximtely
1 pmxyd N hegd, gearer disemeeThetwesnl tecaar peaksn (rauglnesovmotif) Tebl was.
Mor eover, .the nunber of defectives (defectives/mR) caused ticles

i ncr eaR¥BIYARPpPERIdRRE {PNES. Of[b%ﬁl(ﬁi‘hgr PdeR the aPare Baﬁ'aﬁigﬁﬁ&ﬁf

Féﬁgﬁ'nlggétraggv %@ﬁgﬁ%ﬁ% 68 rt]%e 38Mg2 of 11BOBX@APbembré it thedrasent
invention, and the obtained target surface was considerably rough and severely

15 uneven. In addition, it was not possible to form a metal coating layer such as a Co
layer on the target surface.

[0042] Subsequently, this target was used to form a sputtered film on a substrate
in an Ar 1.5 Pa atmosphere under the DC sputtering condition of 30w/cm?.
When observing the particles that were generated during the sputtering,

20 particles with a size of approximately 1 pm x 2 pm had generated. The results are
similarly shown in Table 1. Moreover, the number of defectives (defectives/mmz)
caused by the particles increased to approximately 19.

[0043] As evident from the comparison of Example 1 and Comparative
Examples 1 and 2, in Example 1 the surface roughness was considerably small and

25 a smooth surface was formed. By additionally forming a ductile and conductive
metal coating layer, it was possible to reduce the number of nodules and the size of
particles that were generated after sputtering the target, which are especially
problematic in forming a thin film, and reduce the level of defectiveness caused by
the generation of particles.

30 [0044] Accordingly, it is evident that the cutting work, polishing process and
surface processing method of forming a ductile and conductive metal coating layer of
the present invention yield superior effects in the surface processing of a target in
which oxides, carbides, nitrides, borides, intermetallic compounds, carbonitrides,

and other substances without ductility exist in a matrix phase made of a highly
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25 a snooth surface was forned. By additionally formng a ductile and
conductive netal coating layer, it was possible to reduce the nunber of
nodul es and the size of particles that were generated after s?ut}g}r:?i ng t he
target, which are especially problematic in formng a t hi T4 Gy © d’ reduce

the level of defectiveness caused by the generation of particles. 30
[ 0044]Rtils subgpyce pt ajv@lgpedaie OFHaFP qor‘/é cutting work, polishing process

@6&[ gurface prﬂﬁﬁéﬁ%ﬁgc%h% _8fof pEg |ﬂ||d’été’d"%"s' fhe ﬁéﬂe%’rﬂﬁt{% iewanipé al

I'ng layer o resent ‘i hvent i on yi el d superior effects in the
sur f ade tlpe cﬁcmegsmg;exxﬂaaamcm gt a inmodiified e xawipie thereaf, hod@samples it deay be

\?MO[ Ihgfﬁs qer nmet aégq ﬁggynds car bon t r 'Cgcgedofﬁ%%ﬁ)t Ell%;aa&ﬁ%a%eg
pCT/ Rag Aﬁ%ﬁgﬁ% @Réﬁip‘lee o?@%h@gt%ﬁcétwﬂ‘hé(@ @'lﬁ@lll'tyatﬂ@zptr;og OTEW CoO

[)0045] -Pt)-S102 was indicated as the representative exanple
| n thearfd)tl"aghi(mmaeyxlpﬂs anasud@ned asaddmomtm%@zexm@qrhérs@@ﬂld pereasxdapl e,

Rt wierS& hEE phe TR w0 i bipe Yo Eing e 8RS TRAy PR ety

Ti 02, |Qtﬁ@%re@@%@ﬁex&ﬂﬁIeandl'ﬁélsrés}elﬁﬁwf%)ﬁtlbﬂ 98R debethdse exdthplesn to Si 02.
However, it should be easy to understand that one type or two or nore types

anong the above may be contained in the foregoing exanple. The present

Lnvention covers all of t A | AL APPLI CABI LI TY 10046]
11?’ i i rrgﬁa g ILQQTJCIEIQ% il

he present invention for e and conductive netal coating
§] on the outernost |ayer of a target, and |s thereby able to obtain a

yields the 15 heeoressmtbavAGab BTTS SublSTDIIHC Ao HECHREr &) ¢ he
matri X cgtln la?/%? or f’rﬁi ogl?ér c@ttlé degy abﬁd'rggfazand i @Hé@b?léblé tsoomaies,

car bon{ er su stan es wt uctility, and this netal |ayer
Wi th ct@rlghtcwllthl slyperaaorablmad:@ dharatteristicsi bThlsametairwtmgoiﬂY@élwdaphblel ed

local l'y_d t t h d b
lfor | aedTeckrl BSIBoRPIT I ACKRRIERBTT Berteling R erindie; Rebit of ety
possi b&é‘rbfo%spbhﬁhdl?é lo3fieS, WhidhftanE | BbmpoLhase EHBOARIRIS, Sahds other

As a result of perfdrmng sputtering with this target, a superlor effect is
yi el desubstandest mlthou’sdpotﬁtty,tﬂlrui this pretak fayeswitmpopductivity ig ke é@ fthest

"o par TR A 94 ep o Dereordaloh gl 948 S8Rkt SIRIERTRhoh et on

produchiiged Harbitied ~°r+ftr|U@s“bbﬁ@e@@rﬁiﬁ@armﬁthdégiwlthvdtrddﬂﬂﬁlctlhwl dléms it
internetallic corrpounds carbonitrides, and other subst ances wi t hout

20uct i | istthersbyspogsiblg tegbtain Piedget Wi sugeriar BUGRTS CORANESISSbst ance at a
vol ume ratio OfAs a'r2soR8r performing sputtering with this target, a superior effect is

yielded in that it is possible to prevent or inhibit the generation of particles and
nodules during sputtering.
Accordingly, the present invention is particularly effective for a target;
25 especially a target for producing a hard disk in which oxides, carbides, nitrides,
borides, intermetallic compounds, carbonitrides, and other substances without
ductility exist in a matrix phase made of a highly ductile substance at a volume ratio
of 1 to 50%.
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PCT/ 1P20 0 /052837 CLAIM5 1. A sputtering target with | ow generation of
particles in which oxides, carbides, nitrides, borides, internetallic
conpounds, carbonitrides, and other 5 substances w thout duct] Ié} e ist in
a matri x phase made of a highly ductile substance at a voﬁcaf 24 to%/%)B 2éf lto
50% wherein a highly ductile and conductive netal coating |layer is fornmed
on an outernost surface of the tar&éﬁ'M . The sputtering target according
to claim1, wherein, with the target surface before form ng the netal
coating layer, a center-line average surface LO roughness Ra is 0.1 pmor

| ess, @ ten- poAnspan@irmpaargeighitesiswRgensrdlionh phparticlessin whiths taxitss,

bet ween | ocal peaks (roughness notif) AR is 120 pmagr l.ess, and, a er age
undul s3arbidefot NiridesngPRNAR/ i'%tei@ﬁ@%?n GrMRBYRCS: §?9q%§€d_%l§t ¢ &g _ngthi_%ir get
accor dl e iffobs Odu&i#g Bdst WheS $hatrikNBhaxé deadecar i drghlyniietides,
borides,”internetallic conmpounds, carbonitrides, and other substances

wi t howsubdtemidd bt @ wolustel regiol of 4 teeb0%x witeasia aduehlyfductie gndycensbictive

substance have an average ain size of 0.1.t0 . The sputtering
t ar getMgtd GPAIRY lqy@ré%&grm%{ g aa%-ztﬁgngstt%u@a’cev\%l@pg{}hrqﬁe netal coating
layer 3 s made %ea%;%bt?&%g QBRyELYREcAEMBY taTRild@ihs 1cowhieatinj Nt ftiee natgetx

phase made of a highly ductil® substance. 205. The sputtering targe
accor dsurtpceo befoyreofeenifg cthei metal tcoatingwleyesi A CANEKNESs ayeTadfe SF

oating |l ayer is .1 nm.to,300 n h j r.get j to
1ény OH%UQ%EF%:F%B'S%QQ &M OT JERs & t?nt-%ogh%\{%ﬁﬁ%ﬁé@?ﬁgg%a%rlg%S4 ?gpngggg ’gof at
| east Hnfisthiee RINBEN FocalChealddrddighnéss Anotify IRl iof120r pduor nessa apliaher i ng
target wth | ow gaener ation of particles in which oxides, carbides,

ni tri deesraperingedatianmetifriength AYY iohpRRiRESCT B Boni tri des, and ot her
Ghott A" out R SaPHEhR Pyt B PO Aty ol

ducti subst a réin_a hi ghly ductile
and copgtveddsvenieied, Goaidesg inttaretalicf oompouads arcasboeitnides, eodf atkerof t he

t t vi hem cal plati thod hysi cal d ition 8 .
et GLTR TELi0 o SPIEELE X208l AoBPST Rl B o,
wher ei ng%t?[%é A5 ah %,égég%aih%iﬁgggj% flgpm.carbi des, nitrides, borides,

i nterne I'C” conpounds, oni , and ot her substances w thout
ductil4ty exi stTHensputtering tarpabsecardig tof any bhghificlaims il Ite Suwraicdeat a

O G e ite” bt oo RORG TR Bl e &
matrix phase made of a highly ductile substance.

20 ol The sputtering target according to any one of claims 1 to 4, wherein
thickness of the metal coating layer is 100 nm to 300 nm.

6. The sputtering target according to any one of claims 1 to 4, wherein the
metal coating layer is composed of at least one type among Co, Cr, and Pt.
7. A method of producing a sputtering target with low generation of

25 particles in which oxides, carbides, nitrides, borides, intermetallic compounds,
carbonitrides, and other substances without ductility exist in a matrix phase made of
a highly ductile substance at a volume ratio of 1 to 50%, wherein a highly ductile
and conductive metal coating layer is formed on an outermost surface of the target
via chemical plating method or physical vapor deposition.

30 8. A method of producing a sputtering target with low generation of
particles, wherein a surface of a target in which oxides, carbides, nitrides, borides,
intermetallic compounds, carbonitrides, and other substances without ductility exist
in a matrix phase made of a highly ductile substance at a volume ratio of 1 to 50%

is subject to primary processing of cutting work in advance and subsequently
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subject to finish processing of polishing so as to forma snooth surface in
which a center-line average surface roughness Ra is 0.1 pmor |ess,

t en-poi nt average roughness Rz is 0.4 pmor l|less, a dist | ocal
peaks (roughness nmotif) AR is 120 pmor Iess, and an ave?}g% %ﬁwﬁ?. on

tif length AIN is 1500 d tional | hl
duct | 18P teg mﬁ:t%r%sm%apfoeegi%% Pegelo (T Brignp e ST Ko AsrbY or
physi gféln é/ralﬂﬂ-:r %@? Baﬁace o gﬁné@é Rradisob. PLRAYE I8, aa $OnLplofti d\rage get

accor gto c erein the primary processing of cutting work is
per f orraaghmss:ﬁltz iarD.dren afleds nandisiance betweermaded peaks {EeUATMESRENOH) get

ol & mARds Rl of RaterinaBanecrrngurBE BRHER AP ISl BoPETARE LT,
ﬁ’m Eﬁt’ﬁ?&dgrgﬁd gaaﬁleﬁaﬁwréwﬁgaé heghIP@ivRgleSaRd @ehdtietivdiengtal BaAYNPIQ@essi ng
via chemical plating method or physical vapor deposition.
9. The method of producing a sputtering target according to claim 8,
wherein the primary processing of cutting work is performed to cut an area of 1 mm
to 10 mm from the surface of the target material.
10 10. The method of producing a sputtering target according to claim 8 or
claim 9, wherein polishing is performed to polish an area of 1 ym to 50 ym from the

surface after being subject to the primary processing of cutting work.
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