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The present invention relates to a spuitering target w phTrgdveed7pasd i de
generation and m ninmal surface defects in which internetallic conpounds,
oxi des, carbides, carbonitrides and other substances w thout ductility

exi st iISPUTTEGRMNG 'UARGE‘IEWWHrREDDm}EB PP&RTNCILE GEe|BRAT o ANDVMETHODTEt hod
t hereof. 10 [0002] The sputterin is a well-known technique as a

nmeans for forning a thin fPFRR P@@é@@%pl TMREEd thereof is to apply, in

a lean gas of argon or the like, a voltage between a substrate (anode side)
to which the thin filmis forned and a target (cathode side) facing the
substrate at a cl ose di sSBAGESROWNDIQHTHE NVEBERTIONom a thin filmformng
;su@ ance, so as to change argon gas into a plasma. The 15 consequently
generated argon_ions collide with the target, which is a cathode material,
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freque utte ev | asma sputtering device and so on, but all
of the Hé\P ges: @%?%&%%?@&ﬁfﬁpﬂaegén%ﬁpﬂ&%ﬁee? The nmateri al
for.formng th g t t he
19 alio%og]t of the g%éc]ﬁﬁyfct)éﬁﬂs'ﬁ@ @ggg&%?iﬁ?lg%ﬁn ?%élf}ggﬁéégsﬁ g.n&j\%tnﬁgoggolql I sTon
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be for @sthod@&ide)i facing ﬂ\'éesﬁ@s%ﬁé?é‘ dtta tRsBedig@nvk BHdy whiddis! forividti fest a
el ectronic conlponent s today. [0004] Recently, this sputtering used for

f or m néhinhfikn fforming §ub§ta@ede$mmd00ﬁhme eargPp gaphine | z apleamaepblRe ti on

1o gonapardusty; SBTRIARL 2BR0 Idhs RelLE kb Mo, Soiokec BT 46 reathge

attri buigbligl, te ehergyrHeteITidchaRg & (bpubtets)ahe Qalget ansttiblyoltSidenand akget
itself. As such a cause of the generation of defects resulting fromthe

t ar get discharaed material i lesniaatashorn theraprosacesubai@to fang. es
ZPS:'I(')IA]I P2010/ 071K8tﬁ|n film forming device employing this sputtering principle includes

various modified types such as a bipolar bias sputtering device, a radio frequency
20 sputtering device, a plasma sputtering device and so on, but all of these devices
employ the same basic principle.

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

25 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.

[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

30 with few defects.

The generation of such defects in this sputtering process is not only
attributable to the sputtering method, but also frequently to the target itself. As such a
cause of the generation of defects resulting from the target, there is the generation of

particles and nodules.



Under normal conditions, the material sputtered (discharged) fromthe
target wll adhere to the opposed substrate; but the nmaterial is not
necessarily sputtered perpendicularly,,and is dischargedn L
directions. This kind of discharged nmaterial wli adhergctr?)‘]@éb@z%%(snents
inside the sputtering device other than the substrate, and this at some
point will peel yplér nbhAal coRdifioh§aticAfhtbAalt BEutEHBAl (AdharGEd)IRBRY A&
arcing on the target surface (particles of 1 p or less adhere to the

subst r éargetiwvell t adhere aton theredpptisedhaulggiiate, but the materil siskhold netessaridy i al

is referred to as particles nd these particles wll cause a shprt circuit
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particles is caused by the discharge of the material fromthe target, and
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nodul es w Il change t Sputtering rate to dela d make the control of

t hieoosleposi ti on fditHérmdre, generaliysthet Herget r taggh nzatdriblardpesi NoY, destabss wi | |

peel off and adhere.tq the substrate In such a case,. the nodul es

P hemselereBehAtoBag dhang YBrfTRg elhiessy bubthetonseicy 5 for 2 SBEREe ke
15Necessghy sh@pbefﬁp@ka%gley & bererbh&d gBpEh&hyh hedRRSRer @hbRIBIYEsticB&f Resiul es.

This results in a problemof deteriorati n%the operation efficiency.

Recent constfueal geterial ansk spudtating de\des.anghiddoehaprlyiegi wltage: amongrf etbar used

car bonf ook AuPbELEED Sk GBI Dilfier S5, BT e MOWEES PodhRde.
Here, tbeietinies forafeebbambcntdrhet dependingesatthenypt soeHhes natdrifabt s es

will increase. (00091As conventional technol ogy, proposed is a sputtering
t ar get ManUigeteANg peethpd ofthng tHroeh 786 processing defect |ayer (fracture

g ayer) containifig, BPULACEIAGKS offitk (] AFY IorfiR iR ARSI RBWR: AL AP
machi ne work i s renove romthe surtace of a gh-nelting poln neta
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content on the surface, an ness a ayer- (refer to
Pat ent abdcakatthg) corftedl 16f Teedepasitioat tiffrcuftr dyiotraks, treger opuagalandf langdki ng
25t he su%g&lgsr\ﬁH%ggF% and adhere to the substrate.
In such a case, the nodules themselves will become a significant obstacle.
Thus, it is sometimes necessary to temporarily stop the sputtering process to remove
the nodules. This results in a problem of deteriorating the operation efficiency.
[0008] Recently, a target is not formed from a uniform material but is often used
30 in a state where intermetallic compounds, oxides, carbides, carbonitrides and other
substances are mixed in a ductile matrix phase. Here, there is a problem in that the
generation of nodules and particles will increase.

[0009] As conventional technology, proposed is a sputtering target in which the



Ra 0.01 pmor less via nmechanochernical polishing to inhibit the generation
of 10 particles (refer to Patent Docunent 3), and a proposal of making the
hal f-val ue wi dth of the peak of the crystal plane (110) sm3RRf0ld95%sd O
inhibit the generation of particles on sputtering a tungsten target ?refer
to Patent Docunment 4). Although these technol ogies anticipate that the

gener atyr 9k Xind' et fay@t ¢rrBdfure HRs) Wbhiaififg vhif BfeaBlatk 8 anacdefb by esSpatace

ad
condi tion of tgge target, in reality they have not resolved the | Sproblens
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machi ning do not exist (refer to 20 Patent cunent 5). This was proposed
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or oventin SRUFN T el SRRERRUER SVARERE Mo on' e (IR, anc
i nvent itidkh&sA0f ihepaftames Myerf(rétat enPafert Damumeént 4)0012] 25[ Pat ent Docunent

1] Japanese Unexam ned Patent Application Publication No.H3- 257158 [ Patent
Dobigent 2] JaphRe€eaigheligrienosalseatPrapptal QftMakingulbe JHfaEn S ALES 1766
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on sputtering a tungsten target (refer to Patent Document 4). Although these

technologies anticipate that the generation of nodules and particles will considerably

affect the surface condition of the target, in reality they have not resolved the

15 problems.

(0011] Also proposed is a sputtering target having a target surface in which

intermetallic compounds, oxides, carbides, carbonitrides and other substances

without ductility exist in a highly ductile matrix phase at a volume ratio of 1 to 50%,

wherein defects of 10 um or larger caused by machining do not exist (refer to

20 Patent Document 5). This was proposed by the present applicant, and is an

effective means among the known documents. However, there was room for

improvement for the further prevention of the generation of nodules and particles.

The present invention is an improvement of Patent Document 5.
[0012]
25 [Patent Document 1] Japanese Unexamined Patent Application Publication No.H3-

257158
[Patent Document 2] Japanese Unexamined Patent Application Publication No.H11-1766
[Patent Document 3] Japanese Unexamined Patent Application Publication No.H10-
158828

30 [Patent Document 4] Japanese Unexamined Patent Application Publication No 2003-
49264
[Patent Document 5] International Publication No.W02005-083148

SUMMARY OF THE INVENTION



[ 0013] An object of the present invention is to provide a sputtering target
Wi th superior surface characteristics that is able to inprove the target
surface in which internmetal lic conpoungds, oxides, carbiggs; Ba1peRitdd des
and ot her substances w thout ductili ty‘gexi st in a highl yeguctz;ﬁl e mat rq X
phase, and prevent or inhibit the generation of nodules and particles upon

sput t efg Y kdeenkibgee finishing nmethod thereof. [Means for
Sol vi ngpiaﬁ)‘eerﬁ’ér]g%f)gns \%{dogﬂliThel present invention provides: 1) A

sputitier i ng t ar gin objedt ofetthecerspat inventogds éo arpvdermepniedng dast with f ace

in which int tallj d i bi d . th
sUbst aSHBENG PHGEE GUBILS it 1 Aok 1p JRPIPELO FRORERI iRl o,
vol unegtathetaffc Eohthaids, apeldes WarsiBes hearsdatrideti anaf ofirfrestisstancedie
target surface is 0.5%or 15less; and 2) The sputtering target wth

Sée]gucewitb@ut idblcémgefﬂéisbﬂﬁ én highty rduictile matix piiasee anth ereianttleinhikibére of
ts | . Si .0 . . i 0
ol at 1 GenBetion, BF ol abe Bailss; BEPa ShubTipTidtt 1S HbAGe b8 fiface mre

addi ti gRahing RedNodigssredf3) A surface finishing nethod of a sputtering
target wth reduced particle generation, wherein a target surface in which
interrnetal lic conpounds, oxides, carbides, carbonitrides and ot her

substamg?ng\/ifér@q%ngq%%rbbpé ist ina highly ductile matri x phase at a

vol une'rati o of I'sS prelimnarily subject to primary processing of
10cufosrisng wor k,  t Ties pratese fruwemtiby psodifjest to finish processing via
25polishing in order to forma surface i ich the area ratio of dref cts

f wh
O]Ic’l the Warget SOr$Rigierng dangst owith Jeducy dpal'i*%r?e gsheraial Mayingish 219et hod
ion : :E%gg%g?'lrggvaﬁqﬁ ?ﬁégﬁ%@‘ﬂﬁ%@ﬂg%ﬁ{lﬁé RRQNE  c BRI Bafd¥hitiiaBReingobtndef ect s

e target surface is 90%or nore
rel at i vebstanche withalt ductibyr exitt theb duglsly Juadites maittik phasepates aptunevatie i on,

car bi 4L, LapthnAne QathiEHdnSteR TalB< ARSYE AT oL STy T ek of - a
15hi ghly |gluctginlje matrix phase at a volume ratio of 1 to 50%
2) The sputtering target with reduced particle generation according to 1)
above, wherein the number of defects in a size of 0.001 to 0.04 pm2 on the target
surface is 90% or more relative to the total number of defects.
[0015] The present invention additionally provides:
20 3) A surface finishing method of a sputtering target with reduced particle
generation, wherein a target surface in which intermetallic compounds, oxides,
carbides, carbonitrides and other substances without ductility exist in a highly
ductile matrix phase at a volume ratio of 1 to 50% is preliminarily subject to primary
processing of cutting work, then subsequently subject to finish processing via
25 polishing in order to form a surface in which the area ratio of defects on the target
surface is 0.5% or less; and
4) The surface finishing method of a sputtering target according to 3) above,
wherein the number of defects in a size of 0.001 to 0.04 upm? on the target surface is
90% or more relative to the total number of defects.
30
[0016] With the present invention, as a result of a target surface in which
intermetallic compounds, oxides, carbides, carbonitrides and other substances

without ductility exist in a highly ductile matrix phase at a volume ratio of 1 to 50%



PCVMP20101071786 being prelimnarily subject to the primary processing of
cutting work, then subsequently subject to finish processing via polishing,
a target with a snooth surface and supgrior surface cha Bdosblgs7ean be
obtained. As a result of sputtering this target, a significant effect is
yielded in that the generation of particles and the generation of nodul es

after Sprefimi t3nelct © 8 Promaryl proEdssinedur eslittiRiRl WorlDESE PTI ON
OF THEtb o ﬁNrCGBhF%%}?);] %1%Et gf.%pltﬂi s%é mrgr ogr aphls ow ng ar%r_zepr esentative
exanpl subpequarttiyesubjegt tthefiniahhpwceasiogoviat pelishingea taiget ivéth a smooth

(rmagni fication: x6000). Fig 2 is_a diagramshow n I e p

per f or SHAGCEhARE- aﬁl‘ﬁ%ﬁ%ﬁ BHgﬁcghgﬁﬁra&geﬂ @?s? r\'/iOQé ag?tgggp'nggr%sg%ﬁg, %o the
| at hed sputtbagg toik tb&%t,’f asgfificeritesticat isyiewed in thadthelgeféraitiod of padticles

m crograph showi ng the target surface in which the | athed face of. the

it ar get amgt 8e genshatien iof PPdules afier the tuser of Ubpetardeb cgni REi pignficablysi ng
(surfaig %%]d shing) (magnification: x6000). Fig. 4 is a diagram show ng the
result %@ ‘perform ng three-di nensi onal shape analysis, via a |aser

m croscope, to the target surface that was subject to the grinding

processing (surface poalishin shown in Fig. 3. 20Fig. 5 is a mcrograph of
the target of Exanpl e BRIEF Q%)&GREJIOHQF%Ei?ﬁAwlb%%re used as the raw
maferj al and whi ch was subject to the cutting and polishing of the present
j nventi : .fi 1N j - i i | e of
ey et g LIFAMBIERp RN IfdR lbdenule eRofefOLah ShSthR, M. FACH,

sur f acejcd of geaarget rhdterial geagmificatitanta0popf defects on the target surface.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] t arget subj ect

to t he Fd@ird gc@ drgrma shayingran ﬁ@q&meﬁ%mthfﬁ?-?i@%#%ggﬁaﬂ%%‘u%
et B2 RO (udRes corls ke REIMGRA AR e
a vol urrkg r atis a oficiodrapibGowing \the datget xanfzce iof whithsthe radhed face gétthes a
e TR ks ahBen 5 o Brney 2Dl IS et Blasdtc ool
t here %’oﬂsﬁiH(j;‘(rﬁéblqiﬁéati&ﬁr@dé@?n PCI LI P2 0/ 071786
Fig. 4 is a diagram showing the results upon performing three-dimensional shape
analysis, via a laser microscope, to the target surface that was subject to the grinding
processing (surface polishing) shown in Fig. 3.

20 Fig. 5 is a micrograph of the target of Example 1 in which Co, Cr, Pt, and SiO, were
used as the raw material and which was subject to the cutting and polishing of the
present invention (magnification: x6000).

Fig. 6 is a diagram showing an example of selecting an arbitrary field of vision (of five
locations on the target surface) to examine the size and quantity of defects on the

25 target surface.

DETAILED DESCRIPTION OF THE INVENTION
[0018]
The target subject to the surface finishing of the present invention is a

30 target in which intermetallic compounds, oxides, carbides, 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 magnetic material, and
Co, Cr, Pt, B, Ru and the like may be used as a substance without ductility.

Moreover, as substances without ductility, there are such oxides, carbides,



carbonitrides as C, Ta, Si, Ti, Zr, A, Nb, B, Co. Furthernore, as the
internetallic conpounds, there are the internetallic conpounds of the

constituent elements. TheseBare representati %ﬁ%@f&ﬁ?% and
the present invention is not limted to these materials t goes

w t hout saying that the present invention can also be applied to other

simlar gi%rﬁ{rd%lssa crOFa1 When;, ihuewkNBds)fc%argﬁﬁemr@r I8 th i Hbrﬁié?élh@nces

W|thout |ty ei ng mxedt rein is subject to cutting work
cut t i ngomymiyndsothess angthe intérmnetahie dompzaurmlﬁ oftilee eonstiteeneelaments. corrpounds
oxi des, car bi de carbonitrides .and er subst ances w trﬂ]out d@%rﬁl [ it

exi st as the po'?hftes%@r%rrparq.?e V@c?‘gbf BRES) AN e LIESEH, Kyveq
i ndent g RRstoCHes8MmBrbR |arRf ft goeshRithadedydid e the Srasss iRaéhidn E:Qfﬁ erred

to as shedding), or occasi onaIIy the defect 'that cut grains remain in
i ndent @is®be apptied & other similar matgsigts.obser vi ng the face of the target

BB s 1or medeb S K 3n TG EE rRRaAaPE Sy bRBer S ul AR SEIRKT, "
oxi de (H5ix83)theedih ii§| Rbjedtetodtstang SOIrk with Qthﬂlrig:hds@lnﬁuﬁenbmbie]wmalth@y

(CCP), that was subject to lathe processing, and numerous oxide (3102)
parti cllecationswhere Htarnetakirerwogndshexidgsnhearkides %@Pm BAes answathes

bl ack | e

onncod TP Reek AL ot i i SuR BEREYPoTaR AL RS oMol RIEOHASH
12 shom&rédﬂfs I|add§mdt|<f>@s:eau{;ékﬂ)b®lféilgaff32 tsd amserithtonse are lher@hatb@rr fesemeddo

t hr ee-di mensj on shage an via. a |laser m crosco t he | at hed

face. AShEISIRG); eaPC ab’dﬁ@ Qﬁé‘?@ that L |araiRg remadein iy ‘\/\E@RWIF’H&O&P%@ on
the target surfegen dﬂé%rv.ﬁg%ag')faa tdf%ﬁeQB?eE?nét%hQPE a%twé@%@b f& WRRE as a

measur enent i nmage (hel own Wit hadi ng based on t e |l um nance
i nf or ngrocessirig, tthe lathadtfaty asfsHavghin big. tthis foersed. Hiee, shesvr isf 4 daceedf af f

th f th t f t f tsel f
- opr oS TRGTPIES TErleRBbr BiHAIER. RUFFe (ERL. PUdoBIs el o oPREre ot 2 <Ea.

jdvet hod sbRdiraplatirdih BIIBNACEPY, thdtvad SaHest ioviaths pritésting, aHb fragger@list he
shape anal ysis was obtained by correcting the foregoing nmeasured surface to

be fl atoxm)(%lqzhaaamdﬁ texistHe ajeaisxtprw@emn dhe datbed dpget(paiiongcehoyd gsi nt

(hei gt 508) MeBulhieoferd 2k SRR, Yoee® LU e d e balid B, o

(to thensbouingnddhant aselathdd fdce it MOt aRndutA Fade. & i 02 eholvisthe uémeaea@nd
average val ue of the height data distribution (histogran. L00211Wt h the

surpaace condi ti big- & shows the eeiliseolt perieming thres- mmemlﬁ are angisieent or
“h' bi ;@lgﬁag@“@%&&ge eoftorif?&' Atﬁad%agl e PRt 595 call |t|<g'{§ qlgwasnam@és' ng,

CT/ P sur ace po ng | per e conditions of
such surdsaeavawirradiated an ehexprgétneutfae, ehe |tmguldnmtesusn itngp datgehts unfaca
erformng the rface polishin to e ar i def ect

ItO he t aer%f% USRIk %%Jg r@egsﬁr@fﬁ;rg;@%gles(helght cﬁ\ta) shown w eath S Id0 ng0 Lasgd eo% tﬁeOn

luminance information of the quantity of light of the laser that was reflected off the

surface, the inclination of the measured surface itself as a sample was represented

25 as an approximate curve measured based on the least-square method using an X

axis and a Y axis, respectively, and the surface of the shape analysis was obtained

by correcting the foregoing measured surface to be flat. Note that, with the deepest

point of the target surface as point 0, it is possible to display a histogram of the

surface irregularities (height data) by measuring and displaying the target surface in

30 um units (to the thousandth place). It is thereby possible to confirm the 3o and
average value of the height data distribution (histogram).

[0021] With the surface condition of the foregoing target, it is not possible to

prevent or inhibit the generation of nodules and particles. Thus, grinding processing,



Representative surface defects are cracks, shedding of internetallic
conmpounds, oxides, carbides, carbonitrides, and other substances w thout
ductility, and occasionally the defept7thap cut grains peRRigdolBo71786

i ndentations occurs. In the present invention, grinding processing (surface
polishing) is perfornmed until the area ratio of these defects becones 0.5%

or les R0 |f5€rﬁﬁr£é&6 o Selidi&lrfacd phiigHIy area
ratio @gpﬁéy,os-ugg%cgrpc}lfesgs’ Itg e nu er'yrg;e %e ectrs%t on the ovaer af)l It<'!1r get
sur f acexpkirfesivlat@hi sutcwhdi is eonporartnupomp qrartanming: dhe senfane paishprgetseta i ng

or inhibiting the genefatjopn of nodul es and icles in the target.
[0022) ik B8iacs dliorpE Aelseim S (RS sTtne Ch7t SEBSShat vias. aubj ect to
grindi ng procesggh@sehtdtlacsultd SiifBels $Pe asrabRs 28hb8YiAgt BE ihRITeReAINs
condition. In Fig. 3, no 15grinding marks fromthe cutting tool can be

fseen, snmpauodadpxides, aabidesy dadeoniBides) agdasiiee subsiapees adthaut ductility,

e c20t SRR, v HEteRt (R cohokaS: B3 dRapeeniipps: ool I, ey
i C1 05 ARt icint 3fifkeihg PHobasing siTidbe Bollshitl) WESpEITBITRRS L 166 el Ng

processing (surface polishing) with the sane nethod as descri bed above.
[ 0023] rationof thespdeseris bevumesi 6% amlesgport ant requi renent upon eval uati ng

a sputtering target wth reduced partic ene ion is that,. i o
particul ar, t hgt %Eﬁﬁgr E%fe%é(ft@c%@g‘?rﬁ%%{‘ ’ mth%}wg@regor F’glaé'ﬁgrg)'ér{" Phe

10f ar get | HAas RuAer Witderé Qs otPfHeCbvemll fafdeh alt4ee 9 AW ETHRI HNdMUTPR! arf
defects. This inplies that, the smaller the defects, the |ess generation of
part i clireportamidrequirensent| fagr preiventied et inhibitieg shel generatien atfnoedeles 2and

charged area duri sputtering and, consequently, arcing caused by abnor nal
di schapaa'c mﬁ@eﬁ%me& ted. [00241Thus, the good or bad of the target is

evgpat ed basedrignatifenah@ardgrapt? oPthe target&li@sdesthaevais ¥igojbét fohgrimiigg al |
target surface, and is a concl usive eval uati on upon preventing or

i nhi bi progesshng @erfacatpatishiof) nexlas és aghigvpdheifelegoingBesnditien. INHegsdzeo of 30
the defects can al so deternminate the good or bad of the target

15The geMEPIEIR3BTS FOMUINESUAIRG oo CPBIRSSeRN. iNded cRRELIER WEFHRXIdRARIQA y of
i bi PLEse PISpeRRRE R S8 R BRI P Blotsehv e Fo obrain
an even nore f akigr abl shoWrRCTiheP284l{s0 186 peafogmingthremidinmensiorealnshdee  of
ot RURBER. 314 GoPEet SICTSEIRF AR L& FREES! PTTEdTo OhF b eh i nYBRELBIFC, fhe
term " defhatgSoro8sdiRg (S FFAR! pShiRpe with tHEfaRfInRdPLLS @88 cribed above.

20 [0023] In the present invention, an important requirement upon evaluating a
sputtering target with reduced particle generation is that, in particular, the number of
defects in a size of 0.001 to 0.04 pm? on the target surface accounts for 90% or more
relative to the total number of defects. This implies that, the smaller the defects, the
less generation of particles, and, the smaller the defects, the smaller the abnormal

25 charged area during sputtering and, consequently, arcing caused by abnormal
discharge can be inhibited.

[0024] Thus, the good or bad of the target is evaluated based on the area ratio of
defects relative to the overall target surface, and is a conclusive evaluation upon
preventing or inhibiting the generation of nodules and particles. Besides, the size of

30 the defects can also determinate the good or bad of the target.

The generation of nodules and particles is often caused by the quantity of
defects, but the generation of nodules and particles of the target can be inhibited by

limiting the size of these defects. It is possible to obtain an even more favorable
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On the surface that was subject to grinding processing (surface polishing),
the | ocation where arcing occurred at a stage prior to the generation of
particles is referred to as the |ocatjon "exceedi ng av b =hs 30",
and this location is defined as a defect. Meanwhil e, oﬁbﬁﬂgpz}sbﬁ @Z(%é? hat
was subject to surface grinding processing, the |ocation where arcing

q . ._ . ) dt
s 1 hestel by Al B hpkP of SRR 85 AD0L0 00 JoRAGK WEN S b3 o8 £FTEF e
val ue mae refathvess 'the aatdl tilveper bbgafectyns are defined as a defect. The

average value and 30 thereof can be confirned fromgthe three-di nensi onal
skegse anal ysi sNote that, d@e?herﬁpé‘?ﬁﬁrﬁob‘é.ent'%ggﬁ RS dIGETRStS toﬁ‘eﬂ'ﬁnzgr

i nventd - OV ttering target in which b the elevated |evel
E?'ug@cgqt?dgﬁr?é{% e B!

cause rnternme i C conpounds, oxides, carbides, carbonitrides, other
subst ances wi tOwotite dudadéd tHat veas sibjagt torgrandinigyhtocedsiogi (serfase polistph@se i s
0.05 pmor less relative to the | %vel of the E}I H‘g du%i.i e fmitrﬁi s phase.
The gdheregatisn Wheroalfes OSAHRE Al & PLRISPIIP _ égperi OB PGS Ed by

t he prr@fern‘négi ?&Sasoﬂpé h&%ﬁ{rﬁ?@é&&iﬁ@%&%@%@é nglgr, 4 teenecatio®ns of

nodul es a particles o arget” can be further reduced by reducing, as
much akefiped ashhalefette Modrsiteles @nothepswiaagsihah avasosubjeeiple, swiraehgrindinget

surface after the target surface is polished - ng, i b s abl e
to prdPBESMREHNG lPS?%H} W?‘gﬁ%l a&‘EJO%r%"%é{rfPao?% 9 ﬁg oﬁégiﬁ’n{é]eag%@%%g&q[d&zn I'n
the prRsRdbs iigviRRéirod. toahd Qhepl%é@érﬁﬁdig"dvb%gfw ivaley +H3oooesabry afd tRS
cutting an area of preferably 1 mmto 10 mmfromthe surface of the target

mat er ila¢ationhef faverage nglusr-dgeeisieng” \and BeisesRralipnssarsupeiinasbAs 13/ d9feEt or ned.
The regson for ¢ in r f t i f g ; ve
the orBeeyeBlod HaheaRpliodufirtl CalBe. Sl {Brt e R SieHORT

t her eashapUiridiyids Oana ksepefitseegdevi a | athe processing enpl oying a cutting

tool or a chip. 30Note that, after perform ng.the foregoin ri.mary.
pitewessi ng, | (NiACHIT, heRsEsant NUeTHAT SAMPERYIRE PN PEIg M R

Thi s S . _ ! , . : irfles
B b T e e U e e

pr ocessthelasmgstdntey aithothadnctility existiag frearhighlytdustitumiaiibephaselis €.0prigher abl y

PCT/ JP2010/ 071786 perforne S, necessar ince,it also fe t
r eductQroleSefreHive: El the leve o the Igﬁy 9¥1{3§|§umat@f Pﬁﬁ?g- jfﬁ‘?t 5%@er8p§Ee°sfsi ng

as a pid 3%?‘5&599)“ 8& 95 YricPNcAlisedehpens potelsions Ohawlestandest
inden%dtc{%ésla@g sed by faf‘l -ggﬁi as descri bed gboveFﬁWi Il occur, however,
such defreces are polished with sandpaper or a grindstone having a rough

Such a5 or acksAsRardiknTE pegAUal ARy LTS BRI of B RLEPoFbEr o)
flat apAhsrpedltdRbgatdiigng, bs hocies pbssisly thd @RRtdide afidrdtiusiond, her
present 1 nvention performnms grinding processing (surface ol i shing).
Thi s deumpsngnpthsc dargehgs\rianer afer pbei taﬁgﬂt_g)sugaﬁ? e perssdnetiarRierehthe
é(r):c ﬁ(rjgl g%ri}%ncllétatb'lggo WRSdoseuchi 4 BlrgBEhAr dBVaRs 8l bPH D réiFding a3pacRarer or a
[0027] In the present invention, after performing the primary processing of
cutting an area of preferably 1 mm to 10 mm from the surface of the target material,
the finishing processing via polishing is subsequently performed. The reason for
cutting an area of 1 mm to 10 mm is to effectively remove the defects on the target
material surface that were previously formed thereon. Cutting can be performed via
lathe processing employing a cutting tool or a chip.
Note that, after performing the foregoing primary processing, it is also
possible to perform grinding (surface grinding). This grinding work is not an essential
process, but is effective in reducing defects (fragments and cracks) caused by cutting

and process-damaged layers that do not appear on the surface, and is preferably



havi ng a rough grain size of #80 to #400. The i ndi [
_ _ _ : grindin rocessing of th
present invention is the SSP (Sputtering Target SurfagepPoIishing) the

processing including the steps of wet_ primary polishin
pure water drop -. wet secondary pol i $hi ng based on al E%TAJ;ZMO/OH?@@M on

abrasive-15grain drop, and it is thereby possible to pre
is flat and free from sur.f - pgreatarget e
{211 omedoTBE A TIHE GG o Gt aner s e e R R es Vent s on can be
86% f IO_rrr?d, or gxagPiRultbaseisobutting pradesvinggas(A) ppmaey WIDeesging ol at e:
) imn), polishing pressure (0.3 Ngaé,, rotati ng speed, qf tf kar get and
gi?d(e tsgﬁf\?gatjom&ﬁ fipfﬂCt%a!%Chl@@ PEICkH) an i'&ﬁiﬁﬁ%ti?&g 88%%?%?9}'9 J?1Ii'c’var ?gus
déx%cggga%foﬁs \@ﬁoquﬁgr,%é}fér,' §t§5H‘Sefe')cf§aF€ pafsHed wWeh Bandpapeeber a

adj ust target di aneter
b . : Mor egver, th
gri ndigihdRtsreessiving af rduyh prais esite iafy éott instancen #H0s & ﬂéoﬁerﬁ‘@;?%,”e‘?or

exanple, based the foll ow ng: i i i .
Pr 70.i8jegan gefateoped Sberaettanbaen iy e A b IR e Atk aRa. PS

Mpa), 10 ' ri Heagh ; :
pol i Sh%r}%giﬂlbﬂgnggﬁ\ﬁ/%}ﬁg%@eg% é%?%rfn?éfigt to Z%t ﬁ{ ge2£0482 ;gmusfgd- %éggr (rj:onmg
Y

t @otshe target ¢h anEition) thandesenitinaentiarp eeforms rrnging PEIGESFING SYACey
possi bl e to perform.polishi whi | : i=ar. er eby
Por t1 GRSk mhiePERRgo HEcHs ha GHBREY Beyihfig) B8nafk pRfoRTed atcane?, o
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i s that rea ratio of defects on e tar

. atio get surface should b

SOEOSAIJ gl:iae\h?%a_rbygh(grauf\';lslz@of f‘l&o {o#49®i ng grinding processing. It ?smtiﬂgrtegy
i nprove .t he sur f i f i feti

(ign’pounds, oxi d&&, 9%%‘?'890048?8%3?@8%??%%ggérgnlgv%ﬁﬁhcgfISIs{tE{t?gtsgﬁ(e?duemg
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15 grain drop, and it is thereby possible to prepare a target that is flat and free from

o

surface defects such as cracks and dents caused by fallouts.

[0029] The grinding processing of the present invention can be performed, for
example, based on the following: (A) pure water (flow rate: 0.5 l/min), polishing
pressure (0.3 Mpa), rotating speed of the target and pad (target: 400 rpm, pad: 130

20 rpm), diamond pad according to various oxides (roughness: #800), and polishing
time of 10 to 20 min (to be adjusted according to the target diameter).

Moreover, the grinding processing of the present invention can also be
performed, for example, based on the following: (B) alumina abrasive-grain (neutral
type: PH 7£0.5), drip rate (to be adjusted arbitrarily), polishing pressure (0.3 Mpa),

25 rotating speed of the target and pad (target: 400 rpm, pad: 130 rpm), polishing time
of various oxides of 15 to 20 min (to be adjusted according to the target diameter),
and neutral type polishing material. It is thereby possible to perform polishing while
preventing the corrosion of the metal portion, and minimizing the difference in the
grindability of the metal portion and the oxides.

30 [0030] What is important in the present invention is that the area ratio of defects
on the target surface should be made to 0.5% or less by adjusting the foregoing
grinding processing. It is thereby possible to improve the surface of a target in which

intermetallic compounds, oxides, carbides, carbonitrides and other substances



The Exanpl es of the present invention are now expl ai ned These Exanples are

nmerely illustrative, and the present invention shall not in any way be
limted by such Exanples. [0052] (Ex le 1) %R Co,
Cr, Pt, and Si2 were used as the ra\;avmr)raterial, and a tgrbg/et rgg\?lozga-{lgeerial

produced with the production process including powder m xing and sintering

(powdey,,: QYY) uby el c i t4 I a

| Bt ne. PTBLPHLUARYL RS SRR aodigmaiicpriiser 8ha Apredy it S8piand

mat er i affewiasf batimyg eble topr8$Ent Spohibérthageheramn Surdracies Boring Ispatieringic| udi ng
th O?@t eps of wet primary polishing based on pure water drop wet secondary
pot’i

hi ng based on al um na abrasive-grain drop in order to adjust the
surf acEEXafapPleBl ai n a target. An exanple of the nicrograph of this target

surface is sho i n=Fi , L Fi d S f T
Jparti cles in aWQ?JéctFlf:éer%&e-éad?‘a&g%?é@aﬂ\%xmégn% e ﬁ%‘%%&? Iggbéead. hse
[ 0033] Beammplés aranesrehatliustrafived efrectre prasenhdénventioo sifall( menibeanyofvagebect s
in a size 20of 0,001 to,  0.04 pn2 'total nunber of defects) were exam ned in
this tdryed byHeh B5IMPeSner e respectively 0.486% and 86.69% Note that the
argazrati o of defects and the nunber of defects were exam ned and obt ai ned,
as sho xérﬂp? @ 5, at five locations of the target surface having a
di aneter o 80 nm by selecting one arbitrary field of vision (100 pm x 80
1opm and in accdndaxarapls 1 hCoher fRr, @ndi 3iQ,.2A8ekef used asthefawehaterial, @gndtde

Spurt efdel 4 BRI BERFERD W Hie RO TR RPRES SHRF N AR D RS
sput t eni,Ag;%ARAL {(bBRJeE mllalirg)Pwas subject to pYeAryQRHEEEYING of RattPRI idikg €S
t 8 t H

that were gener uring sputtering, the size of the particles was
appr oxanathel tp dcBeve RBSofHB( 1ew @nddez of 1680 pimeSeibsefiuenthadoe enatana)wasind it

1o shberbdor sSPal S ulaihg Tardtorazce AaIBHY PERABAE HackeRlidt ieg® '
18l 00361primary polishing based on pure water drop — wet secondary polishing based on
alumina abrasive-grain drop in order to adjust the surface and obtain a target. An
example of the micrograph of this target surface is shown in Fig. 5. As shown in Fig. 5,
the existence of SiO; particles in a ductile Co-Cr-Pt alloy matrix can be acknowledged.
[0033] Next, the area ratio of defects and the ratio of (number of defects in a size
20 of 0.001 to 0.04 um?/ total number of defects) were examined in this target. The
results were respectively 0.486% and 86.69%. Note that the area ratio of defects and
the number of defects were examined and obtained, as shown in Fig. 6, at five
locations of the target surface having a diameter of 180 mm by selecting one
arbitrary field of vision (100 ym x 80 um) and in accordance with the foregoing
25 definition of defects of the target surface.
[0034] 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 30 wlcm?.,
When observing the particles that were generated during the sputtering,
the size of the particles was approximately 0.8 to 18 ym ("average size", hereinafter
30 the same), and it was possible to reduce the occurrence of defectives caused by

particles to 1.5%. The results are shown in Table 1.
[0035]



(Exanmpl e 2) In Example 2, Co, Cr, Pt, and Si 02 were used as the
raw materi a: ,dfand a ;[Ngrget raw material produced with the production
process including powder mxing and sjntering (powder
subject to primary processing of cutt11ng using a | at henipgﬁgtng\ﬁe)w@%of
0,25 pmand Rz of 1.30 pm Subsequently, the material was subject to SSP
(Sputtgrl Target Surface Polishing) including the steps of wet 10pri mar
| st AR pAL shi ’
pﬁllsh . ed on ppredmater drop -> wet secondary polishing based on
al um nalabrasive-grain i n er [to adj ust th&Raudate an LNl a
target. [ 0037] Q&extr, t IR e%seém(r:([ e(fga Tftal deftedt s (svraber bfaiefeets | o’CID 2 d) her  of
defects|in a siz reec;gf,o i OO(Q' 04" pmRof/defegs gin thrigiasef 0691 tﬁ@%ctﬁ;ﬁicp@@re
exanmned in this| targ £ Th? 5,9#"1 t s | warantiyes peemi el puabepd79% angh,93. 29%
Not e that the arlea rati o of aecpeg)ts nd 15t he nunbedefes®) def ect s were
exam ned Eadpleht ai fetbSas! wi t h4§9(arrpl 54 u_bs_eq_ue_nt ng'sgt his t .géts was used
Ar 1 a
I\ = C
[

to form 2ered3¥ | m 4 te-48h—an 938 at mospher@-untler
t he DC spemra&tivang cpgdi t1on ofgg30 W ¢nP.go4 gsen obsefvimgathe

particl esemele 'were genetated duringlthe sputltering, the sizelof the
papLi,cl es was approximately 0,8 to 18 pm and it was possible to 20reduce
t he ccurreﬁce of defectives caused by particles to 1.2% The results are
shown (Exafa F:‘ez)_l. [ 0038] (Conparative Exanple 1) I n Conparative
sExanple 1, as whigydmiger ecd, CERt, &hd ST0, e F& detite rnethateriahandaw
material, and a target material produced with the production process

i ncl udtargepowdenaternal pyodueeds Withethiengrodustior rasess INFIYAING Revdes giXinghd

bj ori. i i in - i
Th t neeng iy (aBEeh ARt Eo ekl I3 ety ibGseuq 8 EHihb AT ",
gri ndi Bgafpeasestid\e RA STTELE in® afd] RIS bf t 30 gl Sabeequenthbtiee matetialngas .

PCMP20101071786 L0039] Next, the area ratio of defects and the ratio oft
(nunbesubiectidd SBE (Spuitesinge Targed. Suaee RRlshing)2including, the sses s we

def ect s). wer X@umi_n i his t t he ty Yoi9. 908%
10and 82Pém_%ry Wgﬁ]ﬁﬁaﬁ% d;og\r %"zrer \g’% ?% %rfo Ed@" (E:A(F:\et'i ;’é égg\&tﬁhﬁ pgﬁﬁﬁﬁg Hc?}é%ge?rgct S
wer e exminadbiasivelyrainngrdpds ondémtomdingtlitee Surface and obtain a target.
[0037] Next, the area ratio of defects and the ratio of (number of defects in a size
of 0.001 to 0.04 pm?/ total number of defects) were examined in this target. The

results were respectively 0.237% and 93.29%. Note that the area ratio of defects and

D
-

N

15 the number of defects were examined and obtained as with Example 1.
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 30 wicm?.
When observing the particles that were generated during the sputtering,
the size of the particles was approximately 0.8 to 18 pym, and it was possible to
20 reduce the occurrence of defectives caused by particles to 1.2%. The results are

shown in Table 1.
[0038]
(Comparative Example 1)

In Comparative Example 1, as with Example 1, Co, Cr, Pt, and SiO; were

25 used as the raw material, and a target material produced with the production process
including powder mixing and sintering (powder metallurgy) was used, and subject to

primary processing of cutting using a lathe. The cutting depth in the foregoing case

was 0.5 mm. Subsequently, the material was subject to grinding processing in order

to adjust the surface and obtain a target.



Subsequently, this target was used to forma i
_ , sputtered filmon a substrate
in an Ar 1.5 Pa atnosphere under the DC sputtering condition of 30 w crn2.

When observing the particles generat during th i i
: _ e sput
size of the particles was approxi mat zgy 0.8 ?o 18 pﬁ] :nge-ﬂ/‘r%z 1?2373?86%

particles was extrenely high; and the occurrence of def i
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G601 AS evi deNext darReapal Raesamnbie TR o Tyl ReRORet naiEe o

; w'gﬂﬂégg(gogﬁﬁb”@bﬁ uhP@ 15t frpoarast tieferty) wetchexamdiatimaliliy target! The

S
t wth snoothness. It i bl
nodl cesalivehe esrsivlyH0F BharadneiegBating Saodrtad SBIRSPg t he
educe peel i i i i
orobl G T 5elrsis i fhed 2RgRBInEL 8% Wi ERaRe TP e ot veness
5¢ ﬁuse by the gemeegténty, afispaiget elasused to form a spadtasedifigiop, a pHbsteatgyi dent
at the surface finishing nmethod incl uc{' ng cut td'.n &ﬂz gri ndi ng
]E)_ro_ceﬁl_s af At hé %a@ﬁ@%?h\?f@émq%_ﬁh?/ij iy @‘ﬂ&l&?‘@ﬂ 'té(?q? \éﬁgév‘?n t'he surface
| ni shing of a\{ALEGhshRNGD daRiaedBEAbldicd CRipQUINSsputidribgs witlar thisdes,

20carbonitri de ubst'ances thout ductilit i i i
_ ( e t
duct i | gzawdfrihs pirasies avas approximately 8 d6 18 1o, 509 ntﬂ%baﬁlpfsfﬂ?@'ﬂ&'%%&#h' "y

invention is able t bt ai j i inSt i
i exramelyareh: Pag BecpCaRTartesob e Rl T EgUred (i BaReRs helpeEaniol °
10 a rﬁozwgiyl ?(f)%sgHEgrgéblf@aFé‘fﬁoWﬁ'irg%blea-SUperi or effect is yielded in that

t he i
ge on 2 particles and the generation of nodul es a%t er Fhe use

of odufie target cenetident o coapaling Fed 1 R0cb? Wiy PoMPRRRIVS, EXIRPE
invention is particularly effecti : 4 d Lehni |
compoutad s EaEee e Sudac s R B AR Ry ot

ggg/; i %}g ﬁ;ﬂé@%%g?.alt i lobsSiB td eedurer ihe phmber af redutsisuared the is7eoPf | t o

071786 CLAI M5 1A i i i
gener aparitldsathiahyese gengated lgfteaggutt%‘i)r\%,&%{ema{r] t?%?éﬂq@p&ﬁg@%%ﬁﬁﬁ%&%“ cle

150)(I des ba?t%rlebsi \(/jv ith é:raergsop%cﬁéliy%bﬂimat% f‘ﬁ%rming a thin film, and reduce the level
of defectiveness caused by the generation of particles.

Accordingly, it is evident that the surface finishing method including
cutting work and grinding process of the present invention yields superior effects in
the surface finishing of a target in which intermetallic compounds, oxides, carbides,

20 carbonitrides and other substances without ductility exist in a highly ductile matrix

phase at a volume ratio of 1 to 50%.
[0041] The present invention is able to obtain a target with superior surface

characteristics in which the area ratio of defects on the target surface is 0.5% or less.
As a result of sputtering this target, a superior effect is yielded in that the generation
25 of particles and the generation of nodules after the use of the target can be
significantly reduced. Accordingly, the present invention is particularly effective for a
target in which intermetallic compounds, oxides, carbides, carbonitrides and other

substances without ductility exist in a highly ductile matrix phase at a volume ratio

of 1 to 50%.
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substances wi thout ductility exist in a hi [ i
_ ) ghly ductile matrix phase at
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target surface is 0.5%or |ess 2 es i j
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90% orlesr‘rsl').re relative to the total nunber of defects.

2. The sputtering target with reduced particle generation according to claim
1, wherein the number of defects in a size of 0.001 to 0.04 pm? on the target surface

is 90% or more relative to the total number of defects.

i A surface finishing method of a sputtering target with reduced particle
generation, wherein a target surface in which intermetallic compounds, oxides,
carbides, carbonitrides and other substances without ductility exist in a highly
ductile matrix phase at a volume ratio of 1 to 50% is preliminarily subject to primary
processing of cutting work, then subsequently subject to finish processing via

polishing in order to form a surface in which the area ratio of defects on the target

surface is 0.5% or less.

4. The surface finishing method of a sputtering target according to claim 3,
wherein the number of defects in a size of 0.001 to 0.04 pm2 on the target surface is

90% or more relative to the total number of defects.



