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BACKGROUND [ 0001] The present invention relates to a

ferromagnetic material sputtering target for use in the deposition of a
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which has a large pass-through flux and which is able to obtain stable electrical

discharge when sputtered with a magnetron sputtering device.

Incidentally, the term "sputtering target" is sometimes abbreviated as

15 "target” in the ensuing explanation, but please note that these two terms have
substantially the same meaning.

[0002] In the field of magnetic recording as represented with hard disk drives, a
material based on Co, Fe or Ni as ferromagnetic metals is used as the material of the
magnetic thin film which is used for the recording. For example, Co-Cr-based or

20 Co-Cr-Pt-based ferromagnetic alloys with Co as its main component are used for the
recording layer of hard disks adopting the longitudinal magnetic recording system.

Moreover, composite materials of Co-Cr-Pt-based ferromagnetic alloys
with Co as its main component and nonmagnetic, nonmetallic inorganic material
particles are often used for the recording layer of hard disks adopting the

25 perpendicular magnetic recording system which was recently put into practical
application.

[0003] A magnetic thin film of a magnetic recording medium such as a hard disk
is often produced by sputtering a ferromagnetic material sputtering target having the
foregoing materials as its components in light of its high productivity.

30  [0004] As a method of manufacturing this kind of ferromagnetic material
sputtering target, the melting method or powder metallurgy may be considered. It is
not necessarily appropriate to suggest which method is better since it will depend on
the demanded characteristics, but a sputtering target made of ferromagnetic alloys
and nonmagnetic, nonmetallic inorganic material particles used for the recording

35 layer of hard disks adopting the perpendicular magnetic recording system is generally
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spherical structure (Co-Cr-Ta alloy). This kind of structure is also not necessarily
favorable as a sputtering target for a magnetic recording medium.

{0009} In addition, proposed is a method of obtaining a sputtering target for
25 forming a thin film for use in a magnetic recording medium including the steps of
mixing Co-Cr binary system alloy powder, Pt powder and SiO, powder, and hot
pressing the obtained mixed powder (Patent Document 3).
[0010] Although the target structure in the foregoing structure is not shown in the
drawings, it is described that a Pt phase, a SiO, phase and a Co-Cr binary system
30 alloy phase are visible, and that a diffusion layer can be observed around the Co-Cr
binary system alloy layer. This kind of structure is also not necessarily favorable as
a sputtering target for a magnetic recording medium.
[0011] There are various types of sputtering devices, but a magnetron sputtering
device comprising a DC power source is broadly used in light of its high productivity
35 for the deposition of the foregoing magnetic recording film. This sputtering method
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[Problems to be Solved by the Invention]

20 Generally, if a magnetron sputtering device is used to sputter a
ferromagnetic material sputtering target, since much of the magnetic flux from the
magnet will pass through the target, which is a ferromagnetic body, the pass-through
flux will decrease, and there is a major problem in that a discharge does not occur
during the sputtering or, the discharge is unstable even if a discharge does occur.

26 [0015) In order to overcome this problem, known is a method of inputting coarse
metal grains of approximately 30 to 150 ym during the production process of the
sputtering target in order to intentionally obtain an uneven target structure.
Nevertheless, in the case, when the ratio of coarse metal grains increases, the ratio
of the nonmetallic inorganic material particles in the mother phase material will

30 increase, and the nonmetallic inorganic material particles are more easily flocculated.
The flocculated portion of the nonmetallic inorganic material particles entails
problems in that abnormal discharge occurs and particles (foreign particles that
adhered to the substrate) are generated during sputtering. Moreover, there are
cases where an abnormal discharge occurs at the interface thereof and causes the

35 generation of particles since there is a difference in the erosion speed between the



30 increase, and the nonnetallic inorganic material particles are nore
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saturated magnetization exist, and the nonmetallic morganlc material particles are

tense

20 dispersed in the respective metal phases.
[0019] The present invention additionally provides:
2) The ferromagnetic material sputtering target according to 1 above,

wherein the metal phase having the highest saturated magnetization among the
plurality of metal phases having different saturated magnetization takes on a form of

25 a dispersed material, and the remaining metal phases take on a form of a dispersion
medium.
{0020] The present invention additionally provides:
3) The ferromagnetic material sputtering target according to 2 above,

wherein the metal phase having the highest saturated magnetization has a size of 30
30 Hm or more and 250 pym or less, and an average aspect ratio of 1:2 to 1:10.
The present invention additionally provides:
4) The ferromagnetic material sputtering target according to any one of 1 to
3 above, wherein the nonmetallic inorganic material particles are an oxide, a nitride,
a silicide or a carbide of one or more components selected among Cr, Ta, Si, Ti, Zr,
35 Al, Nb and B, or carbon.



The present invention additionally provides: 4) The ferromagnetic materi al
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10 [Effect of the Invention]

The present invention yields a superior effect of being able to obtain a
stable discharge by increasing the pass-through flux of the sputtering target,
particularly a ferromagnetic material sputtering target capable of obtaining a stable
discharge in a magnetron sputtering device and which has a low generation of

15 particles during sputtering.

BEST MODE FOR CARRYING OUT THE INVENTION
[0022]
The ferromagnetic material sputtering target of the present invention is a

20 sintered compact sputtering target made of a metal having Co as its main component,
and nonmetallic inorganic material particles. As a result of a plurality of metal
phases having different saturated magnetization existing, and the nonmetallic
inorganic material particles being dispersed in the respective metal phases, it is
possible to obtain a ferromagnetic material sputtering target capable of maintaining a

25 high pass-through flux and reducing the generation of particles. Needless to say,
the foregoing plurality of metal phases having different saturated magnetization
include alloy phases.

[0023] As a preferred ferromagnetic material sputtering target of the present
invention, recommended is a sintered compact sputtering target made of a metal

30 having a composition in which Cr is 5 mol% or higher and 20 mol% or less, and the
remainder is Co, and nonmetallic inorganic material particles. The metal
components are caused to achieve a composition where Cr is 5 mol% or higher and
20 mol% or less, and the remainder is Co; this is because characteristics as a
nonmetallic inorganic material particle-dispersed ferromagnetic material will

35 deteriorate if Cr is less than 5§ mol% or exceeds 20 mol%.
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[0027] The target structure of the present invention is characterized in
comprising a dimension and a shape in which a value obtained by dividing an outer

30 peripheral length of the nonmetallic inorganic material particles by an area of the
nonmetallic inorganic material particles in a cutting plane of the sputtering target is

0.4 (1/um) or more. Generally speaking, since nonmetallic inorganic material

particles have higher electrical resistance in comparison to metals, charge tends to

become accumulated during sputtering, and this causes the generation of arcing.

35 When the nonmetallic inorganic material particles comprise a dimension and a shape
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si ze of 1 pmor rmre since the nonnet al inorganic material powder
tends t o PPWEBE U 4% dlstheaseible tor Hp@ an aloy powder. sr’rﬂltl'le fSeagoing casg @lsoof

Che fol | o e Be B BbRd e e N R T Bh s or 2 o e
metal powder and Meanvetilel ¥fi tbeugramgamas fet emiadl] there is a proplentlé that ¢he
V‘f‘é ghed. omraﬁon i ?flléjwétélt Hov%erl i§ tp?orgS%idna%cf"th%i Lcﬁrﬁﬁgﬁgnt Q:%an%gltioﬁ%ﬁ?ﬂ tion
fall within the required scope, and therefore, the grain size is desirably 0.5 pm or more.
Desirably, the nonmetallic inorganic material powder to be used has a
maximum grain size of 5 ym or less. It is also desirable to use nonmetallic inorganic
material powder having a grain size of 0.1 pm or more, since the nonmetallic
30 inorganic material powder tends to flocculate when the grain size is too small.
Several types of compound particle powders having different compositions are
prepared with the following procedure, and then mixed.
[0030] Foremost, the foregoing metal powder and nonmetallic inorganic material
powder are weighed. Here, a plurality of lots having a different nominal composition
35 are prepared. Subsequently, for the respective lots, the weighed metal powder and



35are prepared. Subsequently, for the respective lots, the weighed netal
powder and 8PCT/JP2011/051775 nonnetallic inorganic material powder are
pul veri zed and m xed using a known nmethod such as with a ball mll. And,
t hese m xed powders are calcined to obtain a cal cined conpact in which the

nonmetal | ic inorganic nmaterial particl gs are dispersed %@Eﬁ?m I77§ase

material. The cal cination may be perfofned using a baki ace,
pressure cal cination may be performed via hot press. Subsequently, the
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pedefozgnd nonmetiel ddmp M\E?édrﬂlae FRWRekbf ﬁhérﬁlur‘éhlg d?@éﬁﬁfokltlbﬁs PRiparél a

target. 20The sjntering obt ai ned as descri above is nolded and
si nt er ed 39 %ﬁ%b%@@@ge %t“ﬁ%ﬂbe% e lachieve Hbe gnigaded da@@h&pg@ogmﬁm efithg

et hod afehdiplusngos ke Sidteet! B ARI RAngMGRARNDSIIRAT i Ropdid ipn Lo

hot press ding tenperature ring ering Is era y set to
t he | owesrdarcioppiesent thei pompeunct ppdicie ppowden frgm bacwmingmulwmedr gés ani | |

becorme s :,%gndngéﬁﬁ lfm?gmér'zﬁﬁ thWHolwﬁ)otunH %a%tﬁcéesfo e BirflERANI IS Bo E&mq‘ al | s

conposi t many or egoi ng tenpera
Wl& hi n apaditie paivdee duamgesmiferlﬁQOcam bé3mﬁtbjte$aaed ibris tpossibler t:gcmbtam [@ ocess,

is po ce.a sjint act a ferr i terial
Sput ter i AU S S TRPE s SO TREC Bl dses: AL ATFBAC SHBIS
gpl a: nemagmedﬂtﬁinl thtahdltlggetbethéeatidvet hasaqmlbleaban@ ﬁiﬁmm Stbrhﬁ@und

anpl es e that these s are ner [ strat nd t present
vent | oRBERIA PORGE AR Rl PO dBTERARET of melismlasapd nopiieraiti
modi f i catndagm@nétaidn@ém@@aw@mosoaam £Rygsted by the present invention,
and the present invention is limted only by the scope of its clains.

o#CT/ JP2011/ 0517 75e EirdeiiRg Bowger obtained as described above is molded and sintered
via hot press. Methods such as the plasma discharge sintering method and hot

isostatic sintering method may also be used in addition to hot press. The holding
temperature during sintering is preferably set to the lowest temperature in the
temperature range in which the target will become sufficiently densified. While this

25 often depends on the composition of the target, in many cases, the foregoing
temperature falls within a temperature range of 900 to 1300°C. Based on the
foregoing process, it is possible to produce a sintered compact for a ferromagnetic
material sputtering target.

[Examples]

30 [0032) The present invention is now explained in detail with reference to the
Examples and Comparative Examples. Note that these Examples are merely
illustrative and the present invention shall in no way be limited thereby. In other
words, various modifications and other embodiments are covered by the present

invention, and the present invention is limited only by the scope of its claims.
35  [0033]



In Exanple 1, as the nmetal raw material powder, a Co powder having an
average grain size of 3 pmand a & powler having an average grain size of
5 pmwere prepared; and as the nonnetallic inorganic material particle
powder, a Si 02 powder having an average grain size of 1 pmwas prepared.

These powders were wei ghed to achieve the follow ng co It 1 0S.
Conposition 1-1: 92 Co-8 Si 02 (nol % nposition 1-2: mﬁfﬁﬂéﬁ?@. 02

(ol 99 [0034] Subsequently, the respectively wei ghed powders of Conposition
1-1 and J(Q Rsftion 1-2 were placed in a ball mll pot with a capacity of
10 liters tog the?r with zirconia balls as the grinding medium and rotated
and m xed for 20 Indxesple [lpeg)e Mesalrawpnateriaepawdasda ewderdravingn@dsi t i on

1-1 and 7 . . . e .
vaouum eyt age o LR ald s dodbrithaE e altooB Mai Bz HE5 1R 1 °
800C, holwkragprepamedpfand s thes noametallls inprgesic materfal JGrtidka powdeht aiSi0a

i nt d t.. Th ti i nt d t I i i
el or us REPRR BokinG A BT 8RS SIS 5T L P Prspdad t ITe RIFERSHE. Ve
pul ver i z egkigitesier schivdechs felloathdisompositieti @ies.havi ng si eve openi ngs of 20 pm

and 53 pmto obtaip,t respectj v onpound particle powders of Conposition
1-1 and 49y -1&5(}0&%{&@?%& grain size is within the range of 20

to 53 pmcdrissilopipeees et Cr8isid, (wspect to Conposition 1-1 and
Conmposition 1-2, the resrs)ective compoun article Esomdgrs wer.e wej %[l}gd SO
t hat 9@ conposi tSUhsegreqtlye the espertively weldhge powdsts aldCemresitien Tgl apdg)

(@l %, TympBsirsh 127 wéfl Plabed 9% aUSAINGiIPp& WiIkE gt f M0XRErsNBYether @ bal |
capacity of approximately 7 liters in order to obtain a sintering powder.

[ 0037] Thév@iz«vtcerliad@"ﬁ@ﬁdé@ gending madiyy, apdwtated @ndmajyed ipiL0thaured in a
carb | d, and gt ' Nt @omb?g . r i j nQ
cond?({a?{];ﬁs; n_arrelj@,% E%E%‘Z‘?’gﬁﬂlr"gdg"f 110%@ hol iﬁghﬂ ?rerm?fcg'mﬁgﬁlﬁér? q‘zla!nd

pr essur e wsfre Jijed/a a earbbn anelda apdl ot eessegnipaz vacauin sateoppkeredindenret  was

furth 1. 0 ' : t acqet ; . ;
1" e ool RoRhaht e bl USRS AR of 2 Sl et e
péss- t hr peegsufe ok aterdbtainadsintecant chmpadt.o 8T dspaoiBe- dite(est comojzacts Test

Nt o0 | MerE R OLS AT iy et 25 oNRARGIA foRH T B
center atise regpatiivegpulvezediegivicists wille degedasingod sitvgerihg Sévaleperiegs and
201001 $P %0 i Yind ST 18"k e Hoiclfivd TG hach fohbdeTol M the
ASTM and
Composition 1-1 and Composition 1-2 in which the grain size is within the range of 20
20 to 53 pm.

[0036] Subsequently, with respect to Composition 1-1 and Composition 1-2, the
respective compound particle powders were weighed so that the composition of the
overall target would be 80 Co-12 Cr-8 SiO, (mol%), and mixed for 10 minutes using a
planetary-type mixer having a ball capacity of approximately 7 liters in order to obtain

25 a sintering powder.

[0037] The sintering powder obtained as described above was filled in a carbon
mold, and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and pressure of 30 MPa to
obtain a sintered compact. This sintered compact was further cut with a lathe to

30 obtain a disk-shaped target having a diameter of 180 mm and thickness of 56 mm.

[0038] The measurement of the pass-through flux was performed according to
ASTM F2086-01 (Standard Test Method for Pass Through Flux of Circular Magnetic
Sputtering Targets, Method 2). The pass-through flux density measured by fixing
the target center and rotating it O degrees, 30 degrees, 60 degrees, 90 degrees, and

35 120 degrees was divided by the value of the reference field defined in the ASTM and



10PCMP20111051775 represented in percentage by nmultiplying 100 thereto. The
result of averaging the foregoing five points was used as the average
pass-through flux density (% . [0039] The average pass-through fl ux
density of the target of Exanple 1 was 52% Upon observing the structure of

this target, a plurality of netal phasa havi ng a di ffeg:gzrt“ﬁm&s‘w on
. . . o a =

existed, and it was confirned that the nmetallic inor eri a
particles were dispersed in the respective netal phases.

[0040] Suﬁgﬁ%ﬁgﬂfehxn [{é?gerg%%%g Spu;[)lymkjn{(ﬁptk@?e DengBas1at BPQVQQ?HP%Qﬁé ng

device a en sputtere ing conditions were as
namel y, Soregoing fpre\mmntswa}s usedasdhaavegragepassdhmoagloflud densiky (Yand, after

f t 3 f it
PE T e oo n s Pt fdrade tHassublon RBHEIUE 8 Jaltel ML raReS ¢ @
havi Rg a sg% nclhp@h ebﬁrehg the stdclute ofnt.hlstﬂaagetrarbmralw Oﬁmei'tl'ar:cplhas?r% haﬂlngfadher ed
to_the su at ure articl e nt er. unper o
bad {1 ot BHeTRE COMPORTAN ey e It i rnrimed YGalohg ipnrtstale ergerta
15( ExanplrRatélial particles werd dispagpliretheé, re§|§ectt||0§ nﬁméladhdsésv material powder, a

Co powder having an average grain size of pm and owder havi.ng an
aver d&9&grai n si 2%‘@?‘153'?;& \Xg?éaﬁgﬁé&ﬁseﬂ‘o“ﬁtﬂﬁ’ e & P& ran| SRUTEHRY gani ¢

material dqeqicel §hé tﬁ@rwyuueﬁbdsl Gr%epgmt&rnnba&éﬁwncﬂ& WeRS A@efollbs;Nnamag, of 1
pm was prepared. These powders were 20wei ghed to achieve the fol | ow ng

Composi ¢ ISBHPPPWET SLANPYSARd dvi GRSIPTeSsUreRIg & 0 Rh| BT GHHOBTING BIF- 2- 2:
68, Co- 24 sginttgrlringfZZ ﬁ(mr%ptﬁﬁg?ﬂﬁ]vﬁh@Péﬂ&ﬁ%d % déﬂb@.lt‘ﬂllﬁhﬁ’&/ﬂﬁ@ﬁqﬁfg& fikn

Conposi tion 2 were placed in a ball h a capacity of 10 liters
t oget her thicknessi ofcmoanmapn 8 %@omselbgtratedwwgred% tmh cigraetent dneaddition. ni xed

For 20 NAHE SurbBPAZhINLBS ThACSIRANIE RS phlrbelod bl B richd ot

pressed in a vacuum at m)s ere un er ow ng condi tions
t enper at wognief. 8Um11umb9dofr@rli¢lesaoothe25|lmn sybstrate iprtis case wab 63n}artwl%ts to
obt alda,,@ sintered conpact. This sintered conpact was pul verized using a jaw
cr usher ?Ed a '%ré)ndst one-type
In Example 2, as the metal raw material powder, a Co powder having an
average grain size of 3 ym and a Cr powder having an average grain size of 5 ym
were prepared; and as the nonmetallic inorganic material particle powder, a SiO-
powder having an average grain size of 1 yum was prepared. These powders were
20 weighed to achieve the following composition ratios.
Composition 2-1: 92 Co-8 SiO2 (mol%)
Composition 2-2; 68 Co-24 Cr-8 SiO; (mol%)

[0042] Subsequently, the weighed powders of Composition 2-1 were placed in a

ball mill pot with a capacity of 10 liters together with zirconia balls as the grinding
25 medium, and rotated and mixed for 20 hours.

[0043] This mixed powder was filled in a carbon mold, and hot pressed in a
vacuum atmosphere under the following conditions; namely, temperature of 800°C,
holding time of 2 hours, and pressure of 30 MPa to obtain a sintered compact. This
sintered compact was pulverized using a jaw crusher and a grindstone-type

30 pulverizer. In addition, the pulverized powder was sieved using a sieve having sieve
openings of 75 um and 150 um to obtain a compound particle powder in which the
grain size is within the range of 75 to 150 pm.

[0044] Subsequently, with respect to Composition 2-2, the weighed Co powder
and Cr powder and SiO, powder were placed in a ball mill pot with a capacity of 10

35 liters together with zirconia balls as the grinding medium, and rotated and mixed for



30 pulverizer. In addition, the pulverized powder was sieved using a sieve
havi ng si eve openings of 75 pmand 150 pmto obtain a conpound particle
powder in which the grain size is within the range of 75 to 150 pm

[0044] Subsequently, with respect to Conposition 2-2, the weighed Co powder

and C powder and 8102 powder were placed in a ball mll
capacity of 10 liters together wth zi fconl a balls as tﬁﬁgjﬁ:zﬁ@@%’d?ﬁedl um
and rotated and m xed for 11PCT/JP2011/ 051775 20 hours. The formati on of

conpound I - 2.
[0045] ThelrE, CFhe tofmfo b B BB e Qb U CAE B e RO B i s
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conpact. This sintered conpact was further cut with a lathe to obtain a

di sk- sha;ﬁ’@&’dﬁérget having a di ameter of 180 nm and thi ckness of 5 nm The

aver a@gs Pass- t hr qyghsifter %mer YbRindd s désuriBel Atase W filled in a carbortpon
observing the structure o his target, a plurality of metal phases having
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I por gani %aﬁ?eﬁ)ertm emﬁrb'd?r'ﬁ SV@r ﬁoléhﬁﬂf?ﬁéSﬂTh‘&uFé@nB?\?@%ﬁé Ve 3P4 tdPhases.

It was additionally confirmed that tRe netal phase t he hi ghest Co

cont ent ©biRiN @esiBiered cpapact ha hig gm@eds@nme@t adsnigihet putawntbra &t%s in
matrix ae%gfélﬁj aﬁgglg §6€Pe&ﬁ| étahawgg? IXD&I?R%%I‘ of T ﬁ{n‘?%nﬂfthfcpﬁ%e%@é mase

consi der g est satura gnet1 zation nor e
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rtlclles were dlgpeé}seoJ inr{Rtre ?éspective metal phases.

It was additionally confirmed that the metal phase having the highest Co
content considered to have the highest saturated magnetization exists in matrix as a
dispersed material.

20 Moreover, the size of the metal phase considered to have the highest
saturated magnetization was 75 ym or more and 150 pum or less, and it was
confirmed that the average aspect ratio is roughly 1:4.

In the cutting plane of the sputtering target, the value obtained by dividing
the outer peripheral length of the nonmetallic inorganic material particles by the area

25 of the nonmetallic inorganic material particles was 0.4 or more.

[0047] Subsequently, the target was mounted on a DC magnetron sputtering
device and then sputtered. The sputtering conditions were as follows; namely,
sputter power of 1 kW and Ar gas pressure of 1.5 Pa, and, after performing pre-
sputtering of 2 kWhr, sputtering was performed to deposit a film having a target film

30 thickness of 1000 nm on a silicon substrate having a 4-inch diameter. In addition,
the number of particles that adhered to the substrate was measured using a particle

counter. The number of particles on the silicon substrate in this case was 6 particles.
[0048]
(Comparative Example 1)

35 In Comparative Example 1, as the metal raw material powder, a Co



[ 0047] Subsequently, the target was nounted on a DC nmagnetron sputtering
devi ce and then sputtered. The sputtering conditions were as foll ows;
nanely, sputter power of 1 kWand Ar gas pressure of 1.5 Pa, and, after
perform ng pre- sputtering of 2 kWhr, sputtering was perfornmed to deposit a
filmhaving a target film 30 thickness of 1000 nmon a silicon s bs%rate
having a 4-inch dianeter. In addition, 12 he number of parquTé‘l'D@QWQ?gW dher ed
to the substrate was neasured using a particle counter. The nunber of
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20 hodg. | N addid B L, oh I Bewdbratl RRYEF poi: (R 8 sioh Polert
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sintered compact was further cut with a lathe to obtain a disk-shaped target having a
diameter of 180 mm and thickness of 5 mm. The average pass-through flux density
of this target was 53%. Moreover, in this target structure, a metal phase in which
the nonmetallic inorganic material particles are not dispersed therein, which

20 corresponds to the Co spherical powder, was occasionally observed. This structure

is outside the scope of the present invention.

[0051] Subsequently, the target was mounted on a DC magnetron sputtering
device and then spuftered. The sputtering conditions were as follows; namely,
sputter power of 1 kW and Ar gas pressure of 1.5 Pa, and, after performing pre-

25 sputtering of 2 kWhr, sputtering was performed to deposit a film having a target film
thickness of 1000 nm on a silicon substrate having a 4-inch diameter. In addition,
the number of particles that adhered to the substrate was measured using a particle
counter. The number of particles on the silicon substrate in this case was 17

particles.
30 (0052
(Comparative Example 2)
In Comparative Example 2, as the metal raw material powder, a Co
powder having an average grain size of 3 ym and a Cr powder having an average
grain size of 5 ym were prepared; and as the nonmetallic inorganic material particle

35 powder, a SiO, powder having an average grain size of 1 um was prepared. These



[ 0051] Subsequently, the target was nounted on a DC nmagnetron sputtering

devi ce and then sputtered. The sputtering conditions were as foll ows;
nanely, sputter power of 1 kWand Ar gas pressure of 1.5 Pa, and, after
perform ng pre- 25 sputtering of 2 kWhr, sputtering was perfornmed to
deposit a filmhaving a target filmthjckness of 1000 n il

substrate having a 4-inch dianeter. | n'%ddition, the nuﬁ?j?‘jpgf)ﬁbdﬂ?%gl es

t hat adhered to the substrate was neasured using a particle counter. The
nunber of rtj i te l [ s Llg i cles.
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obt ai n a s¥itenedreampantpathis siieteds Fompadava ither auavithu tiaee tewrbigNtd a
Laghe 10 AR tihet Mg 2BRIdA! BP1shMI'Ang HIRABESTs & mkEO T8 and
t hi ckness of nm e average pass-through ux density of this tar?et was
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obt ai ned dispedied idiangnifon® alloy phager i pheral | ength of the nonnetallic
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15 the outer peripheral length of the nonmetallic inorganic material particles by the area

of the nonmetallic inorganic material particles was less than 0.4.

{0054} Subsequently, the target was mounted on a DC magnetron sputtering
device and then sputtered. The sputtering conditions were as follows; namely,
sputter power of 1 kW and Ar gas pressure of 1.5 Pa, and, after performing pre-

20 sputtering of 2 kWhr, sputtering was performed to deposit a film having a target film
thickness of 1000 nm on a silicon substrate having a 4-inch diameter. In addition,
the number of particles that adhered to the substrate was measured using a particle
counter. The number of particles on the silicon substrate in this case was 5 particles.

[0055] The results of the foregoing Examples and Comparative Examples were

25 compared; while Comparative Example 1 had an average pass-through flux density
that was substantially equivalent to Examples 1 and 2, the number of particles during
sputtering had increased. Moreover, while the number of particles of Comparative
Example 2 was substantially equivalent to Examples 1 and 2, the average pass-
through flux density was small, and it is anticipated that problems such as unstable

30 sputtering will arise when the thickness of the target is increased in order to extend

the target life.
[0056]
(Example 3)

In Example 3, as the metal raw material powder, a Co powder having an

35 average grain size of 3 um, a Cr powder having an average grain size of 5 ym, and a



[ 0054] Subsequently, the target was nounted on a DC nmagnetron sputtering
devi ce and then sputtered. The sputtering conditions were as foll ows;
nanely, sputter power of 1 kWand Ar gas pressure of 1.5 Pa, and, after
performng pre- 20 sputtering of 2 kWar, sputtering was perforned to

deposit a filmhaving a target fllmth kness of 1000 n il
substrate having a 4-inch dianeter. ddition, the nu%ﬁd%ﬁggdﬂ??%l es
t hat adhered to the substrate was rreasured using a particle counter. The

nunber ofpyp u reft e it Cl es.
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t hi cknesCahpddiort 32926.45Cd- asmga@resiwls.@;dﬁm% extend the target life.

[ 0056] (Exa I n as the metal raw materi al

powder , %ﬁ!eﬁ -3h 8308 uh- %@Paé otﬂf’)al n size of 3 pm a O powder

havi Q&bsﬁn aver agESLﬂfs%hUeﬁt!yZQhéf reﬁpééﬂvel%aneibhe@‘lﬂ’SWéérBZQflUo@rﬁﬂo%ﬁ%n B, powder
havi ng an average grain size of mwere prepared; and as the nonmetal lic

i nor gani CABREETH 33a uaﬂm@nmﬁm 3awgeoma 2 bﬁ&\mlh@%w'ta\mw@ﬂ)@r ain
sige of lpm m&%@o t@ﬁﬁﬁwﬁbnaayélggaéﬁhﬁ\ﬁrna% e@dan Sarf rbted BAQ Wer e

prepared. These ers were wel ghed to achi‘eve the ['owm ng conposition
ratlos CoiNpd &t Odwusm 45.71 CO 45.71 Pt-8.58 Cr203 (nol % Conposition
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00571Subsequen spectl y wel powders of Cohposition
Composition 3-3 were filled |n a carbon mold, and hot pressed in a vacuum

atmosphere under the following conditions; namely, temperature of 800°C, holding
15 time of 2 hours, and pressure of 30 MPa to obtain a sintered compact. The

respective sintered compacts were pulverized using a jaw crusher and a grindstone-

type pulverizer. In addition, the respective pulverized powders were sieved using a

sieve having sieve openings of 20 ym and 53 um to obtain the respective compound

particle powders of Composition 3-1, Composition 3-2, and Composition 3-3 in which
20 the grain size is within the range of 20 to 53 pm.

[0059] Subsequently, with respect to Composition 3-1, Composition 3-2, and
Composition 3-3, the respective compound particle powders were weighed so that
the composition of the overall target would be 66 Co-10 Cr-16 Pt-5 SiO»-3 Cr03
(mol%), and mixed for 10 minutes using a planetary-type mixer having a ball capacity

25 of approximately 7 liters in order to obtain a sintering powder.

[0060] The sintering powder obtained as described above was filled in a carbon
mold, and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and pressure of 30 MPa to
obtain' a sintered compact. This sintered compact was further cut with a lathe to

30 obtain a disk-shaped target having a diameter of 180 mm and thickness of 5 mm.
The average pass-through flux density of this was 48%. Upon observing the
structure of this target, a plurality of metal phases having a different composition
existed, and it was confirmed that the nonmetallic inorganic material particles were
dispersed in the respective metal phases.

35 [0061] Subsequently, the target was mounted on a DC magnetron sputtering



Conmposition 3-2, and Conposition 3-3 were placed in a ball mlIl pot with a
capacity toof 10 liters together with zirconia balls as the grinding

medi um and rotated and m xed for 20 hours. [0058] The respective m xed
powders of Composition 3-1, Conposition 3-2, and Conposition 3-3 were

filled in a carbon nold, and hot pressed in a vacuum at np r t he
follow ng conditions; nanely, tenperat E?e of 800C, hol diﬁ@%@ﬂ&’@qg hour s,
and pressure of 30 MPa to obtain a sintered conpact. The respective
sintered a e lﬂﬁa i Z g a2 | : d i e-type
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Si 02- 3 Crodidtelr MOTAE numBer 81 peittlclé®on 1Rk SlicBH Qfbstatda thisasd Marrey/pdriigies.m xer
havi E&’Sﬁ bal | capacity of approximately 7 liters in order to obtain a
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si nt powder. [0060] The sintering powder obtained as descri bed above
was fil | dBxample 4ar bon nol d, and hot pressed in a vacuum at nosphere under

the foll owi ng congidJ AN r : 0 i i of 2
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en sputtered... S ering.conditions were as foll ows; nanely, sputter
p&her of %"me' ‘ﬁﬂ: géié% é‘égggr%.odm@%& Pa, and, after perforning .
pr e- sput iCymptsittn £2K¥8Rg GRYs BO'Cris. Y5 Pt-B 2B iovRbZ Or@sReRI%) @ il m having
a target filmthickness of 1000 nmon a silicon substrate having a 4-inch

di af®Bdr. | n addiSubspguesitiyetheuneiohed popders of Gamperiioraditicwere rlacade a
oLy RaRNIRESHEES o800, O 1O CasU B TORANABNS e Gafdig) o "
medium, and rotated and mixed for 20 hours. This mixed powder was filled in a
20 carbon mold, and hot pressed in a vacuum atmosphere under the following
conditions; namely, temperature of 800°C, holding time of 2 hours, and pressure of
30 MPa to obtain a sintered compact. This sintered compact was pulverized using a
jaw crusher and a grindstone-type pulverizer. In addition, the pulverized powder
was sieved using a sieve having sieve openings of 75 ym and 150 um to obtain a
25 compound particle powder in which the grain size is within the range of 75 to 150 pm.
foo64] Subsequently, with respect to Composition 4-2, the weighed powders
were placed in a ball mill pot with a capacity of 10 liters together with zirconia balls as
the grinding medium, and rotated and mixed for 20 hours. The formation of
compound particles via calcination was not performed in Composition 4-2.
30 [0065] The obtained compound particle powder of Composition 4-1 and the
mixed powder of Composition 4-2 were weighed so that the composition of the
overall target would be 66 Co-10 Cr-16 Pt-5 SiO»-3 Cr,0; (mol%), and mixed for 10
minutes using a planetary-type mixer having a ball capacity of approximately 7 liters
in order to obtain a sintering powder.
35  [00686] The sintering powder obtained as described above was filled in a carbon



In Exanple 4, as the nmetal raw material powder, a Co powder having an 10
average grain size of 3 pm a C powler having an average grain size of 5
pm and a Pt powder having an average grain size of 2 pmwere prepared; and
as the nonnetallic inorganic material particle powder, a 5102 powder having
an average grain size of 1 pmand a C 203 powder having a ver ain
size of 3 pmwere prepared. These powdé?s wer e wei ghed i | Oéag&t?ﬂé

foll owi ng conposition ratios. 15Conposition 4-1: 92.31 Co-7.69 Si02 (rml%
Conposi t| 6 -
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%i r|pheral | ength of the nonmetallic inorganic material particles by

of the nonnetallic inorganic nmaterial particles was 0.4 or nore.
(Comparative Example 3)

In Comparative Example 3, as the metal raw material powder, a Co
powder having an average grain size of 3 um, a Cr powder having an average grain
size of 5 ym, a Pt powder having an average grain size of 3 ym, and a Co spherical

30 powder having a grain size within the range of 75 to 150 um were prepared; and as
the nonmetallic inorganic material particle powder, a SiO, powder having an average
grain size of 1 ym and a Cr;O3 powder having an average grain size of 3 um were
prepared. These powders were weighed to achieve the target composition of 66
Co-10 Cr-16 Pt-5 SiO,-3 Cry0; (mol%). The blending ratio of the Co powder and

35 the Co spherical powder in the foregoing case was 1:2.



[ 0068] Subsequently, the target was nounted on a DC nmagnetron sputtering
devi ce and then sputtered. The sputtering conditions were as foll ows;
nanely, 20 sputter power of 1 kWand Ar gas pressure of 1.5 Pa, and, after
perform ng pre-sputtering of 2 kWhr, sputtering was perforned to deposit a
filmhaving a target filmthickness of 1000 nmon a silicon substrate
having a 4-inch diameter. In addition, "t he nunber of parﬁqTHP@@Wﬁilw%dher ed
to the substrate was neasured using a particle counter. The nunber of
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present invention. [00/2] Subsequently, the target was nounted on a
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20 thickness of 1000 nm on a silicon substrate having a 4-inch diameter. In addition,
the number of particles that adhered to the substrate was measured using a patticle
counter. The number of particles on the silicon substrate in this case was 18

particles.
[0073]
25 (Comparative Example 4)

In Comparative Example 4, as the metal raw material powder, a Co
powder having an average grain size of 3 um and a Cr powder having an average
grain size of 5 ym were prepared; and as the nonmetallic inorganic material particle
powder, a SiO, powder having an average grain size of 1 ym and a Pt powder having

30 an average grain size of 3 ym were prepared. These powders were weighed to
achieve the target composition of 66 Co-10 Cr-16 Pt-5 SiO2-3 Cr.03 (mol%).
[0074] Subsequently, these powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and rotated
and mixed for 20 hours.

35 Subsequently, this mixed powder was filled in a carbon mold, and hot



sputtering of 2 kWhr, sputtering was perforned to deposit a filmhaving a
target film20 thickness of 1000 nmon a silicon substrate having a 4-inch
dianeter. In addition, the nunber of particles that adhered to the
substrate was neasured using a particle counter. The nurrber of particles on

the silicon substrate in this case was, 18 particles. O%tygpésgm%ati ve

Exanpl e 4) I n Conparative El(aarrple4 as the rial
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counter. The number of particles on the silicon substrate in this case was 3 particles.

[0076] The results of the foregoing Examples and Comparative Examples were
compared; while Comparative Example 3 had an average pass-through flux density

20 that was substantially equivalent to Examples 3 and 4, the number of particles during
sputtering had increased considerably. Moreover, while the number of particles of
Comparative Example 4 was substantially equivalent to Examples 3 and 4, the
average pass-through flux density was small, and it is anticipated that problems such
as unstable sputtering will arise when the thickness of the target is increased in order

25 to extend the target life.

[0077] In comparison to a sputtering target having a structure of two or more
phases in which an inorganic material is dispersed in one phase, the product of the
present invention has the same level of PTF (leakage magnetic field), which is
slightly higher if the composition is the same but the generation of particles is

30 extremely low. In addition, in comparison to a sputtering target that does not have a
structure of two or more phases, the product of the present invention obviously has a
higher PTF (leakage magnetic field), and the generation of particles is substantially
the same. Namely, the advantage of the product of the present invention lies in that
the present invention was able to realize the reduction of particles and a high leakage

35 magnetic field.



15 thickness of 1000 nmon a silicon substrate having a 4-inch dianeter.
In addition, the nunber of particles that adhered to the substrate was
measured using a particle counter, The nunmber of particles on the silicon
substrate in this case was 3 particles, [0076] The results of the foregoing
Exanpl es and Conparative Exanples were conpared; while i anpl e
3 had an average pass-through fl ux den%?ty 20 that maSQ%ﬁEE%Q%M¥§FE§

equi val ent to Exanples 3 and 4, the nunber of particles during sputtering
had i ncr j bly. Moreover, while the nunber of particles of
Cbnparatﬁ@%ﬁggéggﬁgﬂﬁbagg substantially equivalent to Exanples 3 and 4, the
aver gaesjpass- t hr olllgh pfdsext dewentioy isasefuledd a ferrdmagnetic amatedal psputtaéringat
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of particles is 30 extrenely low In addition, in conparison to a.
sput t er i roughdlix afithe spyieringtargal; Pagicstarlya fareoreagnefis naatersl PUIRHERSs, the

pr oduct . i i ) [ ks
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Narmel y, twhichhbiasiatlewgeoeratine oppaudigles dyfing sputterégent i nvention lies in that
the present invention was able to realize the reduction of particles and a
hi gh | eakage 35magnetic field. 19PCT/J P2011/051775 [l ndustri al
Applicability] [0078] The present invention is useful as a ferromagnetic
material sputtering target for use in the deposition of a magnetic thin
filmof a magnetic recording nedium and particularly of a nmagnetic
recording layer of a hard di sk adopting the perpendi cul ar magnetic
recordi ng system since the present invention yields a superior effect of
being able to obtain a stable discharge by increasing the pass-through flux
of the sputtering target, particularly a ferromagnetic material sputtering
target capable of obtaining a stable discharge in a nagnetron sputtering
devi ce and which has a | ow generation of particles during sputtering.



PCT/ JP2011/ 051775 20 CLAIMS 1. A ferromagnetic material sputtering target
which is a sintered conpact sputtering target made of a netal having Co as
its main conponent, and nonnetallic inorganic material particles, wherein a
plurality of netal phases having different saturated magnetization exist,
the nonnetallic inorganic material particles are dispers I h
respective netal phases, the netal phase having the hi ghg’gﬁhg%{%ﬂﬁ%@%
magneti zati on anong the plurality of netal phases having different
saturated nmagneti zati on takes on a ford® of a di spersed material, and the
remai ni ng netal phases take on a formof a dispersion nedium 2. The
ferromagnetic material sputtering target according to claim1l1, wherein the
met al phase having the hi ghest saturtA¥Sragneti zation has a size of 30 pm
or nore and 250 pmor |ess, and an average aspect ratio of 1:2 to 1:10. 3.
The ferromagnetic material sputtering target according to claim1 or claim
2, wherein the nonmefertdragnetiomyaterial spatteringtargetrwhich issa ainterad coxpael, a
nitride, a gilicjde aor car bi of . . t ..anong
G Ta. apulteqing arGetihade 5PA M MyreEp 8548 Mhdn SATRBRGI, Snd BbfieEHeTT
SpUtlteLi NBorganigeatidtiat particles, Siinéreined wlorglityc bf $r|mlaljt phaseg bavingtdiffesert of a
metal having Co as its nmain co nent, and.nannetallic.inor ' eri al
par ti cl esSatWAatedempanelraten ieﬂﬁggﬂ‘wameaﬂ&%éE°f|9305°n5‘3<§"r”ﬁ eﬁ%ﬂbgg%r at ed
magnet i zafid s iirs tthe tleSpotiveeinatd! i ghdsas ganintetamprasenlhapiayt ihel Bigheste

di spersed in the respect|ve netal phases, ang t he f?\rro%eti %\7%&%]?3” al
sput t er i rigtyrategeMaghppzations a&‘Qﬂgrré'%si wralityq ok reftahPhage e, Ay

obt ai ned dayurdiedi hNetBRiON tadesRSH & RS 8f a bRPBIddahatehial, ARANES Arhaifing
inorganic material particles by an area of the nonnetallic inorganic

mat eri al mpelet phases take an adern aha gisRBESIYT MeARMput tering target is 0.4 or
more. 5.5 The ferrOﬁgn@ﬂomdgﬁ%ﬁé'rﬁéteﬁﬂuéﬁtﬁféﬂﬂ tbﬁ&%sccaﬂw € Rehith01,any one

of claims™1 to 3, wherern erromagnetic material sputtering target
conpr i seswherdinthe siatal phade hagingtee highepl ssturatadanaanelizatiombas Bywiz¢iafiSli ng an

outer peg.-*n[?pﬁﬁ%lre Eﬁaggplp% of [38s NG %%%g? g?ﬁ%&;?ﬂ&c?fmﬁ?é halp, particles by

an area e nonme I'C I norgani c na es in a cutting plane
of the sguttering tahgderrormagneticomateniaé sputtering target according to claim 1 or

claim 2, wherein the nonmetallic inorganic material particles are an oxide, a nitride, a

silicide or a carbide of one or more components selected among Cr, Ta, Si, Ti, Zr, Al,
Nb and B, or carbon.

4. A ferromagnetic material sputtering target which is a sintered compact
sputtering target made of a metal having Co as its main component, and nonmetallic
inorganic material particles, wherein a plurality of metal phases having different
saturated magnetization exist, the nonmetallic inorganic material particles are
dispersed in the respective metal phases, and the ferromagnetic material sputtering
target comprises a dimension and a shape in which a value obtained by dividing an
outer peripheral length of the nonmetallic inorganic material particles by an area of
the nonmetallic inorganic material particles in a cutting plane of the sputtering target
is 0.4 or more.

5. The ferromagnetic material sputtering target according to any one of
claims 1 to 3, wherein the ferromagnetic material sputtering target comprises a
dimension and a shape in which a value obtained by dividing an outer peripheral
length of the nonmetallic inorganic material particles by an area of the nonmetallic

inorganic material particles in a cutting plane of the sputtering target is 0.4 or more.



