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DESCRI PTI ON  SPUTTERI NG TARGET OF

NONMAGNETI C- PARTI CLE- DI SPERSED FERROMAGNETI C MATERI AL
fi TECHNI CAL FI ELD The present invention relates to a
sputtering target of nonmagnetic-particle-di spersed
ferromagnetic material, and in particular 10 relates
to a target that can PESECRIPEIONY subjected to
sputtering with a DC (direct current) magnetron
sputtering system by inproving the PTF (pass through
flux). The present invention further relates to a

ST ghreie; PARGES lor NANMARNETICPAGT TG BRSPERsED

sputtering and opti nal osition speed when formng a
filmby 15 sput &RR@MA&?NEEH Tp Ak i ng the
sputtering, reduction in the partl cI es (dust) and
nodul es caused by such arcing, high density, m ninmal
variation in quality, and inprovenment of mass

productivity. BACKGRPEEMRREALZ2OEIDthe field of
magneti ¢ recordi ng, technol ogy has been devel oped for

i mprovi ng the magnetic property by causing a
nonmagnetic material to coexist in a magnetic thin
film As exanples, there are technol ogy for n
y {T*P target of

thgt?oftprﬁé&ﬁ'étl BV ¢ yedat@s adonmgnetPuttering
perneability by 25 having fine particles of

nonmagneatjcepartiatatdisparsed femeomagneticc matetiali | and aind particular
technol ogy for inproving various properties of a

relateBorehi argee ena agnn@éile:rﬂmeﬁumsabjmetmﬂovsputtbymgswmm a DC
the nonmagnetic material to block or weaken the

dlre%?gélﬁ?ieﬁg) naeg{rﬁéﬂbr?”srﬁlﬂwﬁﬁﬁ én;hs%fﬁ W RbAOVing the PTF (pass

partic tict
through flux). The present invention further relates to a sputtering target of

nonmagnetic-particle-dispersed ferromagnetic material which realizes
stable sputtering and optimal deposition speed when forming a film by
sputtering, minimal arcing during the sputtering, reduction in the particles
(dust) and nodules caused by such arcing, high density, minimal variation in

quality, and improvement of mass productivity.
BACKGROUND ART

In the field of magnetic recording, technology has been developed for
improving the magnetic property by causing a nonmagnetic material to
coexist in a magnetic thin film. As examples, there are technology for
improving the soft magnetic property such as magnetic permeability by

having fine particles of nonmagnetic material in the magnetic thin film, and
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filmmterial. 5 Although this kind of thin film

material is prepared based on nornal sputtering, it

i s necessary to sinultaneously sputter nonnmagnetic

materials wth insulation property or high resistance

and ferromagnetic materials conposed fromnetals of
techheW dyefd Isingiesing Masiotsup Eydriigsnatd ashdseti® reedeliag medium

positive electrode substrate and 10 a negative

suchg%)?%b%?gﬁ/gtfy:t?)gﬁ%wgafﬁe %%%'Fné’gﬁ]ﬁgﬁc W&%‘Z%rﬁbgﬁ?’g weaken the

ectric applying or r

frequepcy between the suhstrat nd the target under .. .
magagligERerashonbetuesn tae Tag Bl npnfaes g hratggetic thin
~enploys a principle where inert gas is ionized,
film piadenalf ormed from el ectrons and positive ions is

formed, the 15 positive ions in this plasma collide

Wi htHdwegh ahigekindned aihinvtiinel rmatertalels pregaree bas&dark normal

out the constituent atons of the target, and the

sputgéuﬂrri%dﬁqs r?ééé?saqgh%lr §intu9ltéﬁ‘§0||9'§1§°§é@@?(§ H%Wfﬁé‘ér?%t(iec materials

ce toforma film Genera speaki ng, as

Lo Sputterning nmethod, the RF (radi f u : ;
with TBEUESP RSP RIS of Tl pedBliies AE4 flfdinagnetic materials
sputtering nethod 20 may be used. However, in order
compesed fpmanets| 9f Y feeistaRe@rials with significantly
di fferent resistance, the RF sputtering nethod capable
of Thipsipdtering arethosluisatoomake afasitive edectrode substrate and
Neverthel ess, not only is the RF (radio frequency)

a ne%ﬁﬂt/é%rlbagodewbeget_ RIeBatHthet, A0S gepseatatnesieuric field by
rawbacks such as inferior sputtering 25 efficiency,

| arge.: Lo, d
o AGER TSI SOTTERLRY QIS LPAREA) (fedoghtate and the
[ ncrgase t.he degositi on speed, the substrate
targgihnden A i0en) 9as qtmes ® here is a problemin that
this will cause deterioration in the substrate and ,
deptyies itbe srwidering. method employs a principle where inert gas is

ionized, plasma formed from electrons and positive ions is formed, the
positive ions in this plasma collide with the target (negative electrode)
surface to knock out the constituent atoms of the target, and the extruded
atoms adhere to the opposing substrate surface to form a film.

Generally speaking, as the sputtering method, the RF (radio
frequency) sputtering method or the DC (direct current) sputtering method
may be used. However, in order to simultaneously sputter materials with
significantly different resistance, the RF sputtering method capable of
sputtering an insulator is often used.

Nevertheless, not only is the RF (radio frequency) sputtering device
expensive, it possesses numerous drawbacks such as inferior sputtering

efficiency, large power consumption, complex control and slow deposition
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Meanwhil e, if the DC magnetron sputtering system which
is capable 5 of sealing the plasma in the vicinity of
the target by disposing a magnet on the back side of
the target and | eaking magnetic flux fromthe target
surface is used, the DC sputtering nethod will be

speedb! elft Ri@CIPAvVEr lisvappned teIRstEEYd QRe Hepbsiieekpeed, the
deposi tion, and superior mass productivity in

subsﬁ%ﬂ??@ nera r<=,I WFII %Felg‘tfq;ﬁ'[é %lg'%@f‘&gtenllﬁ‘n%gt tt‘n@r\NIH cause

sputterin

.S bI . e hi allt fil since the

deterigfay ?BB ‘%‘i t&s%%d gﬂﬁggfeitaé is small.
Accor di ngl y, a sputterl ng tar get for simultaneously
spbteanwhide aif thenPiymagretian anuitering systemr wiigheés capable
material is also devised so that deposition can be

of sepginfotieplaérb inhtheDigimgpealfribe Hrget &y digposstgm asmgnet on
15 nmuch as possi bl e. However, when adopting the DC

the bR &gl wt@t@‘e’t éﬁ@leél@ﬁ?%a%ﬁéﬁbfﬂd}@ﬁé% t19e RREFASSUrface

conductive property. Even i tar get possesses

s ugeduife' B PoRRTRINa, RYSRaGt WTapE"2hls 60 GiTiRe I power

silicide nmakes deposition based on the DC s utter| o

onsnrmntmn,dumghcapeegu HepOoSHPRhANGLISUPESIQTS MR RO q%élwty In
target will increase. Thus, a sputtering target has

comeesonleoi Hal Rfo slmutermgstmeﬂtade im adghiiien, Horsrggneralty said
materials such as oxide are finely and spherically

that ﬂHeSEﬂI spdtteNPPLhidIRbaSS alf¥ab motdtmcehh@hkqudngf films since the
devisal, there are a problemin that large anounts of

I rat e min 25 that the
|nf|u€,¢{:é ge@é @tﬁ]r ougﬁﬂ 1lqu €Ub§lﬁ?})€v'£%§gt Ee deposi ti on
ne _convent.i naI nol ogi es :
R ARt e R gt E el %'vas%u?tef'ng a

net hod of perform ng mechani cal |ron| ng to allo
nonmagaietic aalerialanndl & d9riomaaeneiie saatari tShataﬁJedeatﬁeui so that

solidification nethod,
deposition can be performed with the DC magnetron sputtering system as
much as possible. However, when adopting the DC sputtering method, the
target itself needs to possess conductive property.

Even if the target possesses conductive property, such target that
contains large amounts of nonconductive materials such as oxide and
silicide makes deposition based on the DC sputtering method difficult since
the bulk resistance of the target will increase.

Thus, a sputtering target has been devised to have a structure in
which nonmagnetic materials such as oxide are finely and spherically
dispersed. Nevertheless, even with this kind of devisal, there are a

problem in that large amounts of particles are generated, and a problem in

that the PTF (pass through flux) is low and the deposition speed is slow.
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and ceram c-phase powder (refer to Patent Docunent 1).
According to this 5 nethod, it is possible to obtain a
sputtering target for use in a magnetic recording
medi um by preparing all oy powder in which

ceram c- phase powder is evenly dispersed in the alloy

poirfie abfAveéhBbAal tiechielsyies Whesirmyodayedobeltsr. As one
preSS| ng. As anot her exarrpl e, proposed is Co-base

exanei‘é r%(b'bt %toﬂ'isg%uﬁmc‘l'h ﬁf p#?fcﬁ?ﬁé%sg{gbéﬂﬁ%rﬁ H}%nln% to alloy

n the ran 0

powdfraeding anaiidop aﬁsmrepﬁs"éeﬁwﬁ%? BpiL sefiFfrigation method,
powder in this case is obtained with a special nethod

and eerainighphesparewdee (fafanto Raieot Picumert é) .+ h&icegsding to this
Wth respect to the naterials obtained with the 15

metHaaf,egoisngossibeds, obtainha $putteringateeget ifostusexam epagnetic
the object is sinply form' ng the particles

recocagggrﬁ%ﬂ}‘rﬁdﬁﬁleéﬁen%%ﬁ?g oW ﬁb?m VHich RerBmitAH&e powder

secon a target texture

o oA, A 3L Bl b A oS, vy

Based on these types of nethods, it is assumed that
of hyRAESSIRG wi | | i ncrease 20 enor mous| y upon forming a
film based on sputtering as described later, which
wi Als baotimél examplet qrgposedt s Cal- baser abogrcontaining a silica
exanpl e of a magnetic target, disclosed are a

phas@)iﬁt whmetﬁ@we%gegnmh%ugmamh the IRsé erigni®sum@ihod is in
a sputtering target with inproved PTF (refer

the ttaq],d;(%‘toqnb zP%Uggm (%ﬁ (\SJS)?IV%” kel §Rg; P%O;(S)III‘§§@S dostHre SPatent

to a e target, and_ not face t
oo e B Pub2bEh MiobhF i soecin
meth6od gf h?g?r? tgm%e%gltl?rseeﬂ;?ncehR%?gl){/si%f. 'mproving the

Nevertheless, with respect to the materials obtained with the
foregoing methods, in the former case (first example), the object is simply
forming the particles homogeneously as much as possible, and in the latter
case (second example), although a target texture distributed in a web shape
is obtained, the existence of coarse grains can be observed in certain places.
Based on these types of methods, it is assumed that particles will increase
enormously upon forming a film based on sputtering as described later,
which will be unfit as a target material.

Moreover, as an example of a magnetic target, disclosed are a
CoPt-base sputtering target (refer to Patent Document 3), and a sputtering

target with improved PTF (refer to Patent Document 4). Nevertheless,

these documents relate to a metal (alloy) target, and do not face the
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PTF (pass through flux) by using Co-Cr alloy powder,
Co-Cr-B all oy powder 5 or Co-Cr-Pt alloy powder
havi ng an average grain size of 20Nmas the raw
powder, and causing the target texture to becone a
di pl ophase structure by suppressing the diffusion
probfbthsnN@ntbante ridewiftd Priaeges iaswhich menmagaiebicepartities are
the foregoing case, however, it is necessary to set
; intering tenperatureto be | ow and,
dwp%%ﬁesOunently, such different problens as the 10

ar Pasehikiadipeslt Buo ofhd & gpigse RclROR Gh6aMaroving the

i nventions that no i mprovenment in target
PTF {pasadheough iftusx) dan usingkeebirealloy pomidgt Cer-Crrtig alloy powder
above, the present Applicant devel oped a high-density

or Ceplt-Faraligy pavatdr bavingnangneadragepgrdincdieedbfspeumseds the raw
ferromagnetic material, 15 which is capable of

powd&gﬁed;%gﬁe @ﬁf@té&r&je‘?"ce?f e beb6fmd dUfibloHike structure by

rated during the sputterl ng process and

sos R B MR MO e e oo

particles of nonmagnetic material are dispersed in
In th%rfcbmgmg. eafhi ehpyeve(r df els (e GRIHY tja;caﬁtenth%)smtermg
The present invention is a further 20 inprovenent of
tempteratdrer tgdendoivnaed; icomsgdqeerdht, Docturtifierait paphiesge as the
Pat ent Lai d- Open Publication No. H10-88333 [ Patent

densﬂggtﬁé'gt to aﬁa itfe SBLATY gbﬁbﬁa@tﬁwn%ﬁbbcaﬁmd‘ﬁbre there

9586 at ent Docunent Japanese Pat ent

Is aD?}S'%b@ﬁp4 L\iogﬁ{aése Fgment QL&Ud en Pﬁgkf@aefrﬂgﬁt Ir.] target

2005: 530925 Pat ep Docunent 5] Japanese Patent
chargﬁﬂrf 165 6ANNE 2‘868 fHe575 [ Pat ent Docurent 6]
E'lanese Patent Lai d- Open Publication No. 2009-001860
dght pddheeabove, thparesentPApelicanhdgvelried a high-density
Publ i cati on No. 2009-001861 |[Patent Docunent 8]
sputtbajpran éseg Rad fenb nbre ghedpe paPutle-dpersebideraNoagoetigom aterial,

which is capable of reducing the generation of particles (dust) and nodules
generated during the sputtering process and improving the mass
productivity with minimal variation in quality, by improving such a phase that
particles of nonmagnetic material are dispersed in a ferromagnetic material
(refer to Patent Document 5). The present invention is a further

improvement of the foregoing invention.

[Patent Document 1] Japanese Patent Laid-Open Publication No. H10-88333
[Patent Document 2] Japanese Patent Laid-Open Publication No. 2004-339586
[Patent Document 3] Japanese Patent Laid-Open Publication No. 2000-282229

[Patent Document 4] Japanese Patent Laid-Open Publication No. 2005-530925
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15 DI SCLOSURE OF THE I NVENTION In light of the above,
an object of the present invention is to provide a

hi gh-density sputtering target of

nonmagneti c-particl e-di spersed 10 ferromagnetic

mat eri al whose crystal grains are fine, in particular

[PaténﬁD'ob@Pr\eﬁthS]lUé;ﬁdé% Pafé}ﬁtA[ﬁMcaﬁhdﬂﬁlﬁeQOQSE@@%'ﬂﬂi ng
| ayer, which realizes inprovenent of PTF (pass

[Pat%ﬂf@ﬁggnn{ee% ;@A A %['é'sgm’gte%fth'a?d erﬁjP BﬁbéhQﬂMt%bd%%wSO

NE&Fi'n ste o n n
sputterin uction t he dust)
PatgGilpeumidiidl desaneas perem b tines FH%“EH'HPM-%@'OOWM
variation in quality, and inprovenent of mass
[Patgnibdacumant\8] JapameserPatenathidpamBubticatjonidp. 2009-001862
obj ect, the present inventors discovered, as a result

of intense study, that the particles and nodul es
generated during the sputtering can be considerably

reduced by: ag|ggh)i G8URBOFEHE N \AENTIONIC Ure of

the netal (alloy) as the magnetic material and 20 the
di spersi on nor phol ogy of nonmagnetic particles and
providing conductive property to enable the DC

sp utterlngf further inproving the PTF (pass throu ,

f1 dR)ighs aTthe) 3o e rary Bibje el 9 faeeme%%ﬁdgvenyﬁnmt% provide a

the DC nmgnetron sputtering system and inproving the
highederssity. Bamedengt hetadrgeegoiofy dinscovagiyeticiparpcksdigpersed

invention provides a 25 sputtering target of

ferrd?ﬁﬁﬁﬁ@ﬂ@tmﬁtéﬁléltWﬁb%e%@@%lsﬁ%lﬁﬂaﬁ@w(ﬁw SafRigat al suitable
h nonnegnetic particles formed of oxides are

sput%ﬁ@ﬁéﬁet’ff&r% ﬁ%ﬁ&[@ Hd‘fn fér‘ %hl%ﬁ{%‘%ﬂ# £&9 pﬂ'ovement

oy con I ng Yo Or 7 or ess

of P ot hay Ut 04 TGN ATLREnt cHepesPiirkgkib tne DC

mat eri al character| zed in that: the sputtering target
magoetodi spuepRgssy Stam wihem farming a film by sputtering, reduction in

the particles (dust) and nodules generated during the sputtering, minimal
variation in quality, and improvement of mass productivity.

In order to achieve the foregoing object, the present inventors
discovered, as a result of intense study, that the particles and nodules
generated during the sputtering can be considerably reduced by: adjusting
the texture and structure of the metal (alloy) as the magnetic material and
the dispersion morphology of nonmagnetic particles and providing
conductive property to enable the DC sputtering; further improving the PTF
(pass through flux) to realize a highly efficient deposition with the DC
magnetron sputtering system; and improving the density.

Based on the foregoing discovery, the present invention provides a

sputtering target of nonmagnetic-particle-dispersed ferromagnetic material
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the nonmagnetic particles are dispersed in the
ferromagnetic material, and schistose textures (B)
with a short side of 30 to 100m and a | ong side of 50
to 300limfornmed froma Co-Cr alloy phase in the phase
(A); and each of the nonmagnetic particles has such a

in Mﬂ@l@en@hﬁnét{;ﬁétié hphrtidlespabimetie ofs oxnedd earelOdishansed in a
all hypothetical circles with a radius of 1m around an

ferroﬁé%ﬁéﬁéﬁngfgﬁﬁlv\go}?hf% ‘Frotrhgc% HBLEI9AR &%oﬁ@éfg{iﬁ{;?a{gtﬁ% of more

€ ana si ze l'ea two contact p

i.ntersection Lnts hefween the respective .
and pPstinere3F & () Bud ol St HbS HIBAMARS Lietapd, the sputtering
ferromagnetic material and the nonnagnetic materjal. _
targedpeciof i canppmagnetio-patticler diveerset dolesromagaslier amaterial
particle that is 15 larger than a hypothetical circle
charatctdrized adithat:ofhel mpartierhty daargetbcdmiaiys gppihaisei (A) Bach that
nonmagnetic particle, or such a coarse particle that

the r\jﬂ\ﬁfrﬁapﬁtetlc ?ééft*cﬁ@é’ aFr%nH%‘ﬁ)terQQH Nh P tdHEmERHetRNInRkRkl, and

ein ace and that a hypothetical” circle is

.contained in nanmagnetj ¢. pari ihgl.e. S d
schigigegsraty ord Pore Shebl Sl gl pldS 19 Esa8 3 Tabe of 50
articular limtation on the shape and size qof the
to 3 gHEEICTrpaY RiePdar all%m*@%& the phase; (f°8i; @ngagagh of the
thread-1i ke shape having a length of 2mor |onger or
nonmagdeetciparticdmpasfsutd g drapebed, sizadhabiketpastictehis smaller
present invention can be achieved so as long as the

thanfaI egpotBefieadtircs wittea sadiusfofedumraesendiadsirbftrary point
particl e shapes or fine particles will hardly 25

ot . ¢ . _ .

it LR PO, B8 i W8t BEEA1 Gl Bontac

poin e 8 SEUBS TG REA LY iR YBabBah TR E heea cirles and
star-shaped or web-shaped particles are nore . .

the lptee'f@egmféherf@mr@pﬁenegmma&erﬂabaeg.thw@m@@@@etlc material.

spherical grains observed in :i the polished face
eaSplecificaity tleepdesgnt imeentien ghoes aoit ccover papartidlesthat is
IS

larger than a hypothetical circle with a radius of 1um around an arbitrary
point in the nonmagnetic particle, or such a coarse particle that does not
have any contact point or intersection point with the interface and that a
hypothetical circle is contained in a nonmagnetic particle.

So as long as the foregoing conditions are satisfied, there is no
particular limitation on the shape and size of the nonmagnetic particles.
For example, even if it has a thread-like shape having a length of 2um or
longer or a dendritic shape finely branched, the object of the present
invention can be achieved so as long as the foregoing conditions are
satisfied. These kinds of particle shapes or fine particles will hardly

influence the generation of particles.



[

10

15

20

25

strongly affected by the occurrence of sheddi ng. The

t hr ead- shaped or star-shaped or web-shaped texture
observed in the polishing of the surface al so exists
in the thickness direction of the target as a matter
of course. Like this, the thread-shaped or star-shaped

or T bﬁbﬁ@@@%éﬁ?ﬁfa@r\%tf@oqﬁ@@é‘riéndtsliférbb'dqhf’tﬁésferromagnetic

direction of the target w |l hardly cause sheddi ng.

matcirr'ri‘ﬁlIr 88550t ﬁeEQ?s iﬁfg?{/gﬁr ”%%“‘épﬂ%@ﬁé’ﬁ?” Rifer. it coyld be said

erromagneti ¢ nate e ‘nonnmagneti c materi a

such as oxides is effectjve in preyenti sheddi ng.

that THRGe G shenat taatnaRash of « Wab GEaPes  BaNTRS, fire more
wi dth of the thread-1ike shape or web shape to be

preferatiie tham splreriaal partinigaet iTheptargecs pizericalsgraing ledysesved in
to be dispersed. The condition of the present

the poNséd Gacei easity ehubbesheddingnetid the@ardrerbtionsof particles is
smal l er than all hypothetical circles wwth a radius of

strorﬂ)@m?fggg@ b?ﬁn@f&éédﬁéucé’%’f@héﬁdmgn the nonmagnetic

ofrthe nonmagnetic particle has at |east

t cont act ints or intersection i nts
20 Tk BhetAc ERaPed AbtELEhEREY 88 vithr et 1 bserved
_ of the ferromagnetic material and the nonmagnetic .
in theapehphing ebiBEsstHacerlsgoexi§ts mp dhe- Hriakress girection of the
star-shaped or web-shaped texture. In the foregoing
targeipas temiattericframtrsef ndkedbisstthe-thaead orapiidpestardshaped or
ferromagnetic material, the existence of the schistose

webishdpdE teRlureoRleInf fENtAidKITeds ditettidhageths target will
significant factor in inproving the PTF (pass 8

hardw;ar 3 g%llf'é(adin i SIﬁ&Ma%%‘éﬁﬁ_ h’?é;téﬂfeea (5 SHabE between the

served ' wi th an he schistose fexture

rorrcl oS R LB S0 b0 e MBS A s oxices s
effec?tg\fr:it 3{1@?gseEgﬁg%@ﬁ%f%@fﬁmgﬁfé.sg?ﬁﬁgt itthig desirable
for the width of the thread-like shape or web shape to be small and the
nonmagnetic particles of such shapes to be dispersed.

The condition of the present invention, in which the nonmagnetic
particle is smaller than all hypothetical circles with a radius of 1um around
an arbitrary point within the nonmagnetic particle, or the nonmagnetic
particle has at least two contact points or intersection points between the
respective hypothetical circles and the interface of the ferromagnetic
material and the nonmagnetic material, covers the foregoing thread-shaped
or star-shaped or web-shaped texture.

In the foregoing sputtering target of nonmagnetic-particle-dispersed

ferromagnetic material, the existence of the schistose texture (B) formed

from a Co-Cr alloy phase is a significant factor in improving the PTF (pass
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words, the schistose texture (B) is nonuniformin
conposition when conparing the central part and the
peri phery. Since the distribution status of the Cr
concentration in the schistose texture (B) forned
froma Co-Cr alloy phase changes pursuant to the to
thro®gMER)Ng tenperature or the properties of the raw
powder, it is not possible to clearly define. But in
MaRy. . e t f c
can g ERp1asiE SR LB S W SIS o et it an SEM.
the size of = schjstose rticles, but in ny case
The (SEISRGE tRAUES oB)alS ERSH b SETiRIASE &1 1017 APnalipy Phase
range of 30 to 100pm and the |ong side of a schistose
wheneaGri 4 edrcenttigidt Bt R5a186 regeorsf Nsart hesoepier 1tk the Cr
the short side of a schistose particle shall be

contéef beedrmass Ppwéh B4Rl tid pehip heryithem theseeitbaldpaite clla other
anong any circles inscribed in the schistose texture

B) n n ' a;Schj argi i
wordsy) o 0T ReFER R oI TR ARBLATh; Eofddiion when
Wi t.h i ntersecti.on with 20.the contour (periphery)
com%@n@ggﬂgcqﬁ% 6@8%%%%%3(%”%#@, the |ine segnents
connecting two arbitrary points on the contour. The _
pr Siree thavdisthibwtion Gtatiusmar thye Srogpaesntiatign: e e gchistose
target of nonmagnetic-particle-dispersed
texturer (Byrefgnatdd fretnera d0-+Gr \ahioyh p hasenaia@etges paursuahésto the
formed of oxides are dispersed in a ferromagnetic 25

intefREtdmbelafuredof fraen rifds BF thk! A penidEming hat Possible
sin r gfmrelpgnd 20at % or p@gﬁ?ess of Cr, Sa?% or nore and%o

0
to clgggivy‘ligfipleessBB{ iﬂm?ﬁg?ca@eﬁstﬁ@%?r‘?\'é‘?iiorﬁd%'f sUdiF'E®iGr alloy

sputtering targe
nonmagneti c-particl e-di spersed .ferromagnetic materi al .
phasgn&FRCPEr POBHITECk hal 1eThds GRATIUET AR HAGEtIofo Ry dnss size of
a phase ﬁA) such that the nonmagnetic particles are ,
schistospepadicles bukin-niany easgdethe shatlesidg of arehistose particle
schistose textures (B) with a short side of 30 to
is within the range of 30 to 100um and the long side of a schistose particle is

within the range of 50 to 300um.

Here, the short side of a schistose particle shall be defined as a
diameter of the maximum inscribed circle among any circles inscribed in the
schistose texture (B), and the long side of a schistose particle shall be
defined as the length of the longest line segment with no intersection with
the contour (periphery) of the schistose texture (B) among the line segments
connecting two arbitrary points on the contour.

The present invention additionally provides a sputtering target of
nonmagnetic-particle-dispersed ferromagnetic material in which
nonmagnetic particles formed of oxides are dispersed in a ferromagnetic

material formed from a Co-Cr-Pt alloy containing 5at% or more and 20at% or
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1001limand a long side of 50 to 300pmforned froma
Co-Cr-Pt alloy phase in the phase (A); and each of
the nonmagnetic particles has such a shape and size
that the particle is smaller than all hypothetical
circles with a radius of fpmaround an arbitrary

less gﬁi(ff'rt,.fyﬁtt’/i‘!oﬁ‘ hBfe ANYBORS,I 6r R bFIF, aft BoSAakRe ¥8mainder

size with at least two contact points or

i ntersgctiaon ints b n t [ : ;
therq'é}pot Eﬁ?i caﬁptﬁf‘?r&r}'%s g%%&?ethe nt erﬁiﬁﬁa‘%‘e\fﬁﬁgarncle-dlspersed
ferromagnetic. material and the nonmagnetic material . , .
ferromagneiic imter chwragterized in H@%&h?é&@t@ﬂww@@t(ﬁ@mams a

fornms an alloy phase where Cr is concentrated at
phas25ai®p muaioribahethie t henowgreetianplattidesr arasdispareed in the
becones | ower toward the periphery than the central

ferrop@ddneli® neafigTalVahdsschiBto & béaupss (Bexiith @ $irtiside of 30 to
nonuni formin conposition when conparing the central

r.t . Per] ' [ ;
100 prgvr}ogggoéggsrsﬁgtogﬁbﬁg&’?g%& %ﬁ@@?rdn‘?‘éeﬁb'-@ﬂﬁt”em&?bhase in
onnagpeti c- [ - di d f f i al
the AHASm AL 358 SASHELINA NONGIAAN N CooF BPHS 6t SURdasnape and
- are dispersed in a ferromagnetic material formed from
size shabthe prrtigieals synalledtthian al hewotpesical cirslas wih a radius of
20at% or less of Cr, 5at% or nore and 30at % or | ess

1umddrokind @nSatBitrary rpoiat avithin8dtdmonnmagsethé @rtiarel @o a shape
as the remai nder thereof, the sputtering target of

and g%g%ﬁ?éi @éé’ﬁrfw&gc%?ﬁ%?fﬁbﬁﬂg dreiterRaiRIn poimisebetleen the

racterized in 2 the sputtering target

copnt ai ns _a,.ph (A C h th gpet. :
oso 20N AL ReR PAnER, SOBh Aok, Thel DR ASATIBP G, Eroaonei

and schi stose textures {Gg) Wi th a short side of 30 to
mater g FRG@MIE HIBRGIBRHE BRIk 0 300pm formed from a

Co-Cr-Pt-B alloy phase in the phase (A); and each of

t hdIsmdnntignEarieg opag tdasessthieascBistdsa tektipe HRdfeime an alloy

that the particle is smaller i than all hypothetical
phasd Welegs Q¥ ishc@nd@strateddht 268t A GUMbramermihter e yteyaamd the Cr
content becomes lower toward the periphery than the central part. In other
words, the schistose texture (B) is nonuniform in composition when
comparing the central part and the periphery.

The present invention further provides a sputtering target of
nonmagnetic-particle-dispersed ferromagnetic  material in  which
nonmagnetic particles formed of oxides are dispersed in a ferromagnetic
material formed from a Co-Cr-Pt-B alloy containing 5at% or more and 20at%
or less of Cr, 5at% or more and 30at% or less of Pt, 0.5at% or more and
8at% or less of B, and Co as the remainder thereof, the sputtering target of

nonmagnetic-particle-dispersed ferromagnetic material characterized in

that: the sputtering target contains a phase (A) such that the nonmagnetic
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wi thin the nonmagnetic particle, or a shape and size
wth at | east two contact points or intersection

poi nts between the respective hypothetical circles and
the interface of the ferromagnetic material and the
nonmagnetic material. Also in the foregoing case, the

parti%@ﬂ §Fé’8%ﬁ&ébﬁriﬁ4@@feerfrﬁ%gﬁ'éti@ MaYeridio apRESEN MG ELtextures

is concentrated at 25at% or nore near the center

th . con t S t d eh}
®) iffi¢' S tunBral S8ap TOGHRoRRE E Tonsf S o, 0B LPREL tormed
texture (B) is nonuniformin conposition when
fromc @mpaPrairRthB @dieyr A8 t imnthe heh@%e i fAkbr y@ndrmeach of the
sputtering target of nonmagnetic-particl e-di spersed
nonnuaghetic peatjickts hasmunh alshapmeadidrgjze dhahth@pastate is smaller
invention is simlarly effective as a high PTF (pass
thantdlr w?latrﬁéuém tREER! with al Iadi0Y SUlimndrdledarrarbithgy point
targét, the area ratio occupied by the textures (B) iS
409 r . 0 i . )
withififhe SR B PR, aifelt R E SRl RhY St WillE e Fliiluo contact
. (A in which the nonmagnetic particles are djspersed.
oINS gESE e ROMH SRS THEE b hFaghBEF LV o QAR Ee Bacles and
di spersed, and particularly it is effective to select
the interface wbrtbetfgprxmagnelicdesténianamd theaonsagnetic meterial.
Al, Nbo and B. The sputtering target of
noansg netthe- forego ¢ -cdiseh eheesichistssemgxiefrec(Blafanmslan alloy
according to the present invention covers all of the

phaskOVREPE T 1§W%tr§@,d§§?5§%3’or idPe Yl TR e Fdnt@r & /the Cr

nd
the nonmagneti c materi ormed from 11 oxides is 10%

cont Gy BBEFRRS, i ok P B0 SROTAERBLY 4 otnr

hi gh PTF (pass through flux) sputtering tar %et of .
wordgenHgngeN 61pse t texterai $Bér sednPBHPEREYNR | CORMRRFItigN. when
Wth the sputtering target of
companngdhetdentpalr pad| anditsparerighery. f er r omagneti c
material according to the present invention, the
noTARgnetdputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to the present invention is similarly
effective as a high PTF (pass through flux) target if, in any cutting plane of
the target, the area ratio occupied by the textures (B) is 4% or more and
30% or less relative to the area of the overall cutting plane including the
matrix phase (A) in which the nonmagnetic particles are dispersed.

Oxides are used as the nonmagnetic material to be dispersed, and
particularly it is effective to select one or more types of oxides from Cr, Ta,
Si, Ti, Zr, Al, Nb and B. The sputtering target of
nonmagnetic-particle-dispersed ferromagnetic material according to the

present invention covers all of the foregoing aspects.

Desirably, the volume ratio of the nonmagnetic material formed from
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material is preferably an oxide that will not be
reduced or deconposed even when it is ignited at 800
to 1200C together with ferromagnetic netal materials
in a vacuumor an inert atnosphere. However, a
conpatible material may be arbitrarily selected anmpng

f b t
omdéEQS ‘Pb%q%'rr}ﬂo%“%fé to{“héart !ﬁé ih Jff;?eot"a‘i‘?ét OC%\h%'e@quently, the

such unexpected e conposition variles du

presgRgatgerBin o e PlyES RIMIR , afd AP dBass irough flux

sputtering target of nonmagnetic-particle-di SE
sputi%rﬂmaﬁang%tw cn%tr@grbﬁma@@afﬂ@iﬁn@sno@r%% fefionaa petic naterial.
invention is desirably 97% or higher in relation to

t havVitansthy spdterhgul rgdt ban‘ednonmagmétm-lpa\mol@-dispersed
formula. Fornula: Calculated density = X (nol ecul ar

ferroMhgRbtis rﬂaié}falrééé@r)dlﬁg tonplectd sEntWRVBRtion, ABE Afonmagnetic
ratio/ density) As described above, the adj usted tar get

matd}§50; E’reefemt?p fTE fcﬁé‘ﬂﬁ% leﬂU?Be el@@cetd%gabcegg) osed even

when usi ng |1 magne ron sputteri

system, this tar exh S or ef ts that

whefioft SntiooHedr af 880 faol 200% TEHbER, Fib T bTtipetic meta
noti on of the charged partl cles efficiently

matenialgr #% st vagulimher cdposeri aimoseberean Hewener.edseampatible
t hereby. Thus, hi gh-speed deposition based on DC

matealt inery he arbltmlyl selectéd kowdng nhedase goinighexiaress s uT ieis is in
of the sputtering gas or the applied voltage. 21

ordeﬁ/ﬁge%)écﬁﬂ sudh Gﬁgﬁﬁébﬁéﬁ‘eff@c@ﬂwﬂ:th%oé'éﬁw%rdsnﬂoﬁ)(/%trﬁig due to the

sputtering 12 systemis advantageous in that

redUL?&)WEOEg%&ﬁ&pﬂ%ﬁ(ﬂ@%ﬁﬁggpé%@§u&i'%rqg fﬂge sp tle?}Nng

target of the . present |nven i on, )0S S| bI e to
obtTdi® a hidgRséival i tyOfmt er itae, andSPHte 188t i cul LRrIgt of

superior effect is yielded in that a magnetic materi al
nonroagniedic-partiefdispersed sfetbdmagnetier materéalstaccording to the

present invention is desirably 97% or higher in relation to the density
calculated based on the following formula.
Formula: Calculated density = Z (molecular weight x molar ratio)” 2
(molecular weight X molar ratio.”density)

As described above, the adjusted target becomes a high PTF (pass
through flux) target and, when using it with the DC magnetron sputtering
system, this target exhibits superior effects that ionization of inert gas
resulted from the cycloidal motion of the charged particles efficiently
progresses and the deposition speed can be increased thereby.

Thus, high-speed deposition based on DC sputtering is enabled
without increasing the pressure of the sputtering gas or the applied voltage.

Moreover, in comparison to an RF sputtering system, the DC sputtering

12
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Mor eover, densification of the sputtering target of
the present invention enables inhibition of the
sheddi ng of the nonnmagnetic material, reduction of
pores and refinenent of the crystal grains by

i ncreasing adhesion of the nonmagnetic material and

systér'ﬂEHsfa?d\fégﬁﬁg%Usqn'TWa?'it' |§||neﬁ?€n§i‘?/ea§r|i1d RWRY 1d SomP6h and has

sputter rget face he present | nventi on

ow BhEA S GusURA Ao BT R B SORGHRE Al of the
presp, irvgitan; dt 45 ReW BlfodPnBDiRI  ArbSaRRaIpMaeFial, and in
spherical particles; Fig. 2 is a view showing a frane

partitutaraga snﬂpehoeaajfwameulqidedl tl éBat aFrmpagreetic matgréal can be
showing a franme format of web-shaped particles; Fig.

man&fdoﬁtu?ed"s@ﬁ\blgf@md@ﬂléwfé@m format of gourd-shaped
particles Fig. 5is an enlarged SEM i nmage of the

Mil (e rt'@n&fnlcﬁt@w i,élffh%ﬁg TS?%%eq%hﬂégfeg@f the present

, i shed face aof.the t et obtained jn Exanple 1: :
mverﬁt'an enablesnERitiaRl BT {rk, ooifRyfetic material
target obtained in 25 Exanp ;13 Fi 8 is an SEM
reductiafe obf pargd| artetefine@est Pﬁethlearcgﬁbé%tagbgéﬁ"ﬁ‘éd biyn increasing
Conparative Exanple 1; Fig. 9 is an SEMi mage of a
adhegxdbhsdfethd acenodgh éc tmam'ﬁaloandithedfe'rnom@gmmmma/terial, and
Exanple 2; 5 Fig. 10 is an enlarged SEM i nmage of the

achi@%éé'é Qﬂbtdtﬁnsﬁuttéré’@!a?rbéﬂ falcace Phukhankeapgesent invention
obtai ned in Exanple 3;
yields a superior effect of being able to reduce the particles and nodules

during sputtering and prolong the target life.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a frame format of spherical particles;

Fig. 2 is a view showing a frame format of thread-shaped particles;

Fig. 3 is a view showing a frame format of web-shaped particles;

Fig. 4 is a view showing a frame format of gourd-shaped particles;

Fig. 5 is an enlarged SEM image of the matrix portion of a polished
face of the target obtained in Example 1;

Fig. 6 is an SEM image of a polished face of the target obtained in
Example 1;

Fig. 7 is an SEM image of a polished face of the target obtained in

Example 2;

13
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Fig. 11 is an SEMinmage of a polished face of the

target obtained in Exanple 3; Fig. 12 is an SEM i nage

of a polished face of the target obtained in 10

Conparative Exanple 3; Fig. 13 is an el enent

di stribution inmage neasured with the EPVA of a

polgish f t No EXFER

|gplal 1539!2?}82?\/’ ar gggagg% P?rggg@ég?gtcﬁeo mat rléﬁpor??tgﬁned n

shed ace of the target obtained in Exanple

Comgarfge '%Xari‘@l?é 'an SEM i mage of a polished face of

the target obtained in anple 4; and Fig. 16 is

SENigmegis an SENbIiMaigedof @c@omheﬁéapsr@fegn%rs@%gqie@bwned in

Conparative Exanple 4. 20 BEST MODE FOR CARRYI NG QUT
CompidratiMyERNAONIdJ2on produci ng the sputtering target of

nonmagneti c-particl e-di spersed ferronmagnetic nateri al

acEqgditnYstah ehard¥ESEN ihlURNbE Be rhARIOhof6® dfYPBBlished
of n%t al | |Sc pomd%rrg%;el ect e!d fTrom Coe Cr E and Pt arpe

faceﬁ%ore&%?%b%‘ﬂn@/ H]o&%gn fe§uch metals is used. 14

I Ng powders —and 'one ‘or nnre types of oxide

er With vera rain size
Doli: a4 ibram g Sha08 ot §pbiheaxacd gt Hi fariekobtained in
nonmagneti c rraterlal are m xed vvlthaball mll or the

Exampke 3for approximately 20 to 100 hours, and
thereafter the m xed powder is sintered r with the HP

(hfﬁlgpﬂQSIS)amﬂ‘SElMdlrﬁa?e dfeapaiizhedefade H0®Re ttarge@6Btained in
It is thereby possible to achieve a relative density

Com?f rgy‘/%q%xé‘r'n?ﬁ@% Atom zed powder may al so be used as
he nmeta erial. Pulverization and m xing may al so

be P?ge.rligrlsn%l% & emgnpgf:srfﬁgu?%n |'mr69gné Prgeééhred with the EPMA of a

polished face of the target obtained in Example 3;

Fig. 14 is an enlarged SEM image of the matrix portion of a polished
face of the target obtained in Example 4;

Fig. 15 is an SEM image of a polished face of the target obtained in
Example 4; and

Fig. 16 is an SEM image of a polished face of the target obtained in

Comparative Example 4.
BEST MODE FOR CARRYING OUT THE INVENTION

Upon producing the sputtering target of
nonmagnetic-particle-dispersed ferromagnetic material according to the
present invention, two or more types of metallic powder selected from Co, Cr

and Pt are used, or the alloy powder of such metals is used.

14
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addition to enploying a ball mlIl. 10 Mreover,
sintering is not limted to the hot press nethod, and
the plasma discharge sintering nmethod or hot

i sostatic sintering nethod may also be used. The
target of the present invention that was produced as

desid S AR T8 RABAG! 61 Hiciane!)Ble dMlokii BBRRR with

es o nonrragnetl ITB.t erial wt

ext ure observed.on th O|ISh
an algfadt arams Pt oubeRaFam aeted o cta ah]‘%aﬂi'r Grehl: No
is smaller than all hypothetical circles wt
and Bagpd8eononfagnaiicimaiesiabiar e dnixasbinth @ik rﬁmﬂlh%r the like for
nonmagnetic particle, or a shape and size wth at
appriogaatteywo2C dot 00 hpuirm,tandrthe'relaﬂesem invixegopowder is sintered
bet ween the respective hypothetical circles and the

wnhitﬂbeﬂba to résisg h@&ﬁ@mn@tew@fh@uﬂeabf audd be 1250°C. It is
nonnagn rial. It 20 could be sal d that the

e TSRS PREN B RSP0 e,

web- sha particl es. eov he S utt rin ar get .
of Meﬁﬁgsaetﬁ%wﬂﬁh M- éi%eg%ou?eeq r gﬁadﬁ@t i '%ettalr “Material.
material according to the present invention contains
Pulvscizasiopsand treiing esay Bjsmbetperfermed wsitg roecBeniaal ironing in
100pm and a long side of 50 to 300pm 25 forned froma

add@@n% éulnlpcvdym dalbm@- Cr- Pt al |l oy phase or a
all oy phase in the phase (A) such that

i Wr%’&ﬁ} C e;rlrfdr‘?e? AR’ lisedl td IBe 1KoY EPéssarn‘?ethod and the
a: Isger S?her orraglnetl c material of the Co-

plasfi s diag, STk e, o 18 %feﬁ%sq@”ﬂ%cpémga ? iapd may
i s enconpassed with the phase (A) in which t

also bt i & hataroet eaf e SUEETELET Javentian thad \aas “produced as

significant feature of the present invention. The
desdrivexjabogesisiihetrasterizad im ¢h&B)indbesphase tkhedlbpartigles of the

have a uniform conposition. Specifically, the
nonrfi&fhetiesmdtexayiath B téiure sé@hedyon the polished face of the
material have such a shape and size that each particle is smaller than all
hypothetical circles with a radius of 1um around an arbitrary point within the
nonmagnetic particle, or a shape and size with at least two contact points or
intersection points between the respective hypothetical circles and the
interface of the ferromagnetic material and the nonmagnetic material. It
could be said that the nonmagnetic particles are often fine spherical
particles, or fine thread-shaped or star-shaped or web-shaped particles.

Moreover, the sputtering target of nonmagnetic-particle-dispersed

ferromagnetic material according to the present invention contains schistose

textures (B) with a short side of 30 to 100um and a long side of 50 to 300um

formed from a Co-Cr alloy phase, a Co-Cr-Pt alloy phase or a Co-Cr-Pt-B
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phase having a conposition where Cr is concentrated at
25at % or nore near 10 the center and the Cr content
beconmes gradually | ower toward the periphery than the
central part. Since the concentration gradient thereof
will vary dependi ng on each schi stose texture (B),

oo IR, P AP0\ IS pePemeoidwor e
T AR e g

textures (B) do _not exist considerably in the ta 9
Co-Gr-Picllae osftheoRr@aghdtt B- peY.i cfréaéll'§pm%e$d3h'3t°se exture (B)

ferromagnetic material, and the phase (A) in which
has tdetendoreagtiatti ¢s panbbnipmsarde with stres sgllase (Ap imaiwhich the
conponent. Preferably, as the anount of the phase

nonrﬁépne'tlﬁ BaMiQEEt A0 dd peveef. tTRist & @ekigriifieant 8ature of the
rati o occupi ed by the textures 20 (B) |s 4% or nore

presgﬁfﬂgﬁgﬁﬁél I ess rel at ! ve to the area of_ t he over al |

ane including the phase (A) in which the
nonﬁé&mg?gtréﬁplﬁgr %é(ﬁfqﬁégggfpﬁﬂ@n ﬁ)edoes notrr(xeggés?s'anrgly have a
nonmagneti c-particl e-di spersed ferromagnetic material .
unifavion eoveposition. s $petiéicablye theschisteseoiexdere 4B dogns an alloy
the nonmagnetic 25 material in the phase (A) in which

phaddBaiiya@teh p6sipidrt whkees Grrie chrsqrisaibd at 256t1%086 more near
nore and 30% or less in the target. As descri bed

the GHRLE: aﬁc{‘ﬁ‘néa@ﬂrlbﬂrﬁﬁﬂ gb%hé’é gradually lower toward the periphery

nonmagneti c-partic | Ssperse erro gnetl c materi al

S R G VRSO P RS RR P (L T vary

t he DC magnetron sputterlmtg system this tar ?ek?
depandingi o5 eafiersgisTeedextuntat(B) orhiat $MNQF B efategorically

gas resulted fromthe cycl oi daI notion of the charged
idenfiieti. cl HewelvkercitenOrycqnegnteaties rear the cespersof ithe schistose

speed can be increased thereby. The PTF (pass through
textdreUtB) Was®yher than the periphery of the schistose texture (B).

Nevertheless, the schistose textures (B) do not exist considerably in

the target structure of nonmagnetic-particle-dispersed ferromagnetic
material, and the phase (A) in which the nonmagnetic particles are
dispersed is the main component. Preferably, as the amount of the phase
(A), in any cutting plane of the target, the area ratio occupied by the textures
(B) is 4% or more and 30% or less relative to the area of the overall cutting
plane including the phase (A) in which the nonmagnetic particles are
dispersed. The remaining composition is configured from the
nonmagnetic-particle-dispersed ferromagnetic material.

Moreover, it is preferable that the volume ratio of the nonmagnetic

material in the phase (A) in which the nonmagnetic particles are dispersed is
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expl ai ned. The reason why the leak field is reduced in
the ferromagnetic 10 target is because the energy of
the systemis reduced and the nmagnetization wthin
the target is thereby aligned in the direction (N pole
-a S pole) of the magnetic field. It the target is a

10% RGBEAN & 38ubHraess iWithe tapgefragneti zation reaction,
the lines of magnetic force will travel along the

sang. or bi ' rw at et. : ar r
shc;r’x‘rs\;\n ng ti%%%%nd;ti Za%)tlg?\ll’l%y [ n%gl ati égilltloe?jhg QHFé& of
magnetic field, there s, magnetic perneability. If th

nonrRAgREtP PG IFPPISEd JeTiBagRcYE e aria, aceording to the
assunmed that the | eaked magnetic field will increase.

present imcentias becosses @ bighBddutpags threugh Buy) target and, when
smal | coupon that was taken froma high PTF target,

usinghr WA &ahiec OXCT Meafridtidry $puderingo shetdrw this 2&irget exhibits
conparison to those produced based on a standard

supeg[ed}dlé?ﬁﬁqlé‘t gﬁé&h%izéﬁoﬂn%frﬁ]%?f’rtfég‘er_e@ﬁ%%t itfom_ the cycloidal

rmea ecreases (= magnetlzation is difficu

ot 87 B, ] e G STl PG ok e posicon

presence of a Cr-rich nonmagnetic phase in the ,
speesc fafnt ke inexeasad (tBpreby t Hd e thangassntBreigh oilux) is now
between the 25 ferromagnetic phases beconmes weak. 17
expldimediar Thei easiom wdryptise teak fodldtiserexhiidest s dheeberwmsagnetic
(B) causes local distortion in the crystal lattice.

targetie e @Al e %ﬁ'étrg%ll%lftthé%)ls@eﬁmi% rdd@Ret ARatthermagaetization
closely related to"the crystal structure, and the

withifff %gfésr‘égjtgég?ﬁ?{)esq)g%ﬁg@éagngfﬁteuﬁlr%é(ti&‘?Q&g%g'rddiaﬁgF;P&l!éﬁ of the

stortron.

magBpict Al all oV BIBBNGl AagilTEGFLRG Jubstance with no

required. Although there are attenpts to inprove the
magpgizationppesttion sthailines ehaagngiie fomeeuyl! dorvel along the

rolling, it is considered that simlar effects are
sam¥iozbitedith or without a target.

As a parameter showing the magnetizability in relation to the
magnetic field, there is magnetic permeability. If the magnetic permeability
of the target is low, it is assumed that the leaked magnetic field will increase.
In fact, as a result of measuring a B-H loop on a small coupon that was taken
from a high PTF target, the magnetic permeability tended to be low in
comparison to those produced based on a standard production method.

As one reason the magnetic permeability decreases (= magnetization
is difficult to be aligned in the direction of the magnetic field), the
ferromagnetic phase is divided due to the presence of a Cr-rich nonmagnetic

phase in the schistose texture (B) and the exchange interaction between the

ferromagnetic phases becomes weak.
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Lowering the density or increasing the dispersed

nonmagnetic 10 material wll also increase the PTF.
However, in the foregoing cases, additional problens
such as the generation of particles wll arise. The

present invention is achieved by changing the

StHYG! V%ﬂbh A |ﬂfcoﬁ1§83ﬂ[’cﬂg§'f hife SBhRItbEL teQ’tL}’r'ed{Ef)gcéJEees local

hase S FUC ure uci ng uneven nmnmagne

response in the target,_and not en
distartioagdingits GYSERenetiGh s e SRanTaRE IaNNg to the
of the present invention. The present invention
magpetzaton aiegaiosednrielatadaio ngscryst@bsﬂglca%nee anf the magnetic
increase the PTF by approximately 5% to 20% in the
monfAite deashise ratuehcrndepacii@iein tthe mreasnsubject to lattice
invention is an inprovenent of Docunent 5 (Japanese

distdribnt @ct)tjogﬁéjfyorln'\@rde?rogfal f?e fPihe "?ﬁﬁeh@hﬁghﬁbmeﬂﬁ of these

certaln su matter ex d i n DoCunent I'S

oo RERCe PR SyBF SRR d P O eb@w@@@h fore ar

particle of the nonmagnetic nmaterj al H
attefﬁﬁ%ﬂQé&Pr@VﬁhU‘%&Ts aPRVINgs Stfﬁtﬂ ﬁattia.e. Eﬂfgleét rough cold
smal ler than all hypothetical circles with a radius
rollired, it psncansichet eahthatbsitmitaryeffectstand yigldeds t he
nonmagnetic particle, or has at |east two contact

Poi RfwerPfigl &N deakit9n orldndridding behaedisgdieed nonmagnetic
respectlve hypot heti cal circles and the interface of

matélhﬁ leﬁr 5@6‘3%%%&%@ 'Eﬁ‘F ang S8, d1ONFRYRE! chrego#ng cases,

I's as f rexarrp in the case o
nonna netl articl
addif Bnaipr&heaﬂsw It yBSStan biEahFlbe wiLagse
format of a case where a hypothetical circle with a
r adings psesephinventien JaeachievedebpFhangiagahe Sfuctptation of
a coarsen particle, and it does not correspond to the
the mpagpetic matenal,adividifgehei phase Istusttued i @and dhtreidgeing uneven
shows a case of snall particle where the radius of

magﬁagg?ﬁgﬁ gg?pté??%preﬁ ?he! RFGelNAnaNBbEEr nbhaghthhiethe foregoing
problems. This is a significant feature of the present invention. The
present invention yields a significant advantage in being able to increase the
PTF by approximately 5% to 20% in the same density.

As described above, the present invention is an improvement of
Document 5 (Japanese Patent Application No. 2006-6575). Accordingly,
certain subject matter explained in Document 5 is common in the present
invention, and will be used in the ensuing explanation.

A specific example that each particle of the nonmagnetic material
with a texture observed in the polished face of the material is smaller than

all hypothetical circles with a radius of 1um around an arbitrary point within

the nonmagnetic particle, or has at least two contact points or intersection
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with a radius of fpm and it corresponds to the
present invention. 10 These fine particles will not
cause any particul ar problem concerning the
generation of particles of the target, and it is
possible to obtain a high-density target. In the case

pom%f b%'iWS Pgéjqé‘&r\@%”ﬁb‘tﬁeﬁ?élt bﬁh%% aﬁbgthezldtén%ce of the

lew S OMAng rame suchn an exanp e. her e
arti

i S mtation,.on t rve
ferrasgaglefigmattiqhiand toe iR ehEOHE SobE CRFALT @i?@g-

with a radius of 1llemor |less around an arbjtrar Y

poif®r exampke,dinothe casetafosphriedenPRmAEReiG particles, the left

particle. Thin thread-shaped particles follow the
illustvhjient obFighe & esermw ismoavinigoa, framk Wdirhahof aa@se where a

any particular problem 20 Fig. 3 is a view showng a

hypdthéfiBaf Ffrﬁ%t n/?l; h AhadnePosharets RvIlbedss. ’theI @arncle and this is

principle e partlcl es are the sane as

» ARG b ¥ LR SRR, 18, g

Wi becone coarse and exceed the h t hetica
The widht TSTERIGR O Fipm ShP8ScasEare. Bl EoTalk RETHELE Gyiere the
of the present invention. 25 The thread-shaped or
radius af tseg@eticte isvipns leagess sinduemalkerdbesr thedhypothetical circle
the polished surface also exists in the thickness

with &i FefilsT Dimt Red Brasressonds nattherprefsettungentiShnce
this star-shaped or web- shaped structure bonded in

th%ﬁéy%hggsp%rﬂci%wlﬁﬁog qe¥? g{/t rtl%Le{r Pk concerning

cause I'ng, cou at these are even

e BB hRH el b, BB Gl @ Botain o

~ ferromagnetic rraterlal to becone the matrix is
highedenrsity V@rded. preventing shedding. Thus, it could be
said that it is desirable for the width of the
t hieaHel ¢dee shdpeead-shizaed shapwgnetiepastieles, tigbh@ is a view
smal | and particles having such shapes to be
showing a frame format of such an example. There is no particular
limitation on the length or curve so as long as it is within the hypothetical
circle with a radius of 1um or less around an arbitrary point in the cross
section of the nonmagnetic particle. Thin thread-shaped particles follow
the object of the present invention, and will not cause any particular
problem.
Fig. 3 is a view showing a frame format of the web-shaped particles.
In principle, these particles are the same as the foregoing thin
thread-shaped particles. In this case, although there are cases where the
nodes of the web will become coarse and exceed the hypothetical circle with

a radius of 1um, this case is outside the scope of the present invention.

The thread-shaped or star-shaped or web-shaped structure observed
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di spersed. 10 As ot her shapes, gourd-shaped particles
may al so be considered. Fig. 4 is a view show ng a
frame format of such gourd-shaped particles. In this
case, although the constricted part will not be a
particul ar problem the bulged part needs to have a

in thieaBbish el skHaBOBIdPBRIstd i tHEINATRAY! direBaUhbihPatiget as

particles are the sarre as spherical particles.

2 e raato PR 1 Mect Bt Bk sRsch uePihaRed  sfructure

according to the present i nvention ex Ialned abov
bonm@eheﬁhmqsesxweegom the taraes vl naspBecanse shesiding, it

100m and a long side of 50 to 300mfornmed froma
coul@db &said thyt researea e€enGnoPe eferabidasénorease in the contact
Co-Cr-Pt-B all oy phase are fornmed in a matri x (phase

area( A T sthhahapeddtma@reshapear paetliciest ahaeeh@fferromagnetic
oxi des are dispersed in a ferromagnetic material of

I ,
et Sl e e g 'g?t'h?f@? £h RRepBD- oo,
stose er t han the
coul 38| hEhiiis Hesirabietel tha b fieeBistad g shibe or star
t hr ough qux) will further i rove there is a probl em
shapey arhwebt Abageita Bg soralk apsl P@F‘tl@,heﬁt baving issicknghapes to be
and a high-density target cannot be obtained. 20

dispbksedhhi le, if the size is smaller than the foregoing
numeri cal range, the conposition distribution wl]l

be%”%tHBffs‘HdBé@“e?o@Fd -8RRbidd phetidRlsaihy@ also be considered.
hi gh-density targe d i nprovenent in the PTF (pass

t,hr.o

"o BBy ARy TS G b ppryges. i
i nproved by u5|n wder, Co-Cr-B | o

this ggRAeAIHPUGH. e nSHmts@ %Mﬁ' Rab PRR mraeefaargréyob'em’ the
grain size of 20Mm as the raw powder, and causing the

bulgedr gart tneads dot halyec envadiul mfoﬂhlaeeosﬂe@st ur ki Bgls respect,
suppr essi ng

gourd-shaped particles are the same as spherical particles.

With the structuration of the target of nonmagnetic-particle-dispersed
ferromagnetic material according to the present invention explained above,
the schistose textures (B) with a short side of 30 to 100um and a long side of
50 to 300um formed from a Co-Cr alloy phase, a Co-Cr-Pt alloy phase or a
Co-Cr-Pt-B alloy phase are formed in a matrix (phase (A) such that
nonmagnetic particles formed of oxides are dispersed in a ferromagnetic
material of the Co-Cr alloy, the Co-Cr-Pt alloy or the Co-Cr-Pt-B alloy).

If the size of the short side and the long side of a schistose texture
(B) is greater than the foregoing numerical range, although the PTF (pass

through flux) will further improve, there is a problem in that the driving force

for sintering is small and a high-density target cannot be obtained.
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the diffusion during the sintering process as nuch as
possible. In the 10 foregoi ng case, however, it is
necessary to set the sintering tenperature to be |ow
and, consequently, such different problens as the
density being low and particles being generated wi | |

Mea"i‘(v*tﬁ?e IftHd %T%]e o8 §rﬁ§ll?rb"?ﬁ§n iHe Sr CHur"?\relr%al range, the

ect'ive in resen I nvention t a the schistos

compBEgT Edégﬁlm%%@ o' BRgofie Hy BR e WAl erap Ting i Bbtain o

various sizes and is not uniformin an }/1 as shown
high-depsidy tararls @ncbaaprexapent in éh@l'?TBr{r)atSﬁet rough flux) cannot
conposition of the respective schistose textures is
be exipgetedt uniform and forms a Co-Cr alloy phase or a
Co-Cr-Pt alloy phase or a Co-Cr-Pt-B alloy phase with

20 Al%hngﬁofﬁnﬁ%’c&ﬁeﬁ?é‘%r@“é’ﬁd'é‘ WY PTH I ﬁa& th?ou?heflux) is

concentrated at 25at % or nore near the center and

o GRS SR A0 B ¥51a# 8918, dBer or o-crp

struc uratlon that is unique to the target of the
alloy,pg NaWpEnaN G erang - Ieoﬁﬁéedﬁr%%ymoaelt@ﬂ.rﬁ%aﬁwqﬁr and
contri bute to the inprovenent of 25 the PTF (pass
causihgdbghtarpakextureHe hpeeyvata idiplophiase. st2aclure by suppressing
addition, with the sputtering target of

the ﬂ@ﬁmr@@heﬁluern@altheCh@rtdhﬁ@%ﬁ@@eé@%fs)ﬂﬁl@ﬁta§ m@éﬁbl@l In the
according to the present I1nvention, which has the

fore%fn?geéggeﬁgw, Itlggrgecég‘%@oaé W@%ﬂzﬂeﬁﬁg F@rflpg?ature to

ve 14450, b o80T B8 ST bl 5368155 i o
are nerely illustrative, and the present i nvent| on

and 9#5’4'43'elsan(S‘9/\&9”9&3tle|ant”e§”§ﬁer eby. In

In light of the above, it is particularly effective in the present
invention that the schistose textures (B) within the foregoing numerical
range are to be generated.

The schistose texture (B) is of various sizes and is not uniform in any
way as shown in Fig. 6 described later. In addition, the composition of the
respective schistose textures is also not uniform, and forms a Co-Cr alloy
phase or a Co-Cr-Pt alloy phase or a Co-Cr-Pt-B alloy phase with
nonuniform Cr concentration in which the Cr is concentrated at 25at% or
more near the center and the Cr content gradually becomes lower toward
the periphery than the central part.

This is a structuration that is unique to the target of the present

invention, and is considered to significantly contribute to the improvement of

the PTF (pass through flux) in the present invention.
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ot her words, various nodifications and other

enbodi nents based on the 10 technical spirit clained

in the clains shall be included in the present

invention as a matter of course. (Exanples 1 and 2,

and Conparative Exanples 1 and 2) As sintering raw

powder, GCadditical,l oy peider thHhe was sputtexingd t h target of
sieves having different sized sieve nesh, and fine

nonRRMHStId-p &?lr@l@ed&g@ré‘edl%ﬁbﬁfa etﬂctrﬂa‘?@ﬂﬁl Cﬁcc@?dﬁﬂ? to the

sil'i con oxide 2) are used n

presaérlthva VeR! vﬂ‘flcﬁg(a%”iq%r fdi'@r ggﬁ@ﬂ%&&ﬁﬁ.@ %e?gﬁgé density

ahd oy po
Iar e an ess . t an 75pm was used. Nbreover in
G gﬁhﬂ%ﬂéﬁ Qbe Eggﬁbpéhi &o-Cr all oy powder of less 20
t han 20ppm was used, and in Conparative Exanple 2,

[Examaples]al | oy powder was not used and Cr powder of |ess
than 20Mn was used. The Co-Cr all oy powder that was

usethé@resent lMvaint ciBNOW éxainsdm aietaingvifh réterence to the
40at % or nore. The foregoi ng powders were wei ghed to

Crafflé 8 SOSN8 B 29Fefd, EgndBCare el

s FARRER 4001 LR € ndBoRol EnE T e Rool B nt Lty oo,
1050C for 2 hours, it was further subject to hot

other sWei e i aaplp@%ﬁrfgdtlmbpnﬁoa@degm amijastigresys based on the

conpact, and the obtained sintered conpact was
techmiadi Bp'ditt «laimed nira tesklarepeshalbrigetinchaededigina the present
di aneter of 180mm and a thickness of 7nm The relative

inveHEBBI 4y a0t ebésd targets was 97% or higher in
all cases, and certain targets even exceeded 98% The
(Exan§5i¥st § #HE 2SBANChhpdi e Examples 1 and 2)

As sintering raw powder, Co-Cr alloy powder that was sorted with
sieves having different sized sieve mesh, and fine powder (average grain
size of 1 to 2um) of Co and silicon oxide (SiO.) are used.

In Example 1, Co-Cr alloy powder of 75um or larger and less than
150um was used, and in Example 2, Co-Cr alloy powder of 20um or larger
and less than 75um was used.

Moreover, in Comparative Example 1, Co-Cr alloy powder of less
than 20um was used, and in Comparative Example 2, Co-Cr alloy powder
was not used and Cr powder of less than 20um was used.

The Co-Cr alloy powder that was used herein is of a composition
containing Cr at 40at% or more.

The foregoing powders were weighed to achieve a composition of

77.28Co—14.72Cr—8Si0O, (mol%), and mixed in a wet ball mill for 20 hours.
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10 [ Table 1] Raw Powder Area Ratio of PTF - - ----
(-} _ .o Exanpl e 1 Co-Cr powder of 75 to
150m + 7% 60% Co powder S:it~2powder ------.....
Exanple 2 Co-Cr powder of 20 to 75m + 4% 54%

....... Copowder - 51O -_-p..owder _ ..+ ........
Subséqgue t r
ub?e%uen%anaét&r me rplxe4d9 %OWE%%é‘ fll‘(f’:é;d% @ c@t‘PhﬁGﬁ n'RfId and

I | Ve Q
smteDr%\é‘OI EQQE%H@ _r_e_s_s_ Eﬁp@%ﬁ@@&$ p??&%ﬂﬁ%ﬂ%&v'ﬂsrﬂ%&t{%r subject
enI arged,  SEM i mage of the obtained matri x of Exanp
to hpg 'S9ﬁtﬁ/¢hc|9fef5|5§19 s(HIRY ihowienaieragsinere r%%@-p@%’p@d‘d the
fine Si02 particles were dispersed in the matrix. 15
obtalned rdisterasie compmactdwasi machipedpndibdairaa Idisie-shaged target
an arbitrary point in any Si02 particles as the

haviR§HBMIAkLEr FRYEBDNAh darthitkfesdbe7hnage, the
di stance to the interface was within the range of gum

o] [ t :
e 78153 BpSTey LU opteloRd BRReTE R P S igner in all
thennrra netic particles has ean
casesnand Re B0 Jareb even Srpkadsd B ot %{/%%Lﬂﬁ%ﬂrﬁa?hown in
circles with a radius of lumaround 23 an arbitrary
Tabledi.nt within the nonmagnetic particle, or a shape and
size with at least two contact points or intersection
poi nts between the respective hypothetical circles
and the interface of the ferromagnetic material and
[TabFé“F] nonnmagnetic materi al .

Raw Powder Area Ratio of PTF
Phase (B)

Example 1 Co-Cr powder of 75 to 150um + 7% 60%
Co powder + SiO, powder

Example 2 Co-Cr powder of 20 to 75um + 4% 54%
Co powder + SiO, powder

Comparative | Co-Cr powder of less than 20um + — 49%
Example 1 Co powder + SiO, powder

Comparative Cr powder of less than 20um + — 47%
Example 2 Co powder + SiQ, powder

The enlarged SEM image of the obtained matrix of Example 1 is
shown in Fig. 5. As shown in Fig. 5, thread-shaped fine SiO; particles were
dispersed in the matrix.

In this case, when drawing a perpendicular line from an arbitrary
point in any SiO, particles as the nonmagnetic material toward the interface,
the distance to the interface was within the range of 2um or less. In other
words, this case satisfied the condition of the present invention in which
each of the nonmagnetic particles has such a shape and size that the

particle is smaller than all hypothetical circles with a radius of 1um around
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$ Meanwhile, what is particularly unique in Exanple 1
is that, as shown in Fig. 6, Co-Cr alloy phases as a
| arge schistose texture are dispersed in the matrix
with fine Si02 particles dispersed therein. The area
of these Co-Cr alloy phases is 7% when represented in
an drbérapt poiritowithin tvemalrimageetic partiche droacgvapy atalssize with
the PTF was 60% and showed a high value. 10 And as a

at Iééﬁuhﬁlooéoﬁ’l*&%@rp(mﬁ@s tdieipees@dtiodipdintP Wetde ¥l thdeespective
| oy phase with EPMA, Iin many cases, it was

hvp@ﬁ%ékﬁt”?i&é%@%ﬂadz&% RIS 10k DU a b ik materia! and the

of the - Il oy phase and the Cr concentration
nonPagmedia 9‘%%68 s lower as it approaches the

periphery. 15 Fig. 7 is an SEM i mage of the polished

f addeahwhile, tverafeils pautiiuhady umiquEs ambdxanpleAd istibah asmshown

Fig. 7, thread-shaped fine Si02 particles were

in Fid. %eC@eGrle{]Idehﬁébéla@ aAFarpé §drestase takiureEx@tispersed in
1, when draw ng a perpendicu line froman

the ?r@’c'rltxr @ith ?ﬁ%'r;egt%éb ﬁé‘ﬁfﬁé%zd@?g?%% %R efSint heThet%réea of these

onnmagnet | ¢ e Interface
oGl 5 B85 A5 AR B TSR o O v
condition of the present invention in which each of

In thentoregeirg sasiee thari Tt veas §8Se anchshowksha high valuge

that the particle is smaller than all hypothetical
ci rAmeésasmat hesult afi absefvingpimeaetemenardiatrib wti@n yof the Co-Cr
point within the nonnagnetic particle, or a shape 25

alloy2pHa8b At NEFMAL, |h¢ﬁ§ﬁ¥h‘é‘3e§0ﬂt\ﬁ§§ cReifithiedPthat a Cr-rich phase
intersection points between the 24 respective

in WEV&PH?%' (?rl\c&ﬁlrrﬁteet?a?%étg’e r%ﬁ?é AEs nbAp the center of the

erromagne onmagneti ¢ nma
Co- &aﬂ‘é@l yla&séjpelr%cg?h glgggng@%gq gp%u%iy]%ﬁc&ggés lower as it
apprto%)é:thlgseth\geg)grlglhserr)sr sed inthe mtrix with

Fig. 7 is an SEM image of the polished face of the target obtained in
Example 2. As shown in Fig. 7, thread-shaped fine SiO, particles were
dispersed in the matrix.

As is the case with Example 1, when drawing a perpendicular line
from an arbitrary point in any SiO, particles as the nonmagnetic material
toward the interface, the distance to the interface was within the range of
2um or less. In other words, this case satisfied the condition of the present
invention in which each of the nonmagnetic particles has such a shape and
size that the particle is smaller than all hypothetical circles with a radius of

ium around an arbitrary point within the nonmagnetic particle, or a shape

and size with at least two contact points or intersection points between the
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5 fine SiC2 particles dispersed therein. The area of
these Co-Cr alloy phases is 4% when represented in the
ratio to the overall area. In the foregoing case, the
PTF was 54% and showed a high value. And as a result
of observing the elenent distribution of the Co-Cr

respddtide PhasGtheitical ERYBleAsand fHe |‘h@éﬁa¥5’et I%fEi‘lﬂ‘r’éffp{‘¢=,9rrémagnetlc
it was confirnmed that 10 a Cr-rich phase in which Cr

t L jor e exi sts near the
mat%i‘n gﬂﬁgﬁéﬁbﬁ&%gt?ﬁaho%@bﬁase and the Cr
con entr on grad becones | ower as
p'ﬁ Qhé’ Hé‘? 5%5‘9/'”9 NemRel g, alsnsﬁ%Wﬁthﬁ'QJ Co-Cr
Exanpl e 1, a schistose Co-Cr alloy phase was not
allomugmwdaa@mgeeschlsm@e raxiirg warewdigperSie@Rin the matrix with
particles are 15 dispersed. Fig. 8 is an SEMi mage of

finet3i© Nedritiehes digrarseld theeeirar JEhe evbai dfettheise Co-Cr alloy phases
Conparative Exanple 1, and a schistose texture could

is 490%@1 {E?L@@eﬁt'édF th? ra'h’%r YL o drdil &rds. alh Wforegomg

i mage o O|IS ace o thetar et obtal ned

casole B Folfe Be Pk Sy B Sl 2 1 1

matrix with the SiC2 particles dispersed therein and
t he\D-aF aareeylt tHasbsenragt e slemenitdistibationeof the Co-Cr
Co-Cr alloy phase was difficult. The PTF value in

alloCpmaaeavitheE EkbBpde id thasad@%ithrikarmpldPTEit wakwonfirmed that
Conparative Exanple 2 was 47% No inprovenent in the

a CrE’lTEh phaseo @hih @?N@%rﬁ#&ﬁﬁhte@%t(@@ﬂ%'cﬁ rﬁo?@‘éXIsts near the
Conparative Exanple 3) In Exanple 3, the Co-Cr all oy

con 53/ e R4 HFSE GPnoEFTER, gl oo

Si 02 were used as, the SI ntering raw powder.

lowegiohs, I APpLAR & pgri

Contrarily, in Comparative Example 1, a schistose Co-Cr alloy phase
was not observed anywhere in the matrix in which SiO, particles are
dispersed. Fig. 8 is an SEM image of the polished face of the target
obtained in Comparative Example 1, and a schistose texture could not be
found in Fig. 8.

Moreover, Fig. 9 is an SEM image of the polished face of the target
obtained in Comparative Example 2. In Comparative Example 2, it is not
possible to make a distinction between the matrix with the SiO, particles
dispersed therein and the Co-Cr alloy phase, and the observation of the
Co-Cr alloy phase was difficult.

The PTF value in Comparative Example 1 was 49%, and the PTF
value in Comparative Example 2 was 47%. No improvement in the PTF

could be acknowledged.
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powder of |ess than 20um and fi ne powder (average
grain size of 1 to 2pm of Co, Pt and Si 02 were used
as the sintering raw powder. The foregoi ng powders
were wei ghed to achieve a conposition of

60Co- 16Cr-16Pt-6Si 2 (nmol %, and m xed in a wet ball

(Exdfhble B%n@@&ﬁph%tw@@@eﬁﬁ rgly, after the mxed
powder was filled in a carbon nold and 10 sintered

h p S f.0 hour
fuI‘Pt %SA]EJ %btrtﬁé CE)h E glpgglcaer fégl ﬁdj %ﬂﬁdﬁ{“ %\%% USSE i
are a sjntered co act and_the tal ned sjn
Exa&pﬁgama% IngaPAMSY (ByesBe8igrain &'%% Hape @HMak Q%téo Pt and
having a dianeter of 165.1 mm and a thickness of 7mm
SiOawereelsad ae thesisleringmfaw povederai nadCoaprasivedsxamle 3, Cr

or higher. The results are showmn 15 in Table 2.
5 powHéakifeed$ than-20um-and fire powder (average grain size of 1 to 2um)

F)-l:ll:he F%%?ggo&g powders were welghed to ac@g}@% eorppogjtion of

powder of 75 to 150um + Co 10% 69% powder + Pt powder
600¢—s1 &C poviddtt o8 S 4010l )Ccangonirsgd b7 al \@gtbahmlllzf@mﬂ&hours
Co - 53% Exanple 3 powder + Pt powder + Si42 powder
Subséquenilly, afiter &md amipest] SHowvdengeasf filkd obtaicaeton mold and
matrix of Exanple 20 3. As shown in Fig. 10,

10 smtéﬂéﬁe@ﬂh&h%m?@'t praxs {HRY aﬁqrdﬂwl@for\@'l'\%ﬁéSH%@@@'UHHer subject
he matrix. In this case, when drawi ng a perpendicul ar

to holtn%ofsim ar?re% kﬂﬁé (’HPP %55 prepare a sintered compact, and the
obtained sintered compact was machined to obtain a disk-shaped target
having a diameter of 165.1mm and a thickness of 7mm. The relative
density of the obtained targets was 97% or higher. The results are shown

15 in Table 2.

[Table 2]
Area Ratio of
Raw Powder Phase (B) PTF
Example 3 | Co-Cr powder of 75 to 150um + Co 10% 69%
powder + Pt powder + SiO, powder
Comparative | Cr powder of less than 20um + Co — 53%
Example 3 | powder + Pt powder + SiO, powder

Fig. 10 is an enlarged SEM image of the obtained matrix of Example
20 3. Asshownin Fig. 10, thread-shaped fine SiO, particles were dispersed in
the matrix.

In this case, when drawing a perpendicular line from an arbitrary
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point in any SiQ2 particles as the nonmagnetic
material toward the interface, the distance to the
interface was within the range of 2pmor less. In

ot her words, this case satisfied the condition of the
present invention in which each of the nonmagnetic

poinkaf taing/ SFO{‘Q&rt%I@B &5 ﬂ’f@ﬁ%n?fﬁ‘é’gn@tn@h?é%eh'&ﬂoﬁﬁ?d the interface,

particle is smaller than all hypothetical circles wt

the ﬁ‘éﬁ%@%ﬁi TheHfeapy Wadly ﬁi‘ tbs%eﬁe"éf’%aw?ﬁga%he
ast two con oints or intersection poj
weeHthéNOFg% i \‘F@Sﬁyﬁé‘tt'ﬁ@teidcémecP?'&ﬁE'&O’hrﬂf the present

_ |n_ter.face of the ferronagnetl c material and the
inventandgnehich eachrofithe no nmad e tig pianticlEsah@s su@h atshape and
was possible to observe that Co-Cr-Pt alloy phases as

sizeghhange peofiicsd psemexdutiartal Y Sdeesiedl icirclds with fd xadius of
with fine Si02 particles dispersed therein. The

1umr§|%é)rﬁc&a?f S{lﬁltﬂr‘ﬁ’yghbglnlf'\ﬁ h&#th%ﬁ\gggéﬂﬁ%é’ﬁtlc}l@eqedshape

ases S IS represen

and 5feq (0T 3 d8ab itV S f postte” %gnté%sféétﬁg%%ﬁuﬁsd%sﬁween the
extremely high value. Meanwhile, Fig. 12 shows the
respesiiver dypotetipat girceseanti e, Intﬁnfacg gt hihg oigromagnetic

texture could not be observed anywhere in the matrix,
material ame th@TronmagbdYc @tdébakover, the results of
measuring the elenment distribution in Exanple 3 with

EPMA Rir8g8IHYVEXdmbld-3,1]. wider Eos%ftﬁeV‘R)' oDsRPUE BBt Co-Cr-Pt
are the areas in which these el enents are

il GFREHE" 814 4%, SN e e S0 SLEUI D et v
e 5385 e Vprab . 15, ot on 1

! ST%\Q ?eeglglt; haarte gngw?lcihr; SFtiS?’%t.eX\}V%re% tr?e7 area of the Co-Cr-Pt
alloy phases shown in Fig. 11 is represented in the ratio to the overall area,
it reached 10%. In the foregoing case, the PTF was 69% and showed an
extremely high value.

Meanwhile, Fig. 12 shows the texture of Comparative Example 3, but

a schistose texture could not be observed anywhere in the matrix, and the
PTF was 53%.

Moreover, the results of measuring the element distribution in
Example 3 with EPMA are shown in Fig. 13. Here, the white portions are
the areas in which these elements are considerably distributed.

In the image shown in Fig. 13, the portion near the center of the

schistose texture (B) is Cr-rich, and the Cr concentration is decreasing

toward the periphery. Accordingly, it is evident that the schistose texture
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(B) is formng a Co-Cr-Pt alloy phase of nonuniform
conposition. (Exanple 4 and Conparative Exanple 4) In
Exanple 4, the Co-C alloy powder of 75 to 150pm al so
used in Exanple 1, B powder having an average grain
size of 5pm and fine powder f (average grain size of

(B) & frmihg 2109-OPLalloftptyt bf Q%n‘ﬁﬁﬁf@r#ﬁ@é’n@%sﬁf"@n
Si nter| ng raw powder. I'n Conparative Exanple 4,

I(f(frﬁ ?;%m wder havi ng an average
(ExaPrﬂ n SI ze ghP&P [ ngﬁ i er (aver age grain
SI ze LO2 were used

tHO Egiam%' Pg]ga?%vﬁﬁo%&“oylﬁoﬁ"ﬁ@rf%fr gaot%dwe@@O used in

were wei ghed to achieve a conposition of
Exampte-1.dbpoveler Bavign an aueshg®, grainl side ofl Sum aandtfine powder
ball mll for 20 hours. Subsequently, after the m xed

(avepageegraiasiteé |dfedl Sium aocau mOroin@be Ptaded SioLeweek Wskeld as the
t he hot press (HP) at 1050C for 2 hours, it was

sintdrihd e W?:ieerPt IQ m})&&%‘?@%""ﬁk%gﬂﬂﬁ%' ;R neger %% less than

pre are S|ntere

¢t was nachi ned to obtai n di sk- shaped
20#@!%&5%% 2FihouRl ATErAd et S48 &1 3uh s Ktk ARECpowder
Amm The relative density of the obtained
avefagaeqralmzea%%ﬁuﬁn gjﬁez#mma‘ tesfttandléOsnuare Usgd as the
Table 3. 20 [Table 3] Raw Powder Area Ratio of PTF

sintePivag raw powder.. . .. ... ... ... ... ... ... ... .. 1... 75
......... to...... 1 ...... 50".pm..... + Co OO 65/ 4

57C6—=16Cr—16Pt—=3B—8TiO, (mol%), and mixed in a wet ball mill for 20
hours. Subsequently, after the mixed powder was filled in a carbon mold
and sintered with the hot press (HP) at 1050°C for 2 hours, it was further
subject to hot isostatic pressing (HIP) to prepare a sintered compact, and
the obtained sintered compact was machined to obtain a disk-shaped target
having a diameter of 165.1mm and a thickness of 6.4mm. The relative

density of the obtained targets was 98% or higher. The resuits are shown

in Table 3.
[Table 3]
Area Ratio of
Raw Powder Phase (B) PTF
Example 4 | Co-Cr powder of 75 to 150um + Co powder 7% 65%
+ Pt powder + B powder + TiO, powder
Comparative | Cr powder of iess than 20um + Co powder — 59%
Example 4 + Pt powder + B powder + TiO, powder

Fig. 14 is an enlarged SEM image of the obtained matrix of Example
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+ Pt owder + B powder + TLO2 powder - ------
Conparative -Cr powder of |ess than 20pm + Co powder
59% Exanple + Pt powder + B powder + Ti Q2powdef
..................... —--tt U L-""-- Fig, 14 is an
enl arged SEM i nage of the obtained matrix of Exanple

4. A3 ghowa iAIFYN1Y4NtHretkd-Ehapblrfpra TRDApatti¢leBavdiddispersed in

particles were dispersed in the matrix. In this case,
the WagHxdrawi ng a perpendicular Iine froman arbitrary
polI nt i n any Ti 02 particles as the nonmagnetic

materjal toward the jnterface, the.distance to the .
| ntBrihlEccast, What SIraHiNg 4 qierpensiclar | from gpnarbitrary
words, this case satisfied the condition of the

poinpiraayt TiCweatticdes ias e sanmegitetsf maieriabimugrethe interface,
particles has such a shape and size that the particle

the distsneeé terthehatedhte hwastwidiincihle cange @3 2prhioralesadi us other
of fpmaround an arbitrary point within the

word¥ORENEd & shistied the YoriiibAPST E Hestnt ihhehBoRlin which

east two contact points or Intersection points
between the respective,. hypothetical circles_and the
each] o8 Ao a8 e PPOHRRIaNAS RUER: AaPhang RA I8 that the
nhonmagnetic material. In foregoing Exanple 4, it was
partigie; 43 iealiey Hieallehypaiheaticabciries with |ayadivgses 145 around
| arge schistose texture are dispersed in the matrix
an awbittarylpoinit rveitfTinOth ep aphintd grsetilc paeticked arharskiape @ahd size with
results are shown in Fig. 15. Wien the area of the

at |dadtQwdtcdhtabt PoirtersiniBmdttioh Padntslbetween the respective
represented in the ratio to the overall area, it

I
y 0 h ' . 0
o BERERY e tied Bt HISERIRCo[ A7 orrolfe BT RTTH ano tne
but. 20 a schistose texture could not be

Ex e 4,
”Omﬂﬁgggbgd“%?f\mere in the matrix, and the

In foregoing Example 4, it was possible to observe that Co-Cr-Pt-B
alloy phases as a large schistose texture are dispersed in the matrix with
fine TiO, particles dispersed therein. The results are shown in Fig. 15.
When the area of the Co-Cr-Pt-B alloy phases shown in Fig. 15 is
represented in the ratio to the overall area, it reached 7%. In the foregoing
case, the PTF was 65%.

Meanwhile, Fig. 16 shows the texture of Comparative Example 4, but
a schistose texture could not be observed anywhere in the matrix, and the
PTF was 59%.

As evident from the above, it should be easy to understand that the
existence of a matrix phase (A) with nonmagnetic particles dispersed therein,
and a Co-Cr alloy phase (B) (or Co-Cr-Pt alloy phase (B) or Co-Cr-Pt-B alloy

phase (B)) with a short side of 30 to 100um and a long side of 50 to 300um
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PTF was 59% As evident fromthe above, it should be
easy to understand that the existence of a matrix
phase (A) with nonmagnetic particles dispersed
therein, and a Co-Cr alloy phase (B) (or Co-Cr-Pt
al l oy phase (B) or Co-Cr-Pt-B alloy 25 phase (B)) wth
Si 0 0 ;
encc?mgﬁ%éd tﬁfa @ia %baﬁ?ng?é\ﬂsagaeﬁ B?trt%rﬂﬁg frﬂﬁgrf:ﬁt role in

m 29 corrpa

ortant role in inproving the PTF. As
mpr@glrtf?@%g"gbove the existence of the phase (B)
separated from the matrix hase AE\ bl ocks th
ex HafGECriRes: abeventine epﬁ% §,PhRARe (Bheseparated from
difference in the Cr concentratlon in the phase (B)
the matex gtheasa (Apbiocks thie sxahiinge. indedadtiowoditHe apipese (A), and
that this yields the effect of inproving the PTF. In
the &ffrehes ih tie G éﬁﬁcéntrbholnslrf?'tﬁ?élrpﬁafb%t (Bheerertes a lattice
or

all oy phases (B) or the Co-Cr-Pt alloy phases (B)
dlstc;rif'i Co &dzﬁ”\@ %i %%’Qraﬂfa;‘t érﬁ%r)gélcfietsﬁ%egﬁclt dtamproving the

PTF f%%se I ﬂq‘i?iyanﬁo Nﬁf‘??&ﬁgh%ﬂb@ﬁ}%ﬁ& rg?llﬂ;}yrghases (B)

nEroverrent in the PTE was confirned when the area o
or theatpoCofPt akoy whes esBiBwas thieGar GePs-B allepehases (B) exist in
ratio of the phase (B) is less than 4% the PTF wl|

all casés, angribie esidpmtfthaanhlsycorrelste st Withaheaincag aoe df the PTF.
the phase (B) is desirably 4% 15 or nore. I\/breover

al Mﬁ!ﬂl’qﬁ h'n%tW'éH \ﬂhsoinde df@ﬂeé@iﬁ anp ?F’n;ﬁe oh in similar

nonmagneti Cc partl it area rafio

oot et L e LT TF Py RN o s

reas n%i w | become difficult toflnely
rat'ooc?fstﬁ\ﬁ'g apRd Bl oA gt7etiPc30%arti cl es. Thus, as a

preferable condition, the area ratio of t he phase (B)
i sIf te 4xenoraovof the phase (B) is less than 4%, the PTF will not

improve significantly. Thus, the area ratio of the phase (B) is desirably 4%
or more. Moreover, although this will also depend on the amount of
nonmagnetic particles, if the area ratio of the phase (B) exceeds 30%, the
volume ratio of the nonmagnetic particles in the matrix phase will relatively
increase, and it will become difficult to finely disperse the nonmagnetic
particles. Thus, as a preferable condition, the area ratio of the phase (B) is
4% to 30%.

The conditions described in the present invention are an extension of
the foregoing Examples. A person skilled in the art will obviously be able to
work the foregoing conditions and sufficiently recognize the effect of the

present invention.
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The conditions described in the present invention are
an extension of the foregoing Exanples. A person
skilled in the art will obviously be able to work the
foregoing conditions and sufficiently recognize the
effect of the present invention. 25 30 | NDUSTRI AL
APPLI CABI LI TY AsINDUSTRIALAFPOICABHIIFREr Sing the
nonmagnetic materials, inproving the PTF (pass

t hrough flux) by having schistose textures with

nonuni form 5 conposition in the ferromagnetic phase

in ich t n netic materials are dispersed, and :
t Lk resllf abRHTY s SBadhey enhagnekciiate tals, fiperoving
density is 97% or higher; the present invention, _
the PJHT i(passsthaprghaldx)hbyhingvingr schiséase dputuresi withwneRuniform
a sputtering target of nonmagnetic-particle-dispersed
comb@lsﬁttimrmgnetthfen’nirﬂagﬂétibﬁ)WaéEirimg‘nelh rnthe ndifmagnetic materials
sputtering system Accordingly, the present invention

are Hi8HErd ,eﬁnaiﬂf?{rfércggg@ﬂ/iﬁg_éh‘;ﬁghf behditpfin"dnek i the relative

recording materi a particularly contributes to

he . ipLo i.n,.mss_product i vi. ie Ko the ..

dengitf isi 7 oL T Rhghot T breBREF ik IoY gBANES S BRI & it nianiy

1. A sputtering target of )
effici@iagne SPEIAING cl e- Wikher sed f er r SREHHRENG.  mai@iged of

i n which nonmagnetic particles formed of oxides are
nonuliagetive paiticle-dispers eddgnmmagneatiermaterialr bgd DGmagnetron

Co-Cr alloy containing 5at% or nore and 20at % or |ess
sput®érify sde as the renmi nder thereof, the sputtering

Accordingly, the present invention contributes significantly to the

field of magnetic recording material, and particularly contributes to the
improvement in mass productivity and yield in the deposition of magnetic

recording layers.
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target of nonmagnetic-particle-dispersed ferromagnetic

material characterized in that: the sputtering target

contai ns a phase (A) such that the nonnagnetic 10

particles are dispersed in the ferromagnetic materi al,

and schistose textures (B) with a short side of 30 to

100pm and a | ong side of 8QAIMSPB00, umformed froma

Co-Cr alloy phase in the phase (A); and each of the

nonmagneti c particles has such a shape and size that

the particle is smaller than all hypothetical circles

with a radius of 1 around 15 an arbitrary poipt ,
. i ohiSPUtERI TS dRteset Somaneptc Thile Higkerskd Krsemagnetic

with at |east two contact points or intersection
matgurhin Widehgemmagnetspticlas fonped ldtaxddes @recdiepersed in a

and the interface of the ferromagnetic material and
ferrdinagneticnagitetiat fomhedifabm 20C8-Clagloyped hietinhimgy 5at®edr more

of nonmagneti c-particle-dispersed ferromagnetic

() I~ | i
and OO B B TP SR BT s TERAh el 1Bel e, iR, plttering
is concentrated.at 25at % .or nore near the center .

targgly' (4o o LIRS BRATHELE irits Blnar SO TG pherpaterial

than the central part. 25 3. A sputtering target of
charagiaegRetincthddy ti cl e- di spersed ferromagnetic 32

mat erial in which nonmagnetic particles formed of

oxithesspantdedhgpargetdcomtadns faep hasedA¢tsuc hritadrihal nonmagnetic

formed froma Co-Cr-Pt alloy containing 5at% or nore

partiéls 2Petdisperded i Bie fErroRfdhdiic AHteriandasdacHistose textures
less of Pt, and Co as the renmi nder thereof, th

e
() 344 SHPORI®Y BEorls, TODRRTSARES 6 i S ATRIAA rorme
fronﬁgxﬁég(;riegﬂega&%este Fno tgiprﬁ%s% PAS?saena(A) such that the

each of the nonmagnetic particles has such a shape and size that the
particle is smaller than all hypothetical circles with a radius of 1um around
an arbitrary point within the nonmagnetic particle, or a shape and size with
at least two contact points or intersection points between the respective

hypothetical circles and the interface of the ferromagnetic material and the

nonmagnetic material.

2. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to claim 1, wherein the texture (B) forms a
Co-Cr alloy phase having a composition where Cr is concentrated at 25at%
or more near the center and the Cr content becomes lower toward the
periphery than the central part.

3. A sputtering target of nonmagnetic-particle-dispersed ferromagnetic
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particles are dispersed in the ferromagnetic materi al,
and schistose textures (B) with a short side of 30 to
100pm and a long side of 50 to 300pmforned 10 froma
Co-Cr-Pt alloy phase in the phase (A); and each of the
nonmagneti c particles has such a shape and size that
matéhal irpwrﬁd:mn%rirﬁaqﬁéiib?iariibﬁt fArméy RPIIGieS Aredispbred in a
with a radius of pdm around an arbitrary point
it hinsit.h : j il e S o
ferrdhagneys" SRR UEFcR) FATh & Eo:CE, NEPCeBRfayfis sat or
oi n bet ween t he respective 15 hypot hetical, circles
mor8 2t Baafh St Bsed 1o S o TBitee AUG 0RE SiilgRS &L and Co
the nonmagnetic material. 4. The sputtering target of
as notRRgnetrietmainderc| e-tiespef,sed thieer r osRYHEring nat target of
according to claim3, wherein the texture (B) forns a
nonrBag@etict patticiy-dibpeesddv fergomaapigiisi insasrighechafactesized in
concentrated at 20 25at % or nore near the center and
thatt he O content beconmes |ower toward the periphery
than the central part. 5. A sputtering target of

OB ARGl Co PR Aot &% (BT SBRR Ay BB LR Rlagnetic

dispersed in a  ferromagnetic material fornmed froma
partiglearedigpanses)inctif tarmemaanatie matesahprrd sahisiegedpxtures
or less of G, 5at% or nore and 30at% or |ess of Pt,
(B) witbaa shosBside abBO tanti0Gantand 4 dersg ¢id®,of &l tCS0Qstm formed
the remai nder thereof, the sputtering target of

fromNQICBAePt eliRgr phaseiditheeitask {A);ram@gnetic materi al
characterized in that: the sputtering target contains

a RAteof Ne RURM & BariQREBUEELEL 2sRaRE & ESiA fhat the
ﬁe rr @ : anB sc

di spersed I1nt tci) gnetic materr al | St ose
partiltc%tésu%?’ri%lléﬁ@% Ia@l 3!5%12 re%t%rc%%&t?&Q Q%Pgu?n around
an a?ll)iltpgrypggi%? vivi?hitnh{shep?]%%%égp\%e;tig%%rticle, or a shape and size with
at least two contact points or intersection points between the respective
hypothetical circles and the interface of the ferromagnetic material and the
nonmagnetic material.

4. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to claim 3, wherein the texture (B) forms a
Co-Cr-Pt alloy phase having a composition where Cr is concentrated at
25at% or more near the center and the Cr content becomes lower toward the
periphery than the central part.

5l A sputtering target of nonmagnetic-particle-dispersed ferromagnetic
material in which nonmagnetic particles formed of oxides are dispersed in a

ferromagnetic material formed from a Co-Cr-Pt-B alloy containing 5at% or

more and 20at% or less of Cr, 5at% or more and 30at% or less of Pt, 0.5at%
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each of the nonmagnetic particles has such a shape and
size that the particle is snmaller than all

hypot hetical circles with a radius of 111m around 10
an arbitrary point within the nonmagnetic particle, or
a shape and size wth at |east two contact points or

or mBFET2Ret 881% PBt NkSsbet BerRndh e d efPank V@malnder thereof, the
hypot hetical circles and the interface of

spu@@hﬁ:ﬁ"ﬁﬂ %@ | H@ﬁﬁ'{dﬁgeéflﬁg?ﬁme-&‘lgB@?Qé‘&tfe?rorméﬁﬁéﬁE'materlal

terlng

h r}rm% St rticle-dispersed is ferromagnetic
Chatafilerirg 'Qc ding to claim5, wherein the texture (B)

formse a Co-Cr-Pt-B alloy phase having a conposition _
whelhe gpuiteringriecaet aonthing a pbaseo(dy) suntethaidhet menmagnetic
center and the Cr content becones |ower toward the

partpges pirerdispbesed he tiseférramdapidtic matéhail sand tsehistgse textures
target of nonmagnetic-particl e-dispersed 20

Wthgé’i‘w?wﬁ‘sld% BRIRY t@th 0BRAP RN IBﬁgasﬂMSEH?ﬁlé’fto %‘Ofd formed

erein, 1n any "cutting e targ

h d B 4%
o GBS RS, e AN B éf'fhe .

overall cutting plane including the phase (A)

whi @3ch pEthe Avdghagnetipartielesshas sughspshape. an@ sizgthat the

sputtering target of nonmagnetic-particl e-di spersed 25
particderiermgaber thamtadt hgpotveticali cigeles with aradafs of diums around

1to 7, wherein the 34 nonmagnetic material is one or

an dFBTt?aFWESthMtﬁm @l@é ntireagRetiErHntiele, dRa shape Bnd size with
Al . The sputterl ng target of

at Ié‘é’&"ﬁ%e&ﬁta@"{”ﬁblﬂtg &J\Aﬁﬂ%rrsc‘@& eﬂ&ﬁu gcﬂﬁ‘it\}ca“er{nﬁtlStrtleegpectlve

ccordlngto e RMime Fatio of
hypq]t&eg it ]G/é:(ﬂrka géé%t@r qrﬁg %Sgte??(cllrgga@hglclo%tenal and the
nonr%%létnteet‘lrcl %%téﬁ;?et of nonmagneti c-particl e-di spersed
6. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to claim 5, wherein the texture (B) forms a
Co-Cr-Pt-B alloy phase having a composition where Cr is concentrated at
25at% or more near the center and the Cr content becomes lower toward the
periphery than the central part.
7. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to any one of claims 1 to 6, wherein, in any
cutting plane of the target, the area ratio occupied by the textures (B) is 4%
or more and 30% or less relative to the area of the overall cutting plane
including the phase (A) in which the nonmagnetic particles are dispersed.

8. The sputtering target of nonmagnetic-particle-dispersed

ferromagnetic material according to any one of claims 1 to 7, wherein the
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ferromagnetic material according to any one of clains
1to 9, wherein the relative density is 97% or
hi gher. 10 15 35

nonmagnetic material is one or more types of oxides selected from Cr, Ta, Si,
Ti, Zr, Al, Nb and B.

9. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to claim 8, wherein the volume ratio of the
nonmagnetic material formed from oxides is 10% or more and 30% or less in
the target.

10. The sputtering target of nonmagnetic-particle-dispersed
ferromagnetic material according to any one of claims 1 to 9, wherein the

relative density is 97% or higher.
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