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Co ALLOY TARGET AND I TS PRCDUCTI ON METHOD, SOFT
MAGNETI C FI LM FOR PERPENDI CULAR MAGNETI C RECORDI NG AND
PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM 5 FI ELD OF THE
| NVENTI ON The present invention relates to a Co all oy
target for formng a soft magnetic filmand its

pr oduz ALMO YR ARGE TaANID 1 THRREDUC TIONMBTHED, 8QFT

MBERETIE Tl T S ER RO L A AR G RECIORDING AND

magnet i ' nt
remar k 2 méd@@@&ma%ﬁﬁﬁwﬁg &@5%
technol ogi es has provided | arge-capacity drives with
magnetic recording nedia having higher recording
FIg#ms OF BHE INOVENGTON ongi t udi nal magnetic 15 recording
media wi dely used at present need snmall recording bits
and t Athe preisght roention tejates te adto ekiogriargétaor forming a
recordi ng cannot be conducted by magnetic heads, to
sofbagheth dinrand étsi production mgthish @i soft megnetio@lm formed
t hese probl ens, perpendi cul ar magnetic recording with
byhngRgruebratpRllaetseet, angdsa pewmendiadar sprametizorecording

. Perpendicular nmagnetic.recording,is conducted on a
meQiBR BPRHTISTRESHRR A Rsd IFAGIEHG AT | m has a

magneti zation easy-axis vertical to its surface, with
a small demagnetizing field in bits and little

BAekerROUND @5 PHE neetNyice characteristics even at

an increased recording density, thus suitable for a
hi gh Regeat remadkablédidegetigiféiyof agatapedcdlinghe 25

per pendi cul ar magnetic recording is a doubl e-1ayer
tecldogiasdhasgutiownded 1drgeriapacityairivisngithemaphetitc rgcording

whi ch conprises a magnetic recording filmand a soft
m@gdwingrr%ﬂg]mr recording densities. However, longitudinal magnetic
recording media widely used at present need small recording bits and thus
high coercivity to such extent that recording cannot be conducted by
magnetic heads, to have higher magnetic recording density. To solve
these problems, perpendicular magnetic recording with high recording
density has been researched.

7 Perpendicular magnetic recording is conducted on a recording
medium whose magnetic film has a magnetization easy-axis vertical to its
surface, with a small demagnetizing field in bits and little deterioration of
read-write characteristics even at an increased recording density, thus
suitable for a high magnetic recording density. Developed for the
perpendicular magnetic recording is a double-layer recording medium with
high recording sensitivity, which comprises a magnetic recording film and
a soft magnetic film.

As the soft magnetic film for the double-layer recording medium,

soft magnetic Co alloy films were proposed by JP 08-014889 B and JP
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As the soft magnetic filmfor the double-Iayer

recordi ng nedium soft nmagnetic Co alloy filns were

proposed by JP 08-014889 B and JP 09- 282656 A. The

formati on of the soft magnetic filnms in the double

| ayer nmedia described in JP 08-014889 B and JP
0993826365%. A is general ly conducted by a magnetron

sputteri nfq met hod. The magnetron Sfutterl ng met hod 5

conpr i1dws Q:‘m@mgoﬁthmmﬂ%tm@gndtwﬁ s e dlke doublalayer media
target surface wt magnet di sposed on the rear
desptibogin P 08-0dts501a asenib a0 34106 Bl s @rmeraily conducted

%Igﬁon of the | eaked getlcfluxtoformathlnfllm
byg FeHOTs eI RN od. t@%ﬂ@g@ﬁﬁeﬁsswftteﬂqgsmt od

orientati on and netal iltructur of a nmagneti.c tar

COIERIASES; GFUSHRE @ bagneias Elugsto Igak ondp ada rﬁéltrfftcefWU

uneven tere

mAEcte b b8 Fas Fea g SR actorit PG .ceﬁsmﬂ{mg&riasma ina

re gt Eerts REd Rhadticrlh ok goiTonMy ARRGTE: ol 3 Hi8f spsed,
Bécra%% ttl'?@yh?{/&%es‘é%f &%tshaff Rt 811%!1 L&l tsfl% re of a

0 SuppressS-the generati par

t I
BRSO B AL ST AR o

thPafie Gh@foniRak fdffa}%;ﬁittei‘ed Filbeh G Alalof }étﬁ)ﬁr%ﬁﬁteﬂn% ant

containing Zr, Nb, Ta, etc., it is .extrenel npor
méthodpittis @inpdn’@rﬁ ha Rieveas)s ada@st ivigth 1ieile @hevBAness. In the

internmetal ['i c conpound phase. Because Zr is not

spattbengmeéthiody diiss salled patticl€s is pendrated friomt ¢heredrget daring
conpounds are fornmed even if Zr is added in a small

spatteung. b0 thesamporgant, toi suppsessheegrioyatiop afipartictes.

contrgl the structure of a  Zr-containing Co alloy
Beogysethwrens mmmwgw ot bueaneigllc cammmtph@se tizich
esent invention is to provide a éifl | oy target

te QusgHUteG Prytigles, pardewlariyon:t loy Rrgeh wit h

coﬁ?a?ﬁ&egdzn Nb, Ta, etc., it is extremely important to control the shape
and distribution of the intermetallic compound phase.

Because Zr is not substantially dissolved in Co, brittle
mtermetallic compounds are formed even if Zr is added in a small amount.
Accordingly, it i‘s extremely important to control the structure of a

Zr-containing Co alloy.

- OBJECTS OF THE INVENTION

Accordingly, an object of the present invention is to provide a Co
alloy target capable of forming a sputtered soft magnetic film with reduced
unevenness and reduced particles.

Another object of the present invention is to provide a method for

producing such a Co alloy target.
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unevenness and reduced particles. Another object of
the present invention is to provide a nethod for
produci ng such a Co alloy target. A further object of
the present invention is to provide a soft nmagnetic
filmfor perpendicul ar magnetic recording, which is
f or med\ hyrthessobct o€ thd presefio imvériion & geprovids tidoft
farther object of the present invention is to provide
magﬁetpeﬁhmﬁqnﬂpemﬂmyim'tmagnﬂmreﬂmdin@d»whiulx:irsrﬁmmdﬁgf
at | east one such soft magnetic film SUMMARY OF THE
using/EerRigpy a6 caalley tangedf i nvestigation on the netal
structure,of a Co alloy, io target for Zr-containing
sof t &a@HBtf{J&IEI|ng¢ctt9fethﬁrm@mlﬁr1§vmu§nﬂs)mm@rcowale a
t he uneyenness of crystal orjentation and netal
pegpeRdicHlas Iaaglae%rg‘&raa%nﬁémwaggm #ylepsiong such soft

solidifying a Co alloy nelt and pressure-sintering the
magiet qgﬁf‘ al | oy powder, and that the sputtering of a

Co alloy target having a Co solid solution phase and

an internetallic conpound phase finely 15 distributed

SUMM AR Y'&Fal HEINACENTEOSRN provi de a soft magnetic
filmwith little unevenness and particles. The

preseds 4 resuibt obmhtightien actliceretiBtrudiirsef a Co alloy
findings. Thus, the nethod of the present invention

tariget foir Sheontagnngsotilthagnetiafifes, thenimviesitorg Havieofol@id that
atomc %of Zr and 1 to 10 atomc % of Nbo 20 and/or
theranevemasalcfrmwsiadongniation addibhetal spucturead atatgebcan be

conprises the steps of: rapidly solidifying a nelt of
SUPW@S@E gl}’ll’éplfﬂbf sotisiidagarCalalley melicand pressugsspmyergg the

reséﬁl?qnz Al%g?@%ﬁ&f, atn% t%amé gﬁl?%tgr?ﬁé io laecgiaﬁleoyo{arggtohatwni]ﬁg a
Co solid solution phase and an intermetallic compound phase finely
distributed in the metal structure can provide a soft magnetic film with little
unevenness and particles. The present invention has been achieved by
these findings.

Thus, the method of the present invention for producing a Co alloy
target comprising 1 to 10 atomic % of Zr and 1 to 10 atomic % of Nb
and/or Ta, the balance being unavoidable impurities and Co, comprises the
steps of:

rapidly solidifying a melt of the Co alloy to produce an alloy powder;

classifying the alloy powder to a maximum particle size of 500 pm or
less; and

pressure-sintering the classified alloy powder to the target.

The rapid solidification is preferably carried out by gas
atomization. The pressure-sintering of the alloy powder is preferably

carried out by hot-isostatic pressing.
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25 pressure-sintering the classified alloy powder to
the target. The rapid solidification is preferably
carried out by gas atornization. The

pressure-sintering of the alloy powder is preferably
carried out by hot-isostatic pressing. The Co all oy

t ar getTlef Cohullayr esget of theepitasent fomptiosesoriptiged @ to 10
atomc %of Zr and 1 to 10 atomc % of Nb and/or Ta,

atomec Balodidreariubil ig 1 0uatevoicdabd ENbrend/ot Testlanbaldace deing
X-ray diffraction intensity ratio [I(l 11)/1(200)] of

ulmvpldablepmmttas 4BDOp, phaXerayedififradtian tmtefsity ratio

and/or an_X-ray diffraction intensity
[Iﬂaltlu)ﬂ@(i@)]]@f alﬁblllj)(lﬂam;q) (300np a(nﬁdaamg 1p2 406 tmam fee-Co
0002) | ane _bein 8.t0.3.5in an The
ph@@@a&im 0T 28y @ﬁypf Efif@té\(bﬂlynﬂ@a&tﬁ rgtwt[ﬁ@-blﬁbﬁ%}ﬂ@] afa

(1@6 SO|CI gé’i otégzh@'f@%ﬁ %n%(r:]}: gifé'glb Eﬁi@omase -can
"t er TR P ALl HALLY HaS Prgr s TREHOTD il’l%H?g o
soffdedifion phaSs e RenRéAdlc B "ngof‘h*{'%aes £ Gaxinith
inftef] RLe %‘?‘EF@? BB AR LR vERor i AR PR Tal S,
infefiRtallie: co per Bhﬁ?@ ﬁﬁﬁd £|dh£ﬁl8§6rtd}el (Pgﬁ? 6Pess.

I nvention endi cul magnetic recording 1s

produqe@ Oy allvlynarddie r@?ﬁ’éﬁ]ﬁa@b'rﬁﬁxﬁﬁﬁﬂﬁh&&é@ﬁc

per pendi cul ar fragnetic recordi ng nmedi um of t pr esent

peimesbilitprofdesptiape 0@t [esisd referablyt hadgn ekiyeehidofitent of
produced by using the above Co alloy target.” 20 BRI EF

30088CRIF?TESN O fulheDRAWINESyFhas ad HescomtenhefraO0gp e
showi ng the netal structure of the Co
less.
The soft magnetic film of the present invention for perpendicular
magnetic recording is produced by using the above Co alloy target.
The perpendicular magnetic recording medium of the present
invention comprises at least one soft magnetic film produced by using the

above Co alloy target.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the metal structure of the Co
alloy target of the present invention,;

Fig. 2 is a scanning electron photomicrograph showing the
cross-section microstructure of the sample of Example 1; and

Fig. 3 is a scanning electron photomicrograph showing the

cross-section microstructure of the sample of Comparative Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION

A e




10

15

20

25

alloy target of the present invention; Fig. 2is a
scanni ng el ectron photom crograph showi ng the 25
cross-section mcrostructure of the sanple of Exanple
- 1; and Fig. 3 is a scanning electron photom crograph
showi ng the «cross-section mcrostructure of the

sanpl Mirgg?maﬁt #tdtuee X dmppeesént BERhteDE theRa Co alloy
CARRYI NG THE | NVENTI ON An inportant feature of the

targed srdispensablyicontiining ar is pfoda¢ddiy ripidietsolidifying a Co
i ndi spensably containing Zr is produced by rapidly
allkyl ngitfaridhpressie-sitenng the reaitint adloyypewdenwadth ag
the resultant alloy powder with a controlled particle
cogiteedledsparticle sizeoy conprising 1 to 10 atonic % of Zr
and | tqo 10. atom c.% of Nb and/or Ta, the bal ance
bei ng &%@@ﬂ@mompnﬁ@ugih iet0 atemics of £a apd & partlOer ed

o1§i 9 BTN o8 "B e dobnde B anE s tngablripamities and

Crrhe sHBHERROTors0a BmatphiR sundoageets e vittue

s DA SRR DS lE, THiS B RHBG gDt B0

fol I By ooy, LS IR b SRR, athos,

métﬁyéﬁ-ﬁéﬁl?ﬁ sWMP chieahB s makad kﬁt%nﬁ%faﬁﬂe %ﬁn@m& &ctPas
coar se phase. gecause the Internetallic co ounds

C(%E@fg? O@Zr,%@%ﬂiﬂ CENBL mgN@i:@#péggfc%?%di Pedgk itIti?é‘

ependi ng on thé produétion met hod “of the target, i

infesmeg Bt loenpoutdireadx tidiaeBhBral@ntieditsid td ddhapaeficles
the internetallic conpound 'phase by 1the production

dunmigrepiitteBrrpwhendheiiatoratetaliftst ampoahty edisisglvedharise a
Co matrix, brittle internetallic conpounds are forned
phesen Becausd thedutieinétallic sonipovadopimse ha0greatly different
Accordingly, the structural control of the ]
shape anddistribigionodenenstinglanothe groduction method of the target, it
1s possible to control the shape and distribution of the intermetallic
compound phase by the production method.

Because Zr 1s not substantially dissolved in a Co matrix, brittle
intermetallic compounds are formed even if Zr is added in a small amount.
Accordingly, the structural control of the Zr-containing Co-based alloy is
extremely important.

Though the Co alloy has conventionally been produced by a
vacuum-casting method, the vacuum-cast Co alloy has a metal structure
having crystal orientation in alignment with a solidification direction. It
also contains greatly laminar-grown intermetallic compounds, meaning that
an Intermetallic compound phase with weak magnetism and a Co solid
solution with strong magnetism are non-uniformly distributed. With an

unecven sputtering rate variable with crystal orientation and an uneven
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extremely inportant. Though the Co alloy has

conventionally been produced by a vacuumcasting

nmet hod, the vacuumcast Co alloy has a nmetal structure

havi ng crystal orientation in alignnent with a

solidification direction. It 25 also contains greatly
lehled nargrgtievitux dueinrehalbhetof APROYRE, aNa0 (iPalléptarget

an internmetal lic conpound phase with weak nmagnetism

‘pravitles rm-solifotm spittredsoft hiagattiofdnmagnet i sm are

non-uni formy distributed. Wth an uneven sputtering
rate vidrougil thevittuctory ef dhe casteilioat ¢anbacdnammlledeeplastic
| eaked nagnetic fl ux durin? magnetron sputtering, a
weddng cuchiasdotiraligng, a progilopg somprising flotarl 8 phomer &6 of Zr
soft magnetic films. Though the structure of the cast

. |
angl | &y 19:zat08kC Sood b laad/ory Ta thethadanembringgusatidable

rising | to 10 atom c % of

. hot:rolli a Co.alloy co g .
mmurlts‘v‘samfi] %05 601 tRIRE @v%@n%qgformﬂe anteraretaldic eerapounds,

AN KB R

ARy o I SN R B B e r o1 e by
P oducss S SR gafigtcn i PrBYaRlipd I ESr A% alloy
taﬂg%égﬁgﬁflgsﬁl%‘rfé ;ntfa??g @mﬁﬁ%aﬁ fie faﬁﬁl goﬁ?iﬁéjdtfdl’f @f ?%20 8oy

e pressufe-srntering o
m¢19§ﬂattﬁegr@ésw-s : @ﬁme%saltamn%p%w%&%ﬁfmg Qo0
jimor |ess can provide a target suit e for

Biielbtstzd 69500 W@t 1886 can PRbPide fayssUa it AABIOr Shifled
paCo solid sol u%}gn phasg a%ane [ r%%rﬂn%et al | iggbcgﬁpogngg’

wihibhdms anrietd] saneturd Eomprisiand 0o pelid sehetion phiaed andan
_ Without suffering fromextrenme |amnar growh of the
intenmetalbc alonipourb phase)dvhivhseeamifextiyeansd Gimely disifibuted,
the Co solid solution phase. The reasons therefor are
withaygteringfromapktresad lathinac growth pf éhedetertztallicoy
powder il e suppressing the fgrowth of the Co solid
cogmowidaphaseansl emgeme growth of the Co solid solution phase. The
reasons therefor are presumed that rapid solidification produces Co alloy
powder while suppressing the growth of the Co solid solution phase and
permitting the intermetallic compound phase to grow as if it surrounds the
Co solid solution phase without laminar growth, and that the pressure
sintering of the Co alloy powder keeps such a fine metal structure.

Rapid solidification for forming alloy powder may be conducted
by a method of pulverizing an ingot formed by rapidly solidifying a melt,
an atomizing method by which an alloy melt is atomized with water or a
gas, etc. Among them, a gas-atomizing method is preferable because it
can produce alloy powder free from impurities such as oxygen.

The pressure-sintering method may be a hot-pressing method

applying two-dimensional pressure, or a hot-isostatic pressing method
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permtting the internetallic conpound phase to grow as
if it surrounds the 20 Co solid solution phase w thout
| am nar growth, and that the pressure sintering of
the Co alloy powder keeps such a fine nmetal structure.
Rapid solidification for formng all oy powder may be
appiodischind theve difRhRMarédsuyer | Aengthbfythe hof-iRfbtatic
by rapidly solidifying a nelt, an atom zing nethod by
prebsiag mmotiad that cehtprodued bigledenwity Riet&t bodied a¥elatively
gas, etc. Anong them a gas-atom zing nethod is
lopr Eefeparaherchmahhigh ptessuanispreferablaltbayppovsiethefgreeth of
frominmpurities such as oxygen. The pressure-sintering
crivefiah gthima anickindetmoe tafiie seinpgunds udinggipitgiing. The
t wo- di mensi onal pressure, or a hot-isostatic pressing

“copslifions apb phe hatrisosgaiic pressing meteodane ppelesahlye temmpergture

ofBlle: k30U, i mrpsuire:dh a0 da Pactor 8 ato y lhours, to

and hi.g is preferable,

. t t .

A A BB AL o oo
intermetal |lic canpounds.during sintering. The

_CO@WdW{ﬁ&]@Hﬁ g&flqﬁg%%th-quéa?g@ﬁgc pr essi ng met hod are

or cs s ang b BE e i eabR Mm@t pfeicte size
of Y BBy iRt b RRAR LY 2y P IGRE rehie BF lotal

stﬂdcﬁkﬂe%@ﬁﬁﬁ@coth&éceﬁaﬂﬁta%ﬂ%ﬁv ne ”Ph%g)%glfiflierh‘{f@hf B Co

the maxi mum partitle size 10 of the oy powder

alloy poweler aih be2rfustelbyosieVRES to prevent the netal

structure from bécom ng coarse and uneven. The

part i diothez npbriahe f€nuredf he pawear vt Rohds tles

by sieving. Another inportant feature of the present

crystabatientation ofithe Cossolt ydutonasikept ahndonoto surpress the
solid solution is kept randomto suppress the 15

ungreneesseska sputicsalisafe neapredict filnmgndf ¢cavise | sputtBexhpaxicles

sputtered particles are projected at an angle greatly
are|ppsetesaton anglecgrpstly dependmgondhe crystal orientation,
uncvenness occurs in the sputtered films if the crystal orientation is
predominant in particular directions.

To keep substantially random crystal orientation in the Co alloy

target of the present invention comprising 1 to 10 atomic % of Zr and 1 to
10 atomic % of Nb and/or Ta, the balance being unavoidable impurities

and Co, it is necessary that an X-ray diffraction intensity ratio

- [I(E11)/1(200)] of a (111) pIahe to (200) plane is 1.2 to 5 in an fec-Co

phase, and/or that an X-ray diffraction intensity ratio [1(10-11)/1(0002)] of
a (10-11) plane to a (0002) plane is 0.8 to 3.5 in an hcp-Co phase. The Co
alloy with random crystal orientation has [I(111)/1{200)] of about 2.5 in
fce-Co and [1(10-11)/1(0002)] of about 1.67 in hep-Co.  If the X-ray
diffraction intensity ratios [1(111)/I(200)] and [I(10-11)/1(0002)] were
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unevenness occurs in the sputtered filns if the

crystal orientation is predomnant in particul ar

directions. To keep substantially random crystal

orientation in the Co alloy 20 target of the present

i nvention conprising | to 10 atomc %of Zr and 1 to
olflidd the sbdv@tadesaitdy @fystd oridiftatishanégldisd peedominant in

unavoi dable inpurities "and Co, it is necessary that
pamicdargirdefidns atswitinigninereanirkabds inevdricbs bochti20@)ih the

of a (I 11) plane to (200) plane is 1.2 to 5 in an
spuwttered filpmse, and/or that an X-ray diffraction

intensity ratio [1(10- 11)/1(0002)] of 25 a (10-11)

pl ane To rad¢ont® genantionofipatictesddEing sputthdpgOit is
phase. TheCo alloy with random crystal orientation
Plﬁﬁ%l‘ﬂ%ﬂ? fo suppress dhg grewthpbatCo sslidrsolntien phasa@nd the

[1(10-11)/1(0002)] of, about 1.67 in hcp-Co._ IftheX-ray
qum&tmﬁf iﬁafmw&%r&eymﬂ%wn%@ﬁpq cempoundson)the anetal structure

e

of A bARLBLrEbE e ibgd f8 e ?re beving pupsiantially no

inf GHGENIC SR R 3h B catder SN PRl T um or

1e89! | VRGO Wid afhtrﬁgﬁ erand dé%ﬁga&ﬁﬁﬁ?#i@éﬂ ?frf:iea]{? e than 10
coarse I nterneta I C conpounds n e nNeta structure

f . 1 1 -
i tﬁé“@xﬁ;@rrﬂl}’r %Yo%vﬂﬁ_ﬁ?émiétaﬂﬂ%g@{rﬁ%%ﬁg )}?Hh‘é%'ﬂd%eeCo solid

Speci ficall t he di aneter nmum cl

solffi6h ifiede iaie aneeehBNdiRaYhineds voailankiialHi¥heolikelihood of
internmetal lic conpound phase in the Targel structure

gérerating enatithes 1 Ondveniess ih @ legked MgietidAudiduraigr of
the maxi muminscribed circle is nore than 10 Am the
magnetear sputpeoing, and ¢hue haghérdikelnpoed df geasmtandutéecnness
. Co solid solution phase are unevenly distributed,
inrthe spuiteged rofiimghgneti¢ kidmi. hood of generating
particles, unevenness in a | eaked magnetic flux during
magnetkih {exfarggt ohthe prasenhimrenilan resferebdy hes a

enerating unevenness.., .
maximum magnetic permeatsnhty of less than 100. When the maximum

magnetic permeability is 100 or more, there is a small leaked magnetic flux
during magnetron sputtering, resulting in exiremely lowered sputtering
efficiency. The maximum magnetic permeability can be further reduced
by finely and uniformly dispersing the intermetallic compound phase in the
Co solid solution phase.

The Co alloy target of the present invention preferabl& has an
oxygen content of 300 ppm or less. The oxygen content exceeding 300
ppm would deteriorate the magnetic properties of sputtered soft magnetic
films and greatly increase the amount of oxides (inclusions) in the target.

Increase 1n the inclusions leads to drastically increased chance of

generating irregular discharge during sputtering.
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15 in the sputtered soft magnetic film The Co all oy

target of the present invention preferably has a

maxi mum magnetic perneability of |ess than 100. Wen

t hemaxi mum magnetic perneability is 100 or nore,

there is a small | eaked magnetic flux during

magnetTignCoralldetdrget of dedpidsBat Invemtioneprifyrdbdyagén Fe

sputtering 20 efficiency. The maxi num neagnetic
cqreeneabi 00 pne an 1éss. f UThd e coedestaskcebilirig 160ppandvould

uni formy dispersing the intermetal lic conpound phase
lar gelytdeterdorate thel ssfilmagoetippesprertith of Gputtetad sofimgagnetic

of the present invention preferably has an oxygen
filewt ent of 300 ppm or |ess. The oxygen content

exceeding 300 25 ppm would deteriorate the magnetic

pr operkhesofsmagnaticetiba fosmedhignsingdhei Congllgydarget of the

reatly increase, the _aﬂ0u§t %f oxi des (i ncl uili ons) in

Pl‘%ﬁ%ﬂﬁl&ﬁ@@@@n 15 substantially fregfhome unsyemressauith reguced

e igesiel fngodat h%&ﬁeﬁ%@uﬁa@”&%&%&% sepiine This
sof R i 04 ’Pf?#‘é?%@ﬁ?a?ﬂftiﬂ@s"tg@@%?h? ot X
pebBBepl BREpleE ML Rt R RebicR A orfor high

m§$ﬁétk@%ﬂ)§&ir§ﬁfi I mfornmed by using the Co alloy target
or t

e present invention is substantially free from

Uneveﬁ{lﬁe‘é&ﬁﬂﬂv@ﬁ%ﬁ%ﬂ[‘ BWaiﬁEdﬁﬁ hbfd aétanrws

suitab or perpendi cul ar etic recordi ng.
Exzafiplegamied withdupiatshtheh bPteRe clifgahe R8S&intANFchAYET
to provide a perpendicular nagneti C recordi ng medi um
theweiteh can perform high io nagnetic recording. The
present invention will be explained in nore detail by
Exanpl es bel ow, without intention of restricting the

present invention )
Examples 1-3, and Comparative Examples 1-3

Each of gas-atomized alloy powders of CoggZrsNbs, CogeZr;Ta;
and Cog,ZrsTa; by atomic % was classified to a maximum particle size of
250 pm or less, and charged into a low-carbon steel capsule. Each
low-carbon steel capsule containing the atomized alloy powder was

evacuated, sealed and then sintered by a hot-isostatic pressing method at

- 100 MPa and 900°C for 2 hours. The resultant sintered Co alloy was

machined to provide a target of 100 mm in diameter and 5 mm in thickness.
For comparison, each of alloy melts of CoggZrsNbs, CogeZr,Ta; and
CogyZrsTas by atomic % was cast to an ingot in vacuum. Each Co alloy
ingot was machined to provide a target of 100 mm in diameter and 5 mm in
thickness.

| Each of the above targets was measured by an X-ray diffraction

method with respect to X-ray diffraction intensities I(111) and I(200) of a
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thereto. 15 Exanples 1-3, and Conparative Exanples 1-3
Each of gas-atornized all oy powders of
CogoZr 5Nb5, C86Zr 7Ta7 andC092Zr 5Ta3by at om ¢ % was
classified to a maxi mum particle size of 250 gnor
| ess, and charged into a | ow carbon steel capsule.
(1&4? blah@hé arcam)gi]&@é, reSpSithR1 ¢ Ol & e d Eﬁa@t, aRiZeGay
al oy powder was 20 evacuat ed, Seal ed and then
diffrateor dnteysiidsol(1 Dbt atd KOD0SS oif ag kel mp?mfe and a (0002)
| OOMPaand9Q0 Cf or 2hours. The resultant sintered Co
plaheaespectivetye i andiopeCprphdsde  K-ray giffradtiditensityratios
di aneter and 5 nun in thickness. For conparison, each
[1ok 1 1a1(3§0 Henek[ 161 0-Gdg AR GADE  weesaitcTIaadd ficvm the measured
C0927r 5Ta3by atom c % was cast to an ingot in vacuum
Xmayrlitisachonintessitiagonf thesbewerirysial pdamesovi Hae aesults are
O nimin dianeter and 5_mmin_ _thickness.

t t 1
shexahibablel andable drajse nclidensash PeaayliEimotamyniensity
i ff i hod wi t.h { to X- di ff i
raflhy A4 8PP BECTY Il DEjeriiOn BBBgH b Otasngd Srom JCEIES khlie
00) pl ively, i fec- h : d
Toft Comlpftict 5 PostetotGetionsnldards) Caidi 1(0002)  of
a (10-11) plane and a (0002) plane, respectively, in

an hcp-Co phase. X-ray diffraction intensity ratios

[1(2111)/1(200)] and [I(]iaa-bé&)l/ 1(0002)] were cal cul ated
fromthe neasured 5 X-ray diffraction intensities of

th b Th It n
Tabice 1. o e RS e T @abyI‘Y] fEGloel 1/H@OODH

intensityl r! %Pmlﬁf % anflom.crystal orientation_ which

s
\"ZJ

EXPIRCE: (bn SPRRAANES) Lara 10 Tablel1 o L o

Exlglomﬁ%rrzoos t |(ojr(1)[86l rﬁ%lg/ 1{ 200) ] &1:2 [I(I0{ID)71 (Ui)%z” (2)
Example 3 CogyZrsTa; 2.6 0.5
gg;?g;f:tli"e CogoZ1sNbs 10.5 235
gg::g;f:g"e CogsZr,Ta; 123 | 213
g}‘;ﬂ’;{:g"e CoosZrsTas 13.1 228
JCPDS Card 25 1.67

Note (1) An X-ray diffraction intensity ratio [I(111)/1(200)] in the .
fce-phase.
(2) An X-ray diffraction intensity ratio [1(10-11)/1(0002)] in the
hcp-phase.

The microstructures of the above targets were observed by a

scanming electron microscope (SEM) and an energy-dispersive X-ray




10

15

(atomc % Exanple 1Co90Zr 5Nb53. 31. 4 Exanpl e
2Co867Zr 7Ta72. 31. 7 Exanpl e 3C092Zr5Ta32. 60.5

Conpar at i veCO90Zr 5Nb510. 523. 5 Exanple 1
Conpar ati veC086Zr 7Ta712. 321. 3 Exanple 2
Conpar at i veCo92Zr 5Ta313. 122. 8 Exanpl e 3 JCPDS

flaredeeride
ratio [1(111)/1(200)]

DOt halverAn As ERYwall inf FRCUI oRe Hih

fcc- phase.

in the

(2)

8ot bf the
An

X-ray

mdxirhuacinsefibedtotreie Lyinratdgoh Halfng holiht&esetillid formpeund
15 The m crostructures of the above targets
phased ohsenvasiirby om a SEM phugogtapdt grﬁagmfwaoimﬁ R600P6the

hcp- phase.

-di spersive X-ray 10

| uorescence (ED,

and an energ

maﬁilsmmreﬁcﬁy@wdmwgct Fig. 1, the dianmeter of the
mexi mum i nscribed circle 2 in a region having no
i nt er refegtipiece ofgbunth imp

phot ogr ap

Al
1000) of the

met al

wdthcinanS an8EM

.(magni fication: ]
thigkngss machipe %&ﬂite@ﬁbéﬁtg% was @weaspiescwithfrespechioim

l ength, 10 nm
MR G SEAEIE N

i mum, ma

in wd

Permg
pifl s R HiEsufed Wi

abiii o < BCues

RpEL i B

“thi

RZREE

a DC ma
oxygen co

fer
)

ness machi ned
mgtey. Each test

it by & LFco

method, and an Fe content by an ICP method. The results are shown in

Table 2.
Table 2
Diameter of Maximum | O
Composition | Maximum . XYEM | pe Content
No. o ; Magnetic | Content
(atomic %) Inscribed Permeabilit (ppm) (ppm)
Circle (um) Ty P
Example 1 CogoZrsNbs 4 16 230 40
Example 2 CogsZr;Tay 3 12 290 50
Example 3 CogoZrsTas 3 25 160 35
Comparative | (o 7+ Nb 17 22 40 40
Example 1 PO&ESENES
Comparative
Bxample 2 CogsZr,Ta, 14 18 60 40
Comparative
Example 3 CogyZrsTa; 13 40 30 50

Figs. 2 and 3 are scanning electron photomicrographs showing the

cross-section microstructures of Example 1 and Comparative Example 1

shown in Table 1.

In each photomicrograph, the Co solid solution phase

is dark gray, and the intermetallic compound phase is pale gray. Fig. 2

indicates that the Co solid solution phase and the intermetallic compound
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pi ece was al so neasured with respect to an oxygen

content by a LECO nethod, and an Fe content by an ICP
nmet hod. The results are shown in 10 Table 2. Table 2
Conposi tionD aneter of Maxi nunOxygenFe Content Maxi mum
No. (atomi c %I nscri bedMvagneti cContent(ppm Crcle

s were ilely UichibimedEiram ardGaiOZe AHBRAL 6230403 indi
pExarrpl e 2Co86Zr 7Ta731229050 anpl e éﬁb é 3 mdicates
thCehe ZrgEad3 LolPaatice TE)&II’QII;IGV ¢ CrdQZstrirnid 28ARARIng a large
Exanpl e 1 ConparativeCo86Zr /Ta714186040 Exanple 2
Comuiat solutietosieae 5Tid3 sA03Ds irfiarrews: FiteemeRlkod 3

are scanni ng el ectron photoni crographs showi ng the 15
cempeyndgquhtasen nicrostructures of Exanple 1 and

Conpar atjve Exanple 1 shown in Table 1. In each

phot onb/singyeanknot theebowestargetss al0ub-itm-thickssputteredaibm was

ray, and the internetallic conpound phase is pale

fcgrm;d opiagd-inch Shawbsirate at s Ar peessure of O Paland o C power

: and_the intermetallic _.compound .1 hase were .
of 5‘2@ V- di 56 Megswied Imezsr 9£p@§n§d§s ?éﬁé&&)@ma spugferest Si

sUAFIE 1 Shabiiah Tae 300 B e Bl BRA0et With BB Exdmple 1
as 100.

Table 3
No Composition Number of
' (atomic %) Particles

Example 1 COgoZT5Nb5 100

Example 2 CogsZr7Ta; 110

Example 3 CogyZrsTas 95
Comparative

Exa:mple 1 COgozrsNb5 250
Comparative

Example 2 CoggZrsTa; 300
Comparative

Example 3 CogyZ1r5Ta; 230

It is clear from Tables 1 to 3 and Figs. 2 and 3 that the Co solid
solution phase and the intermetallic compound are finely and uniformly
distributed in the Co alloy targets of the present invention having
random-oriented crystal orientation. With the diameter of the maximum
circle inscribed in a region having no intermetallic compound phase
controlled to 10 um or less, the Co alloy target of the present invention

generates reduced numbers of particles during sputtering, The Co alloy




Co solid solution phase and a greatly |am nar-grown
internmetal lic conpound phase. 5 Using each of the
above targets, a 0.5-mthick sputtered filmwas
formed on a 3-inch Si substrate at an Ar pressure of
0.5 Pa and a DC power of 500 W The neasured nunber
ta et the @reser{tdal@eion can e SEbL §hateral to %ﬁﬁ@cﬁ.’f fhdghetic
of

own in Table 3 by a relative nunber with that
C@a&lmyl glris, whichOfte peticabirty 8fftotitond peoduen d1©ti1ar
(atom c QaPartches Exanpl e 1Co90Zr 5Nb5100 Exanp
magn&i récordiri®niedaapl e 3Co92Zr 5Ta395
Conpar at i veCo90Zr 5Nb5250 Exanple 1
Conpar at i veCo86Zr 7Ta7300 Exanple 2
Conpar at i veC092Zr 5Ta3230 Exanple 3 It is clear from
"Tables 1 to 3 and Figs. 2 and 3 that the Co solid
solution phase and the intermetallic conpound are
finely and uniformly 15 distributed in the Co all oy
targets of the present invention having
randomoriented crystal orientation. Wth the dianeter
of the maximum circle inscribed in a region having no
internetal lic conpound phase controlled to 10 pm or
|l ess, the Co alloy target of the present invention -

e
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generates reduced nunbers of particles during
sputtering. The Co alloy 12 target of the present

i nvention can be stably sputtered to form soft
magnetic Co alloy films, which are particularly
effective to produce perpendi cul ar magnetic recording

- WIERAT3S WM ED :AIMED |S: 1. A nethod for producing a

Co alloy target conprising 1 to 10 atomc % of Zr and
1.1 to Wnamthoddo¥poddiingredCorallay tarhet bamprisedeitod 0
unavoi dabl e i npurities and Co, conprising the steps of
atemie b oif yrsuld dité ylidhatomieelotofdNbsmddoCiaathedyaitnce being
produce an all oy powder; classifﬁing the all oy powder
untayoidahigiimpwrpiestand €osicomprisisgahenstaps ofess: and
pressure-sintering the classified alloy powler to the
t degidly splidiyanga mel aiovaid (equalpygo produeg po o pewder;
accordjing to claiml, . to wherein rapid solidification
| Clessifyida tﬁ@@hw RATde {7 FRAsIBRIM PATHAL Shee RESU0oH Of
| %r%%]ld@]ci ng a Co alloy target according to claim1,
c in the pressure-sintering of said alloy powder is

r arefiaithicing & dhRaRA GOl DERRET & e 5EEr ar m 2.
2.1 SanteaRellfy B PRULEIE 1IC plI8y P aloBidif t@gc% L
MR R o R g e L
3. unavoiehhetioifdr prodacailta (ﬁ?alll’}q%ﬁ%éﬁ a%Bo?&ih?%o claim 1,

diffraction intensity ratio [I(1 11)/1(200)] of a

wlieréin thiOprisene-tiatd@h0 bf Bhahgllo$ pbwddrds Tarfie@oul &g~ Co

phase, and/or an X-ray diffraction intensity ratio
hopli§datid ptd{sd@®?2) ] of a (10-11) plane to a (0002)

4. The method for producing a Co alloy target according to claim 2,
wherein the pressure-sintering of said alloy powder is carried out by
hot-isostatic pressing.

5. A Co alloy target comprising 1 to 10 atomic % of Zr and 1 to 10
atomic % of Nb and/or Ta, the balance being unavoidable impurities and
Co, wherein an X-ray diffraction intensity ratio [1(111)/1(200)] of a (111)
plane to (200) plane is 1.2 to 5 in an fcc-Co phase, and/or an X-ray
diffraction intensity ratio [I(10-11)/1(0002)] of a (10-11) plane to a (0002)
plane 1s 0.8 to 3.5 in an hep-Co phése.

6. The Co alloy target according to claim 5, wherein it has a structure
comprising a Co solid solution phase and an intermetallic compound phase,
the maximum inscribed circle that can be drawn in a region having
substantially no intermetallic compound phase having a diameter of 10 ym
or less.

7. The Co alloy target according to claim 6, wherein it has a

14
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plane is 0.8 to 3.5 in an hcp-Co phase. 6. The Co
alloy target according to claim5, wherein it has a
structure conprising a Co solid solution phase and an
internetal lic conpound phase, 25 the maxi num
inscribed circle that can be drawn in a regi on having

- maubsidithh ghétic permesBIIY FIkicpMEININd phase having a

diameter of 100 m or less. 7. The Co alloy target
8.accor giheaCod allelyahfpdt.acebediichto ¢laha®, avHdefit WA an oxygen
magnetic permeabilTty of |ess than 100. 8. The Co
coatdrtyoft M) pppneockesdi ng to claim 6, wherein it has an
oxygen content of 300 ppmor less. 9. The Co all oy
9.t ar gefThadcortlioygat getaicabndifig tohenanr, iwhdrein #rhdwean Fe
content of 100 ppmor less. 10. A soft magnetic film
contmtdr lhppoudmElessmgnet i ¢ recording, which is
produced by using the Co alloy target recited in any
10sne oA sotampagrety: fit fonpespendialaranagnétic reaasdingygvhich
. med] umé@;)n'pr,i si ng (st | east one soft . magnetic fjlm
1S BF Bysing thg ¢aalloy argeyrecHeddn angomecef claimsys-9.

one of io.clains 5-9. 15, . -
11. A vet%cai magne%c recording medium comprising at least one soft

magnetic film produced by using the Co alloy target recited in any one of

claims 5-9.




