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‘i ]L Co ALLOY TARGET AND I TS PRODUCTI 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
I NVENTI ON The present invention relates to a Co alloy
target for formng a soft magnetic filmand its
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technol ogi es has provided |arge-capacity ves wWth
magnetic recording nedia having higher recording
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magneti zati on easy-axis vertical to its surface, with

a smal |l demagnetizing field in bits and little
deterioration of read-wite characteristics even at
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Recent remarkable development of magnetic recording

.tcchnologies has provided large-capacity drives with magnetic recording

media having higher 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.

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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suitable for a high magnetic recording density.

Devel oped for the 25 perpendi cul ar magneti c recordi ng

is a doubl e-l1ayer recording mediumw th high

recording sensitivity, which conprises a magnetic

recording filmand a soft magnetic film As the soft
O092P265i6cAf i | m for the doubl e-1ayer recording medi um

soft magnetic Co alloy filnms were proposed by JP

08- 014Bge fermationR{1the SofBathmotic filifs iR tHRdoAbIOTagdtsnedia

soft magnetic filnms in the double | ayer nedia
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eneral ly conducted by a nagnetron sputtering
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magnetic flux to |l eak onto a target surface with a
Cq{ﬁﬁﬂé‘?s tRuHBgsimagnetis flesitodeake onto a thegeeturfacedwith a

regi on of the | eaked
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Becszgl?speethere is an extremely brittle intermetallic compound phase, which

tends to constitute the particles, particularly in the Co alloy target
.containi_ng Zr, 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
intermetallic compounds are formed even if Zr is added in a small amount.
Accordingly, it is extremely important to control the Strucmre ofa

Zr_fcontaining Co alloy.

~ OBIECTS OF THE INVENTION

Accordingly, an object of the present invention is to provide a Co
alloy target capable of fornﬁng 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.



and distribution of the internetallic conpound phase.
Because Zr is not substantially dissolved in Co,
brittle internetallic conpounds are fornmed even if Zr

is added in a small anobunt. 20 Accordingly, it is
extrenely inportant to control the structure of a

Z @ltl
Agcgﬁggﬁg?g?grgg bfégﬁbbf € p}éggﬁﬁghﬁ€%§ﬁ£%ﬁgae€1§8ﬂ:
mEgnétitefibnCor R&pe hamulhalmggnéﬁﬁ% tGrdthe] RHILIS formed by

sputtered soft nmagnetic f uced” unevenness

uandgﬂnﬂﬁbedeﬁhraﬂoy Jyﬁnother obj ect of the present

invention is to provide a nethod for producing such a

Co al Ajstlﬂrimthem)bgetmf lilee Prbs&@tt in¥ientidn lﬂftéspi’@:‘?vxde a

|nven|on|sto provide a soft magnetic filmfor
p gular magnetinsecardinganddingm - wbinphisiisg hofamd obe such soft
usi n above Co alloy target. A still further
n’@&“&%’@ % he present invention is to provide a
per pendi cul ar magnetic recordi ng nedi um conpri sing at
| east one such soft magnetic film SUMVARY OF THE

Ppﬁgnhnvestlgatlon on the netal

structure of a target for Zr-containing
sof t { t
MA@nekésuli bf Wvestiiett ol on Heniditathlfife bP3! Co atloy

t he unevenness of cryst orien

 tangetuliriZe coht#ining g6ft mgnb gHﬁEfﬁﬁ?ﬁﬂ 1{56!%\% found that

solidifying a Co aIon m pressure-sintering
the unevenness of crystal orientation and metal structure of a target can be

suppressed by rapidly solidifying a Co alloy melt and pressure-sintering the
resultant alloy powder, and that the sputtering of a Co alloy target having 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. |
| In the first aspect, there is provided the method for producing a Co
alloy
target éomprising 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:
gas atomizing a melt of the Co alloy to produce an alloy powder;
 classifying the alloy powder to a maximum particie size of 500 pm or
less; and

pressure-sintering the classified alloy powder to the target.

feo



resultant alloy powder, and that the sputtering of a
Co alloy target having a Co solid solution phase and
an intermetallic conpound phase finely distributed in
the nmetal structure can provide a soft magnetic film
with little unevenness and particles. The present

i nvention has been achieved by these findings. In the

first ect s. provi ded the nethod for

pr oducﬁig @)S&é‘ﬁ %6?)3 ton eprelerpblyscagied out by gasonic -

% of r and.J to 10 atom c % of d/ or .the
at?}é?tl Qo HRE BEESSUTCrAtETIngG of '}'Bp@jf %iaer ds pefaably

< tom zi.ng a nelt of the Coalloy to

cmé&%‘ad’ﬁﬁgﬁhg 113‘35%@&@6?‘?811%- assi fying the alloy powder
to a maxi num particle size of 500 mor |ess; and
pressure-sintering the classified alloy powder to the
_..target. The rapid solidification is preferably carried
“‘out” by ‘gas  atomi zation. The pressuré-sintering of the T T

all oy powder is preferably carried out by

hot-isostatic pressing. 3a In a second aspect, there

is provided the Co alloy target of the present

invention conprises 1 to 10 atomc %of Zr and 1 to 10

atomc % of Nbo and/or Ta, the bal ance being

unavoi dable inpurities and Co, an X-ray diffraction

intensity ratio [21(111)/1(200)] of a (111) plane to
(200) plane being 1.2 to 5 in an fee-Co

3a



phase, and/or an X-ray diffraction intensity ratio
[1(10-11)/1(0002)] of a (10-11) plane to a (0002)

pl ane being 0.8 to 3.5 in an hcp-Co phase. The Co
all oy target preferably has a structure conprising a
Co solid solution phase and an internetal lic conpound

et o oo Raupeh Ul S ROTIORl he T by FBRar Br Hhe PFesent
mvemtimancomppeaises hagilgy a di ameter of 10 itmor |ess.
aflfifc2 Dt e 118sL0 afemia 86 oA Noeandopiat éhabbjarcebeing
ufBREP Bk Bad Kk BCuny difpption intansity. ratio a
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PR 6 BT Bon BitRbch Tefie IO 13 G00d ) of a
(T35 pléne IR0 PN UBAETS & T3 an BidveOaghase.
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o vant, on. Ppaee agll i utGRmeM IR ob SpABindbhALY, (6 TaEAmum
T er oSt bt o e S R RN I8FAbE Substantially yo
1!_3190& hé&ss.

InfernaetsHam apmpaind phase havingiacdianeen
Conparbi¢ & ellayarget preferably has a maximum maghetic

cross-section microstructure of the sanple o

permeability of less than 100. Italso preferably has an oxygen content of
300 ppm or less. It further preferably has an Fe content of 100 ppmi or

less.
“ | In a third aspect, there is provided the soft magnetic film for
perpendicular magnetic recording is produced by using the above Co alloy
target as defined above.
In a fourth aspect, there is provided the perpendicular magnetic
recording medium comprising at least one soft magnetic film produced by

using the above Co alloy target as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisa schematié 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



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 4a An
i nportant feature of the present invention is that a
Co alloy target indispensably containing Zr is
produced by rapidly solidifying a Co alloy nelt and
pressure-sintering the resultant alloy powder with a
controlled particle size. 5 A Co alloy conprising 1 to
10 atomic %of Zr and | to 10 atomc % of No and/or
Ta, t Eegb&liamamﬁng aleetrondstidtorhitRbEriple shavdingibe
can be sputtered to forman anorphous Soft magnetic
crdssksaotiathmmorostrgotire i thet sanphndf hrstive Example 1.
ani sotropy. This Co alloy filmcan be ormed by usi ng
a Co alloy target having the same conposition, whose

" u I ont ai ns. Co- based

BEST FOBEFDR CARBINS duERtE Ny B e BNCo2z:
Co5Zr, Co7Nb2, Co2Nb, Coija2, Co2Ta. Because the
internetal lic conpounds are extrenely brittle, they
tend to formparticles during sputtering when the
internmetal lic conpounds exi st as a coarse phase.
Because the internetallic conpound phase has greatly
different 15 shape and distribution depending on the
producti on nethod of the target, it 1is possible to
control the shape and distribution of the
internetallic conmpound phase by the production
nmet hod. Because Zr is not substantially dissolved in a
Co matrix, brittle internetallic conpounds are forned
even if Zr is added in.a small anmount. 20
Accordingly, the structural control of the
Zr-contai ning Co-based alloy is extrenely .inportant.

4a
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Though the Co all oy has conventionally been produced
by a vacuum casting nethod, the vacuum cast Co all oy
has a nmetal structure having crystal orientation in
alignment with a solidification direction. It 25 al so
contains greatly lamnar-grown internetallic

e RitimpBA ORI of Mk HER Rt SRS Adao alloy
e SRR S 25081 L e B o
altoy alehhg ?ré&‘ﬁnét‘mﬁﬂ%‘i/ﬁg e HERY t%ﬁﬁaﬂ)@gek g\%&g@@

during magnetron sputter a cas

cm’[tﬁyll@uepaﬂ@@}emzéorm sputtered soft magnetic fil ns.
Though the structure of the cast all oy can be

cont r A l@o ab @BprisinyQriel ol i a
Co all oy corrl)r?rlyngl ng 1 tgo\qltg) Ia(?gm c /o%(?) 2[1%1 l tgq? to
att_nmla%mfd\l%aﬂd/bbTapdh@bamceﬂf@ngahﬁiﬁﬁdé’slc%n urities and

unavoj dabl e inmpurities and Co, contains extrerre]?
Cor¢an be sputt@rgm fbimn malllmﬂpldeus sofikinagnetie gline w1th no
difficult. Accordingly, the structure of such

wor Ki n
mgg@ios&pcptwn andrivegnetie @nisotoapy.r oThas Gy albwrdilie can be
ation on the

fog‘%@édﬁ? P%W%dﬂ? l@%’ tgltgéé riél%?lt@é ¢ samer eemposiion, whose
mé‘%l':gpfgpﬁﬁ ﬁgﬁﬁiﬁsﬁﬁ%fag‘i@iﬁ&%ﬁéhgk&éﬁéﬁ& Such as
Céﬁ? @chr ?f?s oY ]Sglb%;q; ”'p&'z gr ee(gusg(%ﬁe
‘“@H‘?%?q“ff%?l@%ﬂ@&E@?ﬁf&ﬁi&iﬁbﬂﬁﬁ Shiskferid 16 fodnpdanales
PR TLLIP o7, v LR ANE qorphindl i Cone

phiasé.er Wo&hbé the intermetallic compound phase has greatly different
shape and distribution depending on the production method of the target, it
is possible to control the shape and distribution of the intermetallic
compound phase by the production method.

Because Zr is not substantially dissolved in a Co Iﬁatrix, 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

uneven sputtering rate variable with crystal orientation and an uneven
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conmpound phase and extrenme growh of the Co solid

sol uti on phase. The reasons therefor are presuned
that rapid solidification produces Co alloy powder
whi | e suppressing the growth of the Co solid solution
phase and permtting the internetallic conpound phase

ot fof g ORGP ot il e

providssniargualfokfiesSaiteldd¥oRousSieeRlmssuch a fine
|

metal structure. Rapid solidiffcation for formng

al | oy Timardr theestribstue® oduhie @dst Hlop cﬁﬁ%ﬁ&?gﬁﬁé)y aplastic

pul verizing an ingot formed by rapidly solidi
working sueh asthatiolhggpeCodlloy cdihpHsay 2ltbd0 ARIthid $ of Zr
atom zed with water or a 25 gas, etc. Anong them a
angak i Braiterme Yred 8L ansl/pr dhe thbbalaneedisag itnaveddable
. produceaI;aFLI oy powder free frominpurities such as
ImppyHies. anche opeentaing exitremeelyrbrittie hrernmetallie compounds,
appl yi ng two-di nensi onal

malpgSIRNIC sorking dFrissdia; Asoordgialhigthees thoatusppifisuch a Co
allfy ekl BE Y uteled Meplasticiworkingn produce.
tenpet arr Uit ilsgtigabicetpn the bip icianinethod ofa Co aloy
BP0 Tl S a8 o a o oy
e iy b P ST T
s 087 10§ S g
whsth hat urgetd) sbRRAIR c6f rfs‘i‘n%’ifé ?ﬁ%lﬁ?é@hﬁdrﬁggﬁe and an

liquid phase. In the nethod e present | I on,

intetraetaibic vompantd phassi which arefinifBem®p apkl ﬁﬂelgp&ﬁﬁﬁbuted
.is preferabl'y 250 mor less to prevent” the netal ’
without suffering from extreme laminar growth of the intermetallic
compound phase and extreme 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 atom_izing method by which an alloy melt is atomized with waterora -

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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structure from becom ng coarse and uneven. The
particle size of the Co alloy powder can be adjusted
by sieving. Another inportant feature of the present
invention is that the crystal orientation of the Co
solid solution is kept randomto suppress the 15
soft magnetic film Because

ABBREERIGE tiiecr diBensipbahpesssureq dmengahgm the datiisostatic
RSB SR e P it el
1% ebBaife hid BRI ARGon e ieblc dp Rumprpsine growth of
clystal gtaftis S i@t fffe mbfind AR SPYERRE"0 e

c&ﬁ&fioﬂ@_@lﬁé%ofi%gsfa‘i‘ﬁ S thod taﬁé‘aﬁi‘%?‘il@yg% temperature

inpurities , It i's necessary
ofi500 te 125070, Hhelns i J
(111) plane tgh( %8§’US€F§%§TiS§%%ﬁ?g\dgﬁﬁﬁgyﬁsgécﬁc%ours, to
impise, a simdéang tduatsi@nwkileayw sl hi¥tal '
_ 5 T00800) | o e Igg?ffoi}ﬂ?]p GOtk Yo become

Cqayee Withwutrgerierating & Higlidphasan hcp- Co phase. The Co
alloy with random crystal orientation has

[ 1( 114y theavethodbef Hwprezns invention; e mastimum particle size

01{)&}153:}(86 2 Ogélli(’(g‘ggi%?b%ﬁ gi’ﬂfgggl;ltyy%ﬁ(gt?mllmgr Eﬁm&w&aﬁmﬁ metal
_.an 1£10-11)/1(.0002)] were 7_. outside the above
St?%%k}’[é’s&% éCEWBEgWO@ﬁ% And ursyenoul the papielgosiza afithe Co
ol Bk S0 T AL SEA Rt 10 7 oo kabl e

{ fd 1S AhOe? P A AR FeRbu W e ﬁrsésedlllj{ tLrton i that The
crystal orientation of the Co solid solution is kept random to suppress the
unevenness of a sputtered soft magnetic film. Because sputtered particles
are projected at an angle greatly depending on the crystal orientation,
unevenness 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(A11)/1(200)] of a (111) plahe to (200) plane is 1.2 to 5 in an fcc-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
- foe-Co and [I(10-11)/1(0002)] of about 1.67 in hep-Co.  If the X-ray

diffraction intensity ratios [I(111)/1(200)] and [I(10-1 1)/I{0002)] were
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5 preferable to suppress the growth of a Co solid

sol ution phase and the formation of |am nar coarse
internetallic conpounds in the netal structure of the
Co alloy target of the present invention.

Specifically, the dianeter of the maximumcircle

o PENEFR . L T R A oo
P SR el o 98 fon M W e g e n

spufter@kigel y grown internetal lic conpound phase and
the Co solid solution phase are unevenly distributed,

resul tfagedicd i 8énérakin RAR AL hiNering, it i
particles, uneven%erésai n a@?gg&ﬁegc}eﬁagnetgfa%ﬂ)%rin%’ulrt ilsﬁg

prefegable wnswppitdss the growtl dﬂw@ﬁ%aﬁ@ Sohitkeh ggfﬁiﬁ afdl the

generating unevenness 15 in the sputtered
formgtieniaf lainhinar Goarsoiretmytdlicgrimpbuhlie intes edtal structure
invention preferably has a maxi mum nmagnetic ‘
of $he fenblloyitargét ofthe present iventhem. t Speoificatiypthe diameter
gnetic perneability is 100 or nore, there is a small
Oflr%ﬁ%n ReaK igmeeirele mggribgdrinrgregignahadingsminstantially no
. resulting in extrenely | owered sputtering 20
lﬂwalwmm@nﬁie&h&ﬁmnn@gﬁérg@t Hevelupils prefecablypk) pm or

e VBt BB e B SB35 a1
pnt S8 soBermERL o uiy et tafie sRpdihuat bane Sorl tho g pnlid
sofficEPRasd e S SELEANL IRk TER Bl 0k ebigictaiilingadiof
Be AT PARA( ] BT eRAs o Loalce A VBB R AR ©
magheittil SpattbARgs aha tﬂﬁ@?ﬁ'gﬁéll likelifOtPGELeFRRS Wevenness
in the sputtered soft magnetic film.

The Co alloy target of the present invention preferably has a
maximum magnetic permeability 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 extremely lowered sputtering
efficiency. The maximum magnetic permeability can be further reduced
by finely and uniformly dispersing the intermetallic compound phase in the
Co solid soluﬁon phase. |

The Co alloy target of the present invention preferab_lS? 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 in the inclusions leads to drastically increased chance of

generating irregular discharge during sputtering.
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generating irregular discharge during sputtering. s_
The Co alloy target of the present invention
preferably has an Fe content of 100 ppmor |ess: The
Fe content exceeding 100 ppmwould largely

deteriorate the soft magnetic properties of sputtered
m f or med

soft i.C [ oD e soft magnetic fi

by usinﬁ%{k(epg %cl)é%ﬁ}gﬁt PQI@%PT%WHE% i eR preierablnhasonn Fe
ohitSast [ f f nevenness w t.h reduced
Cﬁﬁlrtrber s g?é E))?rntl |¥)g llé@sﬁ? ' sﬁﬁ?ﬁ% (ZOIF%P?%P%@HE pm would
140 id j j tie filmgan_be .
TR Jereriget TheFolt MaBnc? HraBBRIS ofsnytlfed ot fragnetic
fidatgpendi cul ar magneti c recordi ng nedi um which can
performhigh to magnetic recordi ng. The present

i nvent (T st mdrmetiofi B @R md i |

- Exanpl es bel ovv,d%llt hodtﬁhi nt erﬁﬁgﬁ‘%ﬁ%@ﬁ@}%tﬁst of the
Ppesesdnnventientis substahaatydred $r VhnesO wi

Conpar ative Exanples 1- Bchf;cch o(gﬁggﬁsg at og:hssg\évaﬁgﬁ%%ced
nyevsss ofqrarGobuszsaithble forgSotpehidiculanthaeQBeetarliby.  This
(%gom c %was classified to a maxi num particle size of
soianaghetic sdm cambedhamgddni attleast dnvdyerhomprovidd a

ézﬁg%%e. Each | ow carhon steel capsule containing the
p eldlag magngiinraordeng peediuaguhieh careperfdrankigh
t hen, .sint eg&ad by a hot-isostatic pressing method at
mf%%eﬂﬁz{eﬁﬂ 1880C for 2 hours. The resultant sintered
Co all chined to..provide a target of. 100 nun
o di ahbediesent BveRfion will bealained in‘more detail by
Examples below, without intention of restricting the present invention

thereto.

Examples 1-3, and Comparative Examples 1-3

Each of gas-atomized alloy powders of CogZrsNbs, CogsZr,Ta;
and C0922r5Ta3 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 Clo alloy was
machined to provide a target of 100 mm in diameter and S mm in thickness.
For comparison, each of alloy melts of CogozrsNbs, CoggZr;Ta; and

Coy,Zr5Ta; 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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For conparison, each of alloy nelts of Co90Zr 5Nb5,

Co86Zr 7Ta7 and Co092Zr5Ta3 by atomc % was cast to an
ingot in vacuum Each Co alloy 25 ingot was nachi ned
to provide a target of 100 mMmmin dianmeter and 5 nmin
t hi ckness. Each of the above targets was neasured by

(L) et 08 0 TSRSV SRSl s g Xy
diante g A3010L P SOURPALOEL 1101 1shE B o)

phase,
lafQ)aesectively( fp } i i i
P re?gﬁgl%? ve‘f y?’(i nagr?cr?gp- %ﬁgs?d‘%%@ﬁ&% ?gg{(?nc%ty ratios

[I(1ad a idi [d61 04111 :
(I[ I ( 10-621 1%9/] ?(aoo[og) ]{ mgflggogg%gﬁ‘?g%&e?@%?ﬁefi iom the measyred

X-yay dyffadtiomaintensitiost eftbiet dtrsvobryishal ]?léiﬁ%ﬁ.e Théedhilts are

pl anes. The results are shown in Tab . Table 1

shawadin hebledbs dable X-alsg inchidesasachriXintyediffiartiohdhichsity

at randomcrystal orientation, which is obtained from
ratmb@r(d%m crysiah orgarationswhich o ebeainBdfromcICBDS (The

St andar d Card. 10 Table 1 No., Conposition

Yoigit Rotiiniftes 6 Fowdan Puaction Sostapis P ard at or ¢
Exanpl e 1 Co90Zr5Nb5 3.3 1.4 Exanple 2 Co86Zr7Ta7 2.3
1.7 Exanple 3 Co92Zr5Ta3 2.6 0.5 Conparative Exanpl e
1 Co9QZr5Nb5 10.5 23.5 ,IO%rIEa[r ative Co86Zr7Ta7 12.3
21.3 a

No. ﬁggg}ggiggn [1(111)/1200)® | [1(10-11)/1(0002)]?

Example 1 CogoZrsNbs 33 1.4

| Example 2 cégﬁzlr;ra7 23 17
Example 3 Cog2ZxsTa; 2.6 0.5

- Ecga";f;lr:tli"e CosoZrsNbs 05 23.5
| g}‘zﬂgfé‘g"e CogsZr,Ta; 123 | 213
g)‘(’::lll’g;:t;"e CoyyZ1sTas 13.1 22.8
JCPDS Card 25 1.67

‘Note (_1) An X-ray-diffraction intensity ratio [I(111)/I(200)] in the .

fce-phase.
(2) An X-ray diffraction intensity ratio [I(10-11)/1(0002)] in the
" hep-phase. | -

The microstructures of the above targets were observed by a

scanning electron microscope (SEM) and an energy-dispersive X-ray
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Exanpl e 2 Conparative Co92Zr5Ta3 13.1 22.8 Examle 3
JCPDS Card 2.5 1.67 Note (1) An X-ray diffraction

intensity ratio [1(111)/1(200)]
(2) An X-ray diffraction intensity ratio [1(10-

11)/1(0002) ]
e_ab

AbresiEnRe
i RGTSEF Cfifld 2 _
PRER Pl bBICS BRI B Saro (hagei

michd stiRltd

30 MM 1 n

in the

WD iTaaabis

¢ techy

f each tar

in wdth and 5 mmin

mechi nadebf BIBRAGM G HShn

a nmaxi mum

thiektresss rhachideebfronPeS6iS

to an oxygen content by

magrirhani

Table 2.

in the .

get .

f cc- phase.

hcp- phase. 15 The m crostructures
were_observed by a scanning
MASSROWR iBnkigy\l, dhe déarseies of the
DX) analq\‘/l er. As shown in Fig. 1,
HhHa ThER? g & wternetallic pompound
hase |
fgmtlomd@ﬁaogfofthe

5 A test piece of
t hi ckness

gharred et SRR ROl E ol
RS AR AL R°F

id Bibigy bYPDC M dretid AugNader! N Bddh test

abl e

D anet'er ~ of

piece was also measured with respect to an oxygen content by a LECO

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

Table 2.
Table 2 -
Diameter of Maximum | Ox
Composition Maxi - ygen
No. ; po o aximum Magnetic | Content Fe Content
(atomic %) Inscribed - : {(ppm)

Circle (sm) _Pemeablhty (ppm)
Example | | CogoZrsNbs 4 16 230 40
Example 2 COgGZr7Ta7 3 12 250 50
| Example 3 C0922r5Ta3 3 25 160 35
Comparative
Example 1 COggZI'5Nb5 17 22 40 40
Comparative
Example 2 C0362r7Ta7 14 18 60 40
Comparative ,
Example 3 CngZI'sTag, i3 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 sohiﬁon 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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Conposi tion Maxi mrum Maxi mum Oxygen Fe Content No.
atomc % lInscribed Magnetic Content (atomc |/0)
Permeability (ppm fpm) Circle (n) Exanple 1
Co90Zr5Nb5 4 16 230 40 Exanple 2 Co86zZr7Ta7 3 12 290
50 Example 3 Co0927Zr5Ta3 3 25 160 35 Conparative

a0 P ERRHEL S T

tha the targee P ICoBpMiadiie gxtaiggalé 13had e EGSEEARIY a large

phot om cr ogr aphs” show n 15 cross-sé on

Coi solubsolutionr slsasef arfcka mpbatl ¥ | {51 eﬁ-ﬁ,@f le 1
shown in Tablp(;b%. In e?gh p otgigﬁnnéi? grapr#lyt e %om)é
cypppundgihaseon phase is dark gray, and the
intermetal i c conpound phase is pale gray. Fig. 2
i ndi cdvsing each ofitharbavt itatgets, ut O Sruphdsiekanmtidied film was
inte rretg}ll.i c, compound phase were finely distributed
form flat-dech 51 sehsinplecatian PirgpressireddtseRa antlat DO power
arative Exanple 1 had a structure

o f..Co
Oftcg(ﬁ{? gg’nior%hf'a eapgeed wamberiof paticléofdafbetsp onraisputtered Si

rec l,am nar -.gr. i nternetallic conpound phase. 5
subifidle (. 0PWR hihtlEa /ey aielalive nanube withithek of Example 1
assmﬁ.tered filmwas

Table 3
No. Compqsition Number of
~__ (atomic %) Particles
Example 1 CogpZrsNbs 100
Example 2 CogeZr;Ta; | 110
Example 3 CogyZr5Ta; 95
Cgf;fﬁ;i‘f‘{e CogoZ1sNbs 250
C}g}g}r)na;?;i;e CogsZr;Tay 300
CE“’;:lafna; atiye CogyZrsTas 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 ﬁhely and uniformly
distributed in the Co alloy targets of the present invention having
random-oriented crystal orientation. With the djameter of the maximum
circle inscribed in a region having no intermetallic compound phase
controﬂ'ed to 10 pm or less, the Co alloy target of the present invention

generates reduced numbers of particles during sputtering. The Co alloy



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
of particles (defects) on a sputtered Si substrate is
shown in Table 3 by a relative nunber with that of
Exanple I as 100. 10 Table 3 No. Conposition Number

mc. %, -Partj.cl es anpl.e 1 Co90Zr 5Nb5 100 s
¢ eatr?(pfﬁbgi’%%@éﬁﬁa OGN %a%lﬁ sputtstedte fermgeit magnetic
' le 1 0Zr shNas 250, Conparative .
OIS Y S A B a il Bectiiecto BOBhmcnerpendioular
nﬂ%$¥q# 'ﬁz%{ ar fromTables 1 to 3 and Figs. 2
an ?ﬁgyhﬁﬁé 1g'olid sol uti on phase and the
internetallic conpound are finely and uniformy 15
distributed in the Co alloy targets of the present
i nvention having randomoriented crystal orientation.
Wth the dianeter of the maximum circle inscribed in
a region having no internetallic conpound phase

controlled to 10 mor less, the Co alloy target of the
present invention '



generates reduced nunbers of particles during
sputtering. The Co alloy 12...... target of the
present invention can be stably sputtered to form soft
magnetic Co alloy films, which are particularly
effective to produce perpendi cul ar magnetic recording
media. WHAT IS CLAIMED IS: 1. A nethod for producing a
Co alloy target conprising 1 to 10 atomic % of Zr and
Wﬁ/’tTﬂ&@y %of Nb and/or Ta, the bal ance being

unawo ies risin he st eps.
1.5 POAORRARE for ARS8 Ao RargR TR arilil 115 1 Bistiipic %
ofedr aid byopm\HMIc %| eSBibf yridier ThetR! bAMnQOVERE driRvBidable
cle size ,of 500 mor |ess; and

‘mBPEES%?%‘?g On CRMPRSINE e SISOt | ed al | oy powder to the
© tar gals. at&mzmg aTREl o s&arc@m&y%&ﬁcggn%hﬂ gsboweget
the pressure-

according to claim1, wherelnd i'nteri’ng
of said aIon pomder is carried out by hot- isostatic

pre tar et co r|3|n to
at o?nﬁ]gﬂgymg tEr anaaé TRuIny PG S%ﬁd’/fclﬁ%oﬂé‘,n or
lesshandal ance bei ng unav0| dabl e i rrpurl t| es and Co,

wherein an X-r diffraction intensity ratio

[ 1( E&ef*}‘}fftsz’e’é’f‘]ng&he 5'as3ifiesl afioy movrder to ey targitane i s
2. 1. 2The raeihddaforf

di ffraction int eggdﬁsl@a?ﬁg :?n)g/l rg?tg %‘%ﬁ%ﬁz 1,
whergin 1thy meawetsmtam(lgomfz;anpl alhy ipewdleB it ocadribd mutaby hot—

4. The Co alloy target according to
Rt

erein it has a structure
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 [I(111)/1(200)] of a (111) plant 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 is 0.8 to 3.5 in an hcp-
Co phase.

4, The Co alloy target according to claim 3, 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 pm or
less.

5. The Co alloy target according to claim 4, wherein it has a

14



conprising a Co solid solution phase and an
internmetal lic conpound phase, the maxi numinscri bed
circle that can be drawn in a region having
substantially no internetallic conpound phase having a
di aneter of 10 mor less. 5. The Co alloy target
according to claim4, wherein it has a 14 nmaxi num
magneti c perneability of |ess than 100. 6. The Co
maHyyn maggetic pegoeahihy efdesd tham 490, wherein it has an
oxy Q mor Jess.. 7.. The Cq allo
6't ar gg{é gggzgfrog}iw%aég%togcfg 5‘?#1? HRER & *n WhHeTRIASIE 23S pem Sxygen
cootemt ofiB00 ppmilOOleppm or | ess. 8. A soft nmgnetic film
7for J{f}er e%gi cul ar n%g)n tic recording, which is
pr oduce oy, Jrgst AHOTEREIP| Jgin . githereut itthag anFepgntent
ofd00 ppim 6f RisB 3-7. 9. A vertical magnetic recording
medi um conpri sing at | east one soft nmagnetic film
8.0r oduéet Iﬁygu%tic‘ngilmhﬁarameraemdiyuhaanguner:'ecfebenuing, which is

prédifeeliby ik e o lloy Parget recited in any one of claims 3-7.
9. A vertical magnetic recording medium comprising at least one soft

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

claims 3-7.
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