1 SOFT MAGNETIC ALLOY FOR MAGNETIC RECORDING, SPUTTERING TARGET MATERIAL,
AND MAGNETIC RECORDING MEDIUM [Cross-Reference to Related Application] [0001] This

- application claims priority to Japanese Patent Application No. 2010-240184 filed on October 26, 2010
and Japanese Patent Application No. 2011-92631 fildd on April 19, 2011, the 10 entire content of
which is incorporated herein by reference. [Technical Field] [0002] The present invention relates to a
Co-based soft magneg§O#PWMILEO! Eﬂ&@ﬂlﬂ_@i’om Ye&@G MEAIORBAQTRDI Ntlercoat layer (SUL

ayenina thermaly et pagRlesacpidng modum op A trye: arship AvaLernG

target material tic recording medium, 1n wh is alloy Is used. 20 [Background Art]
[0003] In recent years, there have been remarkaMEBMYésses in magnetic recording technology,
heightening of recordlng densities in magnetic recordlng media has been proceeding due 25 to
increasing drive capa s and a thermally ass gtic.recording system, which can achieve
further hl%l f&ﬁ‘%gﬁ ﬁgﬁ}'/'%vr}fé%t: T’%l fi} qiﬁ%?&ﬁf&l magnetic recording media
conventlonally[l[ﬂéﬁlf]as been examined. [0004] 30 The thermally assisted magnetic recording system

is a system why hi NG A FIENEtis 1 Eﬁl{&@eﬂ&t@r&yp‘ mskeadiBen higher
densification of a %(ﬁz Eéefae@% @én??(%u%ﬁbrocee?swtt%p Iegﬂ éﬁeat ct atloﬁ in that

magnetically ré%@rd &t Bpshrd iRderqRe iRHOREF a GRANESE
significantly. A\Pm@me Ab\‘;bll&:ambtenn\l@f ﬂm)lldaigmaﬁatlﬁﬁedqomﬁmﬂ|In1:93a§é]ﬂdo,elllﬁﬁa 2 force

of a ma At\lcs)r%;%e Iuslgg 'Hta ?WFFI 91#1 é—g}\g e %%ng@q%f&%@éce interferes

recordin &P EoRes |s pro em is rma y assisted magnetic recording system.
5[0005] On the other hand, heating of a recording medium results in a decreased coercive force and
therefore enab @ﬁqf@g]g:\pé]@ﬁ cooling of the medium after the recording results in a reincreased
coercive force, [;?55 |mprovmg resistance to heat 10 fluctuation. As the magnetic recording medium
for the thermal ed system, for example, a magnetic recording medium shown in Japanese
Patent Laid-OpiemeP pibtsastivh iMo.ertior szdabgpden Liordaced) ﬁQ§tb6'é@9£<ﬁhh¢n@dl|QMthough a

soft-magpgtic ?aﬁfrﬂﬁgﬁ@g&%%mmuaééaera% Eoslrelonefh et Bilaertiamaty

recording medium Is In the thermally assisted system as described aqﬁ)ve. Thg@ ore an alloy
for a soft-magr&id kaJRY SRR i PREFMALYaRSS 18 R IR AEHifH SERAY HBE N |%kion
temperature atfgyhieh isarsiatiizstiairtiees aoichdou e sgrutiteirig @tbegatigntidweiadr aheteais a

problem of crysolieRUSL e oy UG SRR BrAE N g hangguat layer shown

Patent Literature out according to apanese Patent Lal -Open Publication No.
2001-110044 (Patent Literature 2). 25 [0006] Further, although the composition disclosed in Tsuyoshi
Masumojg)"A gg @ﬁ@}(ygﬂg Kiso" (Materials Science of Amorphous Metals), Ohmsha, Ltd.,
1982, P 94 (NOI&E Sﬂt Literature 1) has a crystallization temperature of around 800 K, 30 it has had
the problem of n resistance when used in a soft-magnetic layer since a metalloid such as Si,
Ge, P, B, or C Inusetdhirtheeaas fotth eishnfagvietidaien, dieenaykail aPaagyasipstion

temperature of fage 3p 80K dFdig NoMlen A8 Ry IBRINREI tesT e abriAgO!
es 10

applicable to 3 r soft magnetic films as the uses requi netlsm 3 itation [Patent
Literature] [0061§NSHeE 1N IApRHBSL 6 EERAT H‘@d@ﬂeg&) F&Qﬁo%?g 5(%4’ L 2]
Japanesg3ateef mmémng’miv@oammmﬁ, o 4 tNenrﬁaiémt&sm&ﬁecb}'{m)g)B]etlp\lPTL 1]
Onmena, Lt 03 DK | %’?%EEEF R e e D
POUCH J J, J A@pBHIyysW @n 600KPaPask ElczmazBanbét-’J'@g [SORPNGY 6f fr?eﬂﬁ%m%n] [0009]
media conventionally used, has been examined.
[0004]
30 The thermally assisted magnetic recording system is a system
which records data while heating a magnetic recording medium
by a laser. When higher densification of a magnetic recording
medium proceeds, the problem of heat fluctuation in that
magnetically recorded data disappears under the influence of
35 neighboring heat occurs significantly. Avoidance of this
problem of the heat fluctuation requires the increased coercive



As described above, although the amorphous state is demanded in the soft-magnetic layer of the alloy
in Patent Literature 1, there is the problem that the crystallization occurs in the 20 soft-magnetic layer
shown in-Patent Literature 1 since the recording medium is heated in the thermally assisted system.
Further, although the crystallization temperature of afund 800 K is exhibited in the composition
disclosed in Non Patent Literature 1, it has the problem of corrosion resistance for use 25in a

soft-magnetic lgyeisinge aametaligitetieh amberid, Rishdr hisaisedcHA®IGr heiedéutors have
now found that it is possible to provide a soft tic, f nage I r ing.-achieving
excellent 30 ct%%%\‘@fi’csqn #%aﬂ iﬁl&%o%ﬂ%yﬁ??a&%ﬁ%ﬁoﬂ@ness (?e%r% bqerés)ée%ﬁggaggy adding an
amorphizationgysteingtélamesoives asirs HpraklRMT: @) tagiidherwaly Taseistad, and/or w
enables high cpy %\H@ﬁi@r}é@apgfﬁ@rwgﬁgo enables contribution to improvement in

amorphousness; a saturation 35 magnetic flux density can be adjusted by adding Ni and/or Mn; (4)
improvem%nt i 8dion resistance can be effected by 4 adding Al and/or Cu; and (5) improvement
-in amorphousn@ss tha kst htectesiny, addiatj s 68, P, recandiorgC MEXiUM iseserd®rinan object of

the present invgglion (g pioiee AR S0 ¥dpaanatcialg fera becnabiassised mpsgelipsording

medium, excellent in Saturation magnetic f ensity, amorphous property, crystallizatjon temperature

“and corrosion keMiREe; thd epurarfiUbigeaitferidngd FERAGANE retERYHG méBiuf, in which
the soft magnetisj alew isuse ¢ otHONE Fecerdihg fe byei amprodiment-eSibegpreseto imeaition, there

is provided a soft magnetic alloy fpr magnetic recording, fsing.in at%kFe: 0 t %l 5(A) 5 to
20% of OrﬂV\%: V%&(B?Qélemé%’s S Ieecte(%'fggr%%ﬁrpegg:j)oégacﬁ[s}%ingﬁ(ﬁcﬁ?_g? acrﬁngf('lF(B 0 to 30%
of one or two drhreoraalymassistettsy s@mthefgro@XesnainoMRIME HAd W%ﬁm 30% of
one or two or moreelpmesifsklecipd 78 mmee gatErronssingpley W taindatio (DNDLO 30% of
one or two elements selected fron@he géﬁ:]p consisting of grlﬁn%\Mn; (%) 0to 5%X(gl’?|rilﬁé)(§ two
elements selecg&lﬂ)'r%algg’gé)up & g H‘ EI'?HH @u; 2 @% 0 t810% oF 8 OI tWo or more
elements selecagtifong the gsofip- nma_giﬂmg:ofa?yieGele:mB_miﬁj an afmﬂmf@b@lgﬁcét@_b%@@ _
unavoldae MpiiESGOTH] AroPagdnancifiafbadinen ofdee pirsentifueniian. # there is

provided a sputiering target material made of such a soft magnetic alloy for mg%%]gticarecording as
n,

mentioned abdteaed 4] mcEBRith 86 AR MeRSIstGrheRY SFEHR Hes&HR T, DY is
provided a magnediegresdingnmetisyn fomprisiofitaBagofetiaghmtierfilshoade oh sBetterdoft
magnetic alloy for magnetic recordjing as_mentiqned criptign of re 015]
The present in\yé{w%g%ggrgpec?ﬁcal e@%gﬁ%d k?églqw. _n}@s%@%fthem % spgf:%‘%ggm}ggijé [;JQSGd herein
means at%. [00&6 Preatafrenagnititiaogmss taddrsbior R GERY 18 YR pAERNInvention
comprisesgn aiefin §.10 193w Ve, lrReYe0long opyBlenmae eleyeealsisalgoeddinaethe group
the crystallization temperature of the soft-magnetic layer shown
in Patent Literature 1 is about 400°C (670 K) according to
Japanese Patent Laid-Open Publication No. 2001-110044 (Patent
Literature 2).

25 [0006]
Further, although the composition disclosed in Tsuyoshi

Masumoto "Amorufasu Kinzoku No Kiso" (Materials Science of
Amorphous Metals), Ohmsha, Ltd., 1982, P 94 (Non Patent
Literature 1) has a crystallization temperature of around 800 K,
30 it has had the problem of corrosion resistance when used in a
soft-magnetic layer since a metalloid such as Si, Ge, P, B, or C
is used. Further, as for a nonmagnetic alloy, an alloy that has a
crystallization temperature of more than 800 K is also notified
as shown in Non Patent Literature 2, but is not applicable to
35 uses for soft magnetic films as the uses require magnetism.



10 consisting of Ti, Zr, and Hf; (B) 0 to 30k of one or two or more elements selected from the group
consisting of Cr, Mo and W; (C) 0 to 30% of one or two or more elements selected from the group
consisting of V, Nb, and Ta; (D) 0 to 30% of one or two elements selected from the group consisting of
Ni and Mn; (E) 0 15 to 5% of one or two elements sefected from the group consisting of Al and Cu; and
(F) 0 to 10k of one or two or more elements selected from the group consisting of Si, Ge, P, B, and C;
and the balan @Qphup_ idable impurities, preferably consists essentially of these elements, and
more preferabl 20 cons hes elements. [0017] The alloy according to the present invention
comprises 0 to yﬁeBFe 95 E(ﬁ 70%, more preferably 30 to 50%, of Fe. Although Fe is an
element for ob{@iBF & soft magnetic material, 25 more than 70% of Fe results in deterioration of

corrosion resis 0 " : _ " smggg%
preferablymofﬂj gj"[ﬂa‘% He SdovAganrdiasdodraR sl uanioNeaiEe

era 9 to 14%, of the on r 30 two o or ents
selected flom t['r%Td-ro%]J l%ﬁﬁ@ﬁi?oﬁy Ftent saddiOpen,! éﬁ?&'ﬁ?&r% %é@c}r ﬁ@ﬁfﬂ]
~ amorphization (amorphization property) in a Co-based alloy, and amorphlzatron can be sufficiently
achieved whe me to%tr_; ﬁ{emt ée ﬁlements is 5 to 20%. 35[0019] According to a preferred
embodiment o N invent ? e alloy may also comprise 5 to 30%, preferably 10 to 25%,
of the one or tvﬂBBDﬂrbre (B) group elements selected from the group consisting of Cr, Mo, and W. Cr,

Mo, and W arergjements forpaaydnl hi%§mﬁ@ilr3atimmnea@ture}{nrﬁzﬁmall¢w andsothe effect
can be sufficie achieved while contr to,amorphi t nt onge or two or
more of th2 erﬁﬁér@%ﬁ%@”%&é}&&gﬁ%% iqé%er édem %E}%rofea'ﬁf é)f'tr?‘? r%gr)gée?het

- invention, 10 tsum of the (A) group element(s) and the (B) group element(s) may also be 10 to
35%. The sum WL”:#. ?Qﬁ@OW@@EEA%TSNPW@ES‘WWHMES QeEYneiyBROb effectively

1
the alloy %Z‘J T dohol B ALARRE: T BRLAAP AsRs g emien.

ane or two or more (C) group elements selected from the group consisting of V, Nb, and Ta. V, Nb,
and Ta ele nPﬁ dél m%{ 0 corrosion resistance and promoting amorphization
ina Co y% L\IN %yr%?;%?eg partic uilggljm combination with the (B) group, high corrosion
resistance and[rﬂ@ﬁ)edlstallrzatron temperature can be achieved. The total content of these elements

of 30% or less ﬁen&rliwé?ﬁjeoaraamr@zaawh@é@@pzahﬂammrpams piefeerdd elphvalivdend of the
 present invention, the alloy.may also om rise 30% pr les f bly 10%, of
- the one or two (’b) Suﬁﬁ&ﬁ@/ﬂ%%% L2t a\f%‘m(%ﬁe%r%uglrl:% s?sﬁlng oﬁ‘%ﬂ%arlf Ig%fé%f?ageh; Mn are 30
elements for adjusting issathetigrotgnetichat déhsityGrystd lanayiaihd esesiient iRadhdism is
obtained jyhendpi{oiah gonier ofPEES SlRGIIRS i SPHrentespifePgRlAccadiaiecn piserred

. embodiment of the pres nt invention, 35 the alloy may. also comprise 5% or Jess of the one or two (E)
group element§%6%'rﬁé’39rdﬁrerﬁ8-‘érbdﬁ ﬁ?ltﬁlﬁ 15 ,&% (ﬁ&f?nﬁ Iarﬂfeﬁ%’é)eﬂﬂe%@‘for

improving CO”W@H@S}SwIﬂhGU‘gmthellcyyahdltmﬂbtah conmperbtwise obacatsst BB 0r less

contributes 0 ZNAUPNZGHIRIIA> 4> S@ﬁg{%&gﬁgéﬂ%ﬁr regisgrbedenen; ol Presgahpvention,

the alloy may a o comprise or two (F) group elements selected from the group

consisting of SL-I@%I‘ FuBeahd 4. Spsdhe, Brahteda@f e@ﬁ@?ﬂ(?& RISt AYCEM R pHdBEness in a

Co alloypand tiyg @t@mﬂrﬁ@gﬁé’tﬁqéﬁﬁ%mﬁ@@ ef H08talldres soohiaseStp @aprphiBation.
[Examples] [0025] The alloy according to the present invention is specifically explained below with

reference to ExX3mplés. Y 026] Normally, a thin film in a perpendicular magnetic recording medium
is formed by sdi@21iAd a sputtering target material having the same composition as that of the thin film

to form the fimafi2 glgasauhsiraieve the fkerdD s aise. ihashipdiaiBiamnaskbyirutiering has
been quenched. In relation to this, &sjenched nbbone} Jproduced,in a S|a|% -roll- t ﬂ anchlng

device have bt tisOPRNEoR! %I PAHB P G éﬁ% e influence
“of the thipdilms; ndvielc el sticslingtieathéd md:ﬁnraikdypy(ﬁﬁuaenﬁgpmISIWSESLGEWObérUes by

the componentgO ﬁﬂﬁ ?gvarf %e@%[l}ﬁ# Z%prﬁaﬁbﬂ%ﬁw PQH’i‘étiﬂBzé @ﬁq‘gHgt@@Cq;,oggltlons of

Quenched Rib to have he composition shown 30 in Table 1 and

Table 2 was arénéttbd analy @thTd reblbeadHidaneh ¥wabrcdred-Eog)Ier dHRRg Y diameter
of about 10x404REAHRBroViggH MaNen iz aatarial feniperature  and also enables

contribution to improvement in amorphousness; (3) a saturation
35 magnetic flux density can be adjusted by adding Ni and/or Mn;
(4) improvement in corrosion resistance can be effected by



guenched ribbon. The production of the quenched ribbon was conducted by a single roll method under
the condition in which 35 the molten raw material was set in a silica tube having a diameter of 15 mm
and was tapped from a tapping nozzle 8 having a diameter of 1 mm, at an atmospheric pressure of 61
kPa, at an atomizing pressure difference of 69 kPa, #hd at a rotational number of 3000 rpm of a
copper roll (diameter of 300 mm), with a gap between the copper roll and the tapping nozzle 5 being

 setio 03 mm. Jdiemneraiifa Aliieh canl e mispiRb msitretioim wasdasnastestpping
C

- temperature. Quen

d ribbons thus produced.wefe used.as sam terials to evaluate the
properties deséﬁlﬁb@ﬁe@f\ﬁﬁﬁéﬁgé%)‘iog R8tigh o{}?%astﬁrr tof W%ﬁe?gFlux Density of Quenched
Ribbon The sg@igativh flux density of the quenched ribbon was measured at an applied magnetic field

of 1200 kAinn 'iréa‘r%sﬁpgeq%\figp vihratign-s Bhe-{y{éa eieBn T waighire\i8éhe sample
u

material was ar mg, and the material with a safuration, netic flux %ensit of 0.3 T or more

a
~ and less than Geff Waagnahiaedlay "fbd LR é&e@iﬁ?{/%kﬁg% Jusfelefgloaomaciatelee(iieR density
of 0.8 T or morg,agiigxaellertxcEiremeaternial wida tusatticiion magetiti dux Bemsityd@ riSithan 20
0.3% was evaluated as "poor.” [0029] Str : ' n-ge |, e -ray
diffraction patt@r’fp&r ﬁ’f@‘g 08&%8? %ie%%vgégggﬁggﬁ%ﬁi{ ractlglrjl rge;éﬁg observga;dn%j‘)S show a 25

halo pattern spezdfistareegrpadds Mmasplalseninduthrg afr5easa Hahkad 8bSrBd #gHiaterial not
- completely ampepliirifeiahi el e RARcis (neessrmifiag nbeicrutlolmatenaidind a halo patiern

is also observed. Therefore, the amorphous properties were evaluated by the following 30 method.
[0030] E&Quatiml%%}norphous Properties In the evaluation of the amorphous prc;&grties,_ the sample
material was agliererding gtassdaemiibcintemtecbddtetaessné BN b anirddidhtpdttern by an

X-ray diffractio | tt?is ] th gipatenigdwasgghergel @AdPR-9lassdelating so that a
surface to be ngeggs\\ﬁ%c_@ou d bgBa?Eopper- oll-contact suwace of the qg)enched ribbon. The X-ray
source was Cu@@?,rﬁi@mé%géﬁement was conducted at a scan speed of 4/min. The diffraction

© patterns in which a halggaterpwagwdle to be 5 confirmed and in which no halo pattern was observed

were corzllz%dered to be é%cxc%fetgﬁ ér%ébﬁgﬁzgtié%ytwg eaplqﬁm ag)erplis PEneriesd [0031]

Crystallization Temper ed1 n_10In general, heating causes crystallization in an
amorphous maffieoin, Bihe mmumwawﬁéilﬁgvﬁﬁ:ﬂm@&mnfﬁﬁion occurs is referred to as a

crystallization tem peratng). luthen @ srherBICeastion OecHd rirple the ntystatitiead The
crystallization temperature is evaluated.bﬁmezgﬁgg ﬂg %5 &e erature of heat generated by the
crystallization. FIRIE #EH/QRSRNPIRRDE Qe wa e tated by the following method. It was

examined by differential GyaOnity GOSkMeEnD(MESOY ubwier Pie E3AARIOR BESIREISE8F0.67 Ks-1.
A crystalgﬁtioqggmpgg@%ga@?yéorﬁgirsmgge 8pd/leghthan § 720 was evaluated as "good,” a
a 3

crystallization temperature™ or more as “excellent," a]nd acr st%#jatign eE era of less
than 773 K as "poor." [§882]EFQLAR5k HTceREsiBh Iﬁwgsﬁﬁc@%fl& F&a¥i0 ro%(?Na ) 251In
the evaluation @agﬁdpoamgﬁn@bfeﬂti (amPavNeCl aqueous solution, at 35C, 16 hours) conducted
with a sample in which a_quenched.iibb adhergd to st With-aeipubisrfpagiktape, a

- sample that showed no@sgfviglgs r&t%a@%ﬁealﬂfe@aés '%‘oegﬁ'é)aﬁr?d a sample that showed
observable 30rgspas"ceursisiosg] @olbaind RasistMde of Quenched Ribbon (HNOa) There was

weighed 38 mg of a saru%e aisriah 90 oF o Seattr HVER3 eAusTtIsss@idionewss arledrdpwise,
and the resultant 35w S then left standing at ro rgliera%er?,tuga fgmj PE,,f%Imved by analyzing the
amount of Co diURSH iHiS 1R QYPH88!3 J%L?g r = Ty B !
' the balance Co and unavoidable impurities.
[0013]
According to another embodiment of the present invention,
30 there is provided a sputtering target material made of such a
soft magnetic alloy for magnetic recording as mentioned above.
[0014]
According to another embodiment of the present invention,
there is provided a magnetic recording medium comprising a
35 soft magnetic film made of such a soft magnetic alloy for
magnetic recording as mentioned above.



10 solution, The amount of eluted Co of less than 500 ppm was evaluated as "excellent,” the amount
of 500 or more and less than 1000 ppm as "good," and 1000 ppm or more as "poor." [0034] 5
Meanwhile, since sample No.9 shown in the composition of Table 1, for example, contains Zr, W and
Mo in an amount of 10%, 5% and 5%, respectively, tRe content of (Co-30Fe) is 100%-20%=80%, and,
when assuming that this 80% is equivalent to 100, the proportions of Co and Fe are (100-30) 10 and
30, respectively. That is, it is meant that the content of Co is 56% and the content of Fe is 24%. 11

[0035] [Table 1] No. Compositi gat %) Saturation Magnetic Flux Density Amorphous Propert
- - y
Crystallization ﬁﬁgﬁﬁﬁf%rbg%? l?l %?ﬁE?(NaCI) Corrosion Resistance (HNO3)

Co-5Zr-3W-2M@84d]lent Good Good Good Good 2 Co-52r-3W-2Mo-6NI Good Good Good Good
Good Co-5Zr-3i5Cy2NLAMN GRAMLBRPd S 65 bent Gy GapslAee-20ERB2r-2iiek40-3V
5 otherwise specified, "%" as used herein means at%.
[0016]
The soft magnetic alloy for magnetic recording according to the
present invention comprises in at%: Fe: 0 to 70%; (A) 5 to
20% of one or two or more elements selected from the group
10 consisting of Ti, Zr, and Hf; (B) 0 to 30% of one or two or more
elements selected from the group consisting of Cr, Mo and W;
(C) 0 to 30% of one or two or more elements selected from the
group consisting of V, Nb, and Ta; (D) 0 to 30% of one or two
elements selected from the group consisting of Ni and Mn; (E) O
15 to 5% of one or two elements selected from the group
consisting of Al and Cu; and (F) 0 to 10% of one or two or more
elements selected from the group consisting of Si, Ge, P, B, and
C: and the balance Co and unavoidable impurities, preferably
consists essentially of these elements, and more preferably
20 consists of these elements.
[0017]
The alloy according to the present invention comprises 0 to 70%,
preferably 20 to 70%, more preferably 30 to 50%, of Fe.
Although Fe is an element for obtaining a soft magnetic material,
25 more than 70% of Fe results in deterioration of corrosion
resistance.
- [0018]
The alloy according to the present invention comprises 5 to 20%,
preferably 6 to 15%, further preferably 9 to 14%, of the one or
30 two or more (A) group elements selected from the group
consisting of Ti, Zr, and Hf. Ti, Zr, and Hf are elements for
securing amorphization (amorphization property) in a Co-based
alloy, and amorphization can be sufficiently achieved when the
total content of these elements is 5 to 20%.
35 [0019]
According to a preferred embodiment of the present invention,



Good Good Excellent Good Good 5 (Co-20Fe)-3T1-2F1f-ITa-5Cr Good Good Excellent Good Good 6
(Co-20Fe)-212F11-12r- 5Mo-3Nb Good Good Excellent Good Excellent 7 (Co-20Fe)-5Zr-5Cr-21a
Excellent Good Excellent Good Excellent 8 (Co-20Fe)-52r-5Cr-2Nb- 5Ni Good Good Excellent Good
Excellent 9 (co-30Fe)-iozr-5vv-5mo Excellent Good Excellent Good Good 10
(Co-30Fe)-10Zr-10W-20Cr Good Good Good Good

. the alloy may also comprise 5 to 30%, preferably 10 to 25%, of

the one or two or more (B) group elements selected from the

group consisting of Cr, Mo, and W. Cr, Mo, and W are elements

for achieving high crystallization temperature in a Co alloy, and
5 the effect can be sufficiently achieved while contributing to

amorphization when the total content of one or two or more of

the elements is 5 to 30%.

[0020]

According to a preferred embodiment of the present invention,

10 the sum of the (A) group element(s) and the (B) group
element(s) may also be 10 to 35%. The sum within this range
contributes to amorphization and enables magnetism to be
effectively prevented from decreasing.

[0021]

15 According to a preferred embodiment of the present invention,
the alloy may also comprise 30% or less, preferably 20% or less,
further preferably 10% or less, of the one or two or more (C)
group elements selected from the group consisting of V, Nb, and
Ta. V, Nb, and Ta are elements for significantly improving

20 corrosion resistance and promoting amorphization in a Co alloy
and, when being added particularly in combination with the (B)
group, high corrosion resistance and high crystallization
temperature can be achieved. The total content of these
elements of 30% or less contributes to amorphization.

25 [0022]

According to a preferred embodiment of the present invention,
the alloy may also comprise 30% or less, preferably 20%,
further preferably 10%, of the one or two (D) group elements
selected from the group consisting of Ni and Mn. Ni and Mn are

30 elements for adjusting a saturation magnetic flux density in a
Co alloy, and excellent magnetism is obtained when the total
content of these elements is 30% or less.

[0023]
According to a preferred embodiment of the present invention,

35 the alloy may also comprise 5% or less of the one or two (E)
group elements selected from the group consisting of Al and Cu.



Good 11 (Co-30Fe)-72r-10W-20Mo Good Good Good Good Good 12 (Co-30Fe)-9Zr-20W-10Mo Good
Good Good Good Good 13 (Co-30Fe)-10Zr-7Cr-10Mo Good Good Excellent Good Good 14
(Co-30Fe)-10Zr-10W-7Mo Good Good Excellent Good Good 15 (Co-30Fe)-62r-10W-15Mo Good
Good Excellent Good Good 16 (Co-50Fe)-62r-5Cr-3W- 20 NI Good Good Good Good Good 17
(Co-50Fe)-6Zr-5Mo-3Nb- 10Mn Excellent Good

Al and Cu are elements for improving corrosion resistance in a
Co alloy, and the total content of these elements of 5% or less
contributes to amorphization.

[0024]

5 According to a preferred embodiment of the present invention,
the alloy may also comprise 10% or less of the one or two (F)
group elements selected from the group consisting of Si, Ge, P,
B, and C. Si, Ge, P, B, and C are elements for improving
amorphousness in a Co alloy, and the total content of these

10 elements of 10% or less contributes to amorphization.
[Examples]
[0025]
The alloy according to the present invention is specifically
explained below with reference to Examples.
15 [0026]
Normally, a thin film in a perpendicular magnetic recording
medium is formed by sputtering a sputtering target material
having the same composition as that of the thin film to form the
film on a glass substrate or the like. In this case, the thin film
20 formed by sputtering has been quenched. In relation to this,
quenched ribbons produced in a single-roll-type liquid
quenching device have been used as sample materials in the
present examples. This is to evaluate the influence of the thin
films, which are actually quenched and formed by sputtering, on
25 various properties by the components, in a simple manner using
liquid quenched ribbons.
[0027]
Production Conditions of Quenched Ribbon
A raw material of 30 g weighed to have the composition shown
30 in Table 1 and Table 2 was arc-melted in Ar with a reduced
pressure in a water-cooled copper die having a diameter of
about 10x40 mm to provide a molten raw material for the
quenched ribbon. The production of the quenched ribbon was
conducted by a single roll method under the condition in which
35 the molten raw material was set in a silica tube having a
diameter of 15 mm and was tapped from a tapping nozzle




Excellent Good Excellent 18 (Co-50Fe)-52r-5W-3Nb-1N1 Good Good Excellent Good Excellent 19
(Co-50Fe)-52r-3Cr-3Nb- 1NI Good Good Excellent Good Excellent 20 (Co-70Fe)-5Zr-2W-3Cr
Excellent Good Good Good Good 21 (Co-70Fe)-5Zr-5W-3Ta- 30Ni Good Good Excellent Good
Excellent 22 (Co-70Fe)-5Zr-5W-3Nb- 10Mn Good Gddd Excellent Good Excellent 23
(Co-70Fe)-15Hf-10W-10V Good Good Excellent Good Excellent 24 (Co-70Fe)-15Zr-20W-10Mo

: having a diameter of 1 mm, at an atmospheric pressure of 61

kPa, at an atomizing pressure difference of 69 kPa, and at a
rotational number of 3000 rpm of a copper roll (diameter of 300
mm), with a gap between the copper roll and the tapping nozzle
5 being set to 0.3 mm. The temperature at which each raw
material melted down was taken as the tapping temperature.
Quenched ribbons thus produced were used as sample materials
to evaluate the properties described below.
[0028]
10 Evaluation of Saturation Magnetic Flux Density of Quenched
Ribbon
The saturation flux density of the quenched ribbon was
measured at an applied magnetic field of 1200 kA/m in a VSM
device (vibration-sample-type magnetometer). The weight of
15 the sample material was around 15 mg, and the material with a
saturation magnetic flux density of 0.3 T or more and less than
0.8 T was evaluated as "good" and the material with a
saturation magnetic flux density of 0.8 T or more as "excellent.”
The material with a saturation magnetic flux density of less than
20 0.3% was evaluated as "poor."
[0029]
Structure of Quenched Ribbon
In general, when an X-ray diffraction pattern of the amorphous
material is measured, no diffraction peak is observed to show a
25 halo pattern specific to amorphous materials. Although a
diffraction peak is observed in a material not completely
amorphous, the height of the peak is lower than that of a
crystal material and a halo pattern is also observed. Therefore,
the amorphous properties were evaluated by the following
30 method.
[0030]
Evaluation of Amorphous Properties
In the evaluation of the amorphous properties, the sample
material was adhered on a glass plate with a double-faced tape
35 to obtain a diffraction pattern by an X-ray diffraction device. At
this time, the sample material was adhered on the glass plate




Good Good Good Good Good 25 (Co-70Fe)-14Zr-10W-20M0 Good Good Good Good Good 26
(Co-70Fe)-14Zr-10Cr-20Mo Good Good Excellent Good Good 27 (Co-70Fe)-20Zr-5Mo-10Cr Good
Good Excellent Good Good 28 (Co-70Fe)-20Zr-5W-10Mo Good Good Excellent Good Good 29
(Co-70Fe)-5TI-30Mo-151a Good Good Excellent Good Good 30 (Co-70Fe)-5TI-5W-2Nb- 10N1-10Mn
Good Good Excellent Good Excellent

so that a surface to be measured could be a copper-roll-contact

surface of the quenched ribbon. The X-ray source was Cu-a ray,
and the measurement was conducted at a scan speed of 4°/min.
The diffraction patterns in which a halo pattern was able to be
5 confirmed and in which no halo pattern was observed were
considered to be "good" and "poor," respectively, for evaluating
amorphous properties.
[0031]
Crystallization Temperature of Quenched Ribbon
10 In general, heating causes crystallization in an amorphous
material, and the temperature at which the crystallization
occurs is referred to as a crystallization temperature. Further,
an exothermic reaction occurs during the crystallization. The
crystallization temperature is evaluated by measuring the
15 temperature of heat generated by the crystallization. Thus, the
crystallization temperature was evaluated by the following
method. It was examined by differential scanning calorimetry
(DSC) under the condition of a heating rate of 0.67 Ksti. A
crystallization temperature of 773 K or more and less than 873
20 was evaluated as "good," a crystallization temperature of 873 K
or more as "excellent," and a crystallization temperature of less
than 773 K as "poor."
[0032]
Evaluation of Corrosion Resistance of Quenched Ribbon (NaCl)
25 In the evaluation based on a salt spray test (in 5% NaCi
aqueous solution, at 35°C, 16 hours) conducted with a sample
in which a quenched ribbon was adhered to glass pellets with a
double-faced tape, a sample that showed no observable rust
was evaluated as "good" and a sample that showed observable
30 rust as "poor.”
[0033]
Corrosion Resistance of Quenched Ribbon (HNOs)
There was weighed 50 mg of a sample material, 10 ml of 3 at%
HNOs aqueous solution was added dropwise, and the resultant
35 was then left standing at room temperature for 1 hr, followed by
analyzing the amount of Co eluted into the 3% HNOs aqueous




31 (Co-70Fe)-5TI-5Mo0-2V- 20NI-10Mn Good Good Excellent Good Excellent 32

(Co-70Fe)-22r-2T1-11-1f-2V- 2Nb-2Ta-2Cr-2Mo-2W-1NilMn Good Good Excellent Good Excellent 33

Co-5Zr-3W Excellent Poor Poor Good Good 34 Co-l(gr-35Mo Poor Poor Poor Good Good 35

(Co-30Fe)-521--1W-3Mo Excellent Good Poor Good1

Poor Poor Good Good 37 Co-5W-5Mo Excellent Poor Poor

10

solution. The amount of eluted Co of less than 500 ppm was
evaluated as "excellent," the amount of 500 or more and less
than 1000 ppm as "good," and 1000 ppm or more as "poor."
[0034]

Meanwhile, since sample No.9 shown in the composition of Table
1, for example, contains Zr, W and Mo in an amount of 10%,
5% and 5%, respectively, the content of (Co-30Fe) is
100%-20%=80%, and, when assuming that this 80% s
equivalent to 100, the proportions of Co and Fe are (100-30)
and 30, respectively. That is, it is meant that the content of Co
is 56% and the content of Fe is 24%.

ood 36 (Co-70Fe)-5Zr-16Cr-16Mo Excellent



Good Good 38 Co-3Zr-5W-5Mo Good Poor Poor Good Good 39 (Co-75Fe)-25Zr-2W-3Cr Good Poor
Poor Poor Poor 40 (Co-75Fe -52r-2W-3Cr Excellent Good Good Poor Poor 41 Co-32r-2W-3Mo
W-10Mo Poor Poor Poor Good Good 43

Excellent Poor Poor Good Good 42 (Co-7OFe)-152r-i;
. (Co-70Fe)-10Zr-2W-3Cr- 31Mn Poor Good Good Go

Good 44 Fe-108-1051 Excellent

[0035]
[Table 1]
No. Composition (at.%) Saturation |Amorphous|Crystallization | Corrosion | Corrosion
Magnetic Property | Temperature |Resistance|Resistance
Flux Density, (NacCh (HNO3)
1 {Co-5Zr-3W-2Mo Excellent Good Good Good Good
2 | Co-5Zr-3W-2Mo-6Ni Good Good Good Good Good
3 | Co-5Zr-3V-5Cr-2Ni-2Mn Good Good Excellent Good Good
4 | (Co-20Fe)-3Zr-2Ti-5Mo-3V Good Good Excellent Good Good
5 | (Co-20Fe)-3Ti-2Hf-1Ta-5Cr Good Good Excellent Good Good
6 | (Co-20Fe)-2Ti-2Hf-1Zr- Good . Good Excellent Good Excellent
5Mo-3Nb
7 | (Co-20Fe)-5Zr-5Cr-2Ta Excellent Good Excellent Good Excellent
8 | (Co-20Fe)-5Zr-5Cr-2Nb- Good Good Excellent Good Excellent
5Ni
9 [(Co-30Fe)-10Zr-5W-5Mo Excelient Good Excellent Good Good
10} (Co-30Fe)-10Zr-10W-20Cr Good Good Good Good Good
11} (Co-30Fe)-7Zr-10W-20Mo Good Good Good Good Good
121(Co-30Fe)-9Zr-20W-10Mo Good Good Good Good Good
13} (Co-30Fe)-10Zr-7Cr-10Mo Good Good Excellent Good Good
14} (Co-30Fe)-10Zr-10W-7Mo Good Good Excellent Good Good
15](Co-30Fe)-6Zr-10W-15Mo Good Good Excellent Good Good
16](Co-50Fe)-6Zr-5Cr-3W- Good Good Good Good Good
20Ni
17|(Co-50Fe)-6Zr-5Mo-3Nb- Excellent Good Excellent Good Excellent
10Mn
18] (Co-50Fe)-5Zr-5W-3Nb-1Ni Good Good Excellent Good Excellent
19| (Co-50Fe)-5Zr-3Cr-3Nb- Good Good Excellent Good Excellent
1Ni
20} (Co-70Fe)-5Zr-2W-3Cr Excellent Good Good Good Good
21{(Co-70Fe)-5Zr-5W-3Ta- Good Good Excellent Good Excellent
30Ni
22| (Co-70Fe)-5Zr-5W-3Nb- Good Good Excellent Good Excellent
10Mn
23| (Co-70Fe)-15Hf-10W-10V Good Good Excellent Good Excellent
24| (Co-70Fe)-15Zr-20W-10Mo Good Good Good Good Good
251 (Co-70Fe)-14Zr-10W-20Mo Good Good Good Good Good
26| (Co-70Fe)-14Zr-10Cr-20Mo Good Good Excellent Good Good
271(Co-70Fe)-20Zr-5Mo-10Cr Good Good Excellent Good Good
281 (Co-70Fe)-20Zr-5W-10Mo Good Good Excellent Good Good
29} (Co-70Fe)-5Ti-30Mo-15Ta Good Good Excellent Good Good
30| (Co-70Fe)-5Ti-5W-2Nb- Good Good Excellent Good Excellent
10Ni-10Mn
31} (Co-70Fe)-5Ti-5Mo-2V- Good Good Excellent Good Excellent
20Ni-10Mn
32| (Co-70Fe)-2Zr-2Ti-1Hf-2V- Good Good Excellent Good Excellent
2Nb-2Ta-2Cr-2Mo-2W-1Ni-
1Mn
33| Co-5Zr-3W Excellent Poor Poor Good Good
34|Co-10Zr-35Mo Poor Poor Poor Good Good
35| (Co-30Fe)-5Zr-1W-3Mo Excellent Good Poor Good Good
36| (Co-70Fe)-5Zr-16Cr-16Mo | Excellent Poor Poor Good Good
37| Co-5W-5Mo Excellent Poor Poor Good Good
38| Co-3Zr-5W-5Mo Good Poor Poor Good Good
39| (Co-75Fe)-25Zr-2W-3Cr Good Poor Poor Poor Poor
40] (Co-75Fe)-5Zr-2W-3Cr Excellent Good Good Poor Poor
41| Co-3Zr-2W-3Mo Excellent Poor Poor Good Good
421 (Co-70Fe)-15Zr-15W-10Mo Poor Poor Poor Good Good
43|(Co-70Fe)-10Zr-2W-3Cr- Poor Good Good Good Good
31Mn
44| Fe-10B-10Si Excellent Good Good Poor Poor
45| (Co-40Fe)-5Zr-4Nb Excellent Poor Poor Good Excellent
46| Ta-30Cu Poor Good Excellent Good Good




Good Good Poor Poor 45 (Co-40Fe)-5Zr-4Nb Excellent Poor Poor Good Excellent 46 Ta-30Cu Poor
Good Excellent Good Good 12 [0036] Sample No. 33 shown in Table 1 has a low crystallization
temperature because of having the low content of a (‘ group element. Sample No. 34 has a low
saturation magnetic flux density and a low crystallizatfon temperature because of having the high
content of a (B) group element. Sample No. 35 has a low crystallization temperature because of
having the low id@B&hount of (B) group elements. Sample No. 36 does not become amorphous and

has a low crys@%if@gp@ tqjpPeratire; A heratse o4 prying theddah tofglamaypdief (Bherenp

elements. Sample No. 37 has a poor amorphous property because of having no @grou element.
[0037] Sample @5 BE Y 56 R ERMBhBLS 1Y Pad thE A% W%B&irﬁ? tRe &rré)ém of an (A)

group elementefampletNo, 89 hgsla puor aBwrprasisgprimpertg atierstibe higla goratia dtax (A) group

| tapd h ' ' f i i tent. .40 h
oo corrcgion JEISI B DR T e Laatios. A BR LI BTNy, crRRARG. 0 hes
~ amorphous prdfetpigtacen @ naaf@HEbw toHrflena s gBap it it asPtiER\? total
amount of the {f)oraypseiamestiand (BhieralemanisaramapierNea ¢hipstiew ioagtetian and a

poor amorphous property becayse of having the high total gmount,of A) group, element and (B) 25
group elementé.r[%b‘fi)@]{sgrﬁp@ilo.gig HEs 83% (étisnzigsniﬂ‘(‘-,:l Pc!?hzl{légh gc@mt@n&%?a?é)ggroup
element.Sampleeidoré hampopitoussamdebistgrzelbecagsgdrdbagiinm Bane Siadeiients, which

are 30 mefalloige Smple, NA-AR {135 A EINGHNRIPAP SRR PRER SR Ofi paiegriem kaw content
of a (B) group element and the low Total amount of an (A) group element and t qu% roup (Flement.
Sample No. 463 REBMIGnedn HaSiude Wﬁntéﬂ%%‘%gﬂfé? JY RBSEYan 'tgﬁﬁing no (D)

group 35elemeangvimepnicasia it rioupdglataindamples Nos.1 to 32 are excellent in-saturation
magnetic flux ﬁggyﬁfnd amorphous 13 property, has a high crystallization temperature, and is
excellent in corrosion fesistance because of satisfying the conditions of the present invention. [0039] 5

In addition to tifRapBle-rMMHioA8d BREnFed WierdARPRBAMS sRERARH tiaokesadagTAfle 2] No.
Composifign (g 46} Sgtepdioppageetient of an (A) group element. Sample No.

39 has a poor amorphous property due to the high content of an
(A) group element and has poor corrosion resistance because of
having a high Fe content. Sample No. 40 has poor corrosion
resistance because of having a high Fe content. Sample No. 41
20 has a poor amorphous property because of having the low
content of an (A) group element and the low total amount of the
(A) group element and (B) group elements. Sample No. 42 has
low magnetism and a poor amorphous property because of
having the high total amount of an (A) group element and (B)
25 group elements.
[0038]
Sample No. 43 has poor magnetism due to the high content of a
(D) group element. Sample No. 44 has poor corrosion
resistance because of containing B and Si elements, which are
30 metalloids. Sample No. 45 has a poor amorphous property
because of having the low content of a (B) group element and
the low total amount of an (A) group element and the (B) group
element. Sample No. 46 has nonmagnetism because of
containing neither Co nor Fe and containing no (D) group
35 element. In contrast, it is found that all samples Nos.1 to 32
are excellent in saturation magnetic flux density and amorphous



Flux Density Property Amorphous:Crystallization Temperature Corrosion Resistance (NaCl) Good
Corrosion resistance (HNO3) Good (Co-20Fe)-5Zr-5W-3A1 Good Good Good 2
(Co-30Fe)-5Zr-5W-5Cr-3Cu Good Good Good Good,Good (Co-50Fe)-5Zr-5W-5Cr- 4A1-3Cu Good
Good Good Good Good 4 (Co-70Fe)-10Zr-10Mo- 10Cr-5A1 Good Good Good Good Good

(Co-70Fe)-10T1-10W-10Cr- 5Cu Good Good Good Good Good
property, has a high crystallization temperature, and is excellent

in corrosion resistance because of satisfying the conditions of
the present invention.

[0039]
5 In addition to the above-mentioned examples, other samples

are shown in Table 2.



6 (Co-70Fe)-10Zr-10W-10Cr- 3Al-2Cu Good Good Good Good Good (Co-30Fe)-5Zr-5W-5Cr-313
Good Good Good Good Good 8 (Co-50Fe)-5Zr-5W-5Cr-7B Good Good Excellent Good Excellent 9
(co-70Fe)-5zr-5c¢r-30-ra- 5B Excellent Good Good Good Good 10 (Co-70Fe)-10Zr-10W-10Cr- 10B
Good Good Excellent Good Good 11 (Co-30Fe)-5Zr-5W-5Cr-351 Good Good Good Good Good 12
(Co-50Fe)-5Zr-5W-5Cr-75i Good

[Table 2]
No. Composition (at.%) Saturation |Amorphous|Crystallization| Corrosion| Corrosion
Magnetic | Property | Temperature |Resistance| resistance
Flux Density (NacCh (HNO3)
1 | (Co-20Fe)-5Zr-5W-3Al Good Good Good Good Good
2 | (Co-30Fe)-5Zr-5W-5Cr-3Cu Good Good Good Good Good
3 {(Co-50Fe)-5Zr-5W-5Cr- Good Good Good Good Good
4Al-3Cu
4 | (Co-70Fe)-10Zr-10Mo- Good Good Good Good Good
10Cr-5Al
5 {(Co-70Fe)-10Ti-10W-10Cr- Good Good Good Good Good
5Cu
6 |[(Co-70Fe)-10Zr-10W-10Cr- Good Good Good Good Good
3AI-2Cu
7 |(Co-30Fe)-5Zr-5W-5Cr-3B Good Good Good Good Good
8 |(Co-50Fe)-5Zr-5W-5Cr-7B Good Good Excellent Good Excellent
9 {(Co-70Fe)-5Zr-5Cr-30Ta- Excellent Good Good Good Good
5B
10| (Co-70Fe)-10Zr-10W-10Cr- Good Good Excellent Good Good
10B
11 | (Co-30Fe)-5Zr-5W-5Cr-3Si Good Good Good Good Good
12 | (Co-50Fe)-5Zr-5W-5Cr-7Si Good Good Good Good Good
13 [ (Co-70Fe)-5Zr-5Cr-30V-55i Good Good Good Good Good
14 | (Co-70Fe)-10Zr-10W-10Cr- Good Good Excellent Good Good
10Si
15| (Co-30Fe)-5Zr-5W-5Cr-3P Good Good Good Good Good
16 | (Co-50Fe)-5Zr-5W-5Cr-7P Good Good Good Good Good
17 | (Co-70Fe)-20Hf-10W-10Cr- Good Good Good Good Good
5P
18 | (Co-70Fe)-5Hf-10W-10Cr- Good Good Excellent Good Good
10P
19 [ (Co-30Fe)-5Zr-5W-5Cr-3C Good Good Good Good Good
20 | (Co-50Fe)-5Zr-5W-5Cr-5pP Good Good Good Good Good
21 [ (Co-70Fe)-20Ti-10W-10Cr- Good Good Good Good Good
5C
22 1 (Co-70Fe)-10Zr-10W-10Cr- Good Good Good Good Good
10C
23 | (Co-70Fe)-10Zr-10W-10Cr- Good Good Good Good Good
2B-2Si-2C-1P
24 [ (Co-70Fe)-5Zr-5Cr-30Nb- Good Good Good Good Excellent
1Ni-5Ge
25 | (Co-70Fe)-5Zr-5W-30Mn- Good Good Good Good Good
10Ge
26 | (Co-50Fe)-5Zr-5W-5Cr- Good Poor Poor Good Good
10Al
27 | (Co-50Fe)-5Zr-5W-5Cr- Good Poor Poor Good Good
10Cu
28 | (Co-50Fe)-5Zr-5W-5Cr-15C Good Poor Poor Good Good
29 | (Co-50Fe)-5Zr-5W-5Cr- Good Poor Poor Good Good
15B-158i-15P
30 [ (Co-70Fe)-52r-5W-31Ta- Good Poor Poor Good Excellent
20A]
31 | (Co-70Fe)-5Hf-5W-31V- Good Poor Poor Good Excellent
20Cu :
32 | (Co-70Fe)-5Ti-5Cr-31Nb- Good Poor Poor Good Excellent
20C :
33 | (Co-50Fe)-5Ti-5Mo-5Cr- Good Poor Poor Good Good
15P
34 | (Co-50Fe)-5Hf-5W-5Cr- Good Poor Poor Good Good
15Ge




Good Good Good Good 13 (Co-70Fe)-5Zr-5CF-30V-551 Good Good Good Good Good 14
(Co-70Fe)-10Zr-10W-10Cr- 10Si Good Good Excellent Good Good 15 (Co-30Fe)-5Zr-5W-5Cr-3P
Good Good Good Good Good 16 (Co-50Fe)-52r-5W,i%Cr-7P Good Good Good Good Good 17
(Co-70Fe)-20H1-10W-10Cr- 5P Good Good Good Good Good 18 (Co-70Fe)-511F-10W-10Cr- 10P

Good Good Excellent Good Good 19
[0040]

Sample No. 26 does not become amorphous because of having a
high Al content. Sample No. 27 does not become amorphous
because of having a high Cu content. Sample No. 28 does not
5 become amorphous because of having a high C content.
Sample No. 29 does not become amorphous because of having
the high total content of B, Si, and P. Sample No. 30 does not
become amorphous because of having a high Ta content and a
high Al content. Sample No. 31 does not become amorphous
10 because of having a high V content and a high Cu content.
Sample No. 32 does not become amorphous because of having a
‘high Nb content and a high C content. Sample No. 33 does not
become amorphous because of having a high P content.
Sample No. 34 does not become amorphous because of having a
15 high Ge content.
[0041]
Next, there is shown the method for producing a sputtering
target material. As for the 12 compositions shown in the
samples No. 1, No. 3, No. 4, No. 5, No. 8, No. 13, No. 18, No.
20 23, No. 27 and No. 32 in Table 1, and the samples No. 33 and
No. 36 in Table 1, molten raw materials were weighed, melted
by induction heating in a refractory crucible with an Ar gas
atmosphere under a reduced pressure, then tapped from a
nozzle having a diameter of 8 mm in the lower portion of the
25 crucible, and atomized with an Ar gas. The gas-atomized
powders as raw materials were degassed and charged into a can
having an outside diameter of 220 mm, an inside diameter of
210 mm, and a length of 200 mm and made of SC. The
vacuum achievement degree during the degassing was set to
30 about 1.3x1072 Pa. The above-described powder-filled billets
were heated to 1150°C, then charged into a restraint container
with a diameter of 230 mm, and molded by pressurization at
500 MPa. The solidified molded products produced by the
above-described method were processed into a disk shape with
35 a diameter of 180 mm and a thickness of 7 mm by wire cut,
turning processing, and surface grinding to make sputtering



(Co-30Fe)-5Zr-5W-5Cr-3C Good Good Good Good Good 20 (Co-50Fe)-5Zr-5W-5Cr-5P Good Good
Good Good Good 21 (Co-70Fe)-20TOOCr- 5C Good Good Good Good Good 22
(Co-70Fe)-10Zr-10W-10Cr- 10C Good Good Good C? od Good 23 (Co-70Fe)-10Zr-10W-10Cr-
2B-251-2C-1P Good Good Good Good Good 24 (Co-70Fe)-5Zr-5Cr-30Nb- 1NI-5Ge Good Good Good

Good Excellent 25 (Co-70Fe)-5Zr-5W-30Mn- 10Ge Good Good
target materials.

[0042]
As for these 12 compositions, sputtered films were formed on
glass substrates using the sputtering target materials. In the
5 X-ray diffraction patterns, halo patterns were observed in all the
samples No. 1, No. 3, No. 4, No. 5, No. 8, No. 13, No. 18, No.
23, No. 27, and No. 32 while crystalline peaks were observed in
the samples No. 33 and No. 36. Further, when crystallization
temperature was measured in the same manner as in the case
10 of the quenched ribbons, all the samples No. 1, No. 3, No. 4, No.
5, No. 8, No. 13, No. 18, No. 23, No. 27, and No. 32 had high
crystallization temperatures of 773 K or more while the samples
No. 33 and No. 36 showed low crystallization temperatures of
less than 773 K.
15 [0043]
The corrosion resistances are not shown in the tables but were
"excellent," "good," and "poor," similarly to the results
evaluated in the quenched ribbons. As for a magnetic property,
the magnetic properties were measured, in the same manner as
20 in the case of the quench ribbons, to be "excellent," "good," and
"poor," similarly to the results evaluated in the quench ribbons.
The above was summarized as follows: it was confirmed that
the results evaluated in the quench ribbons tended to be similar
to the evaluations of the sputtered films formed using the
25 sputtering target materials.
' [0044]
Further, as for the 13 compositions shown in the samples No. 1,
No. 3, No. 5, No. 7, No. 11, No. 15, No. 18, No. 24, and No. 25
in Table 2, and the samples No. 26, No. 28, No. 29, and No. 33
30 in Table 2, molten raw materials were weighed, melted by
induction heating in a refractory crucible with an Ar gas
atmosphere under a reduced pressure, then tapped from a
nozzle having a diameter of 8 mm in the lower portion of the
crucible, and atomized with an Ar gas. The gas-atomized
- 35 powders as raw materials were degassed and charged into a can
having an outside diameter of 220 mm, an inside diameter of



Good Good Good 26 (Co-50Fe)-5Zr-5W-5Cr:i 10Al Good Poor Poor Good Good 27
(Co-50Fe)-52r-5W-5Cri 10Cu Good Poor Poor Good Good 28 (Co-50Fe)-52r-5W-5Cr-15C, Good Poor
Poor Good Good 29 (Co-50Fe)-5Zr-5W-5CrL 15B-1551-15P Good Poor Poor Good Good 30
(Co-70Fe)-5Zr-5W-31Ta- Good Poor Poor Good Exc1e lent 20Al1 31 (Co-70Fe)-5Hf-5W-31V-

210 mm, and a length of 200 mm and made of SC. The
vacuum achievement degree during the degassing was set to
about 1.3x107% Pa. The above-described powder-filled billets
were heated to 1000°C, then charged into a restraint container
5 with a diameter of 230 mm, and molded by pressurization at
500 MPa. The solidified molded products produced by the
above-described method were processed into a disk shape with
a diameter of 165 mm and a thickness of 6 mm by wire cut,
turning processing, and surface grinding to make sputtering

10 target materials.

[0045]

As for these 13 compositions, sputtered films were formed on
glass substrates using the sputtering target materials. In the
X-ray diffraction patterns, halo patterns were observed in all the

15 samples No. 1, No. 3, No. 5, No. 7, No. 11, No. 15, No. 18, No.
24, and No. 25 while crystalline peaks were observed in the
samples No. 26, No. 28, No. 29, and No. 33. Further, when
crystallization temperature was measured in the same manner
as in the case of the quenched ribbons, all the samples No. 1,

20 No. 3, No. 5, No. 7, No. 11, No. 15, No. 18, No. 24, and No. 25
had high crystallization temperatures of 773 K or more while the
samples No. 33 and No. 36 showed low crystallization
temperatures of less than 773 K.

[0046]

25 The corrosion resistances are not shown in the tables but were
"excellent," "good," and "poor," similarly to the results
evaluated in the quenched ribbons. As for a magnetic property,
the magnetic properties were measured, in the same manner as
in the case of the quench ribbons, to be "excellent," "good," and

30 "poor," similarly to the results evaluated in the quench ribbons.
The above was summarized as follows: it was confirmed that
the results evaluated in the quench ribbons tended to be
equivalent to the evaluations of the sputtered films formed
using the sputtering target materials.

35 [0047]

As described above, according to the present invention, there



Good Poor Poor Good Excellent 20Cu 32 (Co-70Fe)-5TI-5Cr-31Nb- Good Poor Poor Good
Excellent 20C 33 (Co-50Fe)-5T1-5Mo0-5Cr- 15P Good Poor Poor Good Good 34
(Co-50Fe)-5Hf-5W-5Cr: 15Ge Good Poor Poor GOodlgood 15 [0040] Sample No. 26 does not
become amorphous because of having a high Al content. Sample No. 27 does not become amorphous
because of having a high Cu content. Sample No. 28 does not 5 become amorphous because of

" having a high Czbnteat savisledia 2odbeagneiden® lmofpnoasmamip lyf [@EsIREaR high total

content of B, SiaighRipameledVaisg dersMahRecRMR AMesRN ishreasteot havdthahigh Ta
content and a ?l%@(Acligongtﬁgt'asr?gq %l?x Naom%lrgﬁgiQOE?SB%%%/a%Oﬁ%PHRQusness) that
are particularly secured, has high crystallization temperature,

5 and is excellent in corrosion resistance; and a sputtering target

material and a magnetic recording medium, made of the alloy.



10 because of having a high V content and a high Cu content. Sample No. 32 does not become
amorphous because of having a high Nb content and a high C content. Sample No. 33 does not
become amorphous because of having a high P content, Sample No. 34 does not become amorphous
because of having a 15 high Ge content. [0041] Next, there is shown the method for producing a
sputtering target material.As for the 12 compositions shown in the samples No. 1, No. 3, No. 4, No. 5,
No. 8, No. 13, No. 18, No. 20 23, No. 27 and No. @RAdM&ble 1, and the samples No. 33 and No. 36 in
Table 1, molten raw materials were weighed, melted by induction heating in a refractory crucible with
an Ar gas atmosphere ynder_a reduced, pressure, then tapped from a nozzle having a diameter of 8
mm in the low portiorgbﬁﬁ’lff ﬁéﬂf}ﬁﬁ& ﬁ@é&fﬂ&éﬁ%%ﬂ %%1 r Héggagg i%&%owders as
raw materials vireratfégassed and charged into a can having an outside diameter of 220 mm, an inside
diameter of 210 mm, ag@gbe%th]@fo QO mm and made of SC. The vacuum achievement degree
during the degassing was set to 30_about 1.3x10-2 Pa. The above-described powder-filledé»illets were
heated to 1150C, then thargedthtd @%esBhiRN@rikingl Rithra BiRR& 8RB tant eAREEREIded by
pressurization ft&e0 tiiBag idesdskfsidiiragded Prodicta pebdiced by the above-described method

were processed into a ¢ e Wih 35 a diame 0] a h'%ﬁ,}s[o wire cut,
turning processing, angggr%]c%%rggi@ l%? rgia?i% %&%90?6 arget éléétenals. O%é%EA%) or these
12 compositiorf§ osputieeeg P weraSisitied of §lasMeuBstehtdk using the sputtering target

materials. In the 5 X-rayhffctionImdieras. Bale raitens wareralbserverkimathtae saraetesdNo. 1, No.
3, No. 4, No. 5_No. 8, No. 13, No. 18, No..23, N 7%&:“1 N .3?.2 while crystalline peaks were

observed in thé@ﬂﬂpﬁ@? I@S%ﬁgaﬁarﬁcg.sg"@.qéﬁﬁh\é, R sBilization temperature was measured

in the same manner as(iD }h8 dase30Yof tfe auenohetivibbelewnte salgaeedNsraNEhs No. 4,

No. 5, No. 8, Nﬁr&ép'\tfbljrgiﬂfh 3iNQi 2h @MANo. 32 had high crystallization temperatures of 773 K
t

or more while the samples No. 33 and No. 36 showed low c,' stallization tem eraéyres of less than 773
I

K. 15 [0043] The corro$feh @siQamcés Qe ABESHIWRMPHR BIDRE It SRRE VELL T %50d,” and
"poor," ;imilarlgt_@m@ mawr_i,uaﬁ_amirama gencimdl ribbons_. As for a magnetic property, the
magnetic properties V\'/'eg_ﬁbnﬁa?grelcbdp tl% sgﬁ;ég ?éaslwé agﬁzﬁbdp%ﬁt%?éﬁq%fr}gg § %?88% bons, to

be "excellent," "good, "poor,"’similarly to Ssults eva e quen ons. The above
was summariz&Pa8 fonever aupas@oRifFERE BhSheGesuRs Bvaitdel indRE quench ribbons tended
to be similar to the evajyrtiong shthe certierediiasdrieerbusing e Zasputtering target materials.
[0044] Further, as for the 13 compositions shown in the samples No. 1, No. 3, No, 5, No. 7, No. 11,
No. 15, No. 18, No. 24, and No. 25 in Table 2, and the samples No. 26, No. 28, No. 29, and No. 33 30
" in Table 2, molBen raw Tistetallt wargneitided) oy - bsniagnaldn ieaomgina atertdipgrucible
with an Ar gas@n&q)é%efﬁ lﬁ?ﬂ%i@fﬁ'@?ﬂ‘diﬂr%‘{@@?’ then tapped from a nozzle having a diameter of
8 mm in the lower portion of the crucible, and atomized with an Ar gas. The gas-atomized powders as
raw materials were deg%’s‘s@d%gg%ﬁged into a can having an outside diameter of 220 mm, an inside
diameter of 17 210 mriAanB ater0tof 360onm and iwadoof S réhelanemsadeteebazht degree
during the degggg'tﬁgtwgﬁgﬁ%ﬁ%afg%i’ls -&cP . Tf're ?}@/(ﬁ(ﬁescribed powder-filled billets were

, then charge

heated to 100 d"info a restramt contéinef 5 with a diameter of 230 mm, and molded by

pressurization at 500 MBa. Ph&sohbifedafichkit®l plodies PlodDEEE b9 BRI 8hESe RISGHSEH method
were processeftgie aHisk shapecwis s EirmIey 1Mo mAdang a thickness of 6 mm by wire cut,
turning processing, an rface grinding tq make sputtering 10target materials. [0045] As far these 13
compositions, sputtere(gjciihjm@l grm&e%%oﬂrb?as rs&%’&rg?gsr&s%ét E%Bﬁpeq'%ng ?i gceﬁteraaterials. In
the X-ray diffreftion géne g halcpasésiingené dhdehedndallahe 15 samples No. 1, No. 3, No. 5,
No. 7, No. 11, No. 15, r%l@' Pip-FeoanskNom 859Kt B sialiiareake wete absasve dindhe
samples No. 26, No. 28, No, 29, and_No. 33.5!: rther, when crystallization temperature was measured
in the same mETRMHLSANFIS A OF thé 308nMHd ribbons, all the samples No. 1, 20 No. 3, No. 5,
No. 7, No. 11, No. 15, \®) 1B, t0.5% aofl Nne2% hahogle eysetitsmtsze eatgpdrdtoes dhe73 K or
more while theﬁﬂgleéolﬂgiéﬁ do?"%:l:igrﬁﬁ]wd low crystallization temperatures of less than 773 K.
orro

[0046] 25 The ion resistances are not showh in the tables but were "excellent,” "good," and

"poor," similarly to the (E9ul®s EQaili8fé RftHRNGUATCH OB OAS 161 R ER e , the

: magnlclatic propﬂrg'eﬁ \@ﬁ@;gﬁ@@ﬁyr@ﬂng}gt}mgaﬂesn,aq@r Rs F\,thggagg efribe quljert;(l:)h ribborrlls, tg be
"excellent," "good," an 'pqor.” similarly tq the results evaluated in the quench ribbons. The above
was summarized as fﬁ%ﬁ%&%ﬁﬂr%‘%@ t‘ﬁ%%%'ﬁe%s%rs g\?ﬁl‘]‘é&'@l I the quench ribbons tended
to be equivalent to the evaluations of the sputtered films formed using the sputtering target materials.
35 [0047] As described above, according to the present invention, there 18 can be provided a soft

. magnetic alloy for a thermally assisted magnetic recording medium, which has a saturation magnetic

- flux density and an amorphous property (amorphousness) that are particularly secured, has high
crystallization temperature, 5and is excellent in corrosion resistance; and a sputtering target



material and a magnetic recording medium, made of the alloy. 19 CLAIMS 1.A soft magnetic alloy for

magnetic recording, comprising in at%: Fe: 0 to 70%; (A) 5 to 20% of one or two or more
elements selected from the group consisting of Ti, Zr, and Hf; (B) 0 to 30% of one or two or more
elements selected from the group consisting of Cr, M’zo and W; (C) 0 to 30% of one or two or more
elements selected from the group consisting of V, Nb, and Ta,; (D) 0 to 30% of one or two

elements selected fromlthe Gollp BrEREAY & NeyunPmmnagngEroreResydinBna @b BRments
selected from the grfwipreonsistinof Abzne Gsirands to (B tatbd%@f atror(®/p ¢rvags elements
selected from the group, consisting of Si, Ge, P, nd C: and the balance Co and,upnavojdable
mpurities. 2 TISDTEN o TUNE A0y KO atb 0 B GAS S 5 K A1 EoRGh Eof i a6

Fe: 0 to 70%; groym) slemenddsoh8 dotsd @tiYore elements selected from the group consisting of

Ti, Zr, and Hf; (B) 0 to 30% of one or two or more elements selected from the group consisting of
Cr, Mo and W; (C)'_%to 30%/0 of one or two gr mare elements, selected from the rog{g consisting of
V,Nb, and Ta;4 (D)% 265k P BHE GG bnEREs DASRE o HE 4HBEp {Sof Ni and

Mn; (E) 0 to 59hpf one cofval Eiersedttoe@cted rﬁrmniﬂilaggrnmp@rt_ﬁauing)%% agd B0; (F)
0 to 10% of one @y v qégpg%eeﬁ%?gzﬁiﬁsﬁg%é@@é&%_group consisting of Si, Ge, P, B, and C;

and the balance Co and unavoidab e soft magnetic alloy for magnetic recording
according to claim 1 or. 2, comprising 5 to 30 at% of the (B) group element, wherein the sum of the (A)

group elementgnd thetBrosafie elempntiscl o BSfatamdgheeizottanagdatig alleyded magnetic

- recording accoyding to any one.of claims 1 tp 3, comprising_more than 0% and 30, at% ar less of the
(C) group elem{eontg%YT%geso %n%ﬂ“@t?c ill(%/) féfl:' n§§éﬂgtﬁsr@c%r8?r%rgc€%?d?n§ t{? aﬁg %ngaof claims 1

to 4, comprisingitforetHes HwfaktE30l2)9g P las R MEND) group element. 6. The soft magnetic

alloy for magnetic recording according to any one of claims 1 to 5, comprising more than 0% and 5

at% or less of the (E) group element. 7. The sqft magnetic alloy for magnetj¢c recording according to

oy one of clafr 1 to SN SRTE ARG e B 48 15 ABRe - SELPTiLTe) SR chident. b. A
sputtering targéo neateria meads of herss ftimbg nBticcdimypids mag maiieee dbraimD&¢cadidg 5o any one
of claims 1 to 7,+.8 pane ic:racard ' ising a soft magnetic film made of the soft
magnetic aIon?(gr/‘r)n%g;letlc rt(&e%o@ﬁl%g gc%@%%%r@%ﬁé of claims 1 to 7.

7. The soft magnetic alloy for magnetic recording according

to any one of claims 1 to 6, comprising more than 0% and 10

at% or less of the (F) group element.

8. A sputtering target material made of the soft magnetic
alloy for magnetic recording according to any one of claims 1 to
7.

9. A magnetic recording medium comprising a soft magnetic

film made of the soft magnetic alloy for magnetic recording
according to any one of claims 1 to 7.



