1 CoFeNi - BASED ALLOY AND SPUTTERI NG TARGET MATERI AL FOR SOFT MAGNETI C FI LM
LAYER | N PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM 5 [ Cross- Reference to

Rel at ed Application] [0001] This appli cat1i on clains priority to Japanese
Pat ent Application No. 2009-139151 filed on June 10, 2009, the entire
content of which is incorporated herein by reference. 10[ Technical Field]

[0002] The prEskehiBASED AhLONM ANGS $RUTTEHING -Heret TaM//NERERD HOR a

soft nmagnetic I r di um and
2 sputter i ng. t ket MACHTEIC FREVEERY R REaERBERMECKEAR FHOGAEC Mecant
years, there have been remar kablREQOCIE$GEM EDTUMgneti ¢ recordi ng

t echnol ogy, and hei ghtening of recording densities in magnetic recording
medi a has been proceeding due 20 to increasing drive capacities. For

exanpl e, Pper pEndssReficrengreto Related Amglicygbam which achi eves further
hi gh recordi E@ @ﬁjSi ty when conpared to |ongitudinal magnetic recording
system conve P | 1y used, has been put into practical use. Perpendicul ar

magneti ¢ recdhis rapssationi slan2S syistem to Ipaheseprabeht ZR&HpRBaGBSY axis
is oriented t“ %ﬁ g jﬁ% vtertlca Bma%ﬁ&éf surface of a magnetic
filmof a pe %en Qar nlgl’r:tﬂ FE PBc Pﬂfenﬁg cathg captent of a

hi gh recordlm@;dlansuhy:orﬁgratm pendis Wyaref@ghate c recording system a
doubl e- i um having a magnetic 30recording filmlayer with
an i ncre'l sedﬁ%@gﬁ%ﬁﬁ% g@ﬁa tivity and a soft magnetic filmlayer has been
devel oped. AEO(DBE Jmagnetic recording filmlayer, a CoCrPt-Si02-based alloy
i's commnly 0004 for, the soft netic filmlayer, on the

ot her hand, gr@ “laﬁ‘ 1{6 Qﬁp '%ﬁ%et@ @ncgggf\““ iad oy &gt oA Co or
Fe, to 2 whicft ZmaghléticTazirrNDa@élﬁi iB EOperﬁehng@raﬁPé@ﬁ@H& PEOP&Iihpes are
added. For exa t he e are HP ZEd an % Lor a soft magnetic film

| ayer in a p@%h‘&'ﬁc@l 9 48b98F ﬁ@aﬁ% PukgEeaf scl osed in Patent
Li t er at ure 1[Bac@r§@ﬁba§ﬂq alloy 5 sputtering target material and a
producti on mgg t hereof as disclosed in Patent Literature 2. [0005] High
saturation e f1ux density, high anorphous properties and high

corrosion rehi st@neet ayearsquhieed fivd heedf seihapRIPR! |
t hi s perpendicul ar maa*letl ! recorgl qgfﬁmedl um Furt her nor Egré%ﬂérgeé%ﬁ years

har dness has/ BEHIE NGed 8Ysof Pdmitfightening nef asegoridingr der
to reduce di @@ngamenww@&cbm rel® raang alfﬁfed?ﬁtl"l\@yb@eﬁﬁﬁrocgggéﬁﬂ?g%' ¢

medi um and a read/wite head.” 15[ Citation Lis at ent

recor di
Literat @%e] 0 [BfIeppingpalibse PAPEMTIESI d- (8N EXAMRIEL | @ﬁrN@ndzcomI&rzgggos

PTL 2] Japamesfhdlasent e &th C Nog 8 r
E)f the] I nvgntl o'] '[]000 e@rﬂna |§I cant $ ﬁyﬁ@%ow %Q%Sl 95%&?5[@ gg?b?/e
to obtain ad&49"&iNGn $ikY é(eﬁﬁﬁh Wﬁ%nt%ﬁ@ﬂit@dﬂ!ﬂak dmmeyc hi gh

amor phous prieReyrdieg angsteirgh @d}ﬁ\l?@ﬁt;%afllf‘ys' 5580Ce 1ffs Welde RS 545 Y
settlng t he I‘atIO O B amount to Ta and armunt to a cer all’l ra9|o

has an even MidfiteralhMs@nesSarpRendinetay dT‘aQW@téﬂ Qo rgingosgdatem Pat ant

Li terat gpe Ilgydt@@A8{n IWwhidh the f gsPHe e on to
provi de a 30 ysoft mangn\tgthllcgh aé] ﬁﬁf O?tl%@ti??ﬂp%%ﬁﬁg%? r?a nﬁ%dr g}éo?hgang

medi um excel ¥ERELIOA ¥&Tticat |t@nth\%dﬁ§ﬂ|”én”f sukTaies it § W@gﬂqﬂn@tfﬁnmrafpartl es,
corrosion r %@@mmﬁ@ﬂ rﬂ%@‘i’ﬂﬁ% re%o?@%%%é&ﬁ}lh‘?‘rﬂ?ﬁ 488 Gfible f fgxr

producing a filmof the allady; ndi cu magnet1 C Trecor
medi um havi Y94 §8ﬁ@r§mm@ﬂ@ﬂtw fﬂF@rﬁ @@@fem@w@i@r mra@rsam@yreqmmg 3

According t Gyidierh | rétdéﬁﬁ@éﬂﬁ?@' Pécéﬁﬁn%;%%%u Vﬁ&v{r@ tﬁ%inéﬁc

pr ovi deg a CoFeNi - ase alloy for a soft ghetic tilm

per pend Bul dieceagiegidirpeleorei withean Urcransedi Fﬁft@féfIGQFéN?Sttaséyd ahd oy
conprises iryat 5 t % % t nte be O;
Ta: 1 to 8% anéth: ﬁ?ﬁ%@géﬁtanﬁign/o gﬁg&/ Iﬂ,tgn%rte)gt%ﬁ @%?’)}HDE&P r}:‘t‘esr met he
conposi ti on PRAIRLICorREPLdaged 4N doYERt %9 E@@tﬂtsﬁi@thd obllowi rig

ratios: commonly used.
[0004]
35 As for the soft magnetic film layer, on the other hand, there are
known alloys based on soft magnetic elements of Co or re, to



Co/ (Co+Fe+Ni): 0.1 to 0.9; Fe/(CotFetNi): 0.1 to 0.65; Ni/(Cot+FetNi): O to
0.35; and B/Ta: 1 to 8. 15[0010] According to the second enbodi ment of the
present invention, there is provided a CQFeN -based alloy for a soft
magnetic filmlayer in a perpendicul ar n‘ggnetl c recordi ng nedium wherein
t he CoFeNi -based alloy conprises in at% 20Co+Fe+N: 70 to 92% provided

that N cont giicHeyr,bafO;TaNINBaand Bofcﬁ%m dvihg PR oL Brd hor e
t han 20% wher ein the conp 03|t|jgn of '?ﬁe Co%eNl -based aﬁﬁl) oy%%(gﬁ%

25satisfies 8he 3EEdwi ﬁ@rr%ww e +geaNepased @6 olloy ey @céqttem. ):

0.1 to 0.65 nMdheatFethh) Ia{»‘ei‘on‘;’ 39; péﬁﬁ’eﬁﬂ(dﬁhﬂa)maénfe‘?f@ R
According to thi third enbodi nent of the present invenfion ere |s

provi ded a paediaflospd b Pzﬁt@@ltti-'ﬁﬁ{ﬁ'é{rec 518 o -dpebasedaalioy
per pendi aqul agp mﬁﬁ%gta@@rma&r@da% abepei R tidHe rRerRbl- PRsechRllsoy

conpri ses |n at % +F€+Ni : 70 to 92% provided that NI content nmay be

Zr +Hf +No+Ta: di5ql@s@dyingatfnteLite5AtY9 2nd not nore than 20% Zr+H: 0 to

|l ess than 2%p@pdg]Al +Cr: 0 to 5% 5 wherein the conposition of the

CoFeNi - based al | oy (at% satisfies the following ratios: Co/(CotFe+Ni): 0.1
to 0.9 Fe/ (Bigrerfpiuraiiant ompeBetit / floxrFalensityo thigh. 3mmanahous

108/ (Nb+Ta) : Rﬂoﬂ)ér@es[Qﬁéz]hléﬁc%gl*dkﬂoho ré@@t‘é‘ﬁrcee@?%d'r@%@ nﬂi itcﬂe tﬁ%esent

|nvent|on erels rovid sput ering tar et mat eri al
CoFeNi - aé)sedsgftraa,a%r&@tjﬁdu fige o I8¥ER ofn t hténIabop@rmsném@d@rmm@gnpu@le,]

Accor di ng tOréédemgnﬁ{étﬂhrﬁ”er@ﬁ@Pnﬂf d, hi% Pé@éﬁﬂh/éd?’%emdrgig}eéé"ﬁ%% s

provi ded a perpendi Cul ar magnetic recor medi um Havi n§ a magneti c
filmlayer nB88NoMQNE regretgd 5@5@@@2§O§¢ I%?Q@@@tﬁ diliy layeedbhooder Re above

enbodi ment s. 4 AESET diRL aan%?@@@ésgsnbg] HE@%&MJ&%@&@%%H d %@tf&\q

expl ained in detail bel ow. Un rwi se note per centage
descri bed heMAGN@HEIEEFdGMediwnend a[ b wiike hgadent i nventi on

rel ates 10 ar €pEeNy P_?sscﬁd alloy for a soft magnetic filmlayer in a
per pendi cul ar glnetl c recording nedium The CoFeN -based all oy conprises

in at% 30Coh#eARl: 70 to 92% provided that Ni content may be O;

Ta: 1 to 8% (p [ iment), Nb+Ta: 1 to 8% (the second enbodi nent),
or Zr +Hf +Nb+§' aeeﬁctl &%E"/ggthg third enbodi nent); and 35B: nore than 7% and

not nore tha[‘P@@%] hredeeas| Ratenisi aids Qperitublication Nne 24582 29865nt s,
and more  [pTL 2] Japanese Patent Laid-Open Publication No. 2008-189996

20  {Summary of the Invention]
[0007]
The applicants have now found that it is possible to obtain an
alloy which has a high saturation magnetic flux density, high
amorphous properties and high corrosion resistance as well as,
25 by setting the ratio of B amount to Ta and/or Nb amount to a
certain ratio, has an even higher hardness than those of the
alloys proposed in Patent Literature 1.
[0008]
It is therefore an object of the present invention to provide a
30 soft magnetic alloy for a perpendicular magnetic recording
medium excellent in saturation magnetic flux density,
amorphous properties, corrosion resistance and hardness; a
sputtering target material for producing a film of the alloy; and
a perpendicular magnetic recording medium having a soft
35 magnetic film layer made of the alloy.
[0009]



5 preferably consists of the above el enents. The CoFeN -based all oy
according to the third enbodi nent can further conprise Zr+H in an anount
of 0 to less than 2% and Al +Cr in an ampunt of 0 to 5% In each enbodi nent
fromthe first to the 5 third, the corrpo§ition of the CoFeN -based al |l oy
(at9%) satisfies the following ratio: Co/(Co+Fe+Ni): 0.1 to 0.9;

Fe/ (Co+Fe+Ni hccBrdidd @ 6ie NitdtCashpthidiedt toF G35 pridrtOBhTanthd 0 8.
[0016] Co, Fe and N~ are el enments having soft nagnetic &Lopertl es. The
contents of EREredSapP\WHesr 8 cPEFAH aBpyednationaopar sptumagneticnfited t o,
a Qo cont ent |ferd ih0aBBHrpaRdRa BRNHERS nBECS rkeodikP thedldn? Mherahent of
0O to 40% nore preferably a Co content”of 25 to 80%~ an Fe content of 15 to
529% and a Nthedmkahi-based alloyosomdypers iINa/o:The total content of Co,
Fe and Nis (i.e., ConRepdli NgOERb) bRt herlikigl ehat he | jon is
70 to 92% preferably 80 to 92% bAQCoiFrﬁrl\?thHcon?ent g?ﬁiﬁ%gg @ﬁgﬁg%%
results in aHiinsufficient saturation magnetic flux density, while that of
nore than 92%resu~¥‘%s lifbe%OV‘éﬁﬁt al anmount of Zr, Hf, Ta, Nb and B and

t hus provides insuificient arorphous properties. [0017) 25 In the meantime,
when conparing t heBe mergdharedsatandsreumereoshaigdBlihc f1ux density
becones | owey,rggeghalthe i By Qfider 8F ke k= N‘ff‘ﬂ%% or. } OPto

resi stance becones poorer ge_eraPI y iﬁ t he or lglreo |§;EC%> emﬁ}I nﬁat %)

consi derddt i ofabpfiesetrafahewipetREE¥E t he saturati on magnetic flux density
and the 30 corrosi LSHAPRE) - iggs of Co, Fe and Ni contents to
Co+Fe+Ni cont ent areg/ggﬁl en wﬂ&i%hﬁg ol1 owi ng ranges: Co/(Co+Fe+Ni): 0.1
to 0.9, preferablyFe/EetFeiN)rd).(cbarbef;): 0.1 to 0.65, preferably 0.2
to 0.55; and Ni/( | e 0 efepably 0 to 0. 10.

35Ni / (Co+Fe+Ni) o?ﬂmd\ljtrﬁg—rt%%épﬁ?dl% %ﬁaan insufficient saturation
magnetic flux densBfVa: Hel@ G+Fe+Ni) of less than 6 0.1 results in an

i nsuf fi gicent @g&ggati on magnetic flux density, while that of nore than 0.65
results in p{)or corrosion resistance. [0018] 5 Determining the ranges of

Ni / (Co+Fe+Ni Acaandig) (ootre+s&gona enibodimyentsell thei present dngentian,t of
Co/ ( Co+Fe+Ni i () - o] |,/ F I )= an

Fel ( CorForncibTab)S RHRAdER, o CBFEF-5a88a 0By P8 Fal Mpagedofim
singul ari ty kyeathichat perpandiatliiaonmagneticc recaxdit® deesiit i baethersin

extrenely | ow. i g8 L,Ch L\ 0 0.40 of Ni/(Fe+N ).
Therefore, t eé {tg)(\SABIEE?N{I mt Og?”ég/%@gﬁ%é%\f ?n?%% 10. On the other hand, the
upper |26t of Co/ CodHreiNi) 4% t0. 92Ckn prirevidasethat NilY CCotErtNCay aed

Fe/ (Co+ Fe+ bli.)= 0.1). 15 [0019] Ta, Nb and B are elenents for inproving

anor phous properties in the alloy of the present invention. The contents of
Ta, No and B are pNéfefablyto BO6; motdparticularly linmited to, a Ta content

of 1 to 8 an Nb go 9 B, 20 content of nore
t han 7% and not m)rgé%ﬁ)g% %ﬁ%%ﬁgr'i?ghg@tgg%aggo/ﬁtent of 2 to 6% an
No cont ent oWwiGredn3%heandommsibiorenof othe. 5Cobe My ased pedtdwel(gt%)n t he

al | oy of,t he_py. til i otal content of Nb and Ta (i.e., Nb+Ta
content)2§|s igfig’ﬁgg%tﬂg\éﬁgéﬁﬂgo@gﬁ' of less than 1% results 25 in
i nsuf ficient anorp@oydéCprdierNiks). Wbl @.%hat of nore than 8% results in an
insufficient saturati G A4 1u ity. B content of not nore than
7% results in insu?%{@?%%?%%ﬁﬂpph@ds%%&g‘ ties, while that of nore than
20% results in an Nip§@id+Eeeri)sdl tod.i3dy angnetic flux density. 30 [0020]
In the alloy of thg/mgg‘_e%t N v ion, the ratio of B content to Ta+Nb
P10l Y

content, B/ (Ta+Nb), ferably 1.5 to 6. Wthin these ranges, an
unpr ecedént e 1hijgh hardness can be achi eved. Although the detailed

5t om and TACROET ichaybrt e Wil P RHREFRRRS ool ot TaPRom "

B/ (Ta+Nb) ofthess isharovided aoCeFeiNinb8sedogildgsfanai ssflf hageratichéifdness.

0021] Z I . i i h ies. 5 .Th
contents of EVEndN P Rropprgicias FaglER, TERPRITES et SEancein o
not nore thath@%okeNi-baded attogntoonfpmees iorat%han 1. 0% respectively. Zr,

Hf , Nb Ta may degd .| t ot.al,, Zr +HF+Nb+Ta, ¢ ent of to 8% and
Zr and a%gnay be agﬁggQ?ﬁﬁé'Bg?JP %&fﬂF*%%%‘ggp g?agqg%cpgggnﬁﬁgﬁyééﬁ Thi s
10 enbodi men0;corresponds to the third enbodi mrent of the present invention.
A Zr +Hf +Nb+Ta content of less than 1% results in insufficient anorphous
properties, while that of nore than 8% results in an insufficient
saturation magnetic flux density. A Zr+Hf content of not |ess than 2%
results in a 15 decrease in hardness. [0022] Al and Cr are elenents for

i nproving corrosion resistance in the alloy of the present invention. The
contents of Al and C are preferably, but not particularly limted to, an

g 4 o - o 7 N o L, o - ~N 7



25 Normally, a soft-magnetic filmlayer in a perpendicul ar magnetic
recording nmediumis formed by sputtering a sputtering target materi al
havi ng the sane conposition as the filmlayer to formthe filmlayer on a
gl ass substrate or the like. At this timé the sputtered filmhas been
quenched. In contrast, in the present 30 invention exanples and conparative

exanpl es descri bedZmeJH)ﬁA(,Ngqe]rg}hgctd Bbhens produced in a single-roll-type
l'i quid quenching d as sa le materials. This is to evaluate,

gﬁl ce we ?Fen?m

in a sinple manner BusT¥Y €l '?:ﬂf‘ @ﬁé’h'@@ MBEBHSameéR%ari ous properti es
are affected by thgrqqm)oget@t Rsef thde Bk fahas which are actually quenched
and fornmed by sputt r| n &PEX§ nples] 8 [0024] The present invention is
expl ai ned in detai {q Z:ef er ence to Exanpl es. A raw material of 30
g wei ghEdStOWWé/t%lhhe:i'mJeﬂé §|'th)ti9”o$0'fﬁ‘és'€b?@hﬁr!9éi‘@ed1”a @@3

ar c- rrelted5|g W{: a reduce Eh‘Ei%essurelnawater cool e copé | d,
whi ch has a 8RESEES the fﬁHQW{'”QO" 2nd a | ength of about 40 nm to provide
a nolten raw mater Ca/( tgt”-télei\gqpeoch@ Olg)bon The production of the
quenched ri bbon vvaE ?&?\gucte y a SI n le Toll nmethod under the condition
in which the noltek€ therelori Gyl \V\ﬁ £8 in a silica tube having a

di ameter of 15 nm pnd owsreampgd ¢ €80 84-2RRHNG nozzl e having a di ameter of

1 mm at, an atnosp sure of 61 kPa, at an atomizing pressure
dlffereri'(@ of 69 kgz(ﬁg Fa;t htPoBational nunmber of 3000 rpmof a copper

roll (dianet F@OQQ]3OO nm , W|th a gap 15 between the copper roll and the
tappi ng nozzle being set to 3 mm The terrperature at which each raw

material mel fEECHIHT wWER ﬁﬁ@élﬂ@és eﬂh"éoﬁﬁﬁ@lfﬁg afertper rgsent 9nV§atdmaxg
LJO 1USAUJI J + A
i V@ﬁ@té’ @alﬁwae@n@ %Mﬂ%r(r?% t%\&z@ EP%%@{%\H ragago)/ I lﬁﬂ% SEO

0z 07z SZ "0 St SZ'S.?
000 OT0 soC@Fe%rba@@@ G®Y ooaccoudinasgoto  each the " above
15 embodiments.
[0013]

According to still another embodiment of the present invention,
there is provided a perpendicular magnetic recording medium
having a soft magnetic film layer made of the CoFeNi-based
20 alloy according to each of the above embodiments.
[Description of Embodiments]
[0014]
The present invention is explained in detail below. Unless
otherwise noted, percentage (%) described herein means
25 atomic % (at%).
[0015]
The present invention relates to a CoFeNi-based alloy for a soft
magnetic film Jlayer in a perpendicular magnetic recording
medium. The CoFeNi-based alloy comprises in at%:
30 Co+Fe+Ni: 70 to 92%, provided that Ni content may be
0;

Ta: 1 to 8% (the first embodiment), Nb+Ta: 1 to 8% (the
second embodiment), or Zr+Hf+Nb+Ta: 1 to 8% (the third
embodiment); and

35 B: more than 7% and not more than 20%,
preferably consists essentially of the above elements, and more



SEO SOr 000 000 00'0 SEO 000 O00'0 04'0 SOT (11\1+2.d +03)/ad SST
Oro OEO0 OZT 51710 0170 050 OEO 590 550 550 Q'O 59'0 590 990
090 500 O.T OST Q0 ( N+ad +opyoj Or*0 06'0-1 050 090 SL'O 090
050 OLT SEO OIT OVO SLO 5E0 SEO 8EO S0'0 SEO O 010 SLO JDHV

preferably consists of the above elements. The CoFeNi-based
alloy according to the third embodiment can further comprise
Zr+Hf in an amount of 0 to less than 2%:; and Al+Cr in an
amount of 0 to 5%. In each embodiment from the first to the
5 third, the composition of the CoFeNi-based alloy (at%) satisfies
the following ratio:
Co/(Co+Fe+Ni): 0.1 to 0.9;
Fe/(Co+Fe+Ni): 0.1 to 0.65;
Ni/{(Co+Fe+Ni): 0 to 0.35; and
10 B/Ta: 1 to 8.
[0016]
Co, Fe and Ni are elements having soft magnetic properties.
The contents of Co, Fe and Ni are preferably, but not particularly
limited to, a Co content of 9 to 80%; an Fe content of 5 to

15 60%; and a Ni content of 0 to 40%, more preferably a Co
content of 25 to 80%; an Fe content of 15 to 52%: and a Ni
content of 0 to 10%, respectively. The total content of Co, Fe
and Ni (i.e., Cot+Fe+Ni content) in the alloy of the present
invention is 70 to 92%, preferably 80 to 92%. A Co+Fe+Ni

20 content of less than 70% resuits in an insufficient saturation
magnetic flux density, while that of more than 92% results in a
low total amount of Zr, Hf, Ta, Nb and B and thus provides
insufficient amorphous properties.

[0017]

25 In the meantime, when comparing these three elements,
saturation magnetic flux density becomes lower generally in the
order of Fe>Co>Ni, while corrosion resistance becomes poorer
generally in the order of Ni>Co>Fe. In consideration of the
balance between the saturation magnetic flux density and the

30 corrosion resistance, the ratios of Co, Fe and Ni contents to
Co+Fe+Ni content are fallen within the following ranges:

Co/(Co+Fe+Ni): 0.1 to 0.9, preferably 0.3 to 0.9;
Fe/(Co+Fe+Ni): 0.1 to 0.65, preferably 0.2 to 0.55; and
Ni/(Co+Fe+Ni): 0 to 0.35, preferably 0 to 0.10.

35 Ni/(Co+Fe+Ni) of more than 0.35 results in an insufficient

saturation magnetic flux density. Fe/(Co+Fe+Ni) of less than
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0.1 results in an insufficient saturation magnetic flux density,
while that of more than 0.65 results in poor corrosion
resistance.
[0018]

5 Determining the ranges of Ni/{Co+Fe+Ni) and Fe/(Co+Fe+Ni) in
this way results in the lower limit of Co/(Co+Fe+Ni) being zero
(0) (in the case of Ni/(Co+Fe+Ni)=0.35 and
Fe/(Co+Fe+Ni)=0.65). When the Co content is extremely low,
there is a singularity at which the saturation magnetic flux

10 density becomes extremely low in the range or vicinity of 0.25
to 0.40 of Ni/(Fe+Ni). Therefore, the lower Ilimit of
Co/(Co+Fe+Ni) is 0.10. On the other hand, the upper limit of
Co/(Co+Fe+Ni) is 0.9 (in the case of Ni/(Co+Fe+Ni)=0 and
Fe/(Co+Fe+Ni)=0.1).

15 [0019]
Ta, Nb and B are elements for improving amorphous properties
in the alloy of the present invention. The contents of Ta, Nb
and B are preferably, but not particularly limited to, a Ta content
of 1 to 8%; an Nb content of not more than 5%; and a B

20 content of more than 7% and not more than 20%, more
preferably a Ta content of 2 to 6%; an Nb content of 0 to 3%;
and a B content of 7.5 to 15%, respectively. In the alloy of the
present invention, the total content of Nb and Ta (i.e., Nb+Ta
content) is 1 to 8%. An Nb+Ta content of less than 1% results

25 in insufficient amorphous properties, while that of more than
8% results in an insufficient saturation magnetic flux density.
B content of not more than 7% results in insufficient amorphous
properties, while that of more than 20% results in an
insufficient saturation magnetic flux density.

30 [0020]
In the alloy of the present invention, the ratio of B content to
Ta+Nb content, B/(Ta+Nb), is 1 to 8, preferably 1.5 to 6.
Within these ranges, an unprecedentedly high hardness can be
achieved. Although the detailed mechanism of achieving the

35 high hardness is uncertain, the bonds between B atom and Ta
atom and/or Nb atom in the alloy may have some effect.
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B/(Ta+NDb) of less than 1 or more than 8 provides an insufficient

hardness.

[0021]

Zr and Hf are elements for improving amorphous properties.
5 The contents of Zr and Hf are preferably, but not limited to, a Zr

content of not more than 2%; and a Hf content of not more

than 1.0%, respectively. Zr, Hf, Nb and Ta may be added in a

total Zr+HF+Nb+Ta content of 1 to 8%, and Zr and Hf may be

added in a total Zr+HF content of 0 to less than 2%. This

10 embodiment corresponds to the third embodiment of the
present invention. A Zr+Hf+Nb+Ta content of less than 1%
results in insufficient amorphous properties, while that of more
than 8% results in an insufficient saturation magnetic flux
density. A Zr+Hf content of not less than 2% results in a

15 decrease in hardness.

[0022]

Al and Cr are elements for improving corrosion resistance in the
alloy of the present invention. The contents of Al and Cr are
preferably, but not particularly limited to, an Al content of not

20 more than 3%, and a Cr content of not more than 3%,
respectively. The upper limit of the total content of Al and Cr
(i.e., Al+Cr content) is 5%. An Al+Cr content of more than 5%
results in a decrease in saturation magnetic flux density.

[0023]

25 Normally, a soft-magnetic film layer in a perpendicular magnetic
recording medium is formed by sputtering a sputtering target
material having the same composition as the film layer to form
the film layer on a glass substrate or the like. At this time, the
sputtered film has been quenched. In contrast, in the present

30 invention examples and comparative examples described below,
quenched ribbons produced in a single-roli-type liquid
quenching device were used as sample materials. This is to
evaluate, in a simple manner using liquid quenched ribbons,
how various properties are affected by the components of the

35 films which are actually quenched and formed by sputtering.
[Examples]
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[0024]
The present invention is explained in detail below with reference
to Examples. A raw material of 30 g weighed to have the
guenched ribbon composition shown in Table 1 was arc-melted
5 in Ar with a reduced pressure in a water-cooled copper mold,
which has a diameter of about 10 mm and a length of about 40
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 the molten raw
10 material was set in a silica tube having a diameter of 15 mm
and was tapped from a tapping nozzle having a diameter of 1
mm, at an atmosphere 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
15 between the copper roll and the tapping nozzle being set to 0.3
mm. The temperature at which each raw material meited down
was taken as the tapping temperature.
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Quenched ribbons produced in the above manner were used as
sample materials to evaluate the properties described bhelow.
[0026]
Evaluation 1: Saturation Magnetic Flux Density

5 Saturation magnetic flux density (T) was measured on
approximately 15 mg of the sample material at an applied
magnetic field of 1.2 MA/m (15kOe) by a VSM device
(vibration-sample-type magnetometer).
[0027]

10 Evaluation 2: Amorphous Properties (Half-bandwidth)
The amorphous properties of the quenched ribbon were
evaluated by X-ray diffraction. In general, when an X-ray
diffraction pattern of the amorphous material is measured, no

diffraction peak is observed to show a halo pattern specific to
15 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 to show a broad peak
having a large half-bandwidth (a width of the angles at which
the intensity is half the diffraction peak intensity). This
20 half-bandwidth has a correlation with amorphous properties of
the material, and has a characteristic that as the amorphous
properties are higher, the diffraction peak becomes broader with

increasing  half-bandwidth. Therefore, the amorphous
properties were evaluated by the following method.
25  [0028]

The sample material was adhered on a glass plate with a
double-faced tape to obtain a diffraction pattern by an X-ray
diffraction device. At this time, the sample material was
adhered on the glass plate so that a surface to be measured
30 could be a copper-roll-contact surface of the gquenched ribbon.
The X-ray source was Cu-ka ray, and the measurement was
conducted at a scan speed of 4°/min. The width of the angles
at a half height of the main peak in the diffraction pattern was
image-analyzed to determine the half-bandwidth for evaluating
35 amorphous properties.
[0029]



6 OF. Z1. Li- 171, 91,1 is | 81. O 10 Quenched ribbons produced in
t he above manner were used as sanple materials to evaluate the properties
descri bed bel ow. [0026] Eval uation 1: Sa% uration Magnetic Flux Density 5
Saturation magnetic flux density (T) was freasured on approxi mately 15 ng of
the sanple material at an applied magnetic field of 1.2 MM m (15k0e) by a

VSM devi ce (Evbl@ation-3amygokyie Regaeipreter). [0027] 10 Eval uation 2:
Anor phous Prggerties Hal anor phous properties of the

- pan e
quenched ri bbOR WwFHEPEGaE %rdaﬁAyW)?-Sr Rered ak®i én.9lpssganakal Wikhed an
X-ray diffragbudiepide?r Bapk BRE BHEHPRAYSsOBIEFIR] thsa %Lg;%ylg@st,

diffraction Feaklaici‘% served to show a halo pattern specific to

anor phous nmat'er¥ t PRUYHEeaMBtE F3ic ash epeacads taba ¥ WaCl sodutianer i al
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crystal mater to sho broad peak having a Iar?e hal f-bandw dth (a

wi dth of theogﬁb?eguﬁf‘caﬁécﬂb%@é’ gﬁ?@ﬁ@ﬁﬁ@tpéihr%f@f PWENQiGritesia. on peak
intensity). This 2PoBal RibednbAtihd @t @eColiFfalcal i on wi th amor phous
properties of the paterial, and has a characteristic that as the anorphous
properties are highel; Rygles 1 SVEdPaHSak becomes broader with increasing
hal f - bandw dt h. ThegpeiPr Almioke mePUBhEHd¥RRerti es were eval uated by the
fol |l ow mat&gg 25 [0028] The sanple material was adhered on a gl ass
plate w a Qﬂe-facedtapeto obtain a diffraction pattern by an X-ray

diffraction dowigstioAt4t Niiskéfapiardifessanpl e material was adhered on the
glass plate so that a ,sufface to be nmeasured 30 could be a

copper - r ol | - EBRt GEENEhethstb et wasqlwmgihedinalyoambedded riajosauresinwas
Cu-ka ray, agddt [ERRASAT opwluic e f 4/ gn. The
wi dth of the aﬁglmg)si at_a %Fﬁ%%\?\%ﬁ g‘?@t ﬁ&gsna%ég@?%gt ﬁgvgi fcf%rg%:1 ion
pattern was fH8HENSaIrRRN Y ROEckene haedmass teshani dT hef oreaswatiogt i ng
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sanpl e materi al was_adhered a gl ass B ate wth a double-face ape and
then was subfedied tadansationspizgywassabouli Mhikgn.t he sanple material was
exposed to Sf{g(i)\@g:?] solution 5 spray at 35C for 16 hours, to evaluate the
corrosion resistance of the quenched ribbon according to the follow ng
criteria. PoRESUBSseEEhenctara wadian sastaoseshownRusiable @.some parts
Good: Al nost no rust generated 10 [0030] Evaluation 4: Vickers Hardness
The quenched ri bbon was |ongitudinally enbedded into a resin and polished
to nmeasure the Vickers hardness (HV) of the quenched ribbon by a Vickers
har dness tester. The neasuring 15 |load was 50 g and the eval uati on was
based on the average of n=10. Indentation size was about 10 pm [0031]
Results of these evaluation tests are shown in Table 2. 12 [Tabl e2] Table
2 No. Saturation




Magnetic Flux Density (T) Half- bandw dth (0) Corrosion Resistance Vickers
Hardness (Hv) 1 1.4 0.4 Cood 1040 Present Invention Exanples 2 1.3 0.7
Good 1080 3 1.2 1.0 Good 1100 4 1.1 6.6_Good 1120 1.6 1.5 Fair 1080
1.5 1.8 Fair 1060 7 1.4 0.6 Good 12

[Table2]
Table 2
No, Saturation Half- Corrosion Vickers
Magnetic bandwidth | Resistance | Hardness
Flux (°) (HV)
Density {T)

1 1.4 0.4 Good 1040 c

2 1,3 0.7 Good 1080 2

3 1.2 1.0 Good 1100 5

4 1.1 6.6 Good 1120 e

5 1.6 1.5 Fair 1080 .

6 1.5 1.8 Fair 1060 o 2

7 1.4 0.6 Good 1080 o £

8 1.4 0.6 Good 1100 v ©

9 1.1 6.4 Fair 1040 o W
10 1.3 0.2 Good 880
11 1.1 0.5 Good 900 O
12 1.1 5.5 Good 940 =
13 0.8 7.3 Fair 1020 £
14 0.9 6.0 Fair 940 25
15 0.9 5.8 Fair 1040 | v
16 0.9 0.4 Fair 1000 5
17 0.9 0.7 Good 1060 &
18 1.2 6.1 Poor 1060 a
19 0.9 6.0 Good 1100 &
20 0.9 7.5 Good 1100 v

In Table 1, Examples 1 to 9 are present invention examples,

5 while Examples 10 to 20 are comparative examples.

[0032]

As shown in Table 1, Example 10 results in a low half-bandwidth
and a low Vickers Hardness due to the low content of Ta and B,
the high content of (Co+Fe+Ni), and the low content of

10 (Zr+Hf+Nb+Ta), and moreover to the high value of B/(Nb+Ta).
Example 11 results in a low Vickers Hardness due to the high
value of B/(Nb+Ta). Example 12 results in a low Vickers
Hardness due to the low value of B/(Nb+Ta).

[0033]

15 Example 13 results in a low saturation magnetic flux density
due to the high content of B and the low content of (Co+Fe+Ni).
Example 14 results in a low saturation magnetic flux density
and a low Vickers Hardness due to the high content of



1080 1.4 0.6 Good 1100 9 1.1 6.4 Fair 1040 10 1.3 0.2 CGood 880 1
Conparative Exanples 11 1.1 0.5 Good 900 12 1.1 5.5 Good 940 13 0.8 7.3
Fair 1020 14 0.9 6.0 Fair 940 15 0.9 51.§ Fair 1040 16 0.9

(Zr+Hf+Nb+Ta) and the high content of (Zr+Hf). Example 15
results in a low saturation magnetic flux density due to the high
content of (AI+Cr). Example 16 results in a low saturation
magnetic flux density due to the low value of Co/(Co+Fe+Ni).
5 [0034]
Example 17 results in a low saturation magnetic flux density
due to the high value of Co/(Co+Fe+Ni) and the low value of
Fe/(Co+Fe+Ni). Example 18 results in a poor corrosion
resistance due to the high value of Fe/(Co+Fe+Ni). Example
10 19 results in a low saturation magnetic flux density due to the
high value of Ni/{Co+Fe+Ni). Example 20 results in a low
saturation magnetic flux density due to the high content of Ta
and the high content of (Zr+Hf+Nb+Ta). In contrast, Examples
1 to 9 all satisfy the requirements of the present invention and
15 thus found to be excellent in all evaluated properties,
[0035]
As described above, an high hardness which has never been
achieved by a conventional alloy can be obtained by adding Ta
and/or Nb and B at the same time and setting the B/(Nb+Ta)
20 ratio to the certain ratio. This makes it possible to provide an
alloy excellent in magnetic properties, amorphous properties,
corrosion resistance, and hardness.



0.4 Fair 1000 17 0.9 0.7 Good 1060 18 1.2 6.1 Poor 1060 19 0.9 6.9 CGood
1100 20 0.9 7.5 Good 1100 In Table 1, Exanples 1 to 9 are present

i nvention exanples, 5 while Exanples 10 to 20 are conparative exanpl es.
[0032] As shown in Table 1, Exanple 10 rtults in a | ow hal f-bandw dth and
a low Vickers Hardness due to the | ow content of Ta and B, the high content
of (Co+Fe+Ni ), and the |ow content of (JQn(Ms+H +Nb+Ta), and noreover to the
hi gh val ue of B/ (Nb+Ta). Exanple 11 results in a |low Vickers Hardness due
to the high value of B/ (Nb+Ta). Exanple 12 results in a | ow Vickers

Har dness dueito tha tewendlbasell BlioYotdR)a sb@@%ﬁbﬁ%g%t%%ﬂ% Qajy%{r@“é' ts in

a |l ow saturation n% netic flux density due to the RNigh content o and the
| ow content BFPED RiN) . MERIAFILC 147 9C4dIRG | nGdiwN, satvifareion fhgneti c

flux densityCeeia-bauel skey copfrRessifiugoto the high content of 13
(Zr +Hf +Nb+Ta) and the hi cantent of (Z le 15 results in a | ow

gh. o r+Hf ). ExanE )

sat urati on magnet i E0FTEFBdnsA @ \FOdGe %o RIRYIHEGN tBBRt NhCoatepn may) be
Exanple 16 rgsults in a | ow saturation magnetic flux density due to the | ow
val ue of Co/(Co+Fe+NO. 5 [0034] Exanple 17 results in a | ow saturation
magnetic flux densi@y 1df@ &% ;t#@dnhi gh val ue of Co/ (Co+Fe+Ni) and the |ow

val e of Fel (Co+FeshimorBxafeh ok8ahasbE bft 4nEROGR!T 0SI on resi st ance
due to the high value of Fe/(Co+Fe+N')., Exanple 1019 rebults in a |ow

saturation nBdWEER fihex aerwesitique b6 the nighelldthesed alloy (at%)

Ni / ( Co+Fe+Ni %a%ﬁ@glﬁg@ongwhg&ft, @ |l ow saturation nmagnetic flux density
due to the high content of_ Ta and the hi %h content of (Zr+Hf +Nb+Ta). In

contrast, Exanpl esC®/{e0g Fg+Nekt Pst iot@ed i equi renents of the present
invention and 15 théuls%@@mpg#;@; _lg)q?fqﬁggl @Y. in all evaluated properties.

[ 0035] As described above, an Hi ardness whi ch has never been achieved
by a conventional MNiA(&ptha+HN)okt & fedByanddi ng Ta and/or Nb and B at the
sane tine and settgpg,t RerB/g No+Ta)

2. A CoFeNi-based alloy for a soft magnetic film layer in a
perpendicular magnetic recording medium, wherein the
CoFeNi-based alloy comprises in at%:

Co+Fe+Ni: 70 to 92%, provided that Ni content may be
0;

Nb+Ta: 1 to 8%; and

B: more than 7% and not more than 20%,
wherein the composition of the CoFeNi-based alloy (at%)
satisfies the following ratios:

Co/(Co+Fe+Ni): 0.1 to 0.9;

Fe/{(Co+Fe+Ni): 0.1 to 0.65;

Ni/(Co+Fe+Ni): 0 to 0.35; and

B/(Nb+Ta): 1 to 8.

3. A CofeNi-based alloy for a soft magnetic film layer in a
perpendicular magnetic recording medium, wherein the
CoFeNi-based alloy comprises in at%:

Co+Fe+Ni: 70 to 92%, provided that Ni content may be
0;

Zr+Hf+Nb+Ta: 1 to 8%;



20 ratio to the certain ratio. This nakes it possible to provide an all oy
excellent in magnetic properties, anorphous properties, corrosion

resi stance, and hardness. 14 CLAIMS 1. A CoFeN -based alloy for a soft
magnetic filmlayer in a perpendicul ar r?@neti c recordi ng nedium wherein

t he CoFeNi -based alloy conprises in at% Co+tFe+Ni: 70 to 92% provided that

Ni content may be @; mharektsh 5% and bt ARG than Z@f@/@nd not nore than
20% wherein the cgonposition of the CoFeN -based alToy (at% satisfies the

foll owing ratios: €ntEdeEEeNeEps han 5o @dFe/ (Co+Fe+Ni): 0.1 to 0. 65;
Ni/(CotFetNi): 0 tgDC35p apdkdy/ Ta: 1 to 8. 2. A CoFeN -based alloy for a
soft magnetic filml in a pérpendicul ar magnetic recordi ng medi um

wher ei n t he GHESRID b%‘@d ePIRPIEMr i 9bsthE dtoFelb-trased ;. alow o(alh)

provi ded thagawgf,@grtt@\tmq@w”pg r%hd\ib”-ra 1to 8% and B: nore than 7% and
not nore than % wherein the nposition of the CoFeN -based alloy (at%

satisfies the foII@WG@Or‘"ﬁQ“ONi) d&/](@@@:@th ): 0.1to 0.9; Fel/(Co+Fe+Ni):
0.1 to 0.65; Ni/(Qoafe MFEMRB@13§@@@@B/(Nb+Ta) 1to 8. 3. A
net

CoFeNi - based al | oy for sof ic filmlayer in a perpendicul ar
magneti ¢ recordi ngN thfedvh\@l)el t@ b 365F@N- based al | oy conprises in at%
Co+Fe+Ni: 70 to 92K, pp9vided; thag Ni content may be 0; Zr+Hf +Nb+Ta: 1 to
8% 15 B: nore than 7% and not nore than 20% Zr+Hf: O to |l ess than 2%
and Al +Cr: 0 to 5% wherein the conposition of the CoFeN -based all oy (at%

satisfies thg foll S ) 9 Ni )
0.1 to O.65; M/(C’g\i%ggﬁl‘;?%g tar g gﬁ%@ﬁ% T@e} ‘%fotﬁet copenicBagean)
sputtering t%ﬂr‘@étamr@ﬂﬁlt%ﬁ%%ﬂ t he CoFeNi -based all oy according to
claiml. 5 A sputtering target material nmade of the CoFeN -based all oy

according to claim2. 6. A sputtering target material nade of the
CoFeNi - based>al | oyAagRBEkEMGIt Eargeli material mask pehdheuCaraNighased

recording megl 5@&1 etic filmlayer nade of the CoFeN -based
al | oy accordi ngV]t 0 C r‘ggpn@ E%alﬂﬁglger pendi cul ar magneti c recordi ng nmedi um

having a soft magnetic filmlayer nmade of the CoFeN -based all oy according

magnetic {11511 ayeh pode o nc ko eReb BRIy dEEhEaRE e aRsR S

alloy according to claim 3.

7. A perpendicular magnetic recording medium having a soft
magnetic film layer made of the CoFeNi-based alloy according to
claim 1.

8. A perpendicular magnetic recording medium having a soft
magnetic film layer made of the CoFeNi-based alloy according to
claim 2.

9. A perpendicular magnetic recording medium having a soft
magnetic film layer made of the CoFeNi-based alloy according to
claim 3.



