SOFT MAGNETI C ALLOY FOR MAGNETI C RECORDI NG SPUTTERI NG TARGET MATERI AL, AND
MAGNETI C RECORDI NG MEDI UM 5[ Cross- Ref erence to Rel ated Application] [0001]
This application clains priority to Japanese Patent Application No.

2011- 30562 filed on February 16, 2011, tHe entire content of which is

i ncorporated herein by reference. 10[ Technical Field] [0002] The present

used for a soft matel MACKIH G e QL BRcHAGHE THecRE PN ai g
medi um a sputgFEYTTERING FARGETEMATERIAIBNAND MAGAETIC FECORMINGdI um
i ncl udi ng such a soft nmagnetic Iayer,&ﬁgﬁigr ound Art] [0003] In recent

years, there have been remarkabl e pro in 20 perpendi cul ar magnetic
recordi ng, heightening of magnetic recording densities has been proceedi ng

due to increasin ive capacities nd per pendicul ar magnetic recordi ng

system \r/]v:chi cﬁéé‘agﬁ'g{)%@rreﬂrc?h@ hﬁ?@w‘g@%‘ﬁﬂ t\)\ﬂ’i@hm conpared to |ongitudinal

magnetic recppdpng system conventionally used, has been put 25 into

practi cal us;lab_ Per pendi cul ar nmagneti.c recor diar}gaéést emis a system.in which
[

a magneti zat fﬁéb[gl?/”%@(tii@”i slygpienRdarity teel $€ oRatant |ARPlIEatipRe

medi um sur f aNg,0p 02108982 §ilkH! HhoFeBrRPgrPardli opar MEnNehiife '@HNHNY
tening a density. For the nmagnetic

medi um and i s_suitabl e for heigh

recordi ng sy@fé“#?'cg @olnﬁﬂrﬂqragﬁd heIndPg eheERu&® havi ng a magneti c
recordi ng | aypicihitch| #eldicr eased recording density, a soft magnetic |ayer,
and an interpediate | ayer "has been devel oped. Mreover, for the magnetic
recording | a%@@zi CoCr Pt - Si 02-based alloy is comonly used. 35 [0004] As
for the soft g i i h a I ) posed
Al oys based, e Bar L SR ERY [eRlesht oL LAY spRetfnaney aRpyPey
Nb and B f or fQMmpPegngf @nigseiadpr dpedt fes ar 80HddBagNeatiQaliyessén pat ent

Lai d- Open PuBkj } m?,-:{rgwe 9 e i fraratu se
Pat ent Lai d-%ggéﬁgmlégti 0 m882%%l@§899@ﬁ?%g{@ﬁté§§%§e§t ur %; b Eli gh
sat ur at ilen nEerial, rand dempgpetis grcardinthoneGivepeinclaginadsucpha

corrosi on re§6ﬁt#fb§ﬁqé€i€ |1h6gHi red for the soft magnetic filmlayer in this
per pendi cul ar_ magneti ¢ recordi ng medium 10 [0005] Further, a soft nmagnetic

filmof a FelRRClkowused Addpound is proposed as a soft magnetic layer in a
doubl e- | ayerm@ggg di ng medium For exanple, as disclosed in Japanese Patent
Lai d- Open Publication No. 2004-346423 (Patent Literature 3), 15 there is
proposed a F&! OEhtary@ars,n thisireh hawe dpaast ¢£Mod riea ek piogiesses bed

o Cross Sact TOTRIANE, MlaBriett JPegbRRG, "hOBHERIRE 05’ AReaE: . "
above above-MaRridbngadensitiemdas been prpcaedinmetueiosplaneasing deveod is
anabl 65 i gheanachemaRd BOrh SRl AL I aBRICHR re L oR R Yl Ttce,
material, |cKiieyes fugheer chighuxdensitie wien acenupas] tie loargjeudinaleri al
maanetron Spe e i, SREAn. ERAEHFonally SBHE has BN’ PRE. |
| eaked 8A t HatepRracticalguser: f RerpgEndicelaarmyegnedienieabrding isysdentiisul t
when the magnelyeperifeaHitht ¥ Madhetizationl-cHBChLA i51G8bhtéd N 9Re tO
direction vertical to the medium surface of a magnetic film of a
perpendicular magnetic recording medium and is suitable for
heightening a density. For the magnetic recording system, a
30 multilayer recording medium having a magnetic recording layer
with an increased recording density, a soft magnetic layer, and
an intermediate layer has been developed. Moreover, for the
magnetic recording layer, a CoCrPt-SiO,-based alloy is
commonly used.
35 [0004]

As for the soft magnetic film layer, on the other hand, there are



30 forma | eakage magnetic flux necessary and sufficient for the nmagnetron
sputtering nethod on the sputtering surface of the target material, Patent
Literature 3 thus has been proposed for a requirenent to mnimze the
magnetic perneability of the target materd al itself. [0007] However, there
is such a problemthat the limt of the thickness 3 of the above-nentioned

target product d _when.t he thickness is, more~increased, a
cat froi ot 1 EreRRs R NEyR BRk AR Al e S R e e o e b EP Ao e
magneLr ondsplhbt ewhiah chnonpeTaprf\n:ran_deB tfar gém hmatiag aamqarpdﬁﬁh g ablty
a Fe-base terial., n material is required t ave i magneti c
Tl done ¢ v BrBpeRties a caddEd o TafensSe A Lald: JRER Pl €
hovvleyer, t he Nar gmome@ggls r(a?ategne hiterbenreof 1;toand8112rpam$e|:ta?8@nt film
ual it e.deteriorat oxj dat a eria

goor s)p/)ut p itﬂﬁéghQPeBe P@lﬁ@gﬁ@, QQno?ﬁ@lS gisyg%aé nget@r{{ai_l@& &PE%d egi on
duri ng sputteﬂghg sb@Qﬁ@ﬂlohn ondghetiz sdlwe t@eﬁsnyn Jaiggnesemitaipdidus

Lai d- Open Publ | cat %_H L0284741 (Patent Li ter atur\e%H} t.here has been
reported t he PSPB&G ?Foﬁn&lf 98 fOTRRGIN i eSSt fﬁd (Pro‘g]eon
resi stance wsbfiowtageteic falrat iayert |hﬁtmgpetp@nar@nartmag,ndm rexced|

anor phous pro ert I's not described. [Summary of the Invention] [000 20

The applican "now found that anorphous property is inproved by adding
(A) group el @Ugots(]s) selected fromTa, Nb and V; hardness is inproved by

addin B eI enment sel e fro CG_Mo_an hous pr.o erty
is seguﬁezj g hg? (%‘?%%‘6@9”@?%@“ §e|:@cg@d fli\gl\éﬁggocgmp%\ duS  and
25 the (A gbwposéa) asr Quﬁoﬂn(ﬂné%e@r@lﬂ@}/éfqﬁﬁét goditgedlayeretéestdivey at

i mproving corrosjon resi_stance a resu ft. magnetic allégfor

magnetic recHrafiygN: supgplrore’l‘ﬁ"u%vprﬁﬁjsdbﬁ@ﬁﬁg ,Incod@BaNESEr Bt HNCe

and har dness| gh@Opean papliatfoieNp! ozodad34%wr2:¥le(rpat@mr m@%tnr@psyt I es,
nd 30 cqorrosion resis re effective, for,K noise reductﬁ

har dness a

SOk T oS o1 BREES dAPT O Ag oS a6cl HoH OBt 1 W BHudh Py BIgMAG010T a1 i s
therefore ann@@k#ﬁ&n@fmbbﬁblérdeé%‘le't'h\éQfﬁalﬁ)rbé QIrBWW'cﬂ? R régfdn M C
alloy for a en%{ Eqar rra%d_etlc recor di n% 35 ned |u supefrior in

anor phous prg BP{]' & & YiRle &3 PARGCESr 1BsP &0 §s$%(€tdﬂﬁé OFLEWeRUTEr IShg
target materB@l pfPlor lesgducing a thin filmof the alloy. [0011] According

to one enbodi Brsgt of the present invention, there is provided a soft
magneti c ahot p] magnetic recording conprising in at.% (A 0.5%

or nore Xy Omg_Gorii\Otife BRI Of aBbeRBRiSnEEhee! esbt" AhGMRE Ofiim, a
consisting of Ta, Nb and V, .
magnetron sputtering method is generally used. The
magnetron sputtering method is a sputtering method that
enables high speed film formation by placing a magnet behind
the target material, leaking a magnetic flux on the surface of
25 the target material, and converging plasma in its leakage
magnetic flux region. Since the magnetron sputtering method
is characterized in that the magnetic flux is leaked on the
sputtering surface of the target material, it is difficult, when the
magnetic permeability of the target material itself is high, to
30 form a leakage magnetic flux necessary and sufficient for the
magnetron sputtering method on the sputtering surface of the
target material. Patent Literature 3 thus has been proposed for
a requirement to minimize the magnetic permeability of the
target material itself.
35 [0007]
However, there is such a problem that the limit of the thickness



(B) 0.5%or nore of one or two or nore of elenents selected fromthe group
consisting of G, Mo and W 10(C) O to 5% of one or two or nore of elenents
selected fromthe group consisting of Ti, Zr and Hf; (D) 0 to 30%
of one or two of elenments selected from ghe group consisting of N and Mn;
(E) 0 to 5% of one or two of elenents selected fromthe 15 group consisting
of Al and Cu; _and B‘](ﬂlf‘z 0 to 10% of one or. two or nore of elenents
sel ected froff tHe grlbayee donRg bpregt REOdyct ASaafoENdamg MR BAGance
Co and Fe angHERVEhEabhriiiady i Etﬁoréhﬁfh@tébs?ed atd osoffifien®o 1bakiged0 to
70:30; and the total 20 anobunt of th §§3¢% grou %Ijgpe %g% t he &Bﬁcrou

el ement (s) aAPIRetico) FlgXoupoBsenadk ( 8 10Ut o 28, SPEFREOTA | HPF ?012]
Accor di ng t ongg n@ﬂ*or?”’%?ﬁ.ltﬁéﬂhrgrs céhﬁoﬁr%én Spéﬁfb?ﬁ’tédm thpee térggtow ded
a sputtering target materi COIpri si ng soft ma%netlc alloga(

nmagnet i ¢ I ecBiafigiiplofs drsipr lyest F?nb@ﬁ@ﬁomat[e@!ﬁis]s'ﬂ@ ofldg nypaterial
anot her _enbogkAgHePf t4 h%asveessntmggﬁvematgwet.&h%l HANAY dedrer A

recordi ng nedl um conpri si ng hetic |ayer conprising the soft
nmagnetic all m@filorﬁagnéﬂl heegasdi A a)f ehaspdJaateripledowgver, t

[ DescriptiongHi B’i Sﬂ1a£094é‘] pro%lerﬂh%fpé@ﬁ%th”Yé@*S‘tQﬁces film
specifically e>9§: ai n eI ow. Unl ess ot herw se ecif 6 as used
her ei n neansdHg! ltzvtma[yo@@speterwﬁat%fhy redeation Qtlttlsge t@fgeﬁa@’r}.eterdal

record ng acgRHIHBG ! 8plREeMhgS Ay | BYCEALOOdCATPELART A isthakdd R 5% of

nore of one or two nts se ected fromt egroup conhsi sting
of Ta, Nb an'd'\Q/OKIQ)ZG{ﬂ 5GP N N gfSpdesindwo or nore of el enents

sel ected fro[;r(?(t)bp group consisting of G, M and W (C) 0 to 5% of one or
two or nore elnents sel ect ed fromthe group consisting of Ti, Zr and

I-1f; (D) 0 In @uhwroto gtdverthiap inflapanese sPal@ndctatd 10 pen tMebbeatipn

t oNip d
conolst1 19 OHoN 2609 98478 (BakepELIraPIFe %), (e e e
or noreld et adwelient efl & soft theggesio taﬁgetgmn@o‘oedsn CGErOFONB and

C. and the b ble A I
consi sts ess'Zé ?n@o?\nﬁn(gggag %&ngﬁ aﬂ dtﬁﬁa\%:&lghte:t ﬁlﬁégés)’ and nor e
preferably ceNGGHeBt @fmompbeusspmmﬁm ES and descroveabl e | mpurities. In the

al | oy of the Qﬁﬁ?\%ﬁ”e’ §yeﬂéllqﬂ/ Iﬁléﬁﬂl o of Fe:Co is 10:90 to 70:30, and the
A

total anount gr oup e enent (s), the (B) croup elenent(s) and the
(O group el E&@GBGS) is 10 to 30% of the alloy. 20 [0016] Fe and Co corrpose

of 10500 0 TBEsGPHI T FA s “ARVE R4 thae SnEhifbus BRobEAAL It ™
magnet i sm anlcmgremedybynaddmgl(r#g) greapuebemmtﬁabrsﬁlected LfKOmBﬁ%,t Mb
For Phovs 2oanl) 8bebpYoRRS eSS0 o0 HA0TE 81 A ROERAEHLL) Y.
magnet i ¢ fl uselkdatedt frorandr,t N @ad Wpfamorphomlasnpmpeetswus §eiqured by
deterioratiofygin§U¢PY P BEMANES) selected from Ti, Zr and Hf; and
25 the (A) group, (B) group and (C) group elements are also
effective at improving corrosion resistance. As a result, a soft
magnetic alloy for magnetic recording, superior in amorphous
property, corrosion resistance and hardness, has been able to
be provided. Further, amorphous properties, hardness and
30 corrosion resistance are effective for noise reduction, shock
resistance and thinning of a carbon film, respectively.
[0010]
It is therefore an object of the present invention to provide a
soft magnetic alloy for a perpendicular magnetic recording
35 medium superior in amorphous property, hardness and
corrosion resistance; and a sputtering target material for



[0017] 30 The (A) group elenent(s) are one or two or nore elenments sel ected
fromthe group consisting of Ta, Nb and V and i nprovi ng anor phous property
and hardness, and are contained in the alloy at 0.5 at.% or nore,
preferably 2 to 20 at.% and further prefgerably 4 to 15 at.% The (A) group
el ement (s) of 35 less than 0.5 at. % cause the above-descri bed i nprovenent

effects to be insufficient. _ 6 Q18] The (B) group el ement(s) are one or
two or nore er@ab'ﬁf'%gsaeltgﬂ'i &dm &f’grﬁl"lené-ll_@b’oup consisting of Cr, M and W and
i nproving amppphays property and corrosi on resi stance, and are contained in
the alloy at .03 at, % or nore, n%eferabl to 20 at.% and further

preferably 2ACGOTHING ) OfigeE Ogmﬁﬂte@ HRAtREgsent Ifé‘é%n’t"ﬁ&m theseais 9

cause the abpygyftesdri §edshfPr oMgapRticef f8R5S tf@rbenﬁé'éh‘é&'cc' e@&or&%fl
10 The ( group el errent(s) are one or two or nore elenents selected Trom

the group coRSNERFIANDANTL. %% and H and i nprovi ng anor phous property, and
are contained in tt‘R)at)'S’% adr InloPeSoft offeadd BREf drabhyre &P dledledts The

(C group el errent( nmore than 5 at.%result in an insufficient
sat urati on nagiRate fnqm e giroyp f@OElﬂtlnm&ft'FﬁlaN ba@gBdnY; of the (A) group

I t th B I h 0Ot
30 at % of theeaflézgr%?/@ (STREOLR) OfronE Sl cruer o gt T clté fs® 10

el ements, 20SalRrterelrom %Qﬁoélpeﬁ@%g;ttﬂga Oél@msh‘lpsalﬂﬁaw,l nprove anor phous
propertymamd COVrO?g?’Urt%S‘S%aBF% r E\N@ %Ptlﬁloré F”Eleﬁ’fe%? @(%1 Nt s

of less than 10 at. % causes the ef ects e |nsuf I cl ent e anbunt
of nore than W%t*"&lﬂrpélﬂ ﬁoaﬁlﬁtﬂtﬁhqul'Ell,eZﬁ agst bfati on magnetic f1 ux

density. 25[0021] gbg 4 B I0OYRTRETSY (b aF RIOAf s S4RRBUI fofh 1Bl S

selected fromthe up consi sting of and Mn and adjusting a saturation
magnetic fl ugreeRst@RSishing Qrfd\llc@ﬁﬂaMlﬁled inthe alloy at 0 to 30 at, %

pref er ably o e heg) 9 andog s BRECok A 3t SRufkrite, FEE1 06 o Bk no!

nore than 10 at. % her prefera I'n"these ranges,
a suffi d45entQEQUDr@nﬁﬁtlrﬂﬂg@étAlcamdL&Ud@rmty is easy to be obtained.

[0022] The (E) grogﬁ) %M%)ofaéﬁe%‘ret% g\%]w%%' 8Pl ETRNEE |cited

sel ected fromthe grioup consisting NProvi ng Corr oSl on
resi stance, Higdaie Q(b‘ﬁu@ ﬁ@ﬁslsﬁlﬂw@fa‘-ﬁl,(ﬁeatﬂ(ﬁ tadleBC 7and, % preferably
nore than 00/r) a”ﬂwé‘giatlg%é é{iaéhé F ah% uﬁ’é@o’?&éﬁlé’ﬁﬁ{;ﬂﬁﬁh&‘, 1to 4 at.%

Wthin these ranges, erioration in anor ert récl uded.
[0023] 5 The (F) ngSlﬁf%Meﬁr&’ﬁt(Oapfd?eaneSdrOI%tOr ﬂoB@ O@Indd'rhﬂ tetzhent s

sel ecte ro r o)

anor pho(t%:gc pr%?ﬁ{&?ng &ugqgr@ ?ﬂ ai nelelﬁe%&?g %e I(Bgo pr er arﬁﬁéﬂﬁ)re t han
0% and not nand lthﬁrﬁCJ)OQmup@elamEM(tsé isr £ d10aB0Yo 10f Bh@ adtays Wt hin these
ranges, a 1\?\;(?(212361“ on magnetic flux density can be prevented from

decr easi ng saturating the above-described i nprovenent effect.
[ 0024] According to another embodiment of the present invention,

there is provided a sputtering target material comprising the
25 soft magnetic alloy for magnetic recording of the present

invention.

[0013]

According to still another embodiment of the present invention,

there is provided a magnetic recording medium comprising a
30 soft magnetic layer comprising the soft magnetic alloy for

magnetic recording of the present invention.

[Description of Embodiments]

[0014]

The present invention is specifically explained below. Unless
35 otherwise specified, "%" as used herein means at.%.

[0015]



The sputtering target material according to the present 15 invention is

conposed of the above-descri bed soft magnetic alloy for nagnetic recording.
The thickness of the sputtering target material is not particularly limted
but normal sputtering can be performed e%en when the thickness is nore than
5 mm and the thickness is preferably 7 mmor nore. A magnetic 20 recording

nmedi um conprisin soft er conposed of .the abov cr,ibed
Soft magnet| 181 FaGt FURORBHRcs ey ito A G Een SRoTsH BH RO NGRS MR ng
sputtterl ng UEXGQEﬁtIQHVQnW}HtGUm gides aetatres er(is) OOS%"@' PResendf one

i nvention,

| es % he al | ob/?q%ecoFdl ng, t o t he present
i nventi on |s°§ QP anp G 15eFB Oh M e HaA @rQ WP Bhsipting
[0326] Nor ][rabryra aNiLethd aver(B)noasst@{@ﬁnﬁbetul af dmanGt lthls eﬂorrﬁoﬁ@ %10
medi umi s for rin uttering tar ial havin e sane
conposi ti gmﬁéﬁsogeieﬁgege d"T‘agl@:? QE)OlfI gqs,ttmg cﬁfrgrglpﬁgsaﬁab Tate
or the llke (&) O N H%I B ohéeoHthfaH mﬁbﬁéf@ﬂebé’nﬁsmttst Gélé&é@ﬁﬂfr@mﬁ‘n

guenched. Cpenched ri bbons Fro uced ) devi ce

are used as GBS <HRHR GRATSLRG Odctbr a.rn@n'ﬂgg' e{%)r @séét Ohis is

to eval uate tjp bRferenentelssleetthi irdrhl FRe WRHGP ééﬁs%ftir‘rtjl' d)ﬁ’ N|8aanf med

by sputterin arious properties by the conponents in a | e manner
usi ng | i qui d%‘u 25 e ¥ by 6?1é3f Po629r1 Gdgf:tqqﬁﬁ"%ﬁ:dlsﬁ %ﬁ"seds)f

Ri bbon 145 tﬁ Oéé'ﬁgisQﬂwg?QﬁdM iz i arfgrghecg '1*d%”ofaorﬁé%rWBW' al
of 20 g o have each constituent shown’in Table 1 and Table 2 was

arc- rrel ted i ﬁrA(rnCWiet Rf £lesngpts srlessad efoimathgt @raw A ishisyk 0fd P

having a di agptep @ aRQUE;4anbMthe PaP¥hEE eoMBlHEFd andreyREYBIdAre the
quenched 10 rlbbon The préduction of the quenched ribbon was conducted by

a singl e rol IMBETHRS uRaeteraRly comasisteRSSenia by Afhtneast Edamenisans i al
was set in aufblifdabidanfiau e h@”‘?ﬁSFeOﬁré@r%‘l\?f‘ﬁoﬁ‘@%téaﬁp%ésreomg

tappl ng nozz havi ng a i‘ameter o at’ an at nospneri c pressure
kPa, at lén at@mgnig Bndr bsaycédabte erf@ﬁé’é'lt(b$569 KPa, thehdaleya afotthE onal

nunmber of 30QR=sdmt Qﬁvén‘ﬁﬂﬁpeb F&tib 6F“|fé“tf&rlso%039@ f6'?70"8®ha9nc93clhe
bet ween the copper rol hetzﬁs) gl nozzl e being set to 0.3 nm The
a

t enper at ur e EAtalhiatnosiadh favihat QIR eglerpRnt tﬁ]@n(ﬁ% e UPappi ng
t enper at ure. trus r u
materi al s toefeé\@l@&g@t @)g?%pe(lr@?l gf@g@sgﬁﬁﬁ)% . iﬁggg8f§2{muct ure of

Quenched Ri b@BﬁY In general, when an X-ray diffractl on pattern of the

anor phoyg) 25 ghial is rreasured no diffraction peak is observed to show
a halo patte n sp cificto am)rphous mat erials. Although a diffraction peak
i s observed F@ anGdi@CoaNPASE t@itpMagstiamiepronts ankeaneigtainedh® peak

oberva, Tl Mo aigR LR B PRLCOI LORIONBY OIS T FBB 8P e
fol | owi ng ned@hddCo is a parametepr secgnng soft magnetism and gréatly
influencing a saturation magnetic flux density, amorphous

25 property, hardness and corrosion resistance, particularly, the
ratio of Fe:Co of less than 10 results in an insufficient saturation
magnetic flux density, and the ratio of more than 70 results in
deterioration of corrosion resistance.

[0017]

30 The (A) group element(s) are one or two or more elements
selected from the group consisting of Ta, Nb and V and
improving amorphous property and hardness, and are contained
in the alloy at 0.5 at.% or more, preferably 2 to 20 at.%, and
further preferably 4 to 15 at.%. The (A) group element(s) of

35 less than 0.5 at.% cause the above-described improvement

effects to be insufficient.



[0029] In the evaluation of the anorphous properties, the sanple materi al
was adhered on a glass plate with a doubl e-faced tape 35to0 obtain a
diffraction pattern by an X-ray diffraction device. At this tine, the
sanple material was adhered on the glassélate 9 so that a surface to be
measured could be a copper-roll-contact surface of the quenched ribbon. The

X-ray sourcw -Ka ray, and the neasurenent was conducted at a scan
speed of 4/ dlffractlon patterns in which a halo pattern was 5 able
to be confi rrnhé B) igroMp céleneheld) pael &ie ves tabseoy ethory eeleméh@l@r ed

to be "good" a o] pectively, for evalu rph ro ties.

[ 0030] COrro§?g¢Ft|§<%g bromcdtlr GRmen s aisitn Ghdet) M8 Rrhmie B er ;o

was adhered @mpodl Saﬂh@ﬂ@h@héhpaog@!ﬂb} eahacedriggiont aeepstdiifde,a el t

spray test with 5% c;i‘r% apple with rustin he whol e

SO face b BVEI CRRERINgSS b de: alay AtoRrbiak b 1ar mu%t%aretﬁ%chﬂ-x bakas vas

?\{all K& idTﬁS 200erdy,), éﬁho@ﬁﬂﬂhe@brrése@blaeal @éa?gea@fo/o@en?ﬂée f o NG
ere wa a _sa mat er i 0

agqueous sol uﬁf@mﬁekdagde@ﬁo §‘e0 §n %’»(@ FRYEEt Hhe ﬁ/gQVteﬁé'ﬁSFét e

standi ng at Tm%%'ﬁﬁéh@téff@ctfsofo bd idsuffrijeared by 20 anal yzing the anpunt

of Co eluted_intao_the 3% HNC3 aqueous sol ut| on. The anount of eluted Co of

| ess than 50609&9& was eval uated as "good," the anpunt of 500 or nore and

I ess thamp 10§@epRIN @?oufpa'éleméﬁﬁ(sl)O%erWﬁé)ron@o agr " RRSYe "elbPOSRLs 25
Hardness ot QL, en ch’e lgn The "quenched ri bbon_was_I| ongi tud| nal |

embedded i nt 6ClEGLES nf"QrﬁH ttBIei SHERU P orcoRSASHPENedt Bl oZNi akér sHha
tester. The Wﬁ%ﬁ‘ﬁ% érﬂ@‘i*{) he; Sﬁr@ épﬂl té‘ﬁd%’l@l‘ E@ht@ﬁ‘]é@% QWSH@Q 5‘

average of n=1 Vi ckers hardness 30 not less than

1000 HV is eQaItQatEedaﬁs?/O S| Péﬁfe"abﬁm?t ofQ eds at i 10-5|0eH‘(/Cés greeay,
and | ess t ha@lgﬁl@srﬁgs S off #hbre [t@n%ﬁﬁ] 5Sahupgt il@3yMagNet bk Fil‘i-@hfﬂ%';@hf y of

Quenched Ri bbon rement was perfornmed at an applied magnetic field of
35 1200KA mi ﬁabumevﬂ@@mtuﬁ SoAlessiil-e- t ype magnetoneter). The wei ght
of the sanpl bqual was around 10 15 ng, and a material wth a
saturation %netlcflux density of 0.3 T or nore and less than 1,0 T was
eval uat ed as Thgodatalaganaupdt ef i e iAh aneap glement(sdy g o Bk group

: ﬁgf‘e'o' g(’% mei%r?i@rﬁt(é?'art’a tRey SPLrOAD erefReReEs) ¢s floXo S H ¥o Of HHRSS
alloy. All of the (A) group elements, the (B) group elements,
20 and the (C) group elements are elements that improve
amorphous property and corrosion resistance, but the total
amount of these elements of less than 10 at.% causes the
effects to be insufficient while the amount of more than 30%
results in an insufficient saturation magnetic flux density.
25 [0021]
The (D) group element(s) are one or two optional elements
selected from the group consisting of Ni and Mn and adjusting a
saturation magnetic flux density, and are contained in the alloy
at 0 to 30 at.%, preferably more than 0% and not more than 30
30 at.%, more preferably not more than 10 at.%, and further
preferably 1 to 5 at.%. Within these ranges, a sufficient
saturation magnetic flux density is easy to be obtained.
[0022]
The (E) group element(s) are one or two optional elements
35 selected from the group consisting of Al and Cu and improving
corrosion resistance, and are contained in the alloy at 0 to 5



5 evaluated as "poor," [0034] Conpositions according to the present
invention are shown below in Table 1 and Table 2 while a saturation
magnetic flux density, anorphous property, corrosion resistance, and
hardness 10 as the effects thereof are shown in Tables 3 and 4, [0035]

[ Tabl e 1] 11 sal dwex.; tiQgil eAU uaaldd 13 [0037] [Table 3] Table 3 No.

Anor phous Corrosi on Corrosion Hardness Saturation Properties Resistance
at.%, preferably more than 0% and not more than 5 at.%, and

more preferably 1 to 4 at.%. Within these ranges,
deterioration in amorphous property is precluded.
[0023]

5 The (F) group element(s) are one or two or more optional
elements selected from the group consisting of Si, Ge, P, B and
C and improving amorphous property, and are contained at 0 to
10 at.%, preferably more than 0% and not more than 10 at.%,
and more preferably 1 to 8 at.%. Within these ranges, a
10 saturation magnetic flux density can be prevented from
decreasing without saturating the above-described improvement
effect.
[0024]
The sputtering target material according to the present
15 invention is composed of the above-described soft magnetic
alloy for magnetic recording. The thickness of the sputtering
target material is not particularly limited but normal sputtering
can be performed even when the thickness is more than 5 mm,
and the thickness is preferably 7 mm or more. A magnetic
20 recording medium comprising a soft magnetic layer composed of
the above-described soft magnetic alloy for magnetic recording
can be produced by performing sputtering using such a
sputtering target material of the present invention.
[Examples]
25 [0025]
The alloy according to the present invention is specifically
explained below with reference to Examples.
[0026]
Normally, a seed layer in a perpendicular magnetic recording
30 medium is formed by sputtering a sputtering target material
having the same composition as that of the seed layer to form a
film on a glass substrate or the like. At this point, the thin film
formed by sputtering has been quenched. Quenched ribbons
produced in a single-roll-type quenching device are used as
35 sample materials according to the present invention. This is to
evaluate the influence of the thin films, which are actually



Resi stance Magnetic Fl ux (NaCl) (HNG3) Density 1 Good Good Good Good
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formed by sputtering, on various properties by the components
in a simple manner using liquid quenched ribbons.
[0027]
Production Conditions of Quenched Ribbon
5 As the production conditions of a quenched ribbon, a raw
material of 20 g weighed to have each constituent shown 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 40 mm to provide a molten raw material for the quenched
10 ribbon. The production of the quenched ribbon was conducted
by a single roll method under the condition in which the molten
raw 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 atmospheric pressure of 61 kPa, at an atomizing
15 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 being set to 0.3
mm. The temperature at which each raw material melted down
was taken as the tapping temperature. Quenched ribbons thus
20 produced were used as sample materials to evaluate the
properties described below.
[0028]
Structure of Quenched Ribbon
In general, when an X-ray diffraction pattern of the amorphous
25 material is measured, no diffraction peak is observed to show a
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,
30 the amorphous properties were evaluated by the following
method.
[0029]
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
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so that a surface to be measured could be a copper-roll-contact
surface of the quenched ribbon. The X-ray source was Cu-Ka
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 confirmed and in which no halo pattern was observed
were considered to be "good" and "poor," respectively, for
evaluating amorphous properties.

[0030]

Corrosion Resistance of Quenched Ribbon (NaCl)

A sample material was adhered on a glass plate with a
double-faced tape to conduct a salt spray test with 5% NaCl at
35°C for 16 h. A sample with rusting on the whole surface was
evaluated as "poor" and a sample with rusting in some parts
was evaluated as "good."

[0031]

Corrosion Resistance of Quenched Ribbon (HNO3)

There was weighed 50 mg of a sample material, 10 ml of 3 at.%
HNOs aqueous solution was added dropwise, and the resultant
was then left standing at room temperature for 1 hr, followed by
analyzing the amount of Co eluted into the 3% HNOs3; aqueous
solution. The amount of eluted Co of less than 500 ppm was
evaluated as "good," the amount of 500 or more and less than
1000 ppm as "fair," and 1000 ppm or more as "poor."

[0032]

Hardness of Quenched Ribbon

The quenched ribbon was longitudinally embedded into a resin
and polished for measurement by a Vickers hardness tester.
The measuring load was 50 g and the evaluation was based on
an average of n=10. A sample that shows a Vickers hardness
of not less than 1000 HV is evaluated as "excellent," 760 to less
than 1000 HV as "good," and less than 760 HV as "fair."

[0033]

Saturation Magnetic Flux Density of Quenched Ribbon
Measurement was performed at an applied magnetic field of
1200 kA/m in a VSM device (vibration-sample-type
magnetometer). The weight of the sample material was around
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15 mg, and a material with a saturation magnetic flux density of
0.3 T or more and less than 1.0 T was evaluated as "good" and
a material with that of 1.0 T or more as "excellent." A material
with a saturation magnetic flux density of less than 0.3% was
5 evaluated as "poor."

[0034]

Compositions according to the present invention are shown
below in Table 1 and Table 2 while a saturation magnetic flux
density, amorphous property, corrosion resistance, and hardness

10 as the effects thereof are shown in Tables 3 and 4.

[0035]

[Table 1]



Good Good

CGood

Excel | ent

Excel | en Excel | ent Good Good Fair

Good Fair
Fai r

| Good 16 Good Good

15 Good Good Good Excel | ent

Excel | ent Excel | ent

11

‘leq 8 T [ 61 Z ] ¢ S ¥ | 9 [0/:0€|C¢E
‘leg 8 I 61 v S | ¥ 9 |0/:0¢| 1€
‘leg z T LT v S | 8 0/:0£| OF
‘leg T LT b S 8 0/:0€| 62
‘leg ¥ i 33 z € 0T |0/:0€|82
‘leg ¥ T T 91 € € v | 9 (09:0¥|Z¢
‘leg ¥ ik 9T 3 € | v 9 |09:0%|9z
‘leg b i 0z z 0T 8 09:0%| S¢
‘|eg T T b1 £ € 8 09:0%| ¥2
‘leg v i T 4 z 8 109:0%| €2
D [ ‘leg 1 T [ E Z ¥ | 9 [0S:08/z¢
& | g T qT € Z | v 9 |05:0G|1¢
w ‘leg T | 1 9T € 5 |8 05:05] 0Z
— | 'leg T 9T € €|z 8 05:0S/ 6T
2 ‘led 8 1 11 i 0T |05:05| 8T
m ‘leg Z S 8T € z €T |0E:0Z| LT
S | leq Z z 0t z Z | 9 |og:0Z] 91
3 | ‘leg T T b1 4 z z 8 |0£:0/[ST
m ‘leg 1 v € 3 8 |0€:0Z|¥T
3 [ ‘leg T | ¢t 3t € € 1T |0€:0Z| €T
© [ “leg T 9 b1 € i 0T [0€:0Z| 2T
& | leg 1 T 9°ZI Z 01 9'0|oc:0/] 1T
‘leg 43 S L 0¢:08/ 0T
‘led z T z Z € S |0z:08| 6
‘leg z T 0T 4 8 0z:08| 8
‘leg 8 T 11 T Z 8 |0z:08| £
‘leg Z z T €T €1 T | & ¢ |oT:06] 9
‘leg z Z | ¢ 9T b z 0T 01:06 §
‘jeq z| T T b1 b Z 8 [01:06] ¥
‘leg 9 T b1 v 4 8 |01:06] €
‘leg 0€ 0¢ 07T [01:06] ¢
‘leqg (¥4 S 0z 01:06| T
a(d[eo/IS[ M| v | UW | IN JH|4Z 1L I mIoWw] 1O [ A JaN| el | ..
°2 dnois (3) __[dnois (@)dnois (@) @+ W) Farsis 5y 1 aneis (@) dnois () |39 -op
%"1e) uonisoduwo)
T =lqelL




18 Good

"uopjuaAul Jussasd ay) Jo adods ay3 apiISINO ||ey saunbiy paulapun syl :J10ON

12

19 Good Good Good Excellent Good 20

17 Good Good Good Excell ent Excel |l ent

Excel | ent Excel | ent

Good Excell ent Excel |l ent

Good Fair

Good Good Good

o | ‘o8 7T | 02 ST [4 s 8 0€:0L| Z¥
3 ‘leg 8 T[T 0z v 8 8 08:02| 1¥
m ‘leg i 0z b 8 ) g 1¢6|0v
< [ leg 0| (2|2 1| ¢ 0T S S 05:05| 6€
X | ea [z z | oE 8 ) 0c:0z] 8¢
3 | es z | ¢ 1€ 0C| € | ¢ 9 0z:08| €
& [Teg |z c |1 Ge's Se0 8 |0z:08|9¢
‘leg vlT T 1T z ele| ¢ $70(05:05| s¢
‘leg 8 z 13 T o€ 0T |0£:0Z| b€
‘leg 9 T v b ot 0€ |0T:06/| €€
Dla|d[eois| 3 | v | uW | IN M1z 1w | mlfow| o [ A |an|eL
0D (0)+(a)+(v) 94:0D
dnoio (4) dnosny (3)|dnoan (q) dnoito (1) dnouo (g) dnoun (vy) "ON
(%3e) uosodwo)
¢ @iqelL
[c =21qe1]
[9€00]



Good Good 21 Cood GoodFair

Excel | ent Excel | ent

22 Good Good | Good

Excell ent Good 23 Good Good Good Excellent Excellent
13
[0037]
[Table 3]
Table 3
No. | Amorphous | Corrosion | Corrosion | Hardness Saturation
Properties | Resistance | Resistance Magnetic Flux
(NacCl) (HNO3) Density

1 Good Good Good Good Good

2 Good Good Good Excellent Good

3 Good Good Fair Excellent Good

4 Good Good Good Excellent Good

5 Good Good Good Excellent Good

6 Good Good Fair Excellent Good

7 Good Good Good Excellent Good

8 Good Good Good Excellent Excellent

9 Good Good Good Excellent Excellent

10 Good Good Good Fair Good

11 Good Good Good Fair Excellent

12 Good Good Fair Excellent Excellent

13 Good Good Fair Excellent Good

14 Good Good Fair Excellent Excellent

15 Good Good Good Excellent Good

16 Good Good Good Excellent Excellent

17 Good Good Good Excellent Excellent

18 Good Good Fair Excellent Excellent

19 Good Good Good Excellent Good

20 Good Good Good Good Good

21 Good Good Fair Excellent Excellent

22 Good Good Good Excellent Good

23 Good Good Good Excellent Excellent E
24 Good Good Fair Excellent Excellent 2‘
25 Good Good Good Excellent Good L%
26 Good Good Good Excellent Good .
27 Good Good Good Excellent Good ;g
28 Good Good Good Excellent Excellent 5
29 Good Good Good Excellent Good =
30 Good Good Good Excellent Good %
31 Good Good Good Excellent Good §
32 Good Good Good Excellent Good &
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[0038]
[Table 4]
Table 4
No.|Amorphous | Corrosion | Corrosion | Hardness Saturation
Properties | Resistance | Resistance Magnetic Flux
(NaCl) (HNO3) Density

33 Good Good Good Excellent Poor
34 Good Good Good Good Poor
35 Poor Good Good Fair Good
36 Poor Poor Poor Good Good 9
37 Good Good Fair Good Poor _g‘
38 Poor Good Good Fair Poor E
39 Good Poor Poor Excellent Poor 2
40 Good Good Good Fair Poor g
41 Good Poor Fair Good Good E'
42 Good Good Good Fair Poor S

5 First, the compositions shown in Table 1 and Table 2 will be
explained. Nos. 1 to 32 shown in Table 1 are present invention
examples, while Nos. 33 to 41 shown in Table 2 are comparative
examples.

[0039]

10 In addition, in the description of the compositions, in the case of
taking No. 3 described in each column in Table 1 as an example,
the contents of Ta in the (A) group, Cr in the (B) group, Zr in
the (C) group, Al in the (E) group and B in the (F) group as
(A)-(F)-group elements are 8 at.%, 2 at.%, 4 at.%, 1 at.% and

15 6 at.%, respectively. The total amount thereof is 21 at.%.
The amount of the balance Co and Fe in the (A) group to the (F)
group is 79 at.% obtained by subtracting 21 at.% from 100.
Then, Co:Fe=90:10 as the ratio of Co and Fe means, in at.%, a
content of Co of 0.79x90=71.1 at.% and a content of Fe of

20 0.79x10=7.9 at.%.

[0040]
Comparative Examples No. 33 and No. 34 result in a low
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saturation magnetic flux density due to the high sum of the
contents of an (A) group element and a (B) group element. No.
35 results in a poor amorphous property and also in a low
hardness due to the low content of an (A) group element. No.
5 36 results in a poor amorphous property and also in an
insufficient corrosion resistance due to the low content of a (B)
group element. No. 37 results in a low saturation magnetic flux
density due to the high content of (C) group elements. No. 38
results in a low saturation magnetic flux density due to the high

10 content of (E) group elements. No. 39 results in a low
saturation magnetic flux density and also in an insufficient
corrosion resistance due to the high content of an (F) group
element. No. 40 results in an insufficient saturation magnetic
flux density due to a low Fe ratio.

15 [0041]

No. 41 results in a poor corrosion resistance, particularly a poor
corrosion resistance to NaCl, due to a high Fe ratio. No. 42
results in a low saturation magnetic flux density due to the high
content of (D) group elements. In contrast, Present Invention

20 Examples No. 1 to No. 32 all satisfy the requirements of the
present invention and are thus found to be superior in
amorphous properties, hardness, corrosion resistance and a
saturation flux density.

[0042]

25 As described above, in accordance with the present invention,
there are provided: a soft magnetic alloy for perpendicular
magnetic recording superior in amorphous properties, hardness,
corrosion resistance and a saturation magnetic flux density; a
sputtering target material; and a magnetic recording medium

30 employing the alloy.

[0043]

Production of Sputtering Target Material

Next, there is shown a method for producing a sputtering target
material. As for the 7 compositions shown in No. 3, No. 11, No.

35 12, No. 13 and No. 24 in Table 1 and No. 35 and No. 38 in Table
2, molten raw materials were weighed, melted by induction
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there are provided:” a“so Ic a er en
recor di ng SLg)IarSSosublstlaahaSphlcsusg ptrhmesrputtermgart@mget matErrlﬁiSon Ireghst ance

maanot 207 ecsr B g b fnandEialiBy: bl RABHHLE ek A Bin Rl ign 3, 2 °
Sput tering THogetl Mltoerla) NcNeiB andeNe. |&4,smiwle &ryetanldich ef Dleamsomm’Eng a
sputtering tagget RG5! abs Afnd Ond 38, COMRARH L WRER™S | BoPbsidn N
resistance test (salt spray test) was conducted in the same
manner as in the case of the quenched ribbons, no rust was
25 generated in all No. 3, No. 11, No. 12, No. 13 and No. 24, while
rust was seen in some parts in No. 35 and No. 38. 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
30 target materials.
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the results e quench ribbons tended to be equivalent to the
eval uations of the(Bp& ter2¥% fafl apefof D @i dlgrorets melestedrem ttheget
mat eri al s. Y t I C oy for magnetic recording
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0.5% or nore r | n | om t he group
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el enents sel ect ed themhalascgrGomredis snidnynaevotdabla impumties, (D)
0 to 30% of one or I lect I hengraup. [ St of Ni
and Nh; (EyERelh £ EIRRE R S 0 ST 70938, e < b O
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Fe:Co is 10:90 to 70:30; and the total anount of the (A) group el enent, the

(B) group elgment apd 4n&, CO-o3HME 2 BT 1! cdisibBndPltor the alloy.

(A) 0.5% or more of one or two or more of elements
selected from the group consisting of Ta, Nb and V;

(B) 0.5% or more of one or two or more of elements
selected from the group consisting of Cr, Mo and W;

(C) 0 to 5% of one or two or more of elements selected
from the group consisting of Ti, Zr and Hf;

(D) 0 to 30% of one or two of elements selected from the
group consisting of Ni and Mn;

(E) 0 to 5% of one or two of elements selected from the
group consisting of Al and Cu; and

(F) 0 to 10% of one or two or more of elements selected
from the group consisting of Si, Ge, P, B and C; and

the balance Co and Fe and unavoidable impurities.



2. The alloy according to claim1, consisting of: (A 0.5%or nore
of one or two or nore of elenents selected fromthe group consisting of Ta,
Nb and V, (B) 0.5%or nore of one or two or nore of elenents
selected fromthe group consisting of C18 Mo and W (C© 0 to 5% of
one or two or nore of elenents selected fromthe group consisting of Ti, Zr
and Hf; ( 0 to 30% of one or two Qf elenents selected fromthe
group consisfing o hﬂia@mﬁ qgfording to ctqgng Pb ok YRINENG two of
el enents sel ected friora thang09upasdnsostimogeothad 30 G@f oardor two of (F) O
to 10% of ong or, two or nore of elenments selected fromthe group consisting
of Si, Ge, PG EHIIEOURNIERENLS! ance Co and Fe and unavoi dabl e
inpurities. 18 3. mid& ahbkey 026candi mdtt meteaithiah 8%20f conprositvgy avor e
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”Ffe tthan 02{0 a?ﬂ nﬁfoﬁ@tﬁahheg{ol@ﬁf?%o@nﬁoﬁé ﬁt}m |<31r0%3r0€1f ?ﬁegbe to @ oup X
el ement s. : e oy, accordin 0 any one of clains o0 3, conprising
to 20% of onB1Y€ P&ﬂlh@r(lfs%géolip 'r?é“@ﬂ)tzgr oup el enents. 5. The alloy
according to any one of clainms 1 to 4, conprising 1 to 20% of one or two or
nore of the (B) groHp el enrents. 6, The all oy accordi ng:lt_o any, one g_jf

roup

claims 1 to 8: conpPBsidiPY AEHIARNIoke ANYWONG Rbr &13HMEhel (&

el ements.  7eoerigingy2 aecoudon@ft @nanyr oveo 0br GhaireBot the §A)C@mBUpSi Ng
nore than 0% and not nore than 10% of one or two of the (D) group el enents.

8. The al | oyel¥P8MdFng to any one of claims 1 to 7, conprising 1 to 4% of
one or two of the (E) group elenments. 9. The alloy according to any one of
claims 1 to 8, conprisi n%] 1 to 8%.0f one or two or rTEre of the (Fé gr oup
el enents. 1B: A g]él]?teﬁ"i%g 2acgEd NGt &Pi AN o8I sPhg GaMEl 1 by tecr di ng

to any one ofogi@igfdl 1 ¢0920%! of DABIBEL VGO ' §€ Ah@iradofBtidlPENOERBL Ny a
soft nagnetlglelrﬁéle_]rtsconprl sing the alloy according to any one of "clains 1
to 9. .

6. The alloy according to any one of claims 1 to 5,
comprising 2 to 4% of one or two or more of the (C) group
elements.

7. The alloy according to any one of claims 1 to 6,
comprising more than 0% and not more than 10% of one or two
of the (D) group elements.

8. The alloy according to any one of claims 1 to 7,
comprising 1 to 4% of one or two of the (E) group elements.

9. The alloy according to any one of claims 1 to 8,
comprising 1 to 8% of one or two or more of the (F) group
elements.

10. A sputtering target material comprising the alloy
according to any one of claims 1 to 9.

11. A magnetic recording medium comprising a soft magnetic
layer comprising the alloy according to any one of claims 1 to 9.



