1 ALLOY AND SPUTTERI NG TARGET MATERI AL FOR

SOFT- MAGNETI C FI LM LAYER | N PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM AND METHOD FOR PRODUCI NG THE SAME

5CROSS- REFERENCE TO RELATED APPL| CATI ON The

present application clains pri or ty to Japanese Patent
Application No. 2007-241101 filed on Septenber 18,

2007, Aheyemin & rdisid oG emaﬁ;ammﬁmmmemﬁf@w\@wmc

Ele(raleanﬁm(/t LgYEES@§EB%E%%Wﬁ@%;r esen g nven MEDIUM’

rel ates to an alANgy MEBHOBPefORPROBCING Ti, SB)"”-:and a

sputtering target material used for a soft-magnetic

filmlayer in a perpendicul ar magnetic recordi n%éS
¥hod

meldli um ~The pr@¥eht-RATERENGH BPIREAIRY & H4CA

for produci-fgethes @Ht%(ﬁﬂ:@tiohﬁcﬁéﬂ’mst BFbRGytRY USpanese Patent
mat eri al . Description of

e enfnylisrEon 2015007 1ol af g Ay RALPEP I BOELsbEs 2097, the

magnebheire ehotidisnge techntdio gy inarg oheightieneing byewdeence.
20densities in magnetic record nedia is proceedi ng due
to increasing drive capacities.In magnetic record

nedli a for Iongltudﬂﬁ%ImﬁﬁﬁﬁﬂN@(B%Hbﬁﬂ1M§E§§§@éhs
currephjg{js,d_wﬁrég de, however, attenpts to realize

L
hi gh recor ensTties result in reflned re

whi ch requi Fee Hirgheabdnypofien [adss §9c‘fh“ {gﬂt Te) (Zr, Hf,
t hat N%comgl,l ng;)cagﬁgt despordunat dtwgeh th@teemcbr dised for a

bits. Vi ew 0 er pendi cul ar.
recor 8?&9’%%‘7@ lflé]'TbePHSP§PUG| picigarciatel cﬁ@%niﬁ%gnet;c recording
sph vi peedinese priabljerseand nivepitiovi rgse ecdateddasit yethod for

R T

syst em net Sy axis 1S

ori enmmmmwer pendi cul ar to a medi um

surface in fghe 8@99%&5 'thE!l é’fhaﬂré’f?fé@ﬂ@em&rwabie progresses
magnetic record- nedi

um i table for
recor " dEMIRFES. rﬁépr‘ij‘tﬁ‘él pE‘fF‘%E}‘FgPSMI a@“@agﬂ@{‘-‘ﬂ} ening record
r;&?”@éﬂgmﬁé’sﬁ BM ndadMetitayeced r ecedid nedi prodessiibgendue  to

d l o 35h t t

an. | nfgvaa Hoch 4o UFty add anaarPtisagaeers ' hedia for
£i 1 m lcaygtudihaCoCnPigiBR besendding al Bmytar@Sgeﬁérwtyv used
used Iﬁand(}ﬁ d@gﬂ?«\ﬁ}ﬁ?%{t?n{ 15”\:J>afyeecflczke %th r&orideiensities

ot her
pr opotasdif oin aefiled regaEd i Itsi IMDICRy 6paUNE '95 GeEHCivity to
i9x Japanesgn Pateaty Lidid- %@ﬂd%‘ |t§ﬁhbDHchonducted with the

2005- 320627, propqgses, use of sat. ur
magnet§ @ E%Sder@l YipvaRd til]“i}ha ﬁl%lugu%‘( %%g[qetxc recording
are r%%iderr@dsf beitdetsdfdd megnenieanti fon kaheingi thage problems

per pendi,cul ar nmagnet i ng medi um The CoZr Nb/ Ta
al | oyjﬁgéeqrb’soevd“g refa?ggncz%% gét ent Laid-Op

Publ | cati onliNe. pﬁﬂ@@ﬁdﬂ?@@@ﬂ?mﬁéj]ﬁtﬁbmld'n@e%\tﬁtﬁm hs & system
%IW tboﬁ)%gﬂwé‘ﬂ?ﬂé‘ﬁéhceééw)éﬁ@%' éb’en@@ﬁ’p@{ @He direction
e sa urati‘oh nagnetic densi t

require
t he s@ﬂp@m@lr@@ﬂ% to; |dmm@9e#mo$ut RECpéi p r%@gg,e id Ylim of a
mgne?éﬁpér?&&h%ﬂ@nﬂ@ﬁeum record medlnrra,deihtjl @nsuithehe for high

,ag 3Ltg-dyqrglrtc{1q1 glég ng%)he?%%o%ellPrgpgy%@draﬁ(%gﬁgﬁ'ct%‘ecordmg

mat er syadiehof éonmm@w@laﬂ fidaorel soedéstn tigasnbgehi gieveloped
S%[g[r@cta\b;g\ngu?% gg%t #?cgﬁf‘sf’;ltr% [%Hsb\ﬂghaaﬁeﬁ&ﬁ@@@ed record

uences spu ng rate %)
magn et e tisplyt Be ﬁg&oﬁtnmd@@eﬁﬁaﬁﬂﬂ‘hew@TF A &t afe RtgSTOz based
the proportion (% of a direct current magnetic field

havi ng passed through a 20 ferromagnetic sputtering

target as defined in ASTM F1761-00, the entire

di scl osure of which is incorporated herein by

ref erence. Anorphous properties nean a degree of

easi ness with which an all oy beconmes anorphous during
guenched solidification or sputtering. 25 SUMVARY OF

THE | NVENTI ON The inventors have now found that




The inventors have also found that a sputtering target
material with a high PTF value and a high relative

density can be obtained by, in the production of the

target material, mxing a first powder satisfying 1.00

Fe/ (Fe+Co) ?_ 0.90 (at%ratio) ahd 3 at% _5

(Zr+|-|I+Nb i-Ta)+B/2 5 12 at%with a second 5 powder

satis %c%fﬂaﬁ;!sﬁ)ta ag 3

S %)’i? gié?%b%ilgeé&;;@h@q}we5ma%née@%§ 2 %
consol i dat i g t@l@eo?ﬁ@(eﬁa%m@egoét 0 @3012%%%'#& a@s been
100 tordPo&=dVPar a soft- ma@@@@fcdﬂng lafycaspeatisdbselien Japanese

' Qféiﬁt w{‘ef% i Bce Rt Tt ZyiPRageg use of

pe§ peadintgih asa ivagbiet cmagoetldl ﬁgxm@mmy tenal thdgfemmorphous
be ngpw&t&% aaﬂ%ea%(géﬁéﬁﬁnfbrr' ?I’wé‘%oft mat(;;Ine‘Enf9 fi‘Pﬁﬁ "9&& in the

of Z I'n an aniount styil ngr at %
5 (ZpeHfenbET) H+BMBEELD: atRoaft hali el U at %! Ge |e@4Nb/Ta

of B aﬂég‘l dﬁi@o@d & R pRrl¥ pRré ot aLaadaO en Pubhdakl&m No,
balance eln d

and Fe |n an amount satls
Fe/ (Fé#Bgy-2 8625 68t BIUEYBY victH undboi dagﬂ%iéer Satlration
II@UfMagﬂﬁet:c flux dé@ﬂw,dtﬁgniaaeainwhlertr*aespmtmaifonhmagnetm

rese vent,i on, ne [

Bout tBng raryer eali e 487 UL, SURISF Bl gy, fayer of the
t he spepmmdictlar magnet)c me&ﬂ)trtgna fiaddtimpowder and a

second powder 5400 &MefedaROIRSy Wi ekn hlith saturation

first powder conpri tﬁ Hf
No, TEeEHEIR ,fhng,qie@ﬁmyms gaed oy goﬁatt %aﬁnetw fitm layer, a

(44 +FEarl§J*étTﬁiatJe3«‘aﬂ £9r 1?0:%%9 A5 ﬂneh @50 0résulBs atrdoa high

in tot nce bein n

o sl aBeTs drPgRi M0 diehs e iaeeiied) B0 ds6 ohls n PTF
rati oyahiet h whayoi Mnexammusputm;n@ndaMemmmy henagnetron
second pQuder co ri.se PE A
o ant B no SR s R Ry bt s, 14t s Bihortion (%)
(Zr+I—ﬂ§f+Nb+d'@{)3$u3¢L2rl?ﬂ12ﬁa@%91AF et chaving oD%S%tt% ihfough a

ot al ﬁer?@ﬁlagnet:ct%ﬁnﬂ?@hﬁ C?ar%t”ﬁs@eﬁﬁ@!dFﬁ] IA(E“HVI F1761-00,
amount satisfyin

00 Fe e+ﬁog éat% rat $ nb
wi th Gy 6n b i.sr%mmrﬁ. 'i%sb‘f dBﬁ oG '@ ngierein by
t he m@f@%@@\ﬂemrﬂbr§ﬁ6uta0pﬂ(9{5@rt(§:sarrdeah 4200 eyoed 00D casiness

102 QPR SRR D SRR IRGH Ao dygigo quenchea

pr esesttlidifizvebbinonr wipkittdoeéngescri bed in detail bel ow.
oy and Target Material for Soft-Mgnetic Film Layer
he sputtering target material according to the

present invention i s>@MSPMRY &PF rdit dNYdt Wrial for
a soft - magnedd Gl khlaneie Roxy FeUPeNdhatl & avgnetdmprising

recordi ng medium and i s Fe based allo
The @f“?é”’bﬁ%(é'c? &'l 29 ’éﬂgprg:gvs%s a&?g%ormrﬁ)'? eaigpﬁﬂt %/e?_‘flsfymg
Nb, Teoand @ i-PHanNaoLNH B issfiyi ng%b abdl anYergy 7 at% or less

G s IV o A Ry v o

bal areoed e iy aCo aamau Fe s his&n NgnBun® ga*ie/éf«ﬁm(ga)oﬁ@ &5 (at%
Fﬁ{)( F%’E%g) with OuRav )ﬁ}aﬁéaﬁhgbr“&’léé“ :k‘ni@%@élw &s a sputtering

sons

conpdsrgebrapteri fat ifopeft Maetas gy i@‘éﬁa Ip g perpendicular

SIOUt tlﬂ&bﬂgtﬁcalﬁ@@ird’{ﬁbahle@hu;ﬁpﬁvsﬂh% sRfit spagnetdc rhiafmetic flux
g yer are 5\521?{9@ 1 g {j Co) being at%

Pat i éjﬁ?‘éé”ayﬁ‘ ARG h%“%lpép S{YFRf 1 uence on

sat ur at i on TheghevEatdisunedensilsy, foarat piiads apsppéleries target

and at nospheric corrosion resistance. Wien 20Fe/ ( Fe+Co)

is within a range of 0.20 to 0.65, the saturation



magnetic flux density inproves as the proportion of Fe
beconmes | arger Wien Fe/ (Fe+Co) exceeds 0.65, however,
the saturation magnetic flux density is no |onger

i nproved, causing a significant degradatlon in
corrosi on resistance. Fe/(Fe+Co)3of 25less than 0.20
results in insufficient saturation magnetic fl ux

densi tyaForaf hese zf IQ”[STF E@(i&geﬂ@)a Sthb!' £bIhE vl dbhgity can

?rrn
a range of from0 refer

0
0. 50, G obkaingd gy, é[hd‘hteh%l’ t{@},oﬁ&?}%%@e n%}aiprig mixing
Each of figst Hde\lbsatTgf\,aﬁ@ BOmS: ded(ffecCby StAOLE (at% ratio)

di £ t b f

form A dbmodermaato Ha e pieem ria | anPopiefScs second
of 5t hqmv@daneaetrt;ﬁym@xﬁe{m 4 dre/Bfeir€adr sufidl & (BéVelragip) and 3
8 to %O/até’gﬁp-iﬁ?»{-§8+hﬁ) FPe”U? Qf%"faﬁd' §onsolsdatmg the

sllghtyles i's theref % eto
use a rhotesl pawsiaitatoBOgrto HESONEZ ang %ﬂhél 0§5tm

total amunhc@érd%b*b‘ﬁ”ﬂ@b@%} +& Zhef phessent ha065t1@h% there is
does not ro¥ de sifficient eytectic

the '8 DS PUZFE DB 1Rl aﬂ%ﬁﬁ’%x ée@ssﬁi% g{q)/%r{]etlc film
the eusgetis &b@ﬁﬁéhd@l@r ensghetxatred:ot dirdegnadieirmhéhe target

saturation magnet n When t he content of

B exci)&{igg'} Qg@o fltﬁ'é 6ugor\’/ g§F§% regl stance is degraded. !
For these reasons, Mo tof alr, alburtbofTea and B tn an amount
(Zr-i- 'é'%is%\igll& T@)o th@:%—l%hPN'b j%?#ﬁ/tzh‘/n]@ f1angdgnefhaving 7

froms %in oy and the sputtering
t ar gett Hatoer! ﬁ‘é‘f? ofvihil e the content of B should be

Wi thin a ramggn@ch @tt% 9ratoess, Lomtarefgﬁabl y 1to7

at% 10 Producin err f
pr o?juc, ng tﬂée gp?%@,c%peéngp%q @é\ﬁﬁﬁg ?@gﬁq%gﬁg@%ﬂsfwng 0.20
accor di fig/ et 0e) pr €566t (cithventicnvith enpvaidrddedalpwities.
The et hod u t [
tar ger mat o a7 AGHo Ryt PR e pePte COL IR, RRSLERL Mpenton, 2
15not nheiadkdor @fpﬁgcfru;] |tbw ﬁguwéflﬁa@dtarget mateyigl4s provided
p%@du%bpr%ﬂglhﬁog]@%@@ﬁglo@g to a pr eferred aspect of

%

e present ention, a first r and a.second
powder is n@}(@aw@gf@”ﬁsg Qﬁngggg %g& se@ﬂgdfppglder to form a

powdeFn iG@aPH b HeS r 0N <Ot mohe mfstlroweﬂ#:; chbypiiaeand B

in an anount_satisfvin Zy.+ bxTa).+

5 12 atos 0°%% B al¥ith s i A é fA0B Ahr &P amount
baI ansetllségrmg Tatahds RE riti farN arrdant- BoR §a1425r;ﬂ)9/png
Fe/”{‘ﬁ%ﬁ%' 00313 cali% ratigh| Wahh unavoi dabl e

I rT'pUI‘ItI es e secon er conpr.l 'ses one or npre

Zr, H, Nb,tieabahang len@g@naa.@oﬂﬁwaa%émmrpd §atisfying

at % 51(@@+Hf +|]<|la=7gaé:{c@/0§’ 25 5691)2 edi¥ Oatm)5 with i onavoidable
total of Al

an alanc be n
an anﬁaﬁwsta%swﬁi ﬁ@g**%r%ﬁ “"Fé?‘%% '@g&ggpi,eb/sgg !
rati o) withonmavoirtalsl ef iZrputfi thlesTa and B hlavingiay amount of

f b 0
cBheobr s g E?fei'@eaw%iﬂ*sfﬁ’ﬁﬂéga? B2 F i S
conposi ti oMbandbyr: 8dochrddbiidatatay aﬂﬁh xed powder

conpri si ng oy, ki \ds, %tenpgva@&ra%oea@hnh@wanﬁo@m satisfying 0.00
relatively 1ow saturation z}rgs;}gnetl C ensi

gi vensSpféporeeh) Byoth@s( hbfbt’o}twhté Baggpg?/%bl{sompuratxes

obtai gng target material having a relatively |ow

uration net i ensi t n s o
B irati on hegneepidrkife BERIhIPeRiRY FLE R 50 oc and
al | oyawilld) go Wit Miec dofosint oa. 5|m1usrsnge&eeﬂ@ieﬂate rial.
possible to avoid a situation where a high saturation
6 magnetic flux density causes a decrease in PTF val ue
to reduce a deposition rate during formation of a film
in a magnetron sputtering using a target material nade
of an excellent alloy having a high saturation
magnetic flux density and high eutectic 5properties.

In dividing the total conposition of the target
material into two kinds of raw material powders each



The inventors have al so found that, in producing an
alloy target material, consolidating two kinds of
raw mat eri al powders each satisfying Fe/ (Fe+Co) of
1.00 to 0.90 and Fe/ (Fe+Co) of 350.00 to 0.10 leads to
a higher relative density, conpafed with a case of
consolidating a single rawmateri al powder under the

7 sane condition. The reason for this is not clear in

he-raw mat er i B Tadnaer SoBtay hason, O Frba T g’

of powders, The mespat ddventiancade bef desiriged isidaghe below.

po"‘“egﬂﬂaﬁé LAg faarg‘e'ir% {difd ) soris b ﬁag%%gr%'ﬁ eE'n% rat a

Feb(Fe+Co) ohelspotiesirg doraeid raa@rial ehceafingnto tae present
8‘” r efhﬁ’@é‘ﬁu@ﬂ 50, %E%tﬂﬂ%‘ﬁ?&a?@ét $hyidveh IFe (FebEem&dnetic film

. are forne a contact point, between the
t wo kl%‘%“ df] FoVRRIPEN dé@liisi n g 20 e YR FRRISHES afiiGum and s

gr adi engdatoft he conrt @@Eedlcﬂicml nthe|¢04F’Se bheeefdi®y comprises

d d that f
and FET5 SBBetrd SFghft Mintsy 1o TBate g oChE Slistying s
cbcent¥atd ¢Arg-ddingnt Ta s+ BY 2rd nlg) ias 96 wntchbavidy ahatth or less
to i ngreasg hg zgiQ’J( %?Lyaaqied’fs)k %ndpépoéﬂ'dntgwés‘ga%nce being Co

preferred asp esent

i xedaﬁdmférmthmB@uaitrﬁ@dlﬁfw&b@sépu %ldi%fcﬂf‘"aﬂ (gpo=t §.65 (at%

1250 ?é@@ﬁv@%h%QQMRQd&QQQHNB@rRQﬂTOr”1an alloy or a
sputtering et material, Consoli

temper at ure PJ%I 6#S806C %r it CQ”HP%%E’GI“@?&WL@E@Q%% the alloy
1090 MRadr esal suitermd awrget atateriden®irt yhe Absia-magnetic film

conso t enperature above 1250C 20 causes
a parl |ygﬁ iFnael ??r‘f&ﬁf) gener ate solidification pores.

Further, cdre¢Fedatd)obeity atyr esarie panpmetendviooe Jreat
Mra | [Cﬁ A @l | Yo @]kl Fﬂa@‘?&‘?&d'fﬂgl ydeh'%?c(\é amorphous

conso tlonte erature Is se
pr ef ePEDIS/ 185D ta@dn@@w@%mﬁwcé RErRYRBOI Iebfapce.  When

{Hcegggéﬁge -G& itonwliint @ i@rQ@el\/(E’BO Qoeft@rab@y 2bel28turation
0

f
Lo 200t Riic Al oAt SRR AR T REE Hecomes
of theerfierst pbwden ahe/ (Fee-Gecomkoeeder Ondy, compreger, the
5 f;t Zgrﬁ]rurg?%ﬁ Rﬁ%ﬁ% flﬂ‘\%}]er{%?tyﬁk%%r %&Dﬂﬂ lﬁgeé_sézausing
or of & 5@ prcomicd e arisitiod in sioncesipher qastange. e/ (Fe+Co) of

‘Q%W' NRiser {ighn (b o I esd QR Tr%iifﬁtc?lﬂﬁe);a&ﬁ‘x%ﬂ&ﬁf magnetic flux
rich raw materi corrosv;n resista

mxe ‘f’i‘)ije‘t’herrq'ort?%%sd%fﬂa%?or{,e rﬁﬁ&f))ofq ﬁél zflJ@elvl”thm a
i s esitaalyld sheebrbeovxe@rtotbasitnopkemww $rome8 Ul itng isD, in the

f t | | a t f t t
somatai Al fle poh A B P ARl & oo B o
| east the Eachi of Zrawfpatler Talarpblideesor dutestisostatef diagram
Be ne S afRian @Bk%r{ches ant%riéf’r‘?\terﬁat&fgﬁ!ed' ff'f%glﬁ ng an

to rust. wever , en € anoun excee
at % amnereRpdst n»fsa% |on5@e iGRprevdaatians oot aeashalof these

amurﬁi@ﬁferﬂs’f@xdébﬂ ey t@r geta rRher iaalewd HWE? fiphan at% and
at % cayse

ecrease |n turatlo o
Genaray oGS e Es o f b et Ay e JBEE afliy Anatoe. 1t is
t ar getierditeeeposeibithey amaumnt i@lfal%ﬁ*@unts of$eXrtaf 5Nat, 9%Fa and

Qéfl%@gngﬁ%%&% ﬁai)pyht H? r%fein[gb N%g%#{azy'ofaiess than 5

r ecordPngl arlinh paov tske ;snéﬁu@e"d dytespin naemDﬁgtlas When the
sputtering material having the sanme conposition as

that of a 10 soft-nmagnetic filmlayer to forma thin
filmon a glass substrate. The thin filmcoated by
sputtering is quenched. On the other hand, in the

present invention, a quenched thin strip produced

through a single-roll-type liquid quenching device is

used as a specinen in exanples and conparative

exanpl es described 15 below. This is to evaluate



%

Eval uation 1: Saturation Magnetic Flux Density
Saturation magnetic flux density of the quenched thin
5 strip was neasured at an applied magnetic field of
1200 KA/ m by a VSM devi ce (vi bration-sanple-type
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- Ban% the Ea‘agce being Co and Fe in an amount of satisfying 1.00
= Fe/(Fe+Co) = 0.90 (at% ratio) with unavoidable impurities,
The second powder comprises one or more of Zr, Hf, Nb, Ta and
8 having an amount of satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2
25 = 12 at%; 0 to 5 at% in total of Al and Cr; and the balance
being Co and Fe in an amount satisfying 0.00 £ Fe/(Fe+Co) =
0.10 (at% ratio) with unaveidable impurities.
In this way, the target material is formed not by
consolidating a powder consisting of a single composition but by
30 consolidating a mixed powder comprising two kinds of powders
each having a relatively tow saturation magnetic flux density in
a given proportion. By this method, it is possible to obtain a
target material having a relatively low saturation magnetic flux
density, in spite of a high saturation magnetic flux density
35  exhibited by an alloy with a uniform composition. It is
therefore possible to avoid a situation where a high saturation
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magnetic flux density causes a decrease in PTF value to reduce
a deposition rate during formation of a film in a magnetron
sputtering using a target materiai made of an excelient alloy
having a high saturation magnetic flux density and high eutectic

5 properties.

In dividing the total composition of the target material
into two kinds of raw-material powders each having a different
composition, the saturation magnetic flux density of each of the
powders can be reduced by setting Fe/{Fe+Co) of one of the

10  raw-material powders to 1.00 to 0.90 as well as by setting
Fe/(Fe+Co) of the other of the raw-material powders to 0.00 to
0.10. Due to a difference in sputtering rate between the group
of Zr, Hf, Nb, Ta and B and the group of Fe and Co, a large
difference in added amount bhetween these groups of the

15  powders leads to a problem that concave and convex portions
are generated on the surface of the target material to cause
defects such as particies as the sputtering is continued,.
Particularly, in a case where the amount of (Zr+Hf+Nb+Ta)+B/2
in one of the powders is less than 3 at% or it exceeds 12 at%,

20  the number of the particies increases.

Further, when an alloy target material satisfying
Fe/(Fe+Co) of 0.20 to 0.65 is consolidated as a raw-material of
a single powder, cracks or chips may be produced at machining
after the consolidation. The reason for this is not clear in detail,

25  but is thought that a brittle ordered phase (o' phase) as
observed in the vicinity of Fe/(Fe+Co)=0.5 in the Co-Fe binary
phase diagram is also formed in the parent phase of the alloy
according to the present invention. From this respect, it is
effective to separate the raw-material powder into two kinds of

30  powders satisfying Fe/(Fe+Co) of 1.00 to 0.90 and Fe/(Fe+Co)
of 0.00 to 0.10, respectively,

The inveniors have also found that, in producing an alloy
target material, consolidating two kinds of raw-material powders
each satisfying Fe/(Fe+Co) of 1.00 to 0.90 and Fe/{(Fe+Co) of

35  0.00 to 0.10 leads to a higher relative density, compared with a
case of consolidating a single raw-material powder under the
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assumed as n a case o using ®the raw-material
powder obtained by mixing two kinds of powders, as compared
to a case of using a single powder as the raw-material, it is
considered that a Fe-rich region corresponding to the powder
satisfying Fe/(Fe+Co) of 1.00 to 0.90 and a Co-rich region
corresponding to the powder satisfying Fe/{Fe+Co) of 0.00 to
0.10 are formed at a contact point between the two kinds of
powders, causing a high concentration gradient at the contact
point, It is therefore considered that, since a mutual diffusion
of Co atom and Fe atom occurs significantly for reducing the
concentration gradient, sintering Is further advanced to increase
the relative density.

According to a preferred aspect of the present invention,
the mixed powder thus obtained is consolidated at 800 to 1250
°C and at 100 to 1000 MPa to form an alloy or a spuftering
target material. Consolidation at a temperature below 800°C or
at a pressure of less than 100 MPa results in a low relative
density, Also, consolidation at a temperature above 1250°C
causes a partial melting to generate solidification pores.
Further, consolidation at a pressure of more than 1000 MPa is
industrially difficult. Accordingly, the consolidation temperature
is set to 800 to 1250°C, preferably 850 to 1100 °C, while the
consolidation pressure is set to 100 to 1000 MPa, preferably
120 to 600 MPa.

According to a preferred aspect of the present invention,
only the first powder or both of the first powder and the second
powder may comprise 5 at% or less of Al+Cr, and the alloy may
comprise 5 at% or less of Al+Cr as a whole. According to this
preferred producing method, since the Fe-rich raw-material {low
corrosion resistance) and the Co-rich raw-material (high
corrosion resistance) are mixed together for consclidation, a
kind of focal cell is established between the both powders,
resuiting in forming a material relatively easy to rust for target
material. Therefore, addition Al and Cr into at least the Fe-rich
raw-material powder or into both of the powders can make the
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target material difficult to rust. However, when the amount of
Al+Cr exceeds 5 at%, the effect is no longer improved. Also, a
total amount of Al+Cr in the target material of more than 5 at%
causes a decrease in saturation magnetic flux density for a thin
film formed by sputtering the target. Therefore, the amount of
Al+Cr is set to 5 at% or less, preferably 1 to 5 at%.

Normally, a soft-magnetic film layer in a perpendicular
magnetic recording medium can be produced by sputtering a
sputtering material having the same composition as that of a
soft-magnetic film layer to form a thin film on a glass substrate.
The thin film coated by sputtering is quenched. On the other
hand, in the present invention, a quenched thin strip produced
through a single-roli-type liquid quenching device is used as a
specimen in examples and comparative examples described
below. This is to evaluate infiuences on various characteristics
by constituents of a thin film actually quenched and formed by
sputtering, with the liquid quenched thin strip instead.

EXAMPLES

The present invention is explained in detail below with
reference to examples.
Example A

A raw-material of 30g weighed by constituents in Table 1
was arc-melted under reduced pressure of Ar in a water-cooted
copper hearth having a diameter of 10 x 40 mm to prepare a
molten base material for a quenched thin strip. Production of
the quenched thin strip was conducted in a single roll system.
Specifically, this molten base material was set in a silica tube
having a diameter of 15 mm and was tapped 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
(diaméter of 300 mm). The diameter of the tap nozzle was set
to 1 mm, while the gap between the copper roll and the tap
nozzle was set to 0.3 mm. The tap temperature was set to a
temperature right after the melting of each molten base
matertal,  The quenched thin strip produced in this way was
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used as a sample material and the following evaluations were
conducted.
Evaluation 1: Saturation Magnetic Flux Density

Saturation magnetic flux density of the quenched thin
strip was measured at an applied magnetic field of 1200 kA/m
by a VSM device (vibration-sample-type magnetometer). The
sample material weighed approximately 15 mg.
Evaluation 2: Amorphous Properties

The evaluation of the amorphous properties in the
quenched thin strip was conducted as follows. When an X-ray
diffraction pattern of the amorphous 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 to show a broad peak
having a large half-bandwidth (a width at a half height of the
diffraction peak). This half-bandwidth has a correlation with

amorphous properties of the material. As the amorphous
properties are higher, the diffraction peak becomes broader with
increasing  half-bandwidth. Therefore, the amorphous

propetties were evaluated by the following method.

A sample material was attached 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
attached on the glass plate so that a surface to be measured
could be a copper-roll-contact surface of the guenched thin strip.
The X-ray source was Cu-ke ray, and the measurement was
conducted at a scan speed of 4°/min. The width at a half
height of the main peak in the diffraction pattern was
image-analyzed to determine the half-bandwidth for evaluating

amorphous properties.
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Corrosi on Resi stance In regard to Exanple No.

6 having a Fe/ (Fe+Co) ratio of 0165 and Conparative
Exanpl e No. 15 having a Fe/(Fe+Co) 5 ratio of 0.70, a
salt spray test (5%\aCl-35C 16h) was conducted using a
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Example No. 16, since the value of (Zr+Hf+Nb+Ta)-+-B/2 is as
low as 4, the half-bandwidth is small, In regard to
30 Comparative Example No. 17, since the value of
(Zr+Hf+Nb+Ta)+B/2 is high, the saturation magnetic flux
density is low. In regard to Comparative Example No. 18, since
the added amount of Al+Cr is high, the saturation magnetic flux
density is low. In regard to Comparative Exampte No. 19, since
35  the amount of B is high, the corrosion resistance is degraded as
described above. In this way, the alloy of the present invention
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Nyl shown in table 2 was produced by a gas atomizing method using
an Ar gas, a nozzle diameter of 6 mm and a gas pressure of 5
MPa. The produced powder was then classified into 500 pm or
less to obtain Powder No, 1 to 10. The following evaluations

20 were conducted on the powder thus obtained.

Evaluation 1: Saturation Magnetic Flux Density of Raw-Material
Powder

The saturation magnetic flux density of the raw-material
powder was measured at an applied magnetic field of 1200

25 KA/m by a VSM device (vibration sample type magnetic
magnetometer), The sample had a weight of approximately
200 mg. The results are shown in Table 2.
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powders 1 to 10 thus obtained were then mixed by the
combination as shown in Table 3 to reach a target material
composition shown in Table 3. Fach mixed powder thus
obtained was placed into an encapsulating can made of SC -
material and having an inner dimension of a diameter of 200
mm and a length of 100 mm, followed by a degassing vacuum
encapsulation at an ultimate vacuum of 0.1Pa or less.
Thereafter, in the case of HIP (Hot Isostatic Pressing), the
mixed powder was consolidated to form a consolidated body at
a heating temperature of 1000 to 1300°C and a pressure of 80
to 150 MPa for a holding time of 5 hours. In the case of an
upset method, the mixed powder was consolidated to form a
consolidation body at a heating temperature of 750 to 1000 °C
and a pressure of 450 to 1000 MPa. The consolidated body was
machined by wire cutting, lathe processing and surface grinding
to produce a specimen having a final dimension with a diameter
of 180 mm and a thickness of 7 mm. The following evaluations
were conducted on the specimen thus obtained.  The results
are shown in table 3.

Evaluation 2: PTF Value

The PTF value of the target material was measured
according to ASTM F1761-00. For comparison, the target
material was produced by consolidating a single powder with the
same composition as the target material on the same condition
for measuring the PTF value,

The difference of these PTF values, that is, [PTF (unit:%)
of the target material by the mixed powder}-{PTF {unit: %) of
the target material by the single powder], was measured.
Evaluation 3: Relative Density

The density of the target material was measured by a
volume weight method (a dimension and a weight of the
machined target material were measured to calculate the
density according to weight/volume). The relative density was
obtained as a ratio of an actually measured density to the
calculated density, followed by evaluation according to the
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In addition, a powder of Co (0) - Fe (balance} - 2Zr and
a powder of Co (balance) - Fe (0) - 10Zr were mixed together
to a total composition of Co (balance) -~ 47Fe - 6Zr, followed by
upset-consolidation at 1000 °C and 500 MPa to form a target
material (relative density of 99.7 %). In a sputtering with this
target material (Ar pressure of 0.5 Pa and DC power of 500 W),
however, a large number of concave and convex portions were
generated on the surface of the target material with the number
of the particles being 2.5 times of that of the target material
consolidated on the same condition from the single powder.
The term “particle” means projections generated on the
sputtered thin film to cause defects.

Further, a powder of Co (0) - Fe (balance) ~ 3Zr - 2Nb
and a powder of Co (balance) - Fe (0) - 6Zr - 7Nb were mixed
together to a total composition of Co (balance) - 45.5Fe - 4.5Zr
- 4,5Nb, followed by an upset-consolidation at 1000 °C and 500
MPa to form a target material (velative density of 99.5%). In a
sputtering with this target material (Ar pressure of 0.5 Pa and
DC power of 500 W), however, a large number of concave and
convex portions are generated on the surface of the target
material with the number of the particles 2.3 times of that of
the target material consolidated on the same condition from the
single powder. It is assumed that this is due to a large
difference in Zr or Nb amounts between the both powders in
any target material (It is known that a sputtering rate of each of
Zr, Hf, Nb, Ta and B is lower than that of each of Co and Fe. It
is therefore assumed that this difference in sputtering rate
caused development of concave and convex portions on the
surface to be a cause of particte generation).

Results

As shown in Table 3, the target materials using Powders 1
to 8 (Target Materials A to F, I and J) have a large difference in
PTF, exhibiting an effect of improving PTF significantly,
compared with the target materials using the Powders 9 and 10
(Target Materiais G and H).

In Table 3, it was found that rust was partly generated by
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the salt spray test on the target materials (Target Materials A, D,
I and J) using a powder (Powders 1 tc 4) satisfying Fe/(Fe+Co)
of 1.00 to 0.90 (at% ratio) and (Zr+Hf+Nb+Ta)+B/2 of 3 to 12
at% without Al and Cr. On the other hand, it was also found
out that rust was not generated by the salt spray test on the
target materials (Target Materials B, C and E to H) using a
powder (Powders 2, 3 and 9) satisfying Fe/(Fe-+Co) of 1.00 to
0.90 (at% ratio) and (Zr+Hf+Nb+Ta)+B/2 of 3 to 12 at% with
Al and Cr. In view of the above, an improvement in corrosion
resistance was observed in the target material.

powders based on Powder 3 and Powder 7 with the Cr
amounts increased to 3 at% were mixed together to Co
(balance) - 34.4 Fe - 4Zr - 4Hf - 3Al -~ 3Cr, followed by
consolidation at 1250 °C and 100 MPa by HIP to produce a
target material. However, since rust was not generated on the
target material by the salt spray test in the same way as Target
Material C. It is therefore confirmed that, when Al+Cr in the
raw-material powder exceeds 5 at%, an effect of improving
corrosion resistance of the target material was no longer
improved,

When a mixed powder of Target Material A and Target
Material C was consolidated by HIP at 1300 °C and at 100 MPa,
a large number of molten solidification pores were observed
inside the consolidation body.

In regard to the compositions of Target Materials B, C
and E, cracks or defects were partly observed in the
consolidation body in the case of using a single powder
consolidated on the same condition as the raw-material, while
no cracks or defects were observed at all in the case of using
the mixed powder. In consequence, an effect of preventing
cracks or defects at machining by use of two kinds of the
raw-material powders was confirmed.

The relative density of each of Target Materiats A, B and
E was 99% or more, whitle the retative density of each
consolidation body in the case of using a single powder
consolidated on the same condition as the raw-material in
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regard to these compositions was 98.2%, 98.4% and 98.4%.
In consequence, it was confirmed that the relative density was
high by use of two kinds of the raw-material powders even if the
target material was consolidated on the same condition.
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