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1 (CoFe)ZrNo/ Ta/ Hf BASED TARGET MATERI AL AND METHOD
FOR PRODUCI NG THE SAVME CROSS- REFERENCE TO RELATED

APPLI CATION 5 The present application claims priority
to Japanese Patent Appl i cation No. 2006-311129 filed

on Novenber 17, 2006, the _discl f ' [

i ncor po(@ﬂEﬁ)ZéN@/ﬁaﬂﬁf M%E%Ié&ﬁ%&%%gﬁé%@%

I NVENTI ON  Fi H@? DIFOR PREDUTING THESAMENt i on
relates to aP?CoF ZrNb/ Ta/ Hf based target material -

used for formng a thin filmfor electronic
Coﬂponem@os@ﬁmﬁam tT VEREIEAT EDUAPPLIEYITOMI nl y
used in a perpendi cul ar gnetic recordin
and_ (e, PECSOAE rapPUEation HJalhe PRy g fse Patent
@ﬁﬁ&é‘tubﬂf 9¢5. Wﬂb@@ al11 159 DgRedi piri ONovlenRbeat d¥,Ar2006, the
e recent progress in the Het C eco%‘pl g‘&
disstamuleogy whic wmc@ratgﬁd gRein é’oF HENGE i es of
magneti ¢ recor gATRAGRGURD IOF MTHBINIERTEON or
I ncreasing capacities of drives. In the magnetic
ﬂg&ﬁ@ﬁnﬁﬂ&ﬂm | ongi tudi nal magnetic recording
Z?t Syﬁtli%[“in%h:tﬁfmb’elﬁiég wrhdwde Ecrwsb/t qa/Hinbased target
atte o realize nsi
maiﬁlrlﬁiduﬁ@@ofﬁrbf‘?g“m\ﬂl htF‘ F’Q i{?‘:tf@gf% €?W°“e“t5
S‘%ﬂ"e%*-??c%?éﬁ*“%@‘"‘%t“n@&f“é‘%f’i.‘?“’"‘*ﬁmz"‘“””? on b pendicu ar
mw@tlcc:re‘é% i gnedyyfimand e oo g @aducing the
BFé?’%VNB}BTj}gﬁ@)a%%@t@f@e@ﬁﬁ’atéﬁ’a' .mproving the record

ensities Pat ent Lai d- Qpen Publication No.

@8 a net hod for producing a Co
aI | OyThér Qé‘éeﬁ@t;ﬁb' sscnmwesnma fetic tecardiniq techhology is

ré@léh?ﬂé%@gﬁchgfzqu, as f,é)s[ pr&baﬁlagi{ ghleetggjf%(gdla are
bbfﬁ@fﬁh&fp?@éggh gﬁgd ifritfreﬁgmf% n@:aapaditnesf |dr>1ﬁn tioives. In the
mageetisy diegord da fﬁ@CGéncfPEu&E'P E‘Eﬁaﬁ‘nﬁgﬁﬁﬁ%’c recording
S Ejél’a@ C{JFI&éI?H? ??éﬂ@or&lvﬂﬂ@,l hOW%\Eer - samjatteatpt doarealize a

highcracordracnrty (GRISIPdETRsRdPRidta Al tpquire a high
céb?@nﬁf Etgosuﬁl@h &% é?(telrﬂ:sﬂ”laﬁ recesdied aadmmitnbermade with the
reﬁg/gc\i/elgltsa SOt IBgnek! &lg?rgef)epgéﬁmcaula?sn‘?éaﬁlei?i%eqecordmg
system is under study as a means of solving these problems and
improving the record densities.

Japanese Patent Laid-Open Publication No. 2005-320627
discloses a method for producing a Co alloy target material
comprising 1 to 10 atomic % of Zr, 1 to 10 atomic % of Nb and/or
Ta, and the balance consisting essentially of Co, with regard to a
target material used for forming a thin film for electronic
components, such as a soft magnetic underlayer in a perpendicular
magnetic recording medium. In this method, a Co alloy is
subjected to a rapid solidification process to produce an alloy
powder, and then the alloy powder having a particle size of 500 um
or less is pressed and sintered.

However, a soft-magnetic target material as disclosed in
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Japanese Patent Laid-Open Publication No. 2005-320627
has a disadvantage that the sputtering efficiency is
reduced by | ow | eakage magnetic flux in the magnetron
sputtering process because its alloy conposition
typically results in a hi

h m ic.5 L]

Japahgsey fatentdaigaOner Bublic S%étiwoapef&@?%#%m has a

dié@&\%’fgf @_ettﬁgée{]ﬂr;ﬂ, sqm\et@rrirv@: ngfztﬂgmcvdudﬁd bgdaced by
as aton zin ecnnigue |S nsol 1 da an

|0\?’hlﬂﬂ]‘gﬁ9% ﬁbaggnﬁyi&raf *c%‘brgggi ﬁ@agr\s&% %Pﬁég%ﬁggt Jrocess

be%%%echv%lwi ¢emporatieny aypielly erdswgteEinhad high magnetic

| d_f th 10 t] ft .
peinpablitth oncdlRord negpeal s Fistnod TR’ Brbfusing, such a
CAPRNE, St ) s oo prcuced by

. | o | ea
gas @Eomﬁz@ng\ teghnigue qq{ésqﬁbq%‘léqc} rmtiﬁﬁqﬁégfﬂ‘mﬁ}dﬁ a hot

f8sé e 800k tonb@0etIC. f 1 ux region,
IR

d tjing. S the 15
MepawY g AptiRbis hep Ul PETY oet RO tneTally Usel for the
st e slganaitivia sutsemsanetie firset T
’ 1 k.| .
MBBBELESRCEPHEETING! MMELEPd 1S Fudethod ThoWafeh & flagnet is
diﬁgtofsétl”beﬁﬂtm fwlt%ngbgemimmr t?‘tldeada(f theentagmetic flux onto a
erial, e | eakKed, mm | C ux cessar
sutace (oL kher Barase aLee deroeouyerdBT HsknAdk the teaked
mt‘éir??iétﬂf ﬂ{]ksrebitﬁﬁ,ebélﬁé?bﬁgfn a?hrdghﬁspeiadr caatiugi ngSince the
€ magnetl C . pelr neapl tar t o s
mpgaatT SRcSPYEIETEE Betbpth BasctberRl S0 TR ifkhe spagnetic
flizﬂgeowtﬁét§f5§tﬁtﬁl‘gﬁgnﬁmﬂ‘aumd)ﬂ bhe Balh%?h rapbetial; ip the case
ertriciengy ana a ni, S erln e n. . . .
whest BB gt ¢ Hee queatyinos Cakae: Frgel, (ter SR IEEIT o pigh, it
isf elrffi@tﬁwn?tﬂo@n?ﬁoﬁetnéa@mtmm?g vmnffacenef thentarget material,
sel ecte romitine group consistin .
thes e kSd aNABRSG AIX e aaany g serrrreptefarothe Hidgnetron
s@?&@r?ﬁ@m@t{lﬁmgom \'rim\: aﬂéehisnt tierd ermgreegm@a:emand for
ux aurj]n e , _magnet r ohn. u Ll n r
raging Sher piAanens: PEEIEADI pbitrmteredr KR{ERE fiself as
nﬂ%ﬁfﬁh@ﬁﬁo@ﬁbﬁ_@gsm i pla_tif_ng a powder, which is prepared
throu a rapi | t a
t eﬁpe?at ure p,equgﬂ"{'@f%‘?\??éﬁgﬂf'ﬁwtﬂ*ﬁ‘)ﬁ
[- 29ﬁFhEe/iH€Q§r@_@)'k+JﬁH@é Giowt foundertifair eaarhighj esputtering
the present, )

ePhelera? R bldh SR BF Rt pdTpalizes Ry the use of
af @argepdufattial heorprfsing Nb/ Terrdmbgeatic a€geFe phase into
w?ﬁ‘éﬁréﬁ'e g?%glrg géle%%gﬁe?/r'or}ﬁ ﬁ\e?’ group consisting of Zr, Hf, Nb
and Ta are solid-solved in a total amount of 0.5 to 2 atomic %
through an increase in the leakage magnetic flux during the
magnetron sputtering. The inventors have also found that such a
target material can be obtained by consolidating a powder, which is
prepared through a rapid solidification technique, at a temperature
equal to or less than [-294x[Fe/(Fe+Co0)]+1076] °C.

It is therefore an object of the present invention to provide a
(CoFe)ZrNb/Ta/Hf based target material and a method for producing

the (CoFe)ZrNb/Ta/Hf based target material capable of achieving a
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hi gh sputtering efficiency and a high sputtering
effect through an increase in the | eakage nagnetic
flux during the magnetron sputtering. According to
the present invention, there is provided a 5

( CoFe) Zr Nb/ Ta/l Hf. based t ar get erlm

high sputteddng iHstEnty And orphl @UW@{‘%%"?%%@UW an

| t e a t
neloge, V! Naglgls madieutaios ol doe! pgnetro

spdesingwre sel ect ed fromthe 10 group consisting of
A "chd\'l%hﬁgo R tﬁ@eb?éﬁehhelﬁeeﬁ@mbﬁset%eabl % provnded a

conpri ses ase bei

(R Aa o bos b et e L AT K B oan Fe-Co
b&%éﬁ azod\FQO% pAsingf. Nb and Ta are soli d sol ved |nto

% 1m%d§$§|ﬁ"§ae'3£9ﬁ%t% 'Pnb‘é Ilgfﬁ:to %aﬂegnhavmg an

) A0 U a
FEGE %%?W%*E.f“‘ége%%g’get O o,

Lhe Jess (AN ALAAITIE 04 &f ARG PhI MSEa S Brtal frgm the
ram?%rgsrlggfl aftzeﬁrl-g’( IN arfd‘d'a?? consol i dat i n]g t he
ature rang
o ahaein (D4 Para e e R CrepeE AR o [EE B being
gf%[eri*%@a%rrmgﬁgré ggtggb%rrw v@héﬁéirplm&nehecw?ﬁaeewfelérwted from
ro o cO
the OTaympneIstng b i 5o Wa pRioTE rareaatifisdieét into the
C8- Fé asdqHY tetaPameant of20. Eﬂtcﬂl Cat%nibE%\l LED -

PTION OF TH |NVENT| CoFE [ Tal .Hf
Targeﬁcﬁﬂf@mﬁhltoTE@eer Agvent Eg ﬁESE‘?t I50R 0 1 prowded a

déﬂﬁd@tf&nqnﬁdadd?ﬁgpheq@aFe iZAN Ty Hfvbaseek target material,
descr.i bed ge ow. 30_The (CoFe)ZrNb/ Ta/ Hf based target
CARIRASHIO & @o‘i‘iﬂnﬁgofo the present invention is nade

of anpF§vieingasgd raW-giaterial i powdart prepasetihapy 8Gnert gas
atomc %in total of Fe and Co having an Fe:Co atom c
akQmigabiong@R@ to 0: 100, and | ess than 20 atonic % of

ape &gogggﬁgaa% C'tﬁé frfawmmlaeregralummd&rstatnga oftediperature
randhnd RASE a0 0% HBBREGHAL- ¢ SaEE/ (PRI p761 °C or
I(Wi}érolfo B £CsiRd phiaye Heing' eufeaomaghiets: ghade wherein
one or more selected from the group consisting of Zr, Hf, Nb and Ta
is solid-solved into the Co-Fe phase in a total amount of 0.5 to 2
atomic %.

DETAILED DESCRIPTION OF THE INVENTION

(Co'Fe)ZrNb[TaZHf Based Target Material

The reasons for the compositional limitations in the present
invention will be described below.

The (CoFe)ZrNb/Ta/Hf based target material according to the
present invention is made of an Fe-Co based alloy comprising not
less than 80 atomic % in total of Fe and Co having an Fe:Co atomic
ratio of 80:20 to 0:100, and less than 20 atomic % of one or more
selected from the group consisting of Zr, Hf, Nb and Ta. The Fe-Co
based alloy comprises a Co-Fe phase being a ferromagnetic phase,
while the one or more selected from the group consisting of Zr, Hf,
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Nb and Ta are solid-solved into the Co-Fe phase in a
total amount of 0.5 to 2 atomc % The target

mat erial of the present invention is nmade of a Fe-Co
based al | oy mai nIy conprl sing Fe and Co. A Fe-Co based

Db iRcere oY EAITES Ui cb-BF BpaRst Altatal amount of

0 I5:|g$125f@tgﬁﬁt€% Lragnetl c flux densi ty The Fe-Co based

allo or t he eri al th e

" verkierfargkt: reatEal ot hE pitesthn IyeliBRSIS mage of a
Fealth K@sddvane amEieﬂ@cehwmsmgatF@ ahd8Qo20 Ao Fe-Co based

ok 5oy TSR T S o FAGELABE sRog e FhEBrding i

asﬂa@ﬁatlb W@tfe’:mt leaviitg ashlghn sadidratenh mubeetit fux density.

ot al hobRrCoopassdl qiidy, fofindatie o Batfes ipkefipl of the

ﬁesemgnﬂtem:ohac@mmﬂses I8 atﬁmld:%@r bases inl tadp! of Fe and

o} L e il reflo LE0'2RI8 45 G Thisjp because

a ol otontent of! Embed fhem t BO%r dimp oeimlcntl hg d’fe Zleads to

acheriota@hs, M Aaanshir shatdbiddsficsy “ofh' piBitian, the total

amidunt of Feeand Qoaheadsutd baf 809% eddnoireessiaicenartotabamount

of B R 4088015 24 LERSEOTBLEE]) BHAHERE, Epracterisics.

cont eThesFeuCd Wmdexbsallbgnf@fmiagothe Yargeefmaterialsof the

ob haBbfel OReEoeSRASED BLL NaI28, B o of one or

nurepsesestert €poire thikageouphcohsisting 6EZmprdfynbibi and Ta. Zr,

HEREEa0d 16 arernguitivE SRhRHEE o Ficlsfoy haCalittifzation of

tﬁéletﬁmr Gth natSirca a t@mattammmtt tef EheCadditive, edements of

B A, B S HedESY s, FREEAcHoPES6F agnetic

'chEr&lelﬁ)Stm@,r thecidditivefeleméeht aprbemtcsimsukd ibegless than 20

r, . Hf Nb .and, Ta are Sol i d- yed into the Co-Fe
ag‘?ﬁ@‘é Yon %rqf%lrgphérit%f%atgﬁ@ ggto 2 atonic % The
use ofThe tFe-Gkt badedi alloyafonminige thet rbaafgetemaamrlal of the

oFESRaE e EBn. THFHACE poP kS s GO "BRABEE, Which s 2

f@fmagnet&pbllmse)gag dn@ofsthe taamstitusgnt puhasgs aﬁdﬂ& target

SR FRERS P She O FPERE sl BANG thi & materia,
a'pavenfnrom m‘rﬁeFa{ﬂ:(y plrages, farem typicallgp, bubr ot particularly
IiPﬁi%fe%r?oql Hhagég%}'?nég 051‘O<:0|§_1pounds of Co and Fe with Zr, Nb, Ta,
and Hf. One or more selected from the group consisting of Zr, Hf,
Nb and Ta are solid-solved into the Co-Fe phase in a total amount of
0.5 to 2 atomic %. The use of a target material having the
structure and composition as described above leads to increases in
leakage magnetic flux during the magnetron sputtering process,
achieving a high sputtering efficiency and a high sputtering effect.
The magnetic permeability of the target material according to the
present invention preferably ranges from 10 to 80, more preferably
from 15 to 50.
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In this connection, when the soft magnetic target is
used in magnetron sputtering, it is general that a

| oner magnetic perneability sf the soft magnetic
target material results in better effects and that

rt enaFies SORMAGLERN cHHHER b1 ST TAD LS dRyget is used in
mfﬁglﬁrogcﬁ%dtt@i??, _a’tSOifs]tc f gegieehl ¢ thatged nigwer almagnetic
. | uttering effjcien 1 .
PRHTEPBA 568 s oth, MAgREIC tREIRE ABALRIET e It in better
eﬁfrgtéiéﬂ a(rlﬁ?df @Iﬁé’@éthé?f?ﬁ@?}@ﬂcl\/btelﬁnfbaﬂilfﬂyfldfatbet ngt magnetic
accordl n 0 e res .
rrﬂtsa@égaa%ynveé%gs@faﬁﬁaﬂp 'Fﬁrve?gw'ﬁ?@?@epg\ﬁgard'nglv,
a *g.\é)ft ?\gagpg@&t ﬁﬁmhmtmﬂi !ﬁhle_irgg}/a mtgpr_smgtmmrefﬁmncy is
I o . I apli SOl 1 di . .
2 afafash: materia) diminda. 1R Madietibapattndblinsita high
codvdivVeforeky. limted, but Ar, N2 or the like. can be

15, preferabhly pused. Then, the powder thus prepared is
B@Q&M@Hﬂdgw%ﬁj a tenperature ranging from 800 C or

thih'ghe¥ héctarbteiﬂﬁdtéei’dl @c@ﬁc?in@;oﬁcﬁ]ﬁh@ presemkeinvahtiion can be

i s erature range over t

ok TR e AL BT B A LRI A 9 ert s

a&cﬂh‘i‘z&lﬁiﬁéﬁ.F’Utﬂhiteca’aWererim?ﬁelﬁfiﬁﬁ'ﬁtaErtxﬁme prepared through
cansol |, | e era res aQ L .

rapidanelittieadon DY F s Miofhizatin ndPHES:Casgeshe inert

ghsl lisedt B ¢t partioudatiyodisnited, t bat pAgsdht orrntteatlike. can be

I n_addition, Japanese Patent Laid-Open Publication
PReFeTafy USfho7 discl oses a case where Fe is zero 25

Fefcfﬂhenélncthtggﬁgmrﬁnemhmn ?repagediﬁsmht@mSaﬁdated at a
east Fe Is added. The Co-Fe magnet i ¢ phase

LeMPEIBIHES as NG 9ed fggmai ngclt'](?gh c cen&Fati gﬁéher to
[(M@%[Fé/(ﬂ:@-ia@o)lyzowwc %r ofovicer. TaWhilb thid Eemperature

R VRS PSP A0 AP Yo htonee

Japahese rPatént ngaid-Opehat Publicaiazh dber c2005-3X0627, the

chsBE R a5 AL el o Sl patent
L%@?eﬁePﬁbﬁimtmmCNodSZ@msh3206iZdtrfadalseu‘teid,e the conditions
oggﬂgrér%érg:ﬂgn{g@en ﬁﬁ%ﬁfﬁﬁéﬁﬁ@oéﬁﬁ%#gg Patent Laid-Open
Peidl it VRG. | 2(10‘5}32136@7f _etfisohmyseta ccabaswhere Fe is zero
p%?géﬁg,sfad?éza%:@g?é}q%{rﬁ%ﬁgfémoﬂg' Pah8 GREWILR ' f€ast Fe is
added.

The Co-Fe ferromagnetic phase of the powder as atomized
contains high concentrations (about 1 to about 2 atomic %) of Zr, Ta,
Nb and Hf, which have been forcibly solid-solved through rapid
solidification in spite of originally low solubility limits, resulting in
relatively high coercive forces. In hot consolidation, however, the
Zr, Ta, Nb and Hf in the Co-Fe ferromagnetic phase in combination
with Co and Fe form compounds with an increase in consolidation
temperature. As a result, the concentrations of the Zr, Ta, Nb and
Hf solid-solved in the Co-Fe ferromagnetic phase decrease, causing
a reduction in the coercive force of the target material and thus
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| eading to a reduction in the sputtering efficiency.
It is general that coercive force correlates
inversely with magnetic pernggability. The higher the
consol i dation tenperature is, the nore these
conmpounds form causing a decrease in the coercive
lending tof atnesludienigethegparttaringeificiencye ontty & gepgral that

c&enpclvé’rfﬁ%é %r?é‘"ﬂg:?saﬁd{fé‘s@i‘%_%rtﬁehfﬁ% r@eﬁ@réé\*rﬁeabrlrty

enper ature ena
Co- FJherhlgmgnbheccqmeelédasonetemeﬁ:rmrenl% Hr@rmore these

crirﬂﬁu‘?:]utrﬂi?%'rrﬁ’f caQrs'?ng ﬁzd%‘c?éh?.e%n g ddetgive ﬁ)rce of the

materi al W th coercjve force and t
targ@grm@teﬁlaé sdwyﬁyﬁroﬁpn%%ltlm the formérlprnct%lmﬁrature on

i%%@ﬁ%ﬁ?gg&? é”e‘heFBles the Zr, Ta, Nb and Hf in the
[ ess neans hat the

e‘errwag@eteerwmeaﬁq bﬁr rataingd e 'ghetOta] amount of

ﬁ”&?rﬁ‘t aE6miike %O‘A‘Plééult‘?ﬁg ﬁoab(tar EBSﬁHaMSﬂS\Mth a high

is is assumed fact that |t_
cwqruesdqrceonandmmus)f eném tpy, anpsatigfagtogye sputtering

em@ |n the Co phase than in the Fe phase. However,
en

e consolidation _tenpperature is |ower tthan 800
C, th'Ehgr ntering FPBSEIIdAORT the ralEmReIAtHe of

! et eri a(—:?"( L'I@'?g]u £0961, °C ¢ 1845 rReBhavtiegt dheahliffier the Fe

h densi The consol i

ation
coRepRERLIoR ifs th@olomler ér@otenm%tgse t?\? §oyvder needs to be
c&ﬁ*%ﬁdaﬁedmﬁ@n tﬂﬁspmﬂ%surﬁe@ortaobedw @ the fact that the

nperature of |lower than 1100 C and the__ conso] i,dati,on

5‘b|ﬂ‘és%QlH§|Q% I"S'(D@ wbathe Argiter Nbnandobifcpe higher in the Co

pﬁﬁééh%ﬂah”‘ihe%hes FdOphhbes HYWweeee. Whehsth%Slﬂmfholrdatron
at the strain applied in the consol’j dat

tenpessturenis Kewer thaBuBOGhs6l i Ha%.%wtﬁéﬁr%rqn%rt{%ﬁ of the

rawc %IhﬁboWGéi'C'a\‘é fiﬁéﬁﬁrc:@@it ef@ﬁh'ge to tprcﬁnde a target
general he refentjon of a mnetal naterial

suc .
matesiale| Wikl ehr@nsd@nsatw gh khempepREQl atgaasterrboerature is

pFEfERaBlY Rbni BHPLESEIM, strain while a fow
retention eratui_'e at this ti | eads to an

msuchr%ﬁﬁlté@ﬂarrW Efovdhg  POWERr cosocofsplidated at a

%u?émﬁ)btﬁﬁer'thta*helﬂmﬁ@ﬂtahd\@fé icomsol/dteén pressure is

ited as far as the nethod is tho apabl e of
59@n%‘?¢ d0K iHgher, tHa GORrsIve| FArch THIiHiaT Igheases. For this

ifeidasts fil 3 dsRephbdNEhae TRl GbRain bbpi@dfﬁhethe consolrdatmg
preferred that the consol i dati onﬁgr essure

pEpcess Jesnainomt: Al oy RensRidal dt%mﬁﬁragf" rGi @N'né'?ase the

cbBréi ‘Fé?@e""”?‘o@ b!@rﬁblémﬁ@rg'@éﬁeﬁél Fthwetﬁe afeention of a
m xe produce a target material

meka) m@‘,ergd auehi gs%l;qe smaterials at a F\I Pgmperature leads
to a recovery of the processing strain whrle a low retention
temperature at this time leads to an insufficient strain recovery.

The consolidating process employed in the present invention
is not limited as far as the method is those capable of consolidating
a target material with high density, such as HIP, upsetting technique.
It is more preferred that the consolidation pressure be 500 MPa or
higher from the above-mentioned point of view.

In the case where two or more kinds of powders are mixed to
produce a target material comprising not less than 80 atomic % in
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total of Fe and Co having a Fe:Co ratio of 80:20 to
0: 100, and less than 20 atomc % of one or nore

sel ected fromthe group consisting of Zr, H, No and
Ta with a ferromagneti c Co-Fe phase into which the

one or nore selected fromthe group consi t|n of Zr,
tokr| ofifemndL£a hawngopi Gesepveatio PH80sE 1 &ofand less

th%rﬁzboaﬁ)r‘i‘ﬁem/o o%orlé‘%r%ﬁﬁ'b sé!é@tédolfro‘i"ﬁﬁthe group cons:stmg
sol rdation nper at ure shoul aé(P

Oftzé UW@Saf‘ﬂoﬁa d‘F'tB @Jﬁ!ﬂé@"ﬂ%ﬁﬁ%c ase it which the
escrﬁ)&? gel| oW I n det al I Fﬁﬁﬁ?@tcdﬂmgﬂhlgoafvzﬂ aler and Ta

vvlth ef erénce

arsx sppidesolved JRoantotal Tamaunt OrEeO 9 eat%mlsyéomkl?% upper
I|rW| edfcase Worksol9d %tl%hoﬁéﬁw@rét@ﬁénsméld The @RS upper limit in

tom zi ng was con condition t
the g@m@@%lthfhé)foﬁi aawder hrawngalasogst r#aed (Eﬁ# 't he

EYAMPIEESSuUre was 5 MPa. The povvder thus produced 15
was sieved to obtain a po

ticle
500 nike peesent fRYEpsan t\faﬁ v@g‘%ﬁpcar@é&éga d&ﬁ@‘ f‘{ﬁta'l with
réTE?eHeHrtongénY tég)e m xer. The povvder thus produced
was Into_a eal ed c %I ner
ot erASIShNNIR TRPIE b dsCer DapesodTians WareaPredyGed by a
g% 396’rr1T§1 Thﬁéthﬁ: esea“ﬁQeC?G‘sala'ﬁ@ng dfas conducted on
exhauste

and vacuum seal ed a

I
canditien @rab thg ganawas HAPN Ha% the QAmetesdi 4 ioZzle was

6 )th onTt it
SR e gpretaure oo e e s prosuce

WesHBiSYarh b PP HHIES 3B OWAET BOtATRIE  HEERRE RO AM o less.
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(2) Ferromagnetism (amount of Zr, Hf, Nb and Ta in Fe-Co

phase)

The samples obtained from the HIP materials and the
upsetting materials were ground, and then analyzed by EDX
(instrumental analysis on a minute region) (n=10 average).

(3) Magnetic permeability measurements

Ring specimens each having an outer diameter of 15 mm,
an inner diameter of 10 mm, and a height of 5 mm were made.
Then, a B-H tracer was used to measure the magnetic
permeability of each ring specimen in an applied magnetic field
of 8 kA/m.

As shown in Table 1, Nos. 1 to 14 are examples in
accordance with the present invention, and Nos. 15 to 20 are
comparative examples. Comparative example No. 15 has a low
relative density because the consolidation temperature is low,
In comparative example No. 16, the magnetic permeability is
low not only because the consolidation temperature is higher
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phase, which is a ferromagnetic phase, in the constituent
phases of the target material. The target material results from
consolidating a powder prepared through rapid solidification at a
temperature of [-294x[Fe/(Fe+Co)]+1076] °C or less, which
means that, the higher the Fe concentration is, the lower the
required temperature is. This is due to the fact that the
solution limit of the elements of Zr and the like is higher in the

Co phase than in the Fe phase.
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