1 DESCRI PTI ON FE- CO ALLOY SPUTTERI NG TARGET MATERI AL FOR FORM NG SOFT

MAGNETI C FI LM TECHNI CAL FI ELD [ 0001] The present invention
relates to an Fe-Co based alloy sputtering target material for formng a
soft magnetic film 5 BACKGROUND ART [ 0002] Recent progress in

magneti c recording technology is noticeable, and the recording density of
magneti c recordi ng medi a becones i DESERIBUIAMr | arger drive capacity.
However, in the cas t i i i | ongi t udi na
magnetic recording ﬁ%?EGHgﬁhggqﬁg}q@ﬂﬁgﬁfﬁg%g&gqgﬁg%géﬁpg y used, in order
"to achieve increased recor dpognIssSOYT MAGHENIOFIDMVM S have to be

m ni aturized, and the high coercivity which can not be recorded by a
recording head is required. Accordingly, a perpendicul ar nagnetic recording
method is investigated as a neans for solving these problens and inproving
the recording density. The perpendicul ar magnetic recording nmethod is a

met hod TECMRNICAL &wEgnetic 15 fil mnade of a perpendi cul ar nagnetic
recording mediumis forned such that the axis of easy nagnetization is

ori ent d80§] a perpendicul ar direction with respect to the nedi um pl ane, and
whi ch nethod is i.table . ] IeC I i .S .4 f the
recordi ng densit;ﬂF§§$ﬁ§Vé§%%%E?§ﬁ§§ggwgg?§§g?%ﬁgﬂﬁ?ghﬁﬁpﬁég¥§§ﬁ¥§%%%ns

smal | afadlfdreng eodrdifigtiafithar epr oduci ng properties deteriorate little. For
t he perpendi cul ar magnetic recording nethod, a recording 20 medi um having a
magnetic recording filmlayer increased in recording sensitivity and a soft

magnet i {A hs devel oped. [0003] As a soft magnetic film
mdegofﬁéglksd%q)%gg ?ragneti c recording nedium an anorphous soft nagnetic

al | oy i [@oeklopt ed since excellent soft magnetic properties are required. 25
As typical anorphous alloy for a soft netic film an alloy.film ..

cont ai ni ng Fe, C&%FHWQ&SS&PIWW%YHC% %’igtt‘?‘i;’é“’%?lg@%?ﬂt??ﬁ’ée’ %@ PEIREPIANE oy

film i F d bbitendsiikGeRbE fét 1Rt Wapdcy P B6lvE6&! inUse

(see AT IR R SR bl i Ty R BT PACONENT 1P TPy A 2004+ 030740

2 DI SCLIBSURE oQhcThiEgneNVENTtdDN MEGRKIr lonROBH ENImamenq reFordinganethodithatisi ¢

filmof a magnetic recordi ng nedi,umis .required . to have.a high 5 .saturation
1 0 genSr Pt Bos capatl el PRl Rty aror Bl vt oottt

sat ur at Q8 td barhid@ngddy ah@theheiedoaifivtyulhich Z@0notferédveded B EortHG hegd Co
alloys, an Fe-rich Fe-Co alloy is utilized when higher saturation flux is

r equi r eid required.  Accordingyne perpersiadarimagagiierecerding meded i ipwgHettedas 2B ng
medi um } i £ 1.t is necessary to add an
elemsntf0§ @gﬁﬁ é%?P%ﬁ%%@éﬁgﬁ%ﬁﬁﬂﬁgg%ggﬁgﬁgﬂéggkgg above descri bed Fe-Co

al loy, and B and e @igenditopir echggetivaradring nkdohel/sn, methehinudeach & oaghdie sof t

ot 1ancOlghmBH: 91 perPHRNe PR oAl EgyS TEBRE SO SUppdte
Fosi ot anaaeyz R R br BT SR ey B B Rl P ever
t her e i whichenatioall euitabkeafor invecasaihmeorrding densipyosndei ayan fthe teeorduigtdensity is
increased, the demagnetizing field in bits remains small and the recording and reproducing
properties deteriorate little. For the perpendicular magnetic recording method, a recording
20 medium having a magnetic recording film layer increased in recording sensitivity and a soft
magnetic film layer 1s developed.
[0003}
As a soft magnetic film made of this kind of magnetic recording medium, an
amorphous soft magnetic alloy is adopted since excellent soft magnetic properties are required.
25 As typical amorphous alloy for a soft magnetic film, an alloy film containing Fe, Co or Fe-Co
alloy with additive elements, a Co-Zr-Nb alloy film, a Co-Zr-Ta alloy film and the like are
already put to practical use (see PATENT DOCUMENT 1, for example).
PATENT DOCUMENT 1: JP-A-2004-030740



15 magnetic fil m becones conplicated and therefore makes it difficult to
control the conposition and the conponents when nmaking a sputtering target
material. [0005] An object of the present inventionis to
provi de an Fe-Co based alloy sputtering2arget material for formng a soft

magnetic filmthat is used for a perpendi cul ar magnetic 20 recordi ng nmedi um
or the DiSKEOMRE OFVEIEINYERPIMN descri bed probl em the material having

Fe- Co kﬂ?ﬁ%fq} i tion achieving anorphization and inprovenent in
corrosi es éﬁgﬁi@ﬂp%siy bly by addition of a single elenent. TECHN CAL
SCOLUTI @hbd4Q006] 25The present inventors have made various investigations on

Fe-Co based allo puttering target materials for formng a soft magnetic
film used for a é@we d?%P%ﬁ%@ﬁ%magﬂ?t@éé?Qiiilﬁs f‘?ﬁé‘él%fwﬁféﬁmeéOIhiaR%a Bl on

a?d A, an dﬂtﬁ)mtx%ebﬁ 8;, gﬁl d:!L:r?Fecﬁoaa lbg}‘,omﬁé}% %l[’@@th.lfl%n% B et Mg NP

a suita Irtion ran attain resent
I nvent idensity| i® @Eralf Tiidited. s Frther, pmesg tite Em@eaﬂmwnamFewiicﬂ@e—Caml]ég-ico based

al I oy sp. n et material for formng a soft nmagnetic film
conpri ‘i} de‘gh ‘g‘é‘g%ﬁ éﬁulr%ﬁf’nrfgﬁrlééeé}%@ by the conposition formula regarding
an atomc ratio: g tﬁ@l‘»&?m’é némeﬂlﬁl' dF a%@agrétx%réor%m@ﬂﬁQHﬁQ &{1’111@3 gyt of one

or two elenents selected f Ta and Pr ef sent
i nvent ibepope av amierphans fim, dbls masssshrnlio add apelementiwhgch ﬁmgr@atem@phaatidrmo

Lo D0 99k uniFERE Lo aoRariRAd 24 08 adPiead o BIRIRY O HcREe? bnb Pl e o

Fe- Co hRsash mbfyic FibMtdrarmdget tabakig Modiam, e Jo%sm&é&m(:almﬂenmnetl c
film of which the maxi rmmma netic perrreablllty is 250 or less, or of which
t he PTRsbYIB®seneHrs. A&M@E&%@ ERpEETS Promes furtise addidensoft elemerdnt | on

can pr %&?gﬁ ‘%:r%r H%ﬁggec@{:ﬁr%loip}g&gt ﬁde’l&?ee%&%%}(})g? 7278 mfrg%”bmg@c%s@ﬁﬁt

magnet i c a per magnet1 Cc ‘recor stabl e
magnet rfommmpﬂé)er Hragzeeemtﬂe& ip elief robieh, thaﬁhubémp@enncmwsgimhwfdiémﬁt ive

technol ogy i.n uci ng a perpendj cul ar neti ¢ _recordi ng nmedi um  BEST
MODE> FOREEngiey rmg,ef@mesm@p mﬁm&e{%@em&wfﬁéﬁw&m B8 Gompesiian e of
the presgie édﬁ\%ﬂ&ﬁt@'&h’eﬁnﬁ@&% z{}!?uﬁ@HnTﬁr F faflefCl €d as an additive el ement

to an Fe-Co al l'oy represent he conposition fornmula regarding the
at om c [P@AS]o: Fex- Col oo-x, wherein 10 =X 80, and as an optinmal elenment to

effectively achi eve .anor phi zati on. an rove [ ro nres |stance
possi bl y by a si gl IR ﬁ@mpramhmﬁfs%mn%tqwg RGBSR e e

furthergr aﬂm&eﬁm& foaﬂqigta AR rﬁﬁ‘g}iéﬁb ﬂhﬁ tﬁm@ﬁheﬁ%r 2pdtheMidiGardfagnbgc descri bed
above effects. 10] Fe-Co alloy which is the base of the

Fe- b ba@gdmalmed;un@ enthedike iand s‘a}ifestuhe ab@\@sk—mrlhed\pé@hlﬁmﬂhﬁ glautwaéh%m%é‘m

range t r n m c
ot o: S AU SERG0N i icyifi RORREGHOLd B Gl AR iR

based glokahlydy adbitioh of g sitigtendlethenthave the hi ghest saturation magnetl c
nonent anong transition netal alloys shows the highest saturation nagnetic
nonment when the atomc conposition ratio of Fe to Co is around 65 to 35
(65: 35)p fén@ti on magnetic nonent can be obtained in the case
of an Fe Co a on haV| ng an atom c percent of Fe in the range of 10-80%
If it i[80Fdcessary to naxim ze the saturation magnetic nonent, the atonic
percent 30 of Fe.is preferabl

e 0 O e o B P i s s oo ShE e SRy
10- 50%sphiekkltarget materials for forming a soft magnetic film used for a perpendicular magnetic
recording medium or the like and on additive elements to the Fe-Co alloy, and consequently
found selecting Nb or Ta, and a suitable addition range thereof to attain the present invention.
[0007]
30 That is, the present invention provides an Fe-Co based alloy sputtering target
material for forming a soft magnetic film, comprising: an Fe-Co alloy represented by the

composition formula regarding an atomic ratio: Fex-Coigo.x, wherein 10 < X < 80; and 10-20

atom% of one or two elements selected from Ta and Nb.



4 The Fe-Co based all oy sputtering target material of the
present invention conprises 10-20% by atom of one or two el enents sel ected
fromTa and Nb. This is because addition of Nb or Ta provides the effects
that the Fe-Co based alloy is anorphized during sputtering, and at the sane
time the corrosion resistance is inproved. Regarding the above 5 descri bed
effects, it is irfpefetablyt the@resent invéntion mb\tidﬂsmnﬁ@v@wi)%s;g} aﬁommtsteringtargﬂ

corrosion resistance an hi zati on .ar fICI en it is
esst eIy HEEE m et B e B ARt ot i et or e ¢ han
20% by saleeddl from Nb and Ta. To mai ntain the anorphi zat| on, inprovenment in
corrosion resistance and nmagneti zation, it is nore_desi rabI e that additive
elenents is one d¥sq prsfesailyrahe Bresert sweation prowidraan Be-Secbangs 3 llpytsputteringge of

10- 15% I t.

i o 1 dReey el for forming o soft Hadridic i GP AR Blahlort REh Gl Rk BT, |

t he abmﬁeoclms;rdrloédihtcanbePTE iF%rdncdee. and an unavoi dabI e |rrpur| ty. It is
desirable that the inmpurity content is possibly little, and that gas
conponents of oxygen and nitrogen are not nore than 1000 ppm and

unavoi dgbVENTARIEGLY FerergRt S such as Ni, 15 Si and Al other than the gas
conponents are not nore than 1000 ppmin total. [0012]

Accor di[f@g)&lo the present invention, it is desirable that t he Fe-Co based

al | oy sputterlng arget mater. al have ab|I|ty of
350 e Tess. | | n A TROREE B L0 P PO AR DERANTY i BEnE TIPS et 1 on of
a spft faﬁgﬁ%ws@ﬁ %&ghéttdtﬁlnb@p@p@ﬁeﬂdt&m&mbﬁ@&cemgt ﬁédhﬁﬁh ek hieH sfabled

met hod whi ch nmakes rapid filmformation possible | aci ng}lga magnet behi nd

a t ar genagneiret smitteriog exneeperfosmed gaeuting m|ahighlp eﬁe@wt%ttmh@a yithprodagigen

mat er i sma converges in a pass-through-fl ux
regi on%eginngdlfntsﬁ{:%}déﬁe?%g‘raléoggég%edglaﬁs| ng the magnetic flux to pass through
the target material to the surface thereof, it beconmes difficult to obtain
t he pass-through-fl ux necessar 0 cause the plasma on a 25 sputtering

sur f ac Byl PRt ARRYEN ﬁa@{Wn ﬁlc perneability of the target
mat er i ab dagisel f is h| gh. Accordi ngly there are needs for reducing the
magnet i c pelrmaabi lity of a target material itself as nuch as possible.
Preffer abl y, the ridneinmstimggtaat featmeofrﬁalp‘rdsbﬂtjnﬁnﬁbmstEet o atcbEedreatleayd
Sputterin et. materi a resent ention .i.s possibly | ow , For
SPabl o 28 Beddlifs emsn b eimar Aty BHESHHgHat e RouBtt o RRgt koedstsind | &
pref er | I

i s PER e el 2y (RN PRCEIPILRL S0 tnd o8 Qlindt ShmmenPRachiocfibl pehive
meas ur exholophizativetand émpiovphentiingoaopen reistnte pesgibét be kingld eerhent g'étn mat eri al

and ne sur| ng a f.lux pas h the.t mat eri al .ont urface
© her cofSTRE A STRATER i T VL0 0 AOHLE FEvH S SNPR et RsRIeK
whi gh It&d@cﬁbﬁ%ghéé@&tsﬂ mlar to a magnetron sputtering system 5 An

actual nmeasurenent is perfornmed based on ASTM F1761-00 (Standard Test
Met hod [#@I0]Pass Through Flux of Circul ar Magnetic Sputtering Targets) and

the PTF is deter he f.0 100 x
i sty ength 1 Toa o aldlSubidh kOl BoheCHIAL F OB based alloy campbTfion pfitnF o,
st r engtpheskit iavaoindiid inarcomppnentaatdr gt repriciddly ths compogMi@cRMulMgatlilfe
PTF correlates with the thickness of a sputtering target, and the nagnetron

sput t e rtlilemjomé'cr@ne dEexAtoiha stherein &P £aXw 8Qal Tais ilmbe@a@@ rantFig-Ge hisaryi based alloy

| th t b t
vt ot IR S0 R RER RN D8 aRenb REmb RSP R Y i 5"
obt ai n@ﬁbwmhemtettrsmramtm@gdeﬂg mesnt tien HiERatdific LOKpokitioR kfio dfFRY4ColSThe

Fe- Co based all og utterl ng target material of the Bresent iinvention can
be obt arpad S5y 3p 665 3%0Amd ladiglesatpration magagticdaeaent Gpn bo ablied ik thesasesoftas be
in a desi i casting it to obtain an
Fe- Co %\gsée(gQ ongél#va%%g(l%@g&%\@ﬁﬂ%% égﬂgo %&gl ng Fe powder, Co
powder, Ta powdedf wis rNhesmwdenndeedhfssamﬁdummpgmatmmﬁnnmdhe htomis partarti ng

by i R B feprofsrably s0s8hs; and i dBSteditn o masgg@scuos hoadhn Sl the Y

pass tta{dmgl’l}elfcg%f%qscgle%aﬁgrﬁo _Joby, i s desirable that, for exanple, when
sintering Fe powder powd and Ta powder or Nb povvder havi ng been

wei ghed9@dd m xed in desired conposition, the mixture is pressured and
sintered at a pressure of 100 MPa or nore and at a tenperature of 1200C or
hi gher. This is because



25 interdiffusion of the m xed powder progresses by increasing the heating
tenperature during the pressurized sintering, so that diffusion of Ta and
Nb into Fe and Co progresses, resulting in reduction of magnetization as an
Fe-Co alloy target. EXAMPLE 1 [0015] 30®he present invention will be

further described in detail k/ the follow ng exanples. 6 have the

conposi tion of ea'lihh Pteeﬁ(gbasedra %Hmlltteshg)wfgqtma’lﬁtaﬂ eftilemcﬁsmkevenmhe obt ai ned
m xed powders ed | d.st syl e assed and
cenl ed SUHERSTERTRITdran o 8 o) Rstendudicfied FRLda B, sBRIF ARG

sinter Qddllﬂ@ﬂbfmﬂ) ok8Q praEideR thé effdtLihatihd BesTo baded ﬁﬂcgrlq@eﬁasrphme datiagering is
performed under conditions of a tenperature of 1000C, a pressure of 100 MPa

5 and #PHERrERNEd ativke wmetimthesomaponstaise Nomproved. aRegadngiberbavar e of
1250C, fﬁs&fb% SHEGs O 13%@"‘%@ t@gﬂx 111 n%lﬂht@g%bg??beg%ogl RN Efosie@P! €s No.

8-11. eob al ned si I es are eac Into two target raw
mat er i absstafce hA0 thamarphiizatioet #ve nyt stffiviesntwhehiicik bes shanWObhby agar ahdtthe Sanpl es

No. 1 and 2, one. of the obtained t t materials is processed to be
164 nmPagnglizaten i reduced sent 'tgﬁli‘(?fﬁﬂ@é@o hE‘Y B°%ed with In to a copper

cooling plate of T80 ﬂﬂ&&ﬁ@i&%&ﬁ;ﬁ;@éﬂ&t&édﬁfo%isﬂ@éﬁstmeqﬁae an Fe- Co

based alloy target naterial to Sa . , one of the
obt ai nenhgnangmmn,r iy merealesicdbde thst qﬂduw@é@nlemblstwe 28 0Ovoreeinanidiselased from B mm

[ ckn ased alloy sputtering target material.
[Ooil(g] and Kb tgerangeo%{b fﬁé’%%é'g Bt ron sputtering nethod using each target
mat eri al obt ai nedn AROMEC o Baskd a‘llby Bplftténmg@irgét(iﬂat&nal|0|ﬂtﬂef'ﬁr6§éﬁﬁ§1$eﬂtﬁmfﬂiérTEd on
a gl ass substrate. The sputtering condition is of _an Ar pressure of 0.6 Pa,

and t haemaikilercpterdbanNe apblivin the abgvesipeuibed range is Fe amheoy andntugaygidable

pur ¢ welgrf, 1§ ORfab Bt Re RAREy EORHAERRR YA, ' thocBap SobBRRESS 1 1
No cor rxgigsh @idadtreged dregotansredhdiyl V0peh drtdeurmasighisls impurity alecrmntmehl asiNga

are |nd| cated by X 20 [0017] [Table Sa . Target conposition
(at BhopSient Abmlﬁhth@%éhes&aaﬁe@p%WWFmeLmF@EEWEOO OEPEBBLIEYEE5) x Conparati ve

exanpl e{0@12(]':965 0335) 95-Ta5 x Conparative exanple 3 (Fe65-0035)88.5-Tau.5

According to the present invention, it is desirable that the Fe-Co based alloy
sputtering target material have a maximum magnetic permeability of 250 or less.
In a magnetron sputtering method commonly used in formation of a soft magnetic
20 film, because the magnetron sputtering method is a method which makes rapid film formation
possible by placing a magnet behind a target material to cause the magnetic flux to pass through
the target material to its surface so that plasma converges in a pass-through-flux region, and is
characterized by causing the magnetic flux to pass through the target material to the surface
thereof, it becomes difficult to obtain the pass-through-flux necessary to cause the plasma on a
25  sputtering surface of the target material when the magnetic permeability of the target material
itself is high. Accordingly, there are needs for reducing the magnetic permeability of a target
material itself as much as possible.
Preferably, the maximum magnetic permeability of the Fe-Co based alloy
sputtering target material of the present invention is possibly low. For stable sputtering
30 discharge in the magnetron sputtering method, it 1s preferably 250 or less, more preferably, 150
or less. |
[0013]
According to the present invention, it is desirable that the PTF of the Fe-Co based

alloy sputtering target material is 10% or more.



0 Exanple of the invention 4 (Fe65-0035)so0-Nb20 0 Exanpl e of the invention
5 (Fe65-0035) 88.5-Nb11.5 0 Exanple of the invention 6

(Fe65-0085) 85.5-Nb14.5 0 Exanple of the invention 7 (Fe65-0035)88-Nb6-Ta6 0
Exanpl e of the invention 8 (Fe30-0070)88.5-Tall.5 0 Exanple of the

i nvention 9 (Feso-Co20)8ts-Taii.5 0 Exanple of the invention 10

( Fe65- 0085) 85. 5- TaiBTH mezasgpPass-dihreugh-Fluy eha fasget metqripd 65T edSH) sonpgped

by a method of placing a permanent magnet behind a target material and measuring a flux

passing through the target material onto a surface thereof, which method can quantitatively

measure the pass-through-flux which is in a condition similar to a magnetron sputtering system.
5 An actual measurement is performed based on ASTM F1761-00 (Standard Test Method for Pass

Through Flux of Circular Magnetic Sputtering Targets) and the PTF is determined by the

following equation.

(PTF) = 100 x (flux strength in a condition where a target material is placed) /

(flux strength in a condition where a target material is not placed) (%)

10 The PTF correlates with the thickness of a sputtering target, and the magnetron
sputtering requires at least a certain value in order to stabilize the electric discharge during
sputtering. By the investigation by the present inventors, it is confirmed that the stable electric
discharge can be obtained in magnetron sputtering when the PTF is 10% or more.

[0014]

15 The Fe-Co based alloy sputtering target material of the present invention can be
obtained by, for example, either adjusting alloy components so as to be in a desired composition
range and then melting and casting it to obtain an Fe-Co based alloy raw material, or weighing
and mixing Fe powder, Co powder, Ta powder or Nb powder into desired composition and then
sintering the mixture to obtain a sintered body of an Fe-Co alloy, and subsequently by machining

20 it

To obtain the above described low pass-through-flux and high PTE, it is desirable
that, for example, when sintering Fe powder, Co powder, and Ta powder or Nb powder having
been weighed and mixed in desired composition, the mixture is pressured and sintered at a
pressure of 100 MPa or more and at a temperature of 1200°C or higher. This is because

25  interdiffusion of the mixed powder progresses by increasing the heating temperature during the
pressurized sintering, so that diffusion of Ta and Nb into Fe and Co progresses, resulting in

reduction of magnetization as an Fe-Co alloy target.

EXAMPLE 1
[0015]
30 The present invention will be further described in detail by the following
examples.
First, Fe raw powder, Co raw powder, Ta raw powder and Nb raw powder each

with a purity of 99.9% or more are prepared, and are weighed and mixed into mixed powders to



0 Exanple of the invention 7 [0018] As results of X-ray diffraction of
Sanpl es No. 3-11 whi ch have shown good corrosion resistance, it is
confirmed that a peak to be obtained froma crystalline phase is not
observed, and the sanpl es becone anorphéus. Further, the saturation

magneti zati on of 5 Sanples No. 3-11 is neasured using a vibrating sample
magnet G&ea @p cvsnwstlmggea@b targetimateqlsitrvn o able Irp make  Awppbtanedrmaixa@asur ed

by form fol kn th

et PoRAER AT 4l et ol R Rerslleh; R ReeAbaRpBt SbiAbEnPiflRa g
mm x  1@ymat absta ssmgo?o%u?ﬁm(e%mo@fofalsomem diamersgnet mm ihitkkleheso it .
The nmeasured results are shown in Table 2. 10 [0019] [Table 2] Sanple No.

Tar get Thesmtesingi mmer@awmd@aqomdmanmf aregperaturaof $90Q°T) a Reassurk of BI0 MPa

b, 55 ERINEPEIRE FHEOF 2RISR SRPSS. bduy SEvBPRBRTe of LB o ¢ he

I nvent 1199 Mpd FROPEAGRRLER o 2Rlts for Satfle EXRITBLIE. OfThE BBtalreY §Mtdr&@bodies are
each sliced into two target raw materials of 180 mm in diameter x 7 mm in thickness. With
regard to Samples No. 1 and 2, one of the obtained target raw materials is processed to be 164
mm in diameter x 1 mm in thickness and brazed with In to a copper cooling plate of 180 mm in
10  diameter x 4 mm in thickness to make an Fe-Co based alloy target material. With regard to
Samples No. 3-11, one of the obtained target raw materials is processed to be 180 mm in
diameter x 5 mm in thickness to make an Fe-Co based alloy sputtering target material.
[0016]
By the magnetron sputtering method using each target material obtained above, a
15  thin film of 100 nm in thickness is formed on a glass substrate. The sputtering condition is of
an Ar pressure of 0.6 Pa, and the making electric power is of 500 W.

The results of a corrosion resistance test in which each sample with a film is

immersed in pure water for 24 hours are shown in Table 1.

In Table 1, the samples with no

corroded area are indicated by O and the samples with a corroded area are indicated by X.

20 {0017]
[Table 1]
Sample No. Targe(t_ comyosition Corrosion resistance Remarks
atom%) evaluation

i (Fegs-Coss) X Comparative example
2 (Fegs-Co3s)os-Tas X Comparative example
3 (Fegs-Coss)ss s-Tayr s O Example of the invention
4 (Fess-Coss)g0-Nbag O Example of the invention
5 {Fess-Co35)g3.5-Nby1s O Example of the invention
6 (Fess-Coss)ss.s-Nbyas O Example of the invention
7 {Fegs-C035)g3-INbg-Tag @ Example of the invention
8 {Fe30-Com)ss.s-Tans O Example of the invention
9 {Fegp-Coa0)ss.5-Taiy s O Example of the invention
10 (Fegs-C035)g5.5-Ta14.5 @] Example of the invention
11 (Fegs-Coss)go-Taz O Example of the invention




7 (Fe65-0035) 88- Nb6-Ta6 1.61 Exanple of the invention 8
(Fe30-Co70)88.5-Taii.5 1.41 Exanple of the invention 9 (Feso-002088. 5- Tani
1. 37 Exanpl e of the invention 10 (Fe65-Co35)85.5-Tal4.5 1.15 Exanple of the
i nvention 11 (Fe65-Co35)so0-Ta20 0.50 Exdnple of the invention [0020]
From Tables 1 and 2, it can be seen that soft nmagnetic filnms forned by
sput t edPHF1t ar get materl als conprising one or two elenments selected from Ta
and Nb of 10-20 Fe e} eS| nce and
saturation rragne?&lszrg{%ﬂg %fgraﬁé%% J(’)I{rgfgs L&g@{% qggﬁn}afné C”%%a QF §o %rragnet i C
recor dlcagoﬁeﬁitesmanlsé amnis Tamfirened, thatta eak tde: sitained ftatn asﬁystamhe phlase is not
magneti zation of 1.1 or nore can be obtajned when a content _of one or two
el enen@éswdeé%awfswﬁ%ewew MBoRPBOYse AU ths satyration opagaptizsiion éf 10- 15
at orgg | tdh a

g s%H{& I*N”cf 3L lhﬁiqu%b& @9*’%&,@”&9% glérﬂggn%gih%lt e L PEMT: ?m%&é’b Ol

t ar get I'n or r too etic film

W th hillyDers TRy (IOa,tILm nﬂ@mmpmtar@meas&@ecﬂawmhﬁg&tﬂqﬁﬂmm oS piraneldclheds es

of 180 mmin dianeter x 15 mmin thickne s havi n% the atomc 8 ratio
conposioNiasmi §E0ostriedy-thegparsppiterggpethad daen ¢ t&l%@%thleaw REHAEY 2 pige S of
EXAIVPL (o} t

o7 esci g TRAE Pl Qi doBRiM IR R ) SERL LU AR Hhdeh® AR (olif O5R rhéisyreg

t ar get resalts artshowalis T le 280 mMmin diameter x 7 mmin thi ckness. Sputtering
tarﬁgt materials of 180 mmin dianeter X 5 mmin thickness and of 180 mmin
me?&PIx 6 nmin thickness are made fromone of the raw material s

obt ai Nggple 2]

Sample No. Targe(tact:grn;(%sition Saturation ?}rz;gnetization Remarks
3 (Fegs-Coss)ses-Tayy s 1.46 Example of the invention
4 {Fess5-Coss)go-Nbao 0.89 Example of the invention
5 (Fegs-Coss)gg s-INbyy 5 1.78 Example of the invention
6 (Fegs-Co3s)s5.5-Nbiya s 1.23 Example of the invention
7 (Fegs-Co3s)ss-Nbg-Tag 1.61 Example of the invention
8 (Feso-Com)ss s-Tays s 1.41 Example of the invention
9 (Fegp~Coap)ses-Tair s 1.37 Example of the invention
10 (Fegs-Coss)ss.5-Tagas 1.15 Example of the invention
11 (Fegs-Coss)go-Tazg 0.50 Example of the invention

[0020]

From Tables 1 and 2, it can be seen that soft magnetic films formed by sputtering
target materials comprising one or two elements selected from Ta and Nb of 10-20 atom% in an
Fe-Co alloy have high corrosion resistance and saturation magnetization suitable for a soft

15 magnetic film of a magnetic recording medium. From Table 2, it can be seen that saturation
magnetization of 1.1 or more can be obtained when a content of one or two elements selected
from Ta and Nb to be added to an Fe-Co alloy is 10-15 atom%, and that it is desirable to control
the amount of Ta and Nb in a target material within 10-15 atom% in order to obtain a soft

magnetic film with higher saturation magnetization.

20 EXAMPLE 2
[0021]

Sintered bodies of 180 mm in diameter x 15 mm in thickness having the atomic



Specimens of 30 nmin length x 10 mMmin width x 5 mmin thickness are
collected fromone of the target raw nmateri als nmade above, and the
magneti zati on curves of the specinens are neasured using a DC magnetic
properties nmeasuring device TRF5A nmade & TOEI | NDUSTRY CO., LTD. The
Maxi mum magnetic perneability is determ ned fromthe 10 obt ai ned

magnet |rzm pesnpasitiancef (FeasdCcane sshowiré madatsl aesimilar manner to EXAMIBLE Hexceptthe

pass t h flux (PTE r mat.er | ve asyred, and
e e ot T lerbgdtirote dipdiigh o Ahel Moalie FRESAL SloWEATTAROY S i FRARY,

F1761- MddeShrnshrnh dliddshtoVibhadet @t fiassald bf mlﬂxhnﬁhuﬂarﬂéte@ 7Ghkhad tVBEREe | C
Sputtering Targets) to determne the PTF by the follow ng equatlon 15( PTF)

= 100 Spufteung wrget mgtanialsrofd 86 omdin fiemetier eman inghigenessandof 830 ing ol aced) /

flux strength in a d|t|on ere a ta t materi.al is.not placed) (9
002] BABTPe SIaan NGRS ST ERe R R GRS BRITost ar L o pr cosi ng

Target 1hi ckness o&g@%@ﬁg@g&g@ﬁ%& RE AR ¥ s ol il WicidstHROC 5 210

10 13 1200C 5 12
collected from one of the target raw materials made above, and the magnetization curves of the

specimens are measured using a DC magnetic properties measuring device TRF5A made by
TOEI INDUSTRY CO., LTD. The Maximum magnetic permeability is determined from the
10 obtained magnetization curves, and are shown in Table 3.

Further, the pass through flux (PTF) of each target material made above is
measured, and is shown in Table 3.  Actual measurements are performed based on ASTM
F1761-00 (Standard Test Method for Pass Through Flux of Circular Magnetic Sputtering
Targets) to determine the PTF by the following equation.

15 (PTF) = 100 x (flux strength in a condition where a target material is placed) /

(flux strength in a condition where a target material is not placed) (%)

[0022]

{Table 3]

Sample No. Te}rlnpe;rature’ condition of | Target thickness | Maximum magnetic PTF

ot 1sosiatic pressing (mm) permeability (%)

12 1600°C 5 210 10
13 1200°C 5 120 12
14 1250°C 5 75 15
15 1250°C 6 75 13

[0023]

From Table 3, it can be seen that the maximum magnetic permeability can be
20 reduced and the PTF is improved by sefting a higher temperature condition of hot isostatic
pressing during pressurized sintering when making an Fe-Co based alloy sputtering target

material of the present invention.

EXAMPLE 3
[0024]
25 Next, specimens of 30 mm in length, 10 mm in width and 5 mm in thickness are

collected from one of the target raw materials of Samples No. 8-10 made in EXAMPLE 1. The



15 1250C 6 75 13 [0023] From Table 3, it can be seen that the maxi num
magneti c perneability can be 20 reduced and the PTF is inproved by setting
a higher tenperature condition of hot isostatic pressing during pressurized
sintering when making an Fe-Co based al [y sputtering target material of

t he present invention. EXAMPLE 3 [0024] 25Next, specinmens of 30 nmin

| engt h magmemtionommhf thesk Sepameing atehrn@%n@dsn arsemiaylmaemmer@ BEXA&MRAe2.0f the
target yaw It eri aI Sne

magnet i Zat T on cur Vs F pf’%rgé%ﬁ%éscqeﬁ% meél s E@Hel\qalﬁ’a%neéliz?ﬁqna?m‘ﬁ?nm to
EXAMPL Br@ shoWieinMakiemum magnet i ¢ per neabi | i ty is deter m' ned fromthe

obt ai ned magneti zation curves, and are shown in Table 4. The pass through

flux (PTF) of eachhengpydroushitni(RIFbet eghpirse %erlaéoi§amgle5N¢e§sl@r1@d and

s e R R G N R N T
th| ckn&SXAMPIE Maxi num nmagneti c perrreabl lity PTF (% 8
( Fe30- ({85%&18 5-Taii.5

[Table 4]
Target composition Target thickness | Maximum magnetic PTF
Sample No. (atom®%) (tam) permeability (%)
8 (Fezo-Corp)ss.s-Tan.s 5 38 26
9 (Fegg-C020)gg_5-Ta.11_5 5 130 10
10 (Fess-Coss)es s-Taga s 5 66 19
[0026]

From Table 4, it can be confirmed that the Fe-Co based alloy sputtering target

10 material of the present invention has sufficient PTF for electric discharge.

INDUSTRIAL APPLICABILITY
[0027]

The Fe-Co based alloy sputtering target material of the present invention is
excellent in corrosion resistance and therefore applicable to producing of a stable perpendicular

15 magnetic recording medium.



5 38 26 9 (Feso-C020)88.5-Tan.s 5 130-%9 10 (Fe65- Co35)85.5-Tal4.5 5 66 19 ...
[ 0026] From Table 4, it can be confirned that the Fe-Co
based all oy sputtering target 10 material of the present invention has
sufficient PTF for electric discharge. | NDUSTRI AL APPLI CABI LI TY [0027]

The Fe-Co based all oy sputtering taréﬁé_ terial of the present invention
is excellent in corrosion resistance herefore applicable to producing
of a stiabl e per penfiFethdascillRepatdrngiagerdingaltetiomming dfiGhagivie film, An
Fe-Co based alloy sputtering target material for formng a soft magnetic
film EBMPFPFSENQ: an Fe-Co alloy represented by the conposition
formula regardin _ ' [ O - s ' : ; - 28 .

at on?o of one or t%n V\o%e(?ée%ggr}(tcr gf) %gé[ngecdt ée:’gm]? %@%ﬁg}l @%ﬁ%%%ﬁ@%todé% Ir%t%'

i mpur i FgElogpBnivherein 10 <X < 80; wherei n t he maxi num magnetic perneability

t hereof is 150 or less and the PTF thereof is 10%or nore. 2. The Fe-Co
based al | oy sput t18r30riomey ¢fcane o e plgmeptsrsclestedifiomn Fa autNbiagnetic film

according to cl ai . I - Co based alloy sputtering target
Pjoet iyt UG

mat erial conprises saild one or two elenents selected from Ta
and Nb. wherein the maximum magnetic permeability thereof is 150 or less and the PTF

thereof is 10% or more.
2. The Fe-Co based alloy sputtering target material for forming a soft magnetic film
according to claim 1, wherein the Fe-Co based alloy sputtering target material comprises 10-15

atom?% of said one or two elements selected from Ta and Nb.



