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The present invention relates to a Co-Fe
based alloy for a soft magnetic film, the soft magnetic
film, and a perpendicular magnetic recording medium

including the soft magnetic film.

Background Art
[0002]

Recently, much progress has been made in
magnetic recording techniques, and high recording
density of magnetic recording medium has been pursued
since a capacity of a drive is increasing. However, in
magnetic recording medium of widely used longitudinal
magnetic recording system, an attempt to achieve the
high recording density leads to a refined recording bit
which requires such a high coercive force that
recording cannot be made with a recording head. To
solve the problem, a perpendicular magnetic recording
system has been studied as a measure to improve the
recording density.

In the perpendicular magnetic recording



10 recording sensitivity and a soft magnetic filmlayer has been devel oped.
[ 0003] The soft magnetic filmfor such nmagnetic recordi ng nedi um
needs to have a high saturation 15 nagnetic flux density, and a Co-Fe all oy
has been suitably used since it has a high saturation magnetic fl ux

density. Particularly, an anorphous f2lmis desired as the soft magnetic
filmfor the magnetic recording nediumsince it has excellent soft magnetic
20 propertiegstdhysa ptrbendecessar yatjneadd ancekdiegt melich haei kit ates
anor phi zation to the Co-Fe alloy. For the elenment, Zr or Ta is generally
enpl oyed. magnetic fiThe sofit anngreési off ehavi ageréiabltyopr éduced t hr ough
a magnetron sputtering process with use of a 25 target material of the same
conposi ti onorGanthd DEﬁEﬁnﬁéﬁé}a§ﬂﬁcéOsécﬁeélGE—ﬁér%&§§d alh8y tar get
material has the problemof weatherability, proposed is a target material

i ncl udi ng t REFSEBMFéShasedaRIEofFCadBedPWFERCARINS FRNEL tYs8aRCFortexanpl e,
Pat ent Docunent 1). %0004% Patent,Doc%nent 1: Jgﬂ%-zo 7-2847% Summary of
the InveRti BAS5poBBELL demagnetizingyLiedddnep 8ttt P9 2s§F¢ thagnetic film

di scl d in the Patent t, 1.i f iLve.si @l 0y

n"veat hor aBFFTE9 s BchMBvEa oy “Bdding " 3 r o s Skres BUES A 5F O to a

Co-Fe al | oy, 1B HOWEYRE, kYL e 10k g Br esapl iaLepkaepbavaiproved that
'ty c tai ne y the a

suffici ent meagﬁera i n nof be o t ition of Al or Cr.

[0006] An obj sgn gnt ioR e bealdgsakwa ulth@aahaye probl ens
and to prov?ﬁgﬁgt%%-éggggggd%a% gsﬁfor a soff nagngfic ff]n1jéed§?n a

per pendi cul anMagReLE o eeebdinggredilumieketrherilthken whictlkakas excel | ent
weat herability while mai ntaining high soft magnetic properties. 20[ 0007]
The pregent ricavedtags skaye taendycted ianterfsi wegsktdicesidm dryelrement to be
added to the Co-Fe based alloy for a soft magnetic filmused in a

per pendi cul aasnmageeat devedopedi.ng nmedi um or the |ike.

[0003]
The soft magnetic film for such magnetic
recording medium needs to have a high saturation
15 magnetic flux density, and a Co-Fe alloy has been
suitably used since it has a high saturation magnetic
flux density. Particularly, an amorphous film is
desired as the soft magnetic film for the magnetic
recording medium since it has excellent soft magnetic
20 properties. Thus, it is necessary to add an element
which facilitates amorphization to the Co-Fe alloy.
For the element, Zr or Ta is generally employed.
The soft magnetic film is generally produced
through a magnetron sputtering process with use of a
25 target material of the same composition. On the other
hand, since such a Co-Fe based alloy target material
has the problem of weatherability, proposed is a target

material including the Co-Fe based alloy added with Al



25 As a result, they have found addition of Ti and its suitable range of
the addition of Ti. Thus, the present invention has been acconplished. 4

[ 0008] Accordi ngly, the present invention provides a Co-Fe based
alloy for a soft magnetic film having a conposition represented by a
formula by an atomc 5 ratio: (Col 003i-Fex)100-r-Ny) |oo-{a+b+c)- where
5) (80, 0<Y5.25,21010, 0.55c10, and the bal ance bei ng unavoi dabl e

i npurities, owhereigethe tht ekenpnt,i Patketf Oorukanits 1one or nore el enents
selected 10 fromZr, H and yttrium and the M2 elenment in the fornmula is
one or nore[ebedents sel ected from Ta and Nb. The Co-Fe based alloy for a
soft magnetic filmof the present invention may contain not nore than 5

at om c% of Berent( Bpcut®ht009]: JP-A-2007-28%H&1Co- Fe based al l oy for a soft
magnetic filmof the present invention nmay be applied to a sputtering
target material or a soft magnetic filmlayer in a perpendi cul ar nmagnetic
recordi ng medium 20 Furthernore, the Co-Fe based alloy preferably has a
saturation REgRefYzeLi SRS o "Y6L Y -6Rer than 1.0 T. [0010]

Accordin% tﬁ t%% present invention, a Co-Fe based alloy for a soft magnetic
filmused in%"%3 per pendi cul ar magnetic recording mediumor the like is

provi ded, which has eéf%%%%%k W%%%QQ%ﬂb%EEI%.g%k%ﬁg%%%%%Q%nEQthigh sof t

magneti c properties. very advantageous cturing the

per pendi cu’ g ﬁ%org%%nqw ¢ e diR0 PR Betidl lo fBReeiiv isamcef of he
I nvention [ gf

certain improvement in weatherability is achieved by
adding 0.2 to 5 atomic% of Al or Cr to a Co-Fe alloy.

10 However, studies of the present inventors have proved
that sufficient weatherability can not be obtained by
the addition of Al or Cr.
[0006]

An object of the present invention is to

15 solve the above problems and to provide a Co-Fe based
alloy for a soft magnetic film used in a perpendicular
magnetic recording medium or the like, which has
excellent weatherability while maintaining high soft
magnetic properties.

20 [0007]

The present inventors have conducted

intensive studies on an element to be added to the Co-
Fe based alloy for a soft magnetic film used in a
perpendicular magnetic recording medium or the like.

25 As a result, they have found addition of Ti and its
suitable range of the addition of Ti. Thus, the

present invention has been accomplished.



It is inportant that the present invention 5 selects Ti as a nost suitable
el ement for effectively inproving weatherability wthout a significant
decrease in the soft nagnetic properties in a Co-Fe based alloy for a soft
magnetic film and also it finds the anmobunt to be added for achieving the
above advantage. 10[0012] First, the €o-Fe based all oy which serves as a
basis for the present invention will be described below. A Co-Fe all oy
which is a hbasesof the Co-Fe 15 based alloy of the present invention has a
conposition represented by (Col00,-Fe)100-y-Ny), where 5)(80 and 0YI C5.
The Co-Fe all oy havi ndcaocdnpadivti Ghewprrkisgntheénvangéohadravihiogh at uration
magnetization and thus is suitable for a soft magnetic film A part of the
Co- Fe 20 al FeyFrapalbedsabdpivt doadabypolit fgJastést atlme. heYES9 This is
because the soft magnetic properties can be effectively_ inproved without a
si gni fi cant C@BEPEASA OPn TERE eS8 GRS PN 2ndGRBLLZatYoRY 2TPELE at oni c% of one
or nore elenents 25 selected fromZr, Hf and yttriumis added to the above
Co- Fe al Poyr&3$+81 ML el ement, and 2 to 10 atomi c% of one or nore el ements
sel ect ed frqﬁlTa and.Nb is added 6 thQ&EEQM?S—@T M2 elenent. This is
because addi‘ng et~ He "N %H L@ efeAt s 1 the above range facilitates
anor phi zati pR.30d S ADERY s JRIBCL b, £HATAGLLIG SId S8 . SR gt ng 11 m

Wit hout a significant décrease in e 5 saturation magnetization of the

Co- Fe al | 0y, 1Q0L3] pEhe ComEeRased alikeyiafc ithe Mhesent iteeni on contai ns
0.5 to 10 atom c% of Ti "as an essential elenent for effectively inproving

the 10 weat hekakinl tiy ehet ForGerke ikased ald aproA dieiemitsalsend odieagr am
shows that Ti has a passivation region in a broad pH range, and thus Ti is
sel ect ed oas raprelzenentt taddoe taddeth,efhel ttihee M2n elrgoreont g tthe

weat herability. The above advantage of inproving the 15 weatherability is
smal | when tfhenudat st cofe Bir o rleesd emeant s0 .55 latcdridc roand at laerd

magneti zation is decreased when the content of Ti is nore than 10 atom c%
Thus, it isNbrpoMhantCordecdmsed ali@yvcdmrent soff tTimgomed icafgd ™. 5 to 10

atom c% Furthernore, the content of Ti _
the present invention may contain not more than 5

atomic% of boron (B).

15 [0009]

The Co-Fe based alloy for a soft magnetic
film of the present invention may be applied to a
sputtering target material or a soft magnetic film
layer in a perpendicular magnetic recording medium.

20 Furthermore, the Co-Fe based alloy preferably has a
saturation magnetization of not lower than 1.0 T.
[0010]

According to the present invention, a Co-Fe
based alloy for a soft magnetic film used in a

25 perpendicular magnetic recording medium or the like is
provided, which has excellent weatherability while
maintaining high soft magnetic properties. It is very

advantageous for manufacturing the perpendicular



20 is desirably not nore than 5 atomc%to prevent decreasing of the
magneti zation. [0014] As descri bed above, the Co-Fe based all oy
of the present invention has a conposition represented by 25 the formul a by
an atomc ratio: ((C0100-x-Fe.)10-Ni 1)I oo(at+b+c)-M.a-Mb-Tlc,

wher e0Y5_25, 213?10, and 0.5c...10. The Co-Fe based all oy may contain

unavoi dable inpurities without deteriorating the 7 advantages of the
present inveaghemricFeecexampbemethenCo- Fe based all oy represented by the
formula may have a purity of not |ower than 99.9% [00151 5The Co-Fe based
all oy of the present invention may further contain not nore than 5 atom c%
of boron. The addition of not nore than 5 atom c% of boron can inprove
mechani cal petpédt Descofipthenabifoyhei Anggntiiénl ar har dness, without a
significant decrease 10 in the weatherability or nmagnetization. [00161

A process foP0phdduci ng the Co-Fe based alloy may include a nmelt casting

process or a powder sintering process. In e nelt castin rrocess, the 15
Co- Fe based al | oy nay15e16r6%Q@§§aPﬁ §hﬁ5r%£§fp§e§§§t FH&%P%&Pna bul k whi ch
i s obtained by plastj.c working, or pressing-.of the St ..._hn the powder
sintering p?8¥§§§? §1C8§F3 Hﬁggds PFS% gb%&gpegﬁ 5% iﬁgFgggéggé&tion may be
produced, by_a s.atom_zi r.QC ] e r ria

powder . AItépﬁégﬁ&gly%gg%#%%géqégﬁgésaigfkge%bgg%ﬁggg%gétn?%cggkgepIurality

of alloy powders Or RYr ¢ BLal Powdels i@ f arm4t e fhnals scamasicti on of the
Co- Fe based a F%f §§ rawaggteﬁfa% pg&be#.éA Efgbess of sinteringyihe raw 25

nmaterial powder MY AtNglWeR tRIeFIURE Sindt eniskg iTUEinas hole ag@sihat i C
pressi ng, hot pressing, spark plasma sintering or extrusion press
sintering. [QOLE adBled for achievibg CoreFelbazeddaldnipoef. t he present

invention may be processed in a target material suitable for various types
of sputterirngodapparatus to forma soft magnetic film having excellent
First, the Co-Fe based alloy which serves as
a basis for the present invention will be described
below.
A Co-Fe alloy which is a base of the Co-Fe
15 based alloy of the present invention has a composition
represented by (Coi00-x—Fex)100-y=-Niy), where 5<X<80 and
0<Y<25. The Co-Fe alloy having a composition within the
range has a high saturation magnetization and thus is
suitable for a soft magnetic film. A part of the Co-Fe
20 alloy may be substituted by Ni to an extent 0<Y<25.
This is because the soft magnetic properties can be
effectively improved without a significant decrease in
the saturation magnetization.
2 to 6 atomic% of one or more elements
25 selected from Zr, Hf and yttrium is added to the above
Co-Fe alloy as an M1 element, and 2 to 10 atomic® of

one or more elements selected from Ta and Nb is added



5 weatherability by sputtering the target. Exanple 1 [0018] The
present invention will be described in nore detail by nmeans of Exanpl es.

10Fi rst, cast

i ngots having Co-Fe based all oy conpositions shown in Table 1

were produced. Raw materials having a purity of not |ess than 99. 9% were
heated and nelted in a high-frequencyéheating furnace under vacuum and the
nolten alloys were cast in a nold 15 made of iron to formthe ingots having
a di aneter ehe220oMmrsXxadbMamelEhentesulrhingikngetauwer edgiogessed into

Co- Fe based all oy bul ks having a dianeter of 180 nmand a thickness of 7
mm For evakhat MiigahHeM@eaf bmeabis| ity tbe thev20rbobks fasasptasehavi ng a

di aneter of 10 mm x 20 nm were produced fromthe cast ingots and dipped in
10% hydr ochbnpirphaeetiian 504 foprezehonpdnethe wERERCLEEAGELFEn2Pat es were
nmeasured to evaluate the weatherability of the bul ks. The nmeasurenent
resul ts 25 ar 6PgkéRming fabmewithout a’ signifggangy deGREPRE the e

magneti zation of the bul ks, sanpl.es of x_10 X 5 mm were produced
9 fromtRe §é§9r?ﬁ@895Wagﬁﬁtﬁﬁg%ﬁﬁﬁnQFiggﬁrgh—gﬁdégqéﬁ’external nmagneti c

field of 16
apparatus (
in Table 2.
(atom c%
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was neasured using a DC nagnetic properties neasurenent
de by Toei Industry Co., Ltd.). The results are 5 shown

[0019] [ TaRle bl SARRLECaTRRY biroRyal pPRsER based al oy

invention contains 0.5 to 10 atomic% of Ti as an

essential element for effectively improving the

weatherability of the Co-Fe based alloy. A

potential/pH diagram shows that Ti has a passivation

region

in a broad pH range, and thus Ti is selected as

an element to be added effective in improving the

weatherability. The above advantage of improving the

weatherability is small when the content of Ti is less

than 0.

5 atomic%, and the magnetization is decreased

when the content of Ti is more than 10 atomic%. Thus,

it is important to control the content of Ti in a range

of 0.5

to 10 atomic$%. Furthermore, the content of Ti

is desirably not more than 5 atomic% to prevent

decreasing of the magnetization.

[0014]

As described above, the Co-Fe based alloy of

the present invention has a composition represented by

the formula by an atomic ratio: ((Coioo-x—Fex)io0-y=Niy)i00-

(asbrc)-M1a-M2,-Ti., where 5<X<80, 0<Y<25, 2<a<6, 2<bs<l0,

and 0.5<c<10. The Co-Fe based alloy may contain

unavoidable impurities without deteriorating the



Wei ght reduction rate (% Remarks 1 (CO070-Fe30) 90-Zr4-Ta2-Ti2 0.2 Present
I nvention 2 (Co70-Fe30) 90- Zr4-Ta4-Ali -Cr). 1.3 Conparative Exanple 3
(Co20- Fe30)92-Zr4-Ta4 0.5 Conparative Exanple

7
advantages of the present invention. For example, the
Co-Fe based alloy represented by the formula may have a
purity of not lower than 99.9%.

[0015]

5 The Co-Fe based alloy of the present
invention may further contain not more than 5 atomic$
of boron. The addition of not more than 5 atomic?% of
boron can improve mechanical properties of the alloy,
in particular hardness, without a significant decrease

10 in the weatherability or magnetization.

[0016]

A process for producing the Co-Fe based alloy
may include a melt casting process or a powder
sintering process. In the melt casting process, the

15 Co-Fe based alloy may be produced in a form of a cast
ingot or a bulk which is obtained by plastic working or
pressing of the cast ingot. In the powder sintering
process, a Co-Fe based alloy powder of a final
composition may be produced, by a gas atomizing

20 process, to be used as a raw material powder.
Alternatively, a mixed powder may be obtained by mixing
a plurality of alloy powders or pure metal powders to
form the final composition of the Co-Fe based alloy as
raw material powder. A process of sintering the raw

25 material powder may include pressure sintering such as
hot isostatic pressing, hot pressing, spark plasma
sintering or extrusion press sintering.

[0017]



[ 0020] [Table 2] Sanmpl e Conposition of Co-Fe based alloy (atom c%
Magneti zation (T) Remarks 1 (C070-Fe30) 90-Zr4-Ta4-Ti2 1.3 Present
i nvention 2 (Co20-Fe39)90-Zr4-Ta4-Al1-Crl 1.3 Conparative Exanple 3
(Co20- Fe39)92-7r4-Ta4 1.4 Conparative

8

The Co-Fe based alloy of the present
invention may be processed in a target material
suitable for various types of sputtering apparatus to
form a soft magnetic film having excellent

5 weatherability by sputtering the target.

Example 1
[0018]

The present invention will be described in
more detail by means of Examples.

10 First, cast ingots having Co-Fe based alloy
compositions shown in Table 1 were produced. Raw
materials having a purity of not less than 89.9% were
heated and melted in a high-frequency heating furnace
under vacuum and the molten alloys were cast in a mold

15 made of iron to form the ingots having a diameter of
220 mm x 45 mm. The resulting ingots were processed
into Co-Fe based alloy bulks having a diameter of 180
mm and a thickness of 7 mm.

For evaluating the weatherability of the

20 Dbulks, samples having a diameter of 10 mm x 20 mm were
produced from the cast ingots and dipped in 10%
hydrochloric acid at 50°C for 24 hours. The weight
reduction rates were measured to evaluate the
weatherability of the bulks. The measurement results

25 are shown in Table 1.

For evaluating the magnetization of the

bulks, samples of 30 mm x 10 mm x 5 mm were produced



Exanpl e 10[ 0021] Table 1 shows that the Co-Fe based all oy of
the present invention containing 0.5 to 10 atomc%of Ti (sanple 1) has a
hi gher weatherability than the Co-Fe based alloy without Ti (sanple 3) or
the Co-Fe based 10 alloy with Al and Cr (sanple 2). Table 2 shows that the
bul ks of sanple 1 of the present investion and sanple 2 of the Co-Fe based
all oy containing Al and C have a nearly equal magnetization. The Co-Fe
based 5 al | drocaf tihhe caanpliagbtiss aval |thld enafooretd Zedriget umattear iaal or a soft
magnetic film having excellent weatherability. Exanple 2 [0022] 10First,
cast i ngot s exdenmag ICoaRe erdse d igllido fo drffo KA/ o s ss Hews Une dT alsli® a3 wer e
produced. Raw nmaterials having a purity of not |ess than 99. 9% were heated
and nel ted ien D& HeGRSfASqPERORPIRERS HE LTS WU SdhdR “pdtFuh TBAP A he nol t en
all oys were cast in a nold 15 nmade of iron to formthe ingots having a

di anet er of T26¢ ¥ X85 %ﬁduﬁﬁéﬁ?é§thﬁﬁﬁhﬂngoﬁgmhéﬁﬁuﬁﬁﬁbé§§%d into Co-Fe
based al | oy bul ks .hayjng a.dianmeter of 180 nm and a thickness of 7 nm For
eval uating € “Wedfhﬁ#ﬁ%@l@ry of the 20 bul ks, sanples having a diameter of
10 mm x 20 18 produced fromthe cast ingots and dipped in 10%

sul furic aci'd at '50C for 24 hours, and the wei ght reduction rates were
nmeasur ed to{§¥&hﬁ%&ﬁ the weatherability of the bulks. The nmeasurement

results 25 are s in Table 3. For eval uating the
magnet i zat i pr—of—the—buks;——sanmptes—of—30—+mx—¢0 nnj@ﬂ? nrwere—produced
fromthe cgast ingpts, and.the na%netization under gn
Samole Composition of Co-Fe based alloy | reduction Remarks
P (atomic%) rate
(%)
. Present
1 (Coro~Feso) so=2rs—Tas-T1, 0.2 invention
Comparative
2 (Coro—Feso) so-Zry—Tay-Al;-Cr; 1.3 Example
Comparative
3 | (Coro~Feso) p-Zry~Taq 0.5 Example
[0020]
[Table 21
Sample Composition of Cg—Fe based alloy |Magnetization Remarks
(atomic$) (T)
. Present
1 (Coro—Fes0) 90~2rs-Tas-T1i, 1.3 invention
Comparative
2 (Coro—Feso0) 9o-Z2r4—Tas~Al;~Cr; 1.3 Eiample
Comparative
3 (Co7o—Fezo) 92—-2r4—Tay 1.4 Eiample
10 [0021]

Table 1 shows that the Co-Fe based alloy of
the present invention containing 0.5 to 10 atomic% of
Ti (sample 1) has a higher weatherability than the Co-

Fe based alloy without Ti (sample 3) or the Co-Fe based



11 external magnetic field of 160 kA/mwas nmeasured using a DC magnetic
~ properties neasurenent apparatus (TRF5A nade by Toei Industry Co., Ltd.).
The results are shown in Table 4. 5For evaluating the hardness of the
bul ks, 10 mMm x 10 nm x 5 nm sanpl es were produced fromthe cast ingots and
t he hardness was neasured usi ng Rockwel | hardness tester on C scale. The
results are shown in Table 5. 10[0023] [Table 3] Sanpl e Conposition of
Co- Fe basedaallbgyw(ahofilc¥hdWerghtsampdacti)on Tabée( % sRewar ksad
(C090- Fe30)90-Zr4-Ta4-Ti 1-D1 6.9 Present invention 5
(C079- Fe30) 8BeZbdika4oTi B2ample 1 of the present invention and
sample 2 of the Co-Fe based alloy containing Al and Cr
have a nearly equal magnetization. The Co-Fe based
5 alloy of the sample 1 is available for a target
material or a soft magnetic film having excellent
weatherability.
Example 2
[0022]
10 First, cast ingots having Co-Fe based alloy
compositions shown in Table 3 were produced. Raw
materials having a purity of not less than 99.9% were
heated and melted in a high-frequency heating furnace
under vacuum and the molten alloys were cast in a mold
15 made of iron to form the ingots having a diameter of
200 mm x 25 mm. The resulting ingots were processed
into Co-Fe based alloy bulks having a diameter of 180
mm and a thickness of 7 mm.
For evaluating the weatherability of the
20 Dbulks, samples having a diameter of 10 mm x 20 mm were
produced from the cast ingots and dipped in 10%
sulfuric acid at 50°C for 24 hours, and the weight
reduction rates were measured to evaluate the
weatherability of the bulks. The measurement results
25 are shown in Table 3.
For evaluating the magnetization of the

bulks, samples of 30 mm x 10 mm x 5 mm were produced

from the cast ingots, and the magnetization under an



7.9 Present invention 6 ( (Co53-Fe47) 95-Ni5) 8e-Zr2-Nb5-Ti4 9.7 Present
~invention 7 (Co70-Fe30)90-Zr4-Ta4-Al 2 10.3 Conparative Exanple 8
(Co73-Fe30)90-2Zr4-Ta4-Cr2 10.8 Conparative Exanple 12 [0024] [Table 4]
11

external magnetic field of 160 kA/m was measured using

a DC magnetic properties measurement apparatus (TRF5A

made by Toei Industry Co., Ltd.). The results are

shown in Table 4.

5 For evaluating the hardness of the bulks, 10

mm X 10 mm X 5 mm samples were produced from the cast

ingots and the hardness was measured using Rockwell

hardness tester on C scale. The results are shown in
Table 5.
10 [0023]
[Table 3]
Weight
Sample Composition of Cg—Fe based alloy | reduction Remarks
(atomic%) rate
(%)
. Present
4 (Coro-Feso) 9o=2rs4—Tas~T11-B; 6.9 invention
. Present
5 (Coro-Feszo) 90— 2rs—Tay—Ti: 7.9 invention
, . Present
o ((Coss—Fey7) 95—Nis) gg=Zr2—Nbg—-Tig 9.7 invention
Comparativ
7 (Coro-Fes0) 9o—-2ry—Tay—Al; 10.3 EiZmple °
Comparativ
8 (Coro—Fes0) 90—Zrq—Tas—-Cr; 10.8 Eiam;l; )




Sanmpl e Conposition of Co-Fe based alloy (atom c% Magnetization (T) Remarks
4 (Co79-Fe30) 90-Zr4-Ta4-Ti1-Bl1 1.3 Present invention 5 (Co70-Fe30)
90-Zr4-Ta4-Ti2 1.3 Present invention 6 ( (Co53-Fed47) 95-Ni5) 98-Zr2-Nov6-Ti 4
1.1 Present invention

12
[0024]
[Table 4]
Sample Composition of Cq—ﬁf based alloy [Magnetization Remarks
(atomic%) (T)
s (COro=Fesg) somZre-TaeTii~B 1.3 Present
70 30/ 90 4 4 1721 ‘ invention
c (COra=Fes0) so-ZLe-Tay~T1i 1.3 Present
70 30/ 90 4 4 2 : invention
. , Present
6 ((Coss~Fey7) 95—Nisg) gg—Zr2—Nbg—Ti, 1.1 invention
Comparative
7 (Coro-Feso) go—Zrs—Tay—Al> 1.3 Eiam;le
o (COro=Fean) somZT4—Tas~Crs 1.3 Comparative
0 30) 9 4 4 : Example
[0025]
[Table 5]
Sample Composition of Cg—Fe based alloy Hardness Remarks
{atomic%) (Hge)
. Present
4 (Coro—Fes0) 9o—2rq—Tas~T1i1-B; 59.1 invention
5 (Coro-Feso) 90— Zrs—Ta,~Ti 56.8 Present
70 30/ 90 4 4 2 y invention
. \ Present
9 ((Coss—Fey7) 95—Nis) gg=Zr2~Nbe—T14 59.6 invention
Comparative
7 (Coro-Feso) 90—Z2rs—Tas—Al, 55.0 Egample
Comparative
8 (Coro—Fe3zo) 90— Z2rs~Taqs—Cr 48.2 Eiample
5 [0026]

Table 3 shows that the Co-Fe based alloys of
the present invention containing 0.5 to 10 atomic% of
Ti (samples 4, 5 and 6) have a higher weatherability
than the Co-Fe based alloys with Al or Cr (samples 7

10 and 8). Table 4 shows that the bulks of samples 4, 5



7 (Co 70-Feao) 90-Zr4-Ta4-Al 2 1.3 Conparative Exanple 8 (Co70-Fe30)
90--Zr4-Ta4-Cr2 1.3 Conparative Exanple [0025] [Table 5] Sanple
Composition of Co-Fe based alloy (atom c% Hardness (Hac) Renarks 4
(Co70-Fe30) 9,9-Zr4-Ta4-Til-B5 59.1
13
and 6 of the present invention and samples 7 and 8 of
the Co-Fe based alloys containing Al or Cr have a
nearly equal magnetization. Further, Table 5 shows
that the Co-Fe based alloy of the present invention
5 containing 0.5 to 10 atomic% of Ti and not more than 5
atomic% of B (sample 4) has improved hardness.
Example 3
[0027]
First, cast ingots having Co-Fe based alloy
10 compositions shown in Table 6 were produces. Raw
materials having a purity of not less than 99.9% were
heated and melted in a high-frequency heating furnace
under vacuum and cast in a mold made of iron to form
the ingots having a diameter of 200 mm x 25 mm. The
15 resulting ingots were processed into Co-Fe based alloy
target materials having a diameter of 180 mm and a
thickness of 7 mm.
[0028]
The produced target materials were used in a
20 magnetron sputtering process to form a Co-Fe based
alloy thin film on a substrate for the following
evaluation tests. The sputtering process was carried
out under conditions of an Ar pressure of 0.6 Pa and an
input electric power of 500 W.
25 [0029]
(1) Weatherability test
Thin film samples deposited on glass

substrates having a film thickness of 200 nm were



Present invention 5 (Co70-Fe30) 90-Zr4-Ta4-Ti2 56.8 Present invention 6 (
(0053-Fe49) 95-Ni 5) 88-Zr2-Nb6-Ti4 59.6 Present invention 7 (Co70-Fe30)

90-Zr4-Ta4- Al 2 55.0 Conparative Exanple 8 (C070-Fe30) 90-Zr4-Ta4-Cr2 48.2
Conpar ative

14

subjected to a weatherability test involving dipping
them in pure water for 24 hours. The results of the
visual observation of corroded regions are shown in
Table 6. In Table 6, a sample in which no corroded

5 region is visually observed is described as "O" and a
sample in which a corroded region is visually observed
is described as "x".
(2) Evaluation of magnetization

Thin film samples formed on a silicon wafer

10 in a film thickness of 300 nm were cut into 10 x 10 mm
and subjected to the evaluation of the saturation
magnetization. The results are shown in Table 6. The
measurement was carried out using a vibrating sample
magnetometer VSM-3 made by Toei Industry Co., Ltd.

15 under an external magnetic field of 800,000 A/m.
(3) Evaluation of hardness

Thin films were formed on aluminum substrates

having a film thickness of 4 um. The results of
measuring the hardness of the samples are shown in

20 Table 6. The hardness was measured at five points at
an applied load of 25g using a Micro-Vickers apparatus.
The average value is determined as hardness and shown

in Table 6.



Exanpl e 5[ 0026] Tabl e 3 shows that the Co-Fe based all oys of
the present invention containing 0.5 to 10 atomc%of Ti (sanples 4, 5 and
6) have a higher weatherability than the Co-Fe based alloys with Al or Cr
(sanples 7 10 and 8). Table 4 shows that the bul ks of sanples 4, 5 13 and
6 of the present invention and sanpless7 and 8 of the Co-Fe based all oys
containing Al or Cr have a nearly equal nagnetization. Further, Table 5
shows that the Co-Fe based alloy of the present invention 5 containing 0.5
to 10 atomc%of Ti and not nore than 5 atom c% of B (sanple 4) has

i nproved hardness. Exanple 3 [0027] First, cast ingots having Co-Fe based
all oy 10 conpositions shown in Table 6 were produces. Raw material s having
a purity of not less than 99.9% were heated and nelted in a high-frequency
heati ng furnace under—vgcuunmrand) cast in a nold made of iron to formthe

i ngots having a dianeter| ofo 20 pm x 25 mm The 15 resulting ingots were
processed i nto Co-Fe Wased %Al fid¥y| target materials having a dianmeter of 180
mm and a thickness of g7 |ngnt [ B8] The produced target materials were used

in a 20 magnetron sputd erd g Bribcess to forma Co-Fe based alloy thin film

on a substrate for t/h& f|of oWENY| eval uation tests. The sputtering process

was carried out under conditj9dns|of an Ar pressure of 0.6 Pa and an i nput

el ectric power of 50Q,W| 25[0029] (1) Weatherability test Thin

film sanples depositeyd _an glpss substrates having a filmthickness of 200
(00
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14 subjected to a weatherability test involving dipping themin pure water
for 24 hours. The results of the visual observation of corroded regions are
shown in Table 6. In Table 6, a sanple in which no corroded 5 region is
visual ly observed is described as "0" and a sanple in which a corroded
region is visually observed is descriled as "x". (2) Evaluation of

magneti zation Thin filmsanples fornmed on a silicon wafer 10 in a film

t hi ckness off088@1nm were cut into 10 x 10 mm and subjected to the

eval uation of the saturation nmagnetization. The results are shown in Table
6. The neasurenent waSabaer bedrovesushag ahei BraFengasadpkbe lasgaét onet er
VSM 3 made by Toei Industry Co., Ltd. 15 under an external magnetic field
of 800, 000 Ahm pE8peBtalinaensaocsof chatdaadsg 0.5 to 10 afRPACR| Phs were
formed on al um num substrates having a_filmthickness of 4 pm The results

. 1T p
of measuri n§it heshareredsenst weREhezrpiidd tar 8VeRoWhern Lo6FEbr-E8 8. 2The
hardness was_ neasured at five points at an applied |oad of 25g using a
M cro- Vi cke818pparat BY. tRRe SRVEFEGE N FaPi&SFS Sdet er mi ned as har dness and
shown in Table 6. 16 [0031] Tabl e 6 proves that the Co-Fe
based all oy of the present invention containing 0.5 to 10 atom c% of Ti has

excel | ent at.herabi_l,i ormed into a 5 thin filmby the
sputteringmgpggggggaﬁn%ﬁgﬁﬁﬁgFﬁgggV{cabiIity [ 0032] The Co- Fe

based aIon[%@@zq soft magnetic filmof the present invention has excellent

The Co-Fe based alloy for a soft magnetic
film of the present invention has excellent
10 weatherability while maintaining soft magnetic
properties, and therefore can be used for forming a
soft magnetic film for a perpendicular magnetic

recording medium or the like under stable conditions.



10 weat herability while maintaining soft nmagnetic properties, and therefore
can be used for formng a soft magnetic filmfor a perpendicul ar nmagnetic
recordi ng mediumor the |ike under stable conditions. 17 CLAIMS [C aim 1]
A Co-Fe based alloy for a soft magnetic film having a conposition
represented by a fornmula by an atom cltatio: ((Ccl oo-x-Fex)

1- Ni y) 100- (nmb+c) - M a- M2b-Ti ¢, where 55)(5.80, 0.S.Y5_25, 25 a5.6, 2s-blo,
0.5c10, and the bal ance bei ng unavotldaBi® i npurities, wherein the M
elenment in the fornula is one or nore elenments selected fromZr, Hf and
yttrium and [CH&1WR 1dl ement in the formula is one or nore el enents sel ected
fromTa and Nb. [Claim?2 The Co-Fe based all oy according to
claim1, further conpfi &g b&esed By 1&Yd Trds 2a S€dp8SigedH < &drldsent ed by
a formula, by an atom c rat.iq: ((Fel00-x-Cox)100-Y-Ni 100- (a+b+c+d)

- MLa- M2b- T ?lé‘-"é&g/ avﬁé’?“é’o@%d,%%@?r?f&f&e . 5.ac§ff61?91€1 %’é’ d the

bal ance bein% unavaoi dahle inpurities. [Caim 3] The Co- Fe based

al | oy accor (i r?g {0 8"aih 1 or 2, wherein the Co-Fe based all oy is used as a

Ccor di ng t o EEAI TG0 B wher G he SLEE 3Lt all oy forme a soft )
magnetic filmdayeixeboa peyresdi suhag, mpgnetd C ¢ esudiglg sRdive 18
balance being unavoidable impurities,
wherein the M1l element in the formula is one or more
elements selected from Zr, Hf and yttrium and the M2
element in the formula is one or more elements selected
from Ta and Nb.
[Claim 2]

The Co-Fe based alloy according to claim 1,
further comprising boron (B) and has a composition
represented by a formula, by an atomic ratio:

( (Fe100-x—COx) 100-y~Niy) 100- (atbtctd) "M1a~M2p=T1ic-Bg,

where 5<X<80, 0<Y<25, 2<a<6, 2<b<£10, 0.5£c<£10, d<5, and
the balance being unavoidable impurities.

[Claim 3]

The Co-Fe based alloy according to claim 1 or
2, wherein the Co-Fe based alloy is used as a
sputtering target material.

{Claim 4]

The Co-Fe based alloy according to claim 1 or
2, wherein the Co-Fe based alloy forms a soft magnetic
film layer of a perpendicular magnetic recording

medium.



[ Clai m 5] The Co-Fe based all oy according to claim1l or 2,
wherein the Co-Fe based all oy has saturation nagnetization of not | ower

than 1.0 T. [d ai m 6] A soft magnetic filmnade of the Co-Fe
based all oy according to claim1 or 2 and formed by a sputtering process.
[Claim7] A perpendi cul ar1sragnetic recordi ng nmedi um conpri sing

at least one filmlayer nmade of the Co-Fe based alloy according to claiml
or 2 as an ygpderlkayer of a magnetic recording filmlayer. [Caim 8]
A perpendi cul ar magnetic recordi ng medium conprising at |east one |ayer of
soft magnetic fil m nadeaeofCotie Daske bdsed aldcoyddcgortdi vdatio ¢l &rm 1 or 2
and formed by a sputtering process as an underlayer of a magnetic recording
filmlayer. 2, wherein the Co-Fe based alloy has saturation
magnetization of not lower than 1.0 T.
[Claim 6]
A soft magnetic film made of the Co-Fe based
alloy according to claim 1 or 2 and formed by a
sputtering process.
[Claim 7]
A perpendicular magnetic recording medium,
comprising at least one film layer made of the Co-Fe
based alloy according to claim 1 or 2 as an underlayer
of a magnetic recording film layer.
[Claim 8]
A perpendicular magnetic recording medium,
comprising at least one layer of soft magnetic film
made of the Co-Fe based alloy according to claim 1 or 2

and formed by a sputtering process as an underlayer of

a magnetic recording film layer.



