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The present invention relates to a Co-Fe
based alloy for a soft magnetic film, the scft 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 recorxding
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
maghetic 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 reccrding head. To
solve the problem, a perpendicular magnetic recording
system has been studied as a measure to improve the
recording density.

In the perpendicular magneitic recording

e 20 recording density.

magneti c

The systemis suitable for

n a bit

magneti ¢ recording



the magnetic recording filmlayer with an increased 10 recording
sensitivity and a soft magnetic filmlayer has been devel oped. [0003]

The soft magnetic filmfor such nagnetic recordi ng medi um needs to have a
hi gh saturation 15 magnetic flux density, and a Co-Fe alloy has been
suitably used since it has a high satdration magnetic flux density.
Particularly, an anorphous filmis desired as the soft magnetic filmfor
t he magnet i &%¥5&@dh dien ¢ aradingh &1 mde Magrfdst exEsldrahins dad iy ies & 20
properties. Thus, it is necessary to add an el enent which facilitates

anor phi zat | FEFE tire fCdre 39 GF S tHe ABMIRINAL IR i1 general | y
enpl oyed. . The sof.t etic filmj.s generally prqduced through a
magnet ron spUtETS STy B5vdt %W‘?agrjf 5&%f? énefgﬁrsdﬁfa%%"er iTg_fe of the same
conposi tion. ot her. d,c Si S - : l oy t.arget

matrrgri al hassﬁicee%;;?‘osblsg%toa;%al\%ka Qrs%cle?1 g‘fﬁq %tce;;foqr&ﬁg]pgggde%&flg&aa%lar}%eetla{ngt erial

i ncl udi ngs t he, o ey 818%#@5&&1%4@ My Aln B3 1Pt Gnd SP&ndor exanpl e,
Pat ent Docunent 1). [0004 at ent Docunent 1 : JP-A-2007-284741 Sunmmary of

the Inventi Qi AHMMPlin the read/writd Ga B4t f@f &&ofis maghetic film
di sclosed in the Patent Docunment 1 is effective since a certain inprovenent

i n weat her akidddndiirgy arhtiseved by atdthaihdd 2 trpnd @omedpaidiMuar O to a
Co-Fe alloy. 10 However, studies of the present inventors have proved that
suffici ent wesfreariabidddordiany rots ten ,obtted nettdryd e reetlium drewafn@l or Cr.
[0006] An object of the present invention is to 15 solve the above problens
and to provide aaQundtd bhaserhalirgy figm alaefn widgnetn clf¢tenssged in a
per pendi cul ar magnetic recording mediumor the |like, which has excellent
weat her ddl | inaEoMd g rEnfidi g Mngh & ofal hagiErs el priopet thager
has been developed.
[0003]
The soft magnetic film for such magnetic
recording medium needs to have a high saturation
15 megnetic flux density, and a Co-~Fe alloy has been
suitably used since it has a high saturation magnetic
flux density. Particularliy, 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



20[ 0007] The present inventors have conducted intensive studies
on an elenent to be added to the Co-Fe based alloy for a soft magnetic film
used in a perpendicular magnetic recording nediumor the like. 25 As a
result, they have found addition of Ti and its suitable range of the
addition of Ti. Thus, the present invehtion has been acconplished. 4

[ 0008] Accordingly, the present invention provides a Co-Fe based

al l oy for a @ofEr mhgfret | €0F i ¢¥alhedi N eelorissite®h Ylepresented by a
formula by an atomic 5 ratio: ( (CO oo-x- Fey) loo-y-Ny) 100- (atb+c)
wher e 5)(...@@90@kY<25, 2<a6, 0. 5cCAB and t he bal ance bei ng unavoi dabl e

impurities, erein the ML element jr éﬁail ﬂ%ia is one or nore elenents
sel ected 10 ?Bﬂ?%p?oﬁﬁm%ﬂﬁl ttr$%ﬁ%n%% t ii element in the fornula is
one or nore elenents selected fromTa 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 Fﬁ§%§b%$?of]éﬂéxggﬂention The Co-Fe based alloy for a soft

magnetic fi e present 1 nvention nmay be applied to a sputtering
target magerj@o9r a soft magnetic filmlayer in a perpendicul ar magnetic
recordi ng medium 20 Furthernore, the Co-Fe based alloy preferably has a
saturation magneti zat ipnof gdotmd oyveial hedr 1a Osdit [R0ddtic film

According to the present invention, a Co-Fe based alloy for a soft nagnetic
filmused i das@boged pandiiod| 2at ey nigddenerc ok di nge fitdkc uiversiheel ake i1 s
provi ded, which has excellent weatherability while maintaining high soft
magneti c propertiis.inprieenarty buvieen tyeoasi oty nesudeleievédgbyhe
per pendi cular 5
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.



magneti c recording medium Detail Description of the Invention [0011] It is
i nportant that the present invention 5 selects Ti as a nost suitable

el enent for effectively inproving weatherability w thout a significant
decrease in the soft nagnetic properties in a Co-Fe based alloy for a soft
magnetic film and also it finds the #mwunt to be added for achieving the
above advantag 10[ 0012] First, the Co-Fe based alloy which serves as a
basis for theé %@%bent invention will be described bel ow. A Co-Fe all oy

which is a base of the Co-Fe 15 bas alloy of the present invention has a
conposi tion represent L IRE Tt om é}ﬁ Eig ty)lnwgrrlé’r‘s)ﬁt%ﬁ’ ¢ . _Y25.

The Co-F I h hi gh i
Tagnet: zat 1 OroSE AR e T CEb & ra NPt eyt T bart of the.
Co- Fe 20 al I(9 EET(%/ 1?10 upgﬁééég c?%)N t%eﬁﬂ% eé{(t E/eI}O q&ﬁ This is

because the Sof magne i'cpropérties tan y 1 npr Gved without a
S|gn|f|ca$t deciease in the saturation nagnetlzatlon 2 to 6 atom c% of one
more el ements 25 selected from2Zr, H and yttriumis added to the above

Co- Fe all oy egyggmNﬂFglﬁggqtnggrm%mggﬂl@19Qngq%>of one or nore elements
sel ected from Ta and i's adde thereto as an M2 elenent. This is

because addiwigeof Fhecgdl, and B, eberent s2kb<ibe abbye<r@ngend achéi tates
anor phi zati on and i nproves nagnetic characteristics as a sputtering film

wi t hout a silgmidicanie derrneaseidelihe Snsatiurits onwhnagnet | Zat iddh of the
Co-Fe alloy. [0013] The Co-Fe based alloy of the present
element in the formula is one or more elements selected

10 from Zr, Hf and yttrium, and the M2 element in the
formula is one or more elements selected from Ta and
Nb. The Co-Fe based alloy for a scoff magnetic film of
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 1is very

advantageous for manufacturing the perpendicular



invention contains 0.5 to 10 atom c% of Ti as an essential elenment for
effectively inproving the 10 weatherability of the Co-Fe based alloy. A
potential / pH di agram shows that Ti has a passivation region in a broad pH
range, and thus Ti is selected as an elenent to be added effective in

i mproving the weatherability. The abowe advantage of inproving the 15
weat herability is small when the content of Ti is less than 0.5 atom c%
and t he magnezdzetionr¢eoddicredasediwhen the content of Ti is nore than 10
atomc% Thus, it is inportant to control the content of Ti in a range of
0.5 to 10 atomc% Furthernore, the content of Ti 20 is desirably not nore
than 5 atom c%to prevent decreasi of the magnetization. [0014]

As descri bed®@bobe, PEHeF Bk P éﬂ%%JﬁQXﬁQﬁlQ%e present invention has a
conposition L @gffented by 25 the formula by an atomic ratio:

((Col oo- x- Fe ? y-Ny) loo("pb+c)-M a-Mb-Tic, where 5X<80, 0<Y<25, 2<a6,

2<b<10, and 0.5c5_10. :[Tgwe%%ﬁ%p?%gg @{gggyt Bé%rg%%fé ﬁhﬁ%@ﬁ@i&?b'e

inmpurities wthout deteri van e present

i nventions FOI; £xa0Dh€,ad N fstFesbasact &l d Dy d OPr €5 b dy; §oe, f or mul a
may have a purity of not lower than 99.9% [0015] 5The Co-Fe based all oy of

the present imyestion wetHarddieri €pnkatibmota i en i frake b ad&rk£360f boron.
The addition of not nore than 5 atom c% of boron can i nprove nechani cal

properties ofntite: add Oy mddhpard igtdpgr hiogdnasss wthowasedi ghidy cant
decrease 10 in the weatherability or magnetization. [0016] A
process for fwoducal) tiweyrCotie based ald oyl smyit ntindle shesdhmoast | ng
process or a powder sintering process. In the nmelt casting process, the 15
Co- Fe based @ 1y ardedegr citltieaiving atiorapofe sadeasntagot or a bul k which
i s obtained bﬁ pl astic working or pressing of the cast ingot. In the powder
sintering pr ] a Co-Fe based all oy powder of a final conposition nay be
produced, by a gas atam zing 20 process, to be used as a raw materi al
powder. Alternatively,"d fixdd$ovitiere medS 8 bty N8y 8y F%VHG @Splurality
of all oy powders orépur netalsgo ers totforn1t£§ fiq@l coqgo ition of the
Co- Fe based a9y ast Paw Hater§ 3 ot © 0 bes Lot ST Rt &P FAg the raw 25
mat eri al po%%%&wgay i ncl ude pressure sintering such as hot isostatic
pressi ng, hot pressing, spark plasma sintering or extrusion press

sintering. [0017] A Co-Fe allcy which is a base of the Co-Fe

15 based alloy of the present invention has a composition
represented by (Coico-x—Fex)100-y—Niy), where 5<X<80 and
0Y<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 0gY<25,
This 1s 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 M1l element, and 2 to 10 atomic$% of

one or more elements selected from Ta and Nb is added



8 The Co-Fe based all oy of the present invention may be
processed in a target material suitable for various types of sputtering
apparatus to forma soft nagnetic fil mhaving excellent 5 weatherability by
sputtering the target. Exanple 1 [0018] The present invention
will be described in nore detail by ngans of Exanples. 10First, cast ingots
havi ng Co-Fe based all oy conpositions shown in Table 1 were produced. Raw
mat eri al s hauieue®o g idy T alcrdrdss tHee 9% I%akerse Relbiéd afd nelted in
a high-frequency heating furnace under vacuum and the nolten alloys were
cast in a noike 26 ek MF qirestente g At kGt e i ifg id ididhfst er of 220

mm x 45 mm The resulting irgcgo,ts were processed into based al | oy

- Fe
bul ks havi ng0 d A eoThfanB O HRE SHF LA Tidife LTRSS RS &/l uat i ng
the weatherability of, the 20 bul ks, sanpl.es .having a,dianeter. of .10 nmx 20
nm wer e pr OC%C%BJ%/;%I}%J@%W% 5 aansdl%b%ecaa ih dl%}%ayéaer olcrhlto}%ﬁe c acid
at 50C f 24 hour.s. The wei.o educt i € asured to eval uate
t he V\eatﬁg’erasbaﬁlluiai/tlontr%aegrbeu%a.{llcﬂle én%g%hér Zéncgﬁbzél\ﬁ{e@u 's 25 are shown in

Tabl e 1. 00131 For eval uating the magnetization of the bul ks, sanples
of 30 mMmx 10 nmXx 5 nmwere produced 9 fromthe cast ingots, and the

magneti zation under anmextesnad pmaneticdy ebd e 160 4Aidn was nmeasured
using a DC nmagnetic properties neasurenent apparatus (TRF5A nade by Toei

| ndustry Co.inddrtk Jon Thenhtesud te. Brigo 5 G howsmi ¢k Tabl Bi 2as [£1019] [ Tabl e 1]
Sampl e essential element for effectively improving the

10 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

15 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

20 is desirably not more than 5 atomic% to prevent
decreasing of the magnetization.
100147

As described above, the Co-Fe based alloy of

the present invention has a compositicn represented by

25 the formula by an atomic ratio: {(Coigo-x—Fex)ioo-v—Niv)igo-
(atbre;~M1,-M2,-Ti., where 5<X<80, 0<Y<25, 2<a<6, 2<b<10,
and 0.5<c<10. The Co-Fe based alloy may contain

unavoidable impurities without deteriorating the



Conmposition of Co-Fe based alloy (atom c% Wight reduction rate Remarks
(%9 1 (C070-Fe30) 90-Zr4-Ta4-Ti2 0.2 Present invention 2
(C070- Fe30)90-2Zr4-Ta4-A 1-Cri 1.3 Conparative Exanple 3

10

15

20

9
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]

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
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
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
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 compesition of the Co-Fe based alloy as
raw material powder. A process of sintering the raw
material powder may include pressure sintering such as
hot isostatic pressing, hot pressing, spark plasma
sintering or extrusion press sintering.

[(0017]



(Co70-Fe30)92-Zr4-Ta4 0.5 Conparative Exanple [0020] [Table 2] Sanple
Conposition of Co-Fe based alloy (atom c% Magnetization (T) Remarks 1
(C070- Fe30) 90-Zn4-Ta4-Ti2 1.3 Present invention 2
(Co70- Fe30) 90- Zr 4- Ta4- A11-Cr1 1.3 Cbngfrative
The Co-Fe based alloy ¢f 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.

Exampie 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 99.92% 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 bulks, 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 3 (Co70-Fe30)92-Zr4-Tag 1.4 Conparative Exanple 10[0021]

Table 1 shows that the Co-Fe based alloy of the present invention
containing 0.5 to 10 atomc%of Ti (sanple 1) has a higher weatherability
than the Co-Fe based alloy without Ti (sanple 3) or the Co-Fe based 10
alloy with Al and C (sanple 2). Tabl & 2 shows that the bul ks of sample 1
of the present invention and sanple 2 of the Co-Fe based all oy containing
Al and O habeom Heardaseguadormgred Zaié ove orftel Bo-Fen bastek 53l | oy of the
sanple 1 is available for a target material or a soft magnetic fil m having
excel | ent wetHeFbl |nagneBanptel @ 9Dob2) Kot rets Rt 9otSiMavi ng

Co- Fe based all oy conpositions shown in Tabl e

3 were roducgﬁdpa %%W
material s haVilfg BEFETY RDFORRT L3S I HAN Y800 WH T Hedt ed dhd nel ted in
a high-frequen heat i ng furnace under vacuum and the lten all oys were
cast in a nﬂ?aag‘%Sb)ﬁa eloffl?ca%%ﬁ%%oo‘r’mjﬁé‘lhgo = havi ngc% diameter of 200

mm x 25 esult] iynngots were processed into Co-Fe based all oy
bul ks ha\r;%nngglg&ﬂd‘ga%yetfeérg% 21180 nm and a thickness of 7 nm For eval uating

the weat herapjdidy of the

[Table 1]
Weight
Sample Composition of Cg—Fe based alloy | reduction Remarks
(atomic¥%) rate
(%)
. Present
1 (Coro—Fesp) so—2Z2ry—Tays~Tis 0.2 invention
Comparative
2 (Coro—Feso) go—Zrs—Tas~Al;-Cry 1.3 Eiample
3 (CoramFesg) sg=ZrqT 0.5 Comparative
Orp—fe3p) sz~ aly— 1Ay : Example
[0020]
[Table 2]
Sample Composition of Co-Fe based alloy |Magnetization| . . .
{atomic%) (T)
. Present
1 {Coro—Fesp) go=Z2ry—Ta,~T1i; 1.3 invention
Comparative
2 (Corp—Fesg) g0~ Zra—Tay—Al-Cr 1.3 Eiample
3 (CoroF  mZrs-Ta 1.4 Comparative
7okeag) 92 4 4 : Example
10 [00Z21]

Table 1 shows that the Co-Fe based alloy cof
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



20 bul ks, sanples having a dianeter of 10 nm x 20 mm were produced fromthe
‘cast ingots and dipped in 10% sulfuric acid at 50C for 24 hours, and the
wei ght reduction rates were neasured to evaluate the weatherability of the
bul ks. The neasurenent results 25 are shown in Table 3. For

eval uating the magneti zation of the bdbks, sanples of 30 mrmm x 10 nm x 5 mm
were produced fromthe cast ingots, and the magnetization under an 11

ext ernal nagaktog #iwh dAbfardd0CkAlsample ngasur édolisi AgShAODE hhaghet i c
properties measurenent apparatus (TRFSA nade by Toei Industry Co., Ltd.).
The results &re khbwh oh Jample 4l of the presefprigyartaPing™the hardness
of the bulks, 10 mmx 10 nmx 5 nn1sanp|eglmere roduced %ion1th§£cast

ingots and tHEPL? dhedt Wal FRaBRredstdi At RAckARFPIRAFENEss2PEstEr on C
scale. The results are showmn in Table 5. 10[0023]. [Table 3] _Sanple
Composi 11 on V0t FE Babhct GHFbyR{ BRORF 299 Vel gh ™ clic  PoR°Fabe. (99
Rermar ks 45(CQPPS§Q§P)t§Q-§££§EQAiTl&-géaﬁlgble 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
nnder vacuum and the molten ailoys 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 bulks, 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



Present invention 5 (Co70-Fe30) 90-Zr4-Ta4-Ti2 7.9 Present invention 6 (
(COB3-Fed47) 95-Ni5) 89-Zr2-Nb6-Ti4 9.7 Present invention 7 (Co70-Fe30)
90- Zr4-Ta4- Al 2 10. 3 Conparative Exanple 8 (C079-Fe30) 90-Zr4-Ta4-Cr2 10.8
Conpar ative
11

external magnetic field of 160 kA/m was measured using

a DC magnetic properties measurement apparatus (TRFGA

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

shown in Table 4.

5 For evaluating the hardness of the bulks, 10

mn 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,
i0 f0023]
[Table 3]
Weight
Sample Composition of Cq—Fe based alloy | reduction Remarks
{atomic%) rate
(%)
4 (CO?O—Fe;ao}90‘ZI4‘Ta4—Til—Bl 6.9 Fresent
) invention
S (Coro~Feso) o~ Zra—Tas~Ti, 7.9 Present
) invention
. . P t
6 ({Cos3z—Fey7) 05~ Nis) gg—Zra—Nbg—Tiy 9.7 iniziz?on
Comparati
7 | (Corg-Fesn) so-Zra—Tas—Al, 10.3 Eiam;l;"e
_ _ _ _ Comparative
8 (CO70 Fe3o) ag—bry—Tas—Cro 10.8 Example




Exanpl e

Pr esent

5

10

12 [0024] [Table 4] Sanple Conposition of Co-Fe based all oy
atomc gneti zation emar ks -Fe -Zr4-Ta4-Ti 1- :
( 1 c% M ' ' (T R ks 4 (Co70-Fe30)90-2Zr4-Ta4-Til1-F1 1.3

i nvention 5 (Co70-Fe30) 90-Zr4-Ta4-Ti2 1.3 Present

i nvention 6

12
[0024)]
[Table 4]
Sample Composition of Cg*Fe based alloy [Magnetization Remarks
(atomic®) (T)
. (Corst ) v Zr—Ta,~TisB 1.3 Present
Orp— €30/ 90 4 4 bl . invention
. Present
5 (Coro—Feso) 9o~ 2ry—Ta—Ti: 1.3 invention
o C(c _p ) ss=Nic) sa—Zrs—Nbe=Ti 1.1 Present
| oOs3—Fey7) o5 5} 88 2 3 4 . invention
‘ Comparative
7 (Coro—Feso) so—Zry—Tay~Al; 1.3 Eiample
Comparative
8 (Coro-Fesp) 90— 2ry—Tays~Cr: 1.3 Eiample
[0025]
[Table 5]
Sample Composition of Cg—Fe based alloy Hardness Remarks
{atomic$) {Hzc)
, Present
4 {Co7p-Fesp) 9o=2r.—Tas—Ti;~B: 53.1 invention
, Present
5 {(Coro—Feszp} oo~2rs~Tay—Ti> 56.8 invention
i . Present
6 ( (Cosz—Feyur) o5—Nig)gs—Zry~Nbs—Tiy 59.6 invention
Comparative
7 (Coro=Feso) eo=2ry—Taqs~Al; 55.0 Eiample
Comparative
8 (Corp—Feap) 9o—2ry—Tay—Cr; 48.2 Ezample
[0026]

Table 3 shows that the Co-Fe based alloys of

the present invention containing 0.5 tc 10 atomic® of

Ti

than the Co-Fe based alloys with Al or Cr

and 8)

(samples 4,

5 and o)

have a higher weatherability
{(samples 7

Table 4 shows that the bulks of samples 4, 5




('(CIBS-Fe47) 95-Ni 5) 88--Zr2-Nb6--Ti4 1.1 Present invention 7 (Co70-Fe30)
90-Zr4-Ta4-Al 2 1.3 Conparative Exanple 8 (Co70-Fe30) 90-Zr4-Ta4-Cr2 1.3
Conparative Exanple [0025] [Table 5] Sanple Conposition of Co-Fe based
alloy (atom c% Hardness (HRc) >
and 6 of the present invention and samples 7 and 8 of
the Co-Fe based alloys containing Al or Cr have a
nearily 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  [90029]
(1) Weatherability test
Thin film samples deposited on glass

substrates having a film thickness of 200 nm were



Remar ks 4 (Co70-Fe30)90-Zr4-Ta4-Ti1-B1 59.1 Present invention 5
(C070- Fe30)90-Zr4-Ta4-Ti 2 56.8 Present invention 6 ( (COb63-Fe47) 95-Ni 5)
88-2 r2-Nbs-Ti4 59.6 Present invention 7 (Co70-Fe30) 90-2r4-Ta4-Al 2 55.0

Conpar ati ve Exanpl e
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 25¢g using a Micro-Vickers apparatus.

The average value is determined as hardness and shown

in Table 6.



8 (Co70-Fe30) 90-Zr4-Ta4-Cr2 48.2 Conparative Exanple 5[ 0026]

Tabl e 3 shows that the Co-Fe based alloys of the present invention
containing 0.5 to 10 atomc%of Ti (sanples 4, 5 and 6) have a hi gher

weat herability than the Co-Fe based alloys with Al or C (sanples 7 10 and
8). Table 4 shows that the bul ks of sdfples 4, 5 13 and 6 of the present

i nvention and sanples 7 and 8 of the Co-Fe based alloys containing Al or Cr
have a nearly equal nagnetization. Further, Table 5 shows that the Co-Fe
based all oy of the present invention 5 containing 0.5 to 10 atom c% of Ti
and not nore than 5 atom c% of B (sanple 4) has inproved hardness. Exanple
3 [0027] First, cast ingots having Co-Fe based alloy 10 conpositions shown
in Table 6 were produces. Raw materials having a purity of not |less than

99. 9% were heated anfi melfted]in g hi gh-frequency heating furnace under
vacuum and cast in a ngljpng @ off iron to formthe ingots having a dianeter
of 200 mMm x 25 mm Theﬁlngg %yging i ngots were processed into Co-Fe based
all oy target materi al sshawi agasdi ameter of 180 mm and a thickness of 7 nm
[0028] The produced fafget Fatefijals were used in a
< ETE e
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Composition of Co=Fe based alloy | Weatherability i Magnetization
(atomic$)

{Coro-Fesg) oo~ar—Tas—AL,-Cr

(CO'?O—Feso) 90—Zr4—Ta4-—Tiz

[0030]
[Table 6]
Sample

8

10




20 magnetron sputtering process to forma Co-Fe based alloy thin filmon a
substrate for the followi ng evaluation tests. The sputtering process was
carried out under conditions of an Ar pressure of 0.6 Pa and an i nput
el ectric power of 500 W 25[0029] (1) Weatherability test Thin
fil msanpl es deposited on glass substtéates having a fil mthickness of 200
nmwere 14 subjected to a weatherability test involving dipping themin
pure water fppo24] 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 visually obskahdd ¢ uiweey el dshe 0Codml asethpleldn avhich a
corroded region is visually observed is described asl/éiZ) Eval uation of
magnet i zat i o THRFLFGI n SHf o gidrder g 747 doh Wardromee s PR film
t hi ckness of 300 nmwere cut into 10 x. 10 nm and subj ect ed éo. t he
eval uati on of* ths RGN AR ony Wr@%ﬁf}‘t CHFE sHEWh Fn Tabl e
6. The neasurenent. was carried out using a vibrating sanple nmagnetoneter
VSM 3 madi bv%él%%a?%?ﬁ%ﬁ &PL,lt ‘?Jal.n%%){%%ﬁesr*san external magnetic field
of 800,000 A/m (3) Evaluation of hardness Thin filnms were
formed on al um num substrates having a filmthickness of 4 |.tm The
results of npaguy t -r%&s ; the sanples are shown in 20 Table 6.
The hardness was ﬂn%gaslupgp&f% |v€l%§oi nts at an applied | oad of 25g using a
M cro- Vi ckersp@ppar at us. The average value is detern ned as hardness and
shown in Table 6. 16 [0031]

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.



Tabl € 6 proves that the Co-Fe based alloy of the present invention
containing 0.5 to 10 atom c% of Ti has excellent weatherability even when
formed into a 5 thin filmby the sputtering process. |ndustrial
Applicability [0032] The Co-Fe based alloy for a soft magnetic
~filmof the present invention has excél’lent 10 weatherability while

mai nt ai ni ng soft magnetic properties, and therefore can be used for formng
a soft magnetic filmfor a perpendi &#dMSmagnetic recordi ng nedi um or the

| i ke under stable conditions. 17 CLAIMS [C aim 1] A Co- Fe
based al | oy f6t2aMsdit magnetic film having a conposition represented by a

f la b ' 1.O: | 00- Xx- -y-Ni 100- b -41a.

[N\ a2b" T whor o 5% Ea0CO0ES 38883 a1 HES5te | ot Sat ERAE MR bl ance
1 where 5X. E30,°CFy<28°°3 5298, ~and" ¢ e b

or more ol anbatigcRoRphbbFdsashrteLpelfeCh, By L Ekeh A By Bhovent i n the

fornmula is oge.Qt.MpLre;glements selected fromTa and Nb. [C ai m 2]
The Co-Fe baseg aFon according to claim11, further conprising boron (B)

and has a conppesitiomre epresented by a fenmuyg,-®y, an atomc ratio:
( Cono- x- Fex) 1oo§°t\°(-"|\|| vy e (g+ ic(-xicﬁ 'M a- Meb- Ti c- Bd, where 5<X80,

3C)J<Y5_25, 2. t hith©rd<bsxand, t heydad anpeadEsi ngbdnavoicdakicetionpanit tas. [C aim
] balance being unavoidable impurities,

wherein the M1 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:

( (Cor00-x-Fex) 100-v-Niy) 100- (asbrced) ~M1a-M2p-Tic-Ba,

where b<X<80, 0<Y<25, 2<a<6, 2<b<10, 0.5%c<Ll0, d<5, and
the balance being unavoidable impurities.

[Claim 3]

The Co-Fe basged 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 oxr
2, wherein the Co-Fe based alloy forms a soft magnetic
film layer of a perpendicular magnetic recording

medium.



The Co-Fe based all oy according to claim1 or 2, wherein the Co-Fe based
alloy is used as a sputtering target material. [C aim4] The
Co- Fe based alloy according to claim1l or 2, wherein the Co-Fe based all oy
forms a soft magnetic filmlayer of a perpendicul ar nagnetic recording

medium 18 [C aim 5] The €8-Fe based alloy according to claim1l
or 2, wherein the Co-Fe based alloy has saturation nmagnetization of not
| ower than 1[01Fin[ & ai m 6] A soft magnetic fil mnmade of the

Co- Fe based alloy according to claiml1l or 2 and forned by a sputtering
process. [C aim 7] The Co-Fe brsemit L A TRIHERT ctF eeot #hng B8di um

conprising at least one filmlayer made JSL t he Co-Fe based all oy according
toclaiml 015" DWRET & u?%%rq%?%‘%/ fo#5&d iy %Yimta‘?‘ SEOT Y HG I I m layer. [Caim
8] A perpendi cul ar_ magnetic recordi medi um conpri sing at

| east one Ia@%gngflg%ﬂorﬁa%ﬁe??E TTRY n%%%n of’(?ﬁTe' Co- Fe based al |l oy
according to @lgﬂﬁn g,] or 2 and fornmed by a sputtering process as an

under | ayer 01[ a magnetic recording filmlayer.

A soft magnetic film made of the Co-Fe based
alloy according to claim 1 or 2 and formed by a
sputtering process.

[Claim 71

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.



