1 Cr-DOPED FeCoB BASED TARGET MATERI AL AND METHOD FOR PRODUCI NG THE SAME
CROSS- REFERENCES TO RELATED APPLI CATION 5 This application clainms priority
to Japanese Patent Application No. 222059/2006 filed on August 16, 2006,
the entire disclosure of which is incorporated herein by reference.
BACKGROUND OF THE | NVENTION 10 Field of the Invention This invention
relates to a Cr-doped FeCoB based target naterial used for formng a soft
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15 The recent progress in the magnetic recording technology is
remarkable, and the record densities of magnetic record media are
being heightened for increasing capacities of drives. In the
magnetic record media for the longitudinal magnetic recording
systems currently used worldwide, however, an attempt to realize a

20 high record density leads to refined record bits, which require a high
coercivity to such an extent that recording cannot be made with the
record hits. In view of this, a perpendicular magnetic recording
systemn is under study as a means of solving these problems and
improving the record densities.

25 The perpendicular magnetic recording system is a system in
which a magnetization-easy axis is oriented in the direction vertical
to a medium surface in the magnetic film of the perpendicular
magnetic record medium, and is suitable for high record densities.
In addition, as for the perpendicular magnetic recording system, a

30 two-layered record medium has been developed having a magnetic
record film layer where the record sensitivity is improved and a soft
magnetic film layer. A CoCrPt-SiO; based alloy is generally used in
the magnetic record film layer.

On the other hand, examples of known soft magnetic layers

35 are as follows. Japanese Patent Laid-Open Publication No.
346423/2004 discloses a Fe-Co-B based alloy target material in



+ 346423/ 2004 di scl oses a Fe-Co-B based alloy target material in 2 which the
di aneter of the maxi muminscribed circle which can be drawn in a region
with no boride phase in a cross-mcrostructure is equal to 30 mor |ess.
Japanese Patent Lai d-Qpen Publication No. 320627/2005 discloses a nethod
for producing a Co alloy target 5 materid conprising 1 to 10 aton®o Zr and
1 to 10 aton% Nb and/or Ta, and the bal ance bei ng essentially Co,
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magnetic flux region, enablmg a high-speed coating. Since the
magnetron sputtering method has a feature of leaking the magnetic
flux on the sputtering surface of the target material, in the case
where magnetic permeability of the target material itself is high, it
20 is difficult to form, on the sputtering surface of the target material,
the leaked magnetic flux necessary and sufficient for the magnetron
sputtering method. 1In view of this, Japanese Patent Laid-Open
Publication No. 346423/2004 is proposed for a demand for reducing
the magnetic permeability of the target material itself as much as
25 possible.

However, the maximum thickness of the target product
produced as described above is approximately 5 mm. If the
thickness exceeds 5 mm, leaked magnetic flux is insufficiently
created on the surface of the target material, resulting in the

30 impossibility of normal magnetron sputtering. A Fe-based material
is desired since a high magnetic flux density is required for a film of
a target material used for the magnetron sputtering. In this case,
however, corrosion resistance is unsatisfied, while there are
problems that the oxidation of the target material degrades the film

35 quality and that an abnormal discharge occurs in an oxidized area
during the sputtering process to result in sputtering failure.



- however, corrosion resistance is unsatisfied, while there are problens
that ‘the oxidation of the target material degrades the film35 quality and
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15 Specifically, according to the present invention, there is
provided a method for producing a Cr-doped FeCoB based target
material, comprising the steps of:

providing raw-materials of two or more kinds of FeCoB based
alloy powders which are different in composition from each other,

20 wherein at least one of the FeCoB based alloy powders comprises Fe
and Co in a total amount of 60 atom% or more such that Fe:Co
atomic ratio is within a range of 70:30 to 40:60, and comprises Cr
in an amount which is from 15 to 25 atom% greater than B;

mixing the two or more kinds of the FeCoB based alloy
25 powder together to obtain a powder mixture; and
consolidating the powder mixture to form a target material.
Further, according to the present invention, there is provided
a Cr-doped FeCoB based target material having a maximum
magnetic permeability of 25 or less.
30
DETAILED DESCRIPTION OF THE INVENTION
Method For Producing Cr Doped FeCoB Based Target Material
Typically, a FeCoB based target material can be obtained, as
described in Japanese Patent Laid-Open Publication 346423/2004,

35 by producing an alloy powder through a method such as gas

atomizing, sintering thus obtained raw-material powder through a




- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Met hod For Produci ng Cr Doped FeCoB
Based Target Material Typically, a FeCoB based target material can be
obt ai ned, as described in Japanese Patent Lai d-Qpen Publication

346423/ 2004, 35 by producing an alloy powder through a method such as gas
atom zing, sintering thus obtained rawnederial powder through a 4 nethod
such as hot isostatic pressing, and then being subjected to nachining to
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atom% greater than B.
The reasons that the component composition is limited as
described above will be described below.

20 The inventors have studied magnetic characteristics and
constituent phases in the three elements, Fe-Co-Cr. As a result,
the inventors have found out that the saturation magnetic flux
density significantly reduces within the compositional range in which
the atomic ratio of Fe:Co is within a range of 70:30 to 40:60 and Cr

25 is not less than 15 atom%. In other words, it was found that the
main constituent phases in this composition region were fcc phase
and hcp phase, both of which were found to have low saturation
magnetic flux densities.

In the three elements, when Fe is richer than the Fe:Co ratio

30 of 70:30, bcec phases in which the saturation magnetic flux density
is high are increased, whereas when Co is richer than the Fe:Co
ratio of 40:60, the saturation magnetic flux density increases
especially in fcc phase, between fcc phase and hep phase, leading to
an increase in saturation magnetic flux density. It was also found

35 that, even in the range of the Fe:Co of 70:30 to 40:60, Cr content

of less than 15 atom% leads to an increase in saturation magnetic



magnetic flux densities. In the three elenments, when Fe is richer than th
Fe:Co ratio 30 of 70:30, bcc phases in which the saturation nagnetic f}ug
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magnetic flux density, while the Cr- B content of more tﬂan 25
atom% leads to an increase in brittle phases.

When the total amount of Fe and Co is less than 60 atom% in
alloy powder with a low saturation magnetic flux density, the

20 amounts of Fe and Co in the other element powders increase,
resulting in a powder having a high saturation density. As a result,
the magnetic permeability of the entire target increases, leading to
impossibility of efficient magnetron sputtering. According to a
preferred aspect of the present invention, this alioy power having a

25  low saturation magnetic flux density preferably comprises Fe and Co
in a total amount of 60 to 80 atom %.

In this manner, two or more kinds of FeCoB based alloy
powders are mixed to obtain a powder mixture, and then the
powder mixture is consolidated to form a target material. The

30 consolidating process can conducted through a well-known method
as described in Japanese Patent Laid-Open Publication No.
346423/2004, but is not particularly limited. According to a
preferred aspect of the present invention, a pressure of 50 MPa or
higher, preferably 100 to 500 MPa, is preferably applied to the

35 above powder mixture at a temperature of 800 to 1200 °C,
preferably 900 to 1100 °C, so as to consolidate a target material.



25 | ow saturation magnetic flux density preferably conprises Fe and Co in
a total amount of 60 to 80 atom % In this manner, two or nore kinds of
FeCoB based alloy powders are mxed to obtain a powder m xture, and then
the powder mxture is consolidated to forma target material. The 30
consol i dating process can conducted throuwh a well-known nethod as

descri bed in Japanese Patent Laid-Qpen Publication No. 346423/2004, but is
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as described above, there is produced the Cr-doped FeCoB based
target material that can be used efficiently in magnetron sputtering
processes and has a low magnetic permeability.  According to a
preferred aspect of the present invention, the Cr-doped FeCoB
20 based target material has a maximum magnetic permeability of 25
or less.
According to a preferred aspect of the present invention, the
target material preferably has a Cr content of 0.5 to 18 atom%,
more preferably 5 to 15 atom®, and preferably has a B content of 5
25 to 30 atom%, more preferably 10 to 15 atom%.
According to a more preferred aspect of the present invention,
the Cr-doped FeCoB based target material comprises:
Co: 15 to 40 atom%, preferably 25 to 35 atom%;
Cr: 0.5 to 18 atom%, preferably 5 to 15 atom%;
30 B: 5 to 30 atom%, preferably 10 to 15 atom%; and
the balance Fe and unavoidable impurities.

EXAMPLES
The present invention will be described below in detail with
35 reference to examples.
As shown in Table 1 and Table 2, raw-material powers were



- According to a preferred aspect of the present invention, the target
material preferably has a & content of 0.5 to 18 aton? nore preferably 5
to 15 aton?g and preferably has a B content of 5 25 to 30 atontg nore
preferably 10 to 15 aton According to a nore preferred aspect of the
present invention, the Cr-doped FeCoB based target material conprises: Co:
15 to 40 atontg preferably 25 to 35 atonfy4 Cr: 0.5 to 18 atonty preferably
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in Table 2468 cofdPh€t khus produced was subjected to a machining process
and a wire cutting process to obtain target materials each having a
15 final shape with an outer diameter of 180 mm and a thickness of 7
mm. The characteristics of the target materials are shown in Table

2.



- Raw Material Powder (1) No. Conp osition at% Bs Remarks Fe C & B Fe: Co
Cr-B'KGauss 0 1 48 32 20 0 60:40 20 4 2 56 24 20 0 70:30 20 6 3 28 37 25
10 43:57 15 8 Exanples 4 33 32 30 5 51:49 25 2 5 35 35 25 5 50:50 20 2 6
60 20 20 0 75:25 20 14 7 25 40 25 10 38:62 15 11 Conparative 8 42 28 20 10
60: 40 10 15 Exanples 9 42 28 30 0 60:4080 3 (Underlined part is outside
the conditions of the present invention) a) YN4va EEQCE LUowU U
C=C(L7 (OELnInInO0OO0InOIl. -H#hé\lo E. NNNNNd d'd Uln XN

rdaNcD N MWN.tM_* th 'S.L.Rn-t0 O ln M t— o—at-++t—kbBb+6—40 i0 In
to 00 - |4ncdet maw-Materim!Powdes @a mui m OlLinin nmmLhmV ML
a) No Composition (at%) Bs Remarks
"|Fe | C |Cr| B | Fe:Co | Cr-B | KGauss
0

1 1483220 0 | 60:40 20 4

2 15624120 0 | 70:30 20 6

3 1283725110 43:57 15 8 Examples

4 |33(|32|30| 5 | 51:49 25 2

5 |35|35|25| 5 | 50:50 20 2

6 |60:20120| 0 | 75:25 20 14

7 25140125110 38:62 15 11 Comparative

8 (421]128120:10: 60:40 10 15 Examples

9 |142]128:30] 0 |60:40 | 30 3

(Underlined part is outside the conditions of the present invention)
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0z .--1 NMd Ln LONOO d Q0 10 For evaluation itens of the
characteristics of the target materials thus produced, the powder
saturation magnetic flux density (Bs) and the nagnetic perneability were
nmeasured as described below 5 (1) Povvdeg saturation magnetic flux density
(Bs) The saturation magnetic flux density ?Bs) of the powder was neasured
by the use of a vibrating sanple nmagnetoneter (VSM in an applied magnetic
field of 1200 kA/ m FoR)eMaunaion remeadl ithiey chreaactenistits ab tRiengarget

speci nens each having ap outer dianetgr of 15 nm__.an_j.nner_di e Qf 10
mm and a hei Q?ﬁt‘iﬂa% ﬁHP\ﬁEPéOHH&@.dr %nPoﬁ’d@rHSPrtH@#'o\ﬂagn%ggg%{cg s ur e
the magnetic d@ﬁ@.:ﬂif]t(iﬂsi)t ¥nef tRachadmnetisppermaabifitgnwarel neeasagretas

r

field of 8 KAAm e measurenment itemis the maxi num nmagnetic 15
per meabi | i ty. degeri®ed B§IQY -t he raw naterial powder (1) and the saturation

venti on,> whi e Nogo e S R e an) e Conpar at jye.
: e Nos, o0 9 are the conpgrative exa S, r

exanpl es Nos. 6 andlPex§akdiatigp: @Eﬁ‘%\?%ﬁg@ﬂpé‘t dsasi R@Jﬁ%f Qf%gﬁ%ﬁ%ﬁgfhe
Fe: Co range ofyad $n88sliPed0hQOLae apsdlidigat Qiliiaimy esamiplennery netometer
Conpar ati ve exanples Nos. 8 and 9 il ust r,ail& Iggé plc())Q?ers In the cases
where the Cr- BVodh: éntan eRnliedrapgsetitfie gﬁf PskA{B 25 atonte However,
all of exanpl %) Nos maghétie pamMpeadifey Pheatortmenmty os and the Or-B

content withi he range of 15 to 25 t ono accordi ng to the pr nt

i nventi ortO Tabl e 2 Bmagjssnwmange@a%?@wag éﬁn?)‘ég‘?'?p@{n‘-{]:ﬁé Ofggsl)mt'i ons
and the m xingnr giih&r efiabdierdr28r 188 Shifl apave eheidHD ofrBl rhhe were madel al
powder (2), and the nmagnetic 30 perneability of the target terial. ﬁAs
shown in Tabl §h&n,Nog8. B1Ht freCeFe WRE &4e8fI &8 o'f"‘?@@%‘e gﬁt MARERET 6N,

while Nos. 6 permeability of each ring specimen in an applied magnetic field
of 8 kA/m. The measurement item is the maximum magnetic
15 permeability.

Table 1 shows the raw-material powder (1) and the
saturation magnetic flux density (Bs). Nos. 1 to 5 are the
examples of the present invention, while Nos. 6 to 9 are the
comparative examples. Comparative examples Nos. 6 and 7

20 have Fe:Co atomic ratios, which fall outside the Fe:Co range of
70:30 to 40:60 according to the present invention.
Comparative examples Nos. 8 and 9 illustrate alloy powders in
the cases where the Cr-B contents fall outside the range of 15
to 25 atom%. However, all of examples Nos. 1 to 5 have Fe:Co

25 atomic ratios and the Cr-B content within the range of 15 to 25
atom% according to the present invention.

Table 2 shows the target material composition, the
compositions and the mixing ratio of the raw-material powder
(1) and the raw-material powder (2), and the magnetic

30 permeability of the target material. As shown in Table 2, Nos.
1 to 5 are the examples of the present invention, while Nos. 6
to 10 are the comparative examples. In each of the
comparative examples Nos. 6 to 9, since the raw-material
powder (1) falls outside the condition range of the present

35 invention as shown in Table 1, the maximum magnetic
permeability is high. In No. 9, the processing was difficult. In



- to 10 are the conparative exanples. In each of the conparative exanples
Nos. 6 to 9, since the rawnmaterial powder (1) falls outside the condition
range of the present 35 invention as shown in Table 1, the naxi mnum magnetic
perneability is high. In No. 9, the proceﬁriang was difficult. In 11 No.

10, it can be seen that, since the target terial was consolidated by use
of the single rawmaterial powder as in the conventional cases, the

maxi mum nmagnefNe: [€),méabchnt hervaseei ghat,5 sinceotheatarget vwtasialseeas

that, since each of. exanple = Nos. to.5 h T ' L . Lsfies
the conditi on§°5‘§°ﬁ'lcﬁ’éeﬁ|r b%’eH?ei (/bﬁ?i%ﬁ‘,g?% tﬁ@@é@ﬁ%ﬂ%ﬁ%ﬁ%@% %%r@g{a%?l ity
is low In viewvehtidwese,cddes,f etheonagirhachsmagnbticsegmrmsahhdidy twes
conposi tions %fé %he target materials in Nos. 1 to 10 are 10 simlar, the
characteristi €898f the filns after the sputtering process are simlar to

each other5 However [ni gohbeast, adecah bhesetar ghat nsirce atadlef of exsnpde

i mum nagnef\as- bekheaih 05 PFenethd YBRbH R e s Soridli ok, bf°

differ in 15 the @easehy wivermgoalithd Imaximakinngnagoetihegeangabilsty fiace

e R A B ShSRe ng e SERR BT IR A0 sl chied?! o
conparative expBpkepapdsitiensrobathealtarget i mdteeidsCodr Noar nar yo sy6t anme t he
20 et b o on RS e ShadStiiiikiiss AETMLLABRLY A Lhd "Sapriasing
40:60 and O @frotlstoardd sk t&wddierothie. t iHowBe@OIB thestagarof shiet em
o e P ThuStasd EraETab e AR P i AR PP
Cr based borigpe dpeesapt sirudtieant byffeffeet the magagimem magnetic
door eases. - As PEMEARIILY FRMOEREaHRERA AN XETRIEy: S5 ShUPst Lt <o
be 15 the density of magnetic flux leaking from the target surface in
the sputtering process. It is seen from these points that the
examples of the present invention provide advantages for
sputtering over the comparative examples.
As described above, in the FeCoCr ternary system, the
20 saturation magnetic flux density is significantly low in the
composition comprising Fe and Co in an Fe:Co element ratio of
70:30 to 40:60 and Cr of 15 to 25 atom%. Further, in the
FeCoCrB quaternary system, for Fe:Co ratio, the same behavior
was observed as the FeCoCr ternary system. In the quaternary
25 system, B mainly form a Cr based boride. The Cr based boride
does not significantly affect the magnetic characteristics, but
the Cr concentration in the FeCo based matrix decreases. As a
result, the Cr content in the ternary system is assumed to be
equal to the Cr-B content. Accordingly, by the use of a
30 raw-material powder having a composition of the Cr-B content
of 15 to 25 atom%, significantly beneficial effects of reducing
the magnetic permeability of the target material are
successfully attained.



- equal to the Cr-B content. Accordingly, by the use of a 30 raw materi al
powder having a conposition of the C-B content of 15 to 25 atontg
significantly beneficial effects of reducing the magnetic perneability of
the target material are successfully attgikned. 12 WHAT IS CLAIMED I S: 1.
A nmet hod for producing a Cr-doped FeCoB baSed target material, conprising
the steps of: providing rawmaterials of two or nore kinds of FeCoB based
al | oy pOV\dersWHiﬂthSr@Lﬂi[Mi’@éSt. in conposition from each other, wherein

2 Least one ot e AFsCaB RS, PrkRlye FRLESEE-GPH, RESIRE Ak St
range of 70: 3Gnateriad; 60mm91.@m3|$m$mfl n an anmount which |s from 15dto
25 A - .

25, ook onte great ot {hah Ryl el hiSel ot TS 5 Mre! ki BERRCeRS
powder m xtur dased alloy pewmghirs mahierh adre 2d|ffre1&3nteuhodoa¢posdtlmg fr@ml aim

atoms or. 3 R dopsr reBlaRinc A IERSE, Snk a4t o fe bt AUV by

the met hod acq,mvddegs tawmpaiseslFera2d @o A @rt-ota}b&tmléem&bﬁbdtd)m%enr
oot 21 hae! Bafe ST TN BENSH oRLTRRE |4 YuthiF RoabeSa B atitos
30 atonto B, add®):&® todl8oatpnike€r Cr in an amount which is from 15 to 25
atom% greater than B;
mixing the two or more kinds of the FeCoB based alloy
powder together to obtain a powder mixture; and
consolidating the powder mixture to form a target
material.

2. The method according to claim 1, wherein the target
material comprises 5 to 30 atom% B and 0.5 to 18 atom% Cr.

3. A Cr-doped FeCoB based target material which s
obtainable by the method according to claim 1 or 2.

4. A Cr-doped FeCoB based target material having a
maximum magnetic permeability of 25 or less.

5. The Cr-doped FeCoB based target material according to
claim 4, comprising 5 to 30 atom% B, and 0.5 to 18 atom% Cr.



