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5 CROSS- REFERENCE TO RELATED APPLI CATI ON The present application clains
priority to Japanese Patent Application Np. 2007-241101 fil ed on Septenber
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magnetic record mediyp padaag FrH}é {aﬁ‘ rfé?ét@é% aheaan ggesre)e@r Raf, the

pbr pendi cul ar magneti ¢ recor dr ng yered ord medium has
been devel oped\li3,5 Hr'avr 1) aandgnétrfdi)uféeﬁﬁwfrtﬂﬁﬂﬁﬁyéﬂaﬁﬂlﬁ an Sathr Rleda

record sensi té ?rn%t?c S@ch hcaf;béfpéﬁgﬁ{ulaﬁ %r‘?étre' (Eehafng 2

alloy is gener i h the netrcrec m | aye t he ot her
hand, a Cb%r theduam oderetmmanremuenbl@eh also relates to a method for

producing the alloy and the sputtering target material.
Description of Related Art
In recent years, there have been remarkable progresses
in magnetic recording technology, and heightening record
20 densities in magnetic record media is proceeding due to
increasing drive capacities. In magnetic record media for
longitudinal magnetic recording systems currently used
worldwide, however, attempts to realize high record densities
result in refined record bits, which require high coercivity to
25 such an extent that recording cannot be conducted with the
record bits. 1In view of this, a perpendicular magnetic recording
system is being studied as a means for solving these problems
and improving record density.
The perpendicular magnetic recording system is a system
30 in which a magnetization-easy axis is oriented in the direction
perpendicular to a medium surface in the magnetic film of a
perpendicular magnetic record medium, and is suitable for high
record densities. For the perpendicuflar magnetic recording
system, a two-layered record medium has been developed
35 having a magnetic record film layer with an improved record
sensitivity and a soft magnetic film layer. A CoCrPt-Si0O; based




proposed for a soft-magnetic filmlayer, as disclosed in Japanese Patent
Lai d- Open Publication No. 2005-320627 proposes use of. 5 A high saturation
magnetic flux density and hi gh anorphous properties are required for the
soft-magnetic filmlayer in the perpendicylar nmagnetic recordi ng nedi um
The CoZrNb/ Ta alloy disclosed in Japanese Patent Lai d-Open Publication No.
2005- 320627 may however, result in a | ower saturation 10 rragnetl c flux
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powder sati stying 18} Fmagiddié tHok der?s;%g, (38 '9) decrease in PTF
value, which influences sputtering rate during magnetron
sputtering. In the meantime, PTF value is the proportion (%)
of a direct current magnetic field having passed through a
20 ferromagnetic sputtering target as defined in ASTM F1761-00,
the entire disclosure of which is incorporated herein by
reference. Amorphous properties mean a degree of easiness
with which an alloy becomes amorphous during quenched
3 solidification or sputtering.
25
SUMMARY OF THE INVENTION

The inventors have now found that an alloy comprising
one or more of Zr, Hf, Nb, Ta and B in an amount satisfying 5
at% < (Zr+Hf+Nb+Ta)+B/2 < 10 at% and having 7 at% or less
30 of B; O to 5 at% in total of Al and Cr; and the balance being Co
and Fe in an amount satisfying 0.20 £ Fe/(Fe+Co) < 0.65 (at%
ratio) with unavoidable impurities is excellent as a sputtering
target material for a soft-magnetic film layer in a perpendicular
magnetic recording medium with a high saturation magnetic flux

35 density and high amorphous properties.
The inventors have also found that a sputtering target



and 3 at% <_ (Zr+Hf +Nb+Ta) +B/ 2 <_ 12 at% with a second 5 powder satisfying
0.00 < Fe/(Fe+Co) 5 0.10 (at%ratio) and 3 at%<_ (Zr+Hf +Nb+Ta)+B/2 <_ 12
at% and consolidating the m xed powder at 800 to 1250 C and at 100 to
1000 MPa. According an aspect of the present invention, there is provided
a sputtering target material for a soft-magnetic film 10 layer in a

per pendi cul ar magnetic recording nedium the target bei n&Hmade of an all oy

conprising: onBaferidr with Zrhigh P vatdeanndpai Righ 8 deasit yady 5
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Fil m Layer 5 TQ@,/OSBPtléggld}QBE arget material according to the present
15 Al and Cr: 0 to 5 at% in total; and
the balance being Co and Fe in an amount satisfying 0.20
< Fe/(Fe+Co) < 0.65 (at% ratio) with unavoidable impurities.
According to another aspect of the present invention, a
method for producing the sputtering target material is provided
20 comprising the steps of:
a) mixing a first powder and a second powder to form a
mixed powder, wherein the first powder comprises:
one or more of Zr, Hf, Nb, Ta and B in an amount
Lo satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2 < 12 at%,;
25 Al and Cr: 0 to 5 at% in total; and
the balance being Co and Fe in an amount of satisfying
1.00 = Fe/(Fe+Co) =z 0.90 (at% ratio) with unavoidable
impurities, and wherein the second powder comprises:
one or more of Zr, Hf, Nb, Ta and B having an amount of
30 satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2 < 12 at%,;
Al and Cr: 0 to 5 at% in total; and
the balance being Co and Fe in an amount satisfying 0.00
< Fe/(Fe+Co) < 0.10 (at% ratio) with unavoidable impurities;
and
35 b) consolidating the mixed powder at 800 to 1250 °C and
at 100 to 1000 MPa to form the sputtering target material.



invention is a sputtering target material for a soft-magnetic film |ayer
in a perpendi cul ar magnetic recording nediumand is made of a Co-Fe based
all oy. The Co-Fe based alloy conprises one or nore of Zr, Hf, Nb, Ta and B
in an anmount satisfying 5 10 at% <_ (Zr+Hf 3No+Ta) +B/2 <_ 10 at % and havi ng
7 at%or less of B, Oto 5 at%in total of Al and Cr; and the bal ance
being Co and Fe in an anmount satisfying 0.20 <_ Fe/(Fe+Co) <_ 0.65 (at%
rati o) with unavoidable inpurities. The reasons for the conpositional

limtations in the allo Y i for the
soft-magnetic film | ay%FTéﬁéﬁgg %$F§§,§ﬁ@é\'/ F%eml?qh,d\i%?g?o ratio is a
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i nproved, causing a significant degradation Ih corfosiOon resistance.
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range of 1 romaVE A8 A3 B 271 Gy And the eputtering target mmterial,
while the Fe/(Fe+Co) being at% ratio is a parameter having a great
influence on saturation magnetic flux density, amorphous
properties and atmospheric corrosion resistance. When
20 Fe/(Fe+Co) is within a range of 0.20 to 0.65, the saturation
magnetic flux density improves as the proportion of Fe becomes
larger. When Fe/(Fe+Co) exceeds 0.65, however, the
saturation magnetic flux density is no longer improved, causing
a significant degradation in corrosion resistance. Fe/(Fe+Co) of
25 less than 0.20 results in insufficient saturation magnetic flux
density. For these reasons, Fe/(Fe+Co) should be within a
range of from 0.20 to 0.65, preferably from 0.25 to 0.50, in the
alloy and the sputtering target material.
Each of Zr, Hf, Nb, Ta and B has a eutectic state diagram
30 to Fe and Co and is an element capable of forming an
amorphous phase. The concentration of each of these
elements, except for B, is around a level of 8 to 13 at% and
only the concentration of B is slightly less than 20 at%. It is
therefore possible to use a total amount of Zr, Hf, Nb, Ta and
35 B/2. The total amount of (Zr+Hf+Nb+Ta)+B/2 of less than 5
at% does not provide sufficient eutectic properties. When the



content of B should be within a range of 7 at%or less, preferably 1 to 7
at% 10 Producing Method A preferred nmethod for producing the alloy or a
sputtering target material according to the present invention is explained
bel ow. The nmethod for producing the alloy of the sputtering target
material according to the present inventionis 15 not |limted to the
followng nethod. In a groduci ng net hod according to a preferred aspect of
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consol i dating g.pawder istimgg of a single conposition but by 30
consol i dati ng grm xegjiggfv\gérﬁcé&rr/gfi sing two kinds of powders each having a

relatively | ow saturation nagnetic flux density in a given proportion. By

this methqd, ipgguP iM)éﬁ’]&(? obtain a target material having a
relatively Ioma@ur@qu—cm—rm'gneti c flux density, in spite of a high
saturation magnetic Al uprefersedy gtetdhdd bifoed fpyodinciald oghwi t Allayundf oram
conposi tion. 1L
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the present invention, a first powder and a second powder is

mixed to form a mixed powder. The first powder comprises one

or more of Zr, Hf, Nb, Ta and B in an amount satisfying 3 at% <

20  (Zr+Hf+Nb+Ta)+B/2 < 12 at%; 0 to 5 at% in total of Al and Cr;

and the balance being Co and Fe in an amount of satisfying 1.00

= Fe/(Fe+Co) = 0.90 (at% ratio) with unavoidable impurities.

The second powder comprises one or more of Zr, Hf, Nb, Ta and

B having an amount of satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2

25 =< 12 at%; 0 to 5 at% in total of Al and Cr; and the balance

being Co and Fe in an amount satisfying 0.00 £ Fe/(Fe+Co) =<

0.10 (at% ratio) with unavoidable impurities.

In this way, the target material is formed not by

consolidating a powder consisting of a single composition but by

30 consolidating a mixed powder comprising two kinds of powders

each having a relatively low saturation magnetic flux density in

a given proportion. By this method, it is possible to obtain a

target material having a relatively low saturation magnetic flux

density, in spite of a high saturation magnetic flux density

35 exhibited by an alloy with a uniform composition. It is

therefore possible to avoid a situation where a high saturation



powders can be reduced by setting Fe/ (Fe+Co) of one of the 10 raw materi al
powders to 1.00 to 0.90 as well as by setting Fe/(Fe+Co) of the other of
the rawnmaterial powders to 0.00 to 0.10. Due to a difference in
sputtering rate between the group of Zr, H, Nb, Ta and B and the group of
Fe and Co, a large difference in added anmount between these groups of the
15 powders |l eads to a problemthat concave and convex portions are
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Particularly, in a case where the amount of (Zr+Hf+Nb+Ta)+B/2

in one of the powders is less than 3 at% or it exceeds 12 at%,

20 the number of the particles increases.

Further, when an alloy target material satisfying
Fe/(Fe+Co) of 0.20 to 0.65 is consolidated as a raw-material of
a single powder, cracks or chips may be produced at machining
after the consolidation. The reason for this is not clear in detail,

25 but is thought that a brittle ordered phase (a’ phase) as
observed in the vicinity of Fe/(Fe+Co0)=0.5 in the Co-Fe binary
phase diagram is also formed in the parent phase of the alloy
according to the present invention. From this respect, it is
effective to separate the raw-material powder into two kinds of

30 powders satisfying Fe/(Fe+Co) of 1.00 to 0.90 and Fe/(Fe+Co)
of 0.00 to 0.10, respectively.

The inventors have also found that, in producing an alloy
target material, consolidating two kinds of raw-material powders
each satisfying Fe/(Fe+Co) of 1.00 to 0.90 and Fe/(Fe+Co) of

35 0.00 to 0.10 leads to a higher relative density, compared with a
case of consolidating a single raw-material powder under the




10 point. It is therefore considered that, since a nutual diffusion of Co
atom and Fe atom occurs significantly for reducing the concentration
gradient, sintering is further advanced to increase the relative density.
According to a preferred aspect of the present invention, 15 the m xed
powder thus obtained is consolidated at 800 to 1250 C and at 100 to 1000
MPa to forman alloy or a sputtering target material. Consoljdation at a
t enper at ure beS¥WBEOOLEIONt Ahprieaasane for thésdstmehchery Wpaatadullut in a
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t he anount o eCt 1s no onger | nprove
a total anourthetelaticr densihy target material of more than 5 at% causes

aputtering the ¢ ar g CORRAPE S o AretErfENsnctoRf Hue"phegeht Ve ™
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at a pressure of less than 100 MPa results in a low relative
density. Also, consolidation at a temperature above 1250°C
20 causes a partial melting to generate solidification pores.
Further, consolidation at a pressure of more than 1000 MPa is
industrially difficult. Accordingly, the consolidation temperature
is set to 800 to 1250°C, preferably 850 to 1100 °C, while the
consolidation pressure is set to 100 to 1000 MPa, preferably
25 120 to 600 MPa.

According to a preferred aspect of the present invention,
only the first powder or both of the first powder and the second
powder may comprise 5 at% or less of Al+Cr, and the alloy may
comprise 5 at% or less of Al+Cr as a whole. According to this

30 preferred producing method, since the Fe-rich raw-material (low
corrosion resistance) and the Co-rich raw-material (high
corrosion resistance) are mixed together for consolidation, a
kind of local cell is established between the both powders,
resulting in forming a material relatively easy to rust for target

35 material. Therefore, addition Al and Cr into at least the Fe-rich
raw-material powder or into both of the powders can make the



The thin filmcoated by sputtering is quenched. On the other hand, in the
present invention, a quenched thin strip produced through a
single-roll-type liquid quenching device is used as a specinen in exanples
and conparative exanpl es described 15 below. This is to evaluate influences
on various characteristics by constituents of a thin filmactually
quenched and fornmed by sputtering, wth the Iiquid quenched thin strip

inst ead. ExAVPEE§ELFaHRY 1k sEfigUlt kaoibtipbn HOWRYEAI MEHEM rthfeRANPUBE| @\‘N
with refer e“CRIJrQreéﬁé@é% 5 %’E%P'tﬁepeﬁ‘ercﬁ"i’s%%Qggrolfmﬁptgvé&' ghedobyy

constituents in Table was arc under re ressure of Ar in a

wat er - cool ed Waéo'ﬁb‘@ruﬂfeaftﬂi%ﬂ/m\éhg ta Rt @‘rat&rlqiow rorenthed prabire a
mol ten base ”%&ué@.i; afgfde@fe%%%“ﬁ#‘%%th%ﬁoﬁsysé’%ngfl‘&dﬂ%d @n@[tly F&eaqt!@ﬂ?hed

thin Strlp was conduct in asinglero peCI I Cca
nol t en bas® mafibni Earmgd bﬁtswtfsrmq; itbg taiget. halhegetord, i @rméf-mi50f’rm

and was tappedapt CRNsAdIORPteheos Orofedss WirBlaBily PRy sbral atom zi ng

pressure difference of kPa an tatlon 3000 rpmof a
copper roll (di anet¥eratal®oo angoft-rnagmeiietfébmofayer inag merpesndias et

to 1 mm whiledNe@3e PELYRAR ”Pﬁe@‘?tﬁ’ﬁ?rcdrf"tgeaﬁpoégg H2By ! g{ﬁ’cté’n Sas‘at

to 0.3 mMm The t tenperature vvas set ure’ri r the
mel ting of eac$i3 er b basderialt davang tihe a@mmﬂmsmtlgﬂr Ap phatiefed in

t hi | t |

welrz W?c/)n uct edOF{Sé{?/%qﬁtﬁg?\ﬁqﬂ I%X%Ertg{ r%lnm qht'ﬁeﬂ rﬁl %{asj“gb?% fa?l on
magnetic flux Heasthip &im H@ai@éln(biYeGDUﬁtwlﬂg ) rqlpenabed”easmﬂeﬂ'l%tomﬁl‘
appl i ed Wgneth%a ‘?hdtl‘?%: @%Mmeﬁﬁo‘?’n V§g%9@ﬁbﬁ%d( Ylhm %h% p‘?’EHPllc%(f ype

magnet onet er) e materi al ghéd roxi mat val uati on
2:  Anor phous Ftrha"pelrgth @ Sl'ﬁgl%\r@i“ué‘ﬁ’penllﬁﬂld mamhmmwcepe& sl ias tehe

10 duenched thigedahich 1fs Seuteed it [ bhirariVien cadrioidy gdstfibact | on

pattern of the anDr ous nme I'S neasur I on pea
observed 15 sHgloavhallhipdst & revspueteiinfliences on various characteristics

by constituents of a thin film actually quenched and formed by
sputtering, with the liquid quenched thin strip instead.

EXAMPLES
20 The present invention is explained in detail below with
reference to examples.
Example A

A raw-material of 30g weighed by constituents in Table 1

was arc-melted under reduced pressure of Ar in a water-cooled

25 copper hearth having a diameter of 10 x 40 mm to prepare a
molten base material for a quenched thin strip. Production of

the quenched thin strip was conducted in a single roll system.
Specifically, this molten base material was set in a silica tube
having a diameter of 15 mm and was tapped at an atmosphere

30 pressure of 61 kPa, at an atomizing pressure difference of 69
kPa and at a rotational number of 3000 rpm of a copper roll
(diam'eter of 300 mm). The diameter of the tap nozzle was set

to 1 mm, while the gap between the copper roll and the tap
nozzie was set to 0.3 mm. The tap temperature was set to a

35 temperature right after the melting of each molten base
material. The quenched thin strip produced in this way was



anor phous materials. Although a diffraction peak is observed in a material
not conpl etely anorphous, the height of the peak 15 is lower than that of a
crystal material to show a broad peak having a |arge hal f-bandwi dth (a

w dth at a half height of the diffractiongpeak). This half-bandw dth has a
correlation with anorphous properties of the material. As the anorphous
properties are h%gher, the diffraction peak becones broader w th 20

i ncreasi ng hal §S®Ana%i At$aMHer e1akariak e dakbephollswipgopyaluagoner were
eval uated by t fiQktoyi ng nethod. A sanple naterial was attached on a
glass plate with a double-faced tape to obtain a diffraction pattern by an

X-ray diffractvahaiéonce. Saturati B 2 NGy
erﬁ%ﬁér%emdj a@6nd

M & the 2
attached on the gl a%aﬁ#r%tﬁoﬁorﬁ%@ﬁeﬁié LJQC{?:%{,‘%@ tRE guericred HHm

copper-roll-contact surface of guenched Ip.
was Cu- ka bay,stainl was meisuratemt ansapptinductaanatic fieddnok deAAni n.
The wi dth at hal f i . Of i "%‘ﬁ% LT i.f ' at t was
30 i mage- anal f/t% t\ésﬁgt%\t’nlic%e (Hﬁrﬂﬁ- an?ﬁ&%ﬁ&?‘%{;&ﬁ@?%ﬂ-angp%hous
properties. Uadrophinmidiesiad weiiesd approdmakedg bbitgaedwo L Y wtO 6

oMiO~OO L%’%“ét??'gg? E’!]@Q%hgy!s%lrg%l)q%to .. 0000000O0,-i N

rl r4 0000 NU O[YNNNONMO ig,
mMtONwrl m 10 7 EheLfdvaloatian cofcahed amurpmods Npnopert@aN N NMhieL

o Lo b 49 ey ot R SRR U e A
000 C C +diffraction pattern of the amorphous material is measured, no
diffraction peak is observed to show a halo pattern specific to
amorphous materials. Although a diffraction peak is observed
in a material not completely amorphous, the height of the peak
15 is fower than that of a crystal material to show a broad peak
having a large half-bandwidth (a width at a half height of the
diffraction peak). This half-bandwidth has a correlation with

amorphous properties of the material. As the amorphous
properties are higher, the diffraction peak becomes broader with
20 increasing half-bandwidth. Therefore, the amorphous

properties were evaluated by the following method.

A sample material was attached on a glass plate with a
double-faced tape to obtain a diffraction pattern by an X-ray
diffraction device. At this time, the sample material was

25 attached on the glass plate so that a surface to be measured
could be a copper-roll-contact surface of the quenched thin strip.
The X-ray source was Cu-ko ray, and the measurement was
conducted at a scan speed of 4°/min. The width at a half
height of the main peak in the diffraction pattern was

30 image-analyzed to determine the half-bandwidth for evaluating
amorphous properties.
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Lf) rm OMMWI1I IO MMMLNn 0 Orl NMd Lf) IDNOOOL rl ri rl Z
ri NMd Ln IO NOOOL1 ,-1 ,-i rl rl ri rl H11 Evaluation 3: Corrosion
Resi stance In regard to Exanple No. 6 havipng a Fe/ (Fe+Co) ratio of 0.65
and Conparative Exanple No. 15 having a Fe/(Fe+Co) 5 ratio of 0.70, a salt
spray test (5%\aCl-35C 16h) was conducted using a sanple in which a
guenched thin strip was attached on a glass plate with a doubl e-faced

tape. As a reSE\/éEuat‘ié‘i‘? ﬁu€%9h§§oWR@s$§ﬂdrFté13V' ng 0.65 of a Fe/ (Fe+Co)
ratio (Exanple No. 6) had rust, but the quenched thin_s

having 0.70 of the HéY (ﬁ@a(ﬂ)tq Exaanptaivar & |W'E9aﬁﬁ%/(ﬁ@+cﬁg)r§¥% *fust

over its entir r e S p X daOFB foé
Fe/ ( Fe+Co) rat?gﬂdlﬁﬁﬁogowgeﬁagqﬁ@ekéf@ge :I)\][d | &c?egg?wgigﬁéFié%érg%n
(il

magnet i ¢ f Pux r@dHsi ©Of Ghada d‘e@;irtad%li“’ajh 6f35t:or(r SeNR!r YRén a
quenched thin a 6
Fe/ (Fe+Co) rat%%élgﬂééj gjs(% o gaggyrﬁ):}o uced to Cgﬂi%&?ﬁ%@@:h@gaﬁﬁép\?\lgg

test as nenti giéachsdven @ @éass\aﬁab@g@rthea deblerhacedttiang supfsar destit
quenched thin (gfJ i e&@@%ﬁt Sthiﬁb sIF'i% rﬁﬁgmg ortssa%?SaofFé%{wh@Q thaflo

strips are shown | I es the resent
i nventi on V\hl(IEé(a{IBD|Q4NDo ad ﬁaﬁl‘éohﬁgr atste téktaggleeguelnﬁh%a%ﬂt gtrip

Conpar at i y g,n'ti%léf tﬁ'e}[‘f%éfihéﬁt?d)“?aﬂﬁ) g@bﬁfﬁé@&vésExgﬁab&Wl\ﬁﬁ

0. 15, the saturatl netic dens
Conpar ati ve BJaSﬁolf@d\Id’USISOV@l‘nkié enéifﬁaﬁuefaﬁe FE#@F@L@nch%d iR gkrigs

0o Compasa v RERMBRLUREIGENE rTPET) e SO A
of increasing the saturation magnetic flux density ‘and had
degradation of corrosion resistance. When a quenched thin

15 strip of Comparative Example No. 19 having 0.65 of the
Fe/(Fe+Co) ratio and 8 at% of B was produced to conduct the
salt spray test as mentioned above, rust was observed over an
entire surface of the quenched thin strip.

Results

20 The results in cases of quenched thin strips are shown in
Table 1. No. 1 to 13 are examples of the present invention
while No. 14 to 19 are comparative examples. In regard to
Comparative Example No. 14, since the value of Fe/(Fe+Co) is
as low as 0.15, the saturation magnetic flux density is low. In

25 regard to Comparative Example No. 15, since the value of
Fe/(Fe+Co) is as high as 0.70, the corrosion resistance is
degraded as described above. In regard to Comparative
Example No. 16, since the value of (Zr+Hf+Nb+Ta)+B/2 is as
low as 4, the half-bandwidth is small. In regard to

30 Comparative Example No. 17, since the wvalue of
(Zr+Hf+Nb+Ta)+B/2 is high, the saturation magnetic flux
density is low. In regard to Comparative Example No. 18, since
the added amount of Al+Cr is high, the saturation magnetic flux
density is low. In regard to Comparative Example No. 19, since

35 the amount of B is high, the corrosion resistance is degraded as
described above. In this way, the alloy of the present invention



|l ow as 4, the half-bandwidth is small. In regard to 30 Conparative Exanple

No. 17, since the value of (Zr+Hf +Nb+Ta)+B/2 is high, the saturation

magnetic flux density is low. In regard to Conparative Exanple No. 18,

since the added amount of Al +Cr is high, 1he saturation magnetic fl ux

density is low. In regard to Conparative Exanple No. 19, since 35 the

anount of B is high, the corrosion resistance is dﬁggaged as descrhbed
n

above. In thisiSwafvankaggesyinsatheateesemanatisn ¢ASItys HAVAR &&eous

in saturation pRgREfties | aXd deqsirbkio @ MidEiotncdr QRET hi estzaRd 60T IRSingD
resistance in a state of being quenched. Exanple B 5 In Exanple B, an

al | oy powder U3¥BHCHEYa raw material was produced by a gas atomi zi ng

met hod to neasgygnifye psaturation magnetic flux density for studying a
raw-material ‘powder_conposition |low in saturation magnetic flux densit

The PTF vaPue of a tHr Jetamaier Balaﬁr alla¥eaomdeorkdnddasi Agray-meterial
machi ni ng eachygf thg du.?é’édmb?r QQV‘%%?n%ﬁ?WﬁéHﬁéﬂ tho rﬂb‘é@mﬁe the

i nfluences of the rawmateria er conposi tfon on val ue
sane tine, theswgéaqmamaﬂﬂ@tjﬁdﬂt%rdenﬁ@y rf@raﬁt%\/d@s@t?a‘ﬂfm%@rﬂﬁlrget

material, and ﬁ@\ﬁ/rcl‘é?' %rﬁgég%éﬁcqf%wof int @%th@éa% "Fﬁta%]rriéthc"‘ﬁhﬁ‘( RAS4IEed.

15 SpeC|f|caII , allo avi ng onposi ti~on hown in table 2

was produced b @ BEE aabmezoﬁga nreed U%@t'@rialarﬁ)mldttj?@éj bayrma&s@l@aaﬁﬂt er
of 6 nm apg a ra‘?ﬁﬁHfr?q Hadh eTB?vP—ﬁ’ﬁmggé'ﬁﬁb M@@Fs%ﬁstrﬁ%sured

classifie |nt m or ess to_obtain 10. The foll ow ng
eval uati ons zt@ ﬁéﬁdycaﬁcﬂueﬂéasmf the pawderatarigl @mvadﬁéoporemaﬁpnoﬁnl

Saturation Magsef i gafelx Rgrmé%a%eRa\f\hF@t id RonsBriRiotheo RalGAL tae

magnetic flux density of the raw materia er was nmeasured at an
appl i ed magnettiedativel deasitof thes tragat wa&evsu @\l COT{OFIPTRIEEIFIIANGS o

e metr L PGS EPILE Macdig) SRR ket o0t o) anerox Tl 200
15 Specifically, the alloy powder having the composition
shown in table 2 was produced by a gas atomizing method using
an Ar gas, a nozzle diameter of 6 mm and a gas pressure of 5
MPa. The produced powder was then classified into 500 pm or
less to obtain Powder No. 1 to 10. The following evaluations
20 were conducted on the powder thus obtained.
Evaluation 1: Saturation Magnetic Flux Density of Raw-Material
Powder
The saturation magnetic flux density of the raw-material
powder was measured at an applied magnetic field of 1200
25 kA/m by a VSM device (vibration sample type magnetic
magnetometer). The sample had a weight of approximately
200 mg. The results are shown in Table 2.
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p (pLf) (p N(6LON (6 vlxO 4tOEE i VU COO0O0O013YJ-/ NOO
r OO meE-o' OCOONIC O0O0r -lo ONI- OO QV f0O--00 fulLL (~
NN 13 o.uzO0OCCCLIL 0 ri N 20 NCOOLOZZ UOIn 14 Powders
1 to 10 thus obtained were then m xed by tilge conbination as shown in Table
3 to reach a target material conposition shown in Table 3. Each m xed
powder thus 5 obtained was placed into an encapsul ating can nade of SC
mat eri al and having an inner dinension of a dianmeter of 200 mmand a

length of 100 mm f Q"o'v@&‘@?sb%’ ® dePaRUNGHAFEM wareapsdhahigedabyakhe
ultimte vacuumof 0O.1Pa or less. Thereafter, 1n the case of H P (Hot
|sostatic PresiMmgjnating s rﬁh&éﬁnpéwgﬁbms?’cﬁ%sﬁq?@@%t ad tagdebrmaterial
080 Lo 150 ARSI e B oy s (s A
met hod, the nioki@ipeddevaswaplad@bointgatar eocppsriating can made of o
material and having an inner dimension of a diameter of 200
mm and a length of 100 mm, followed by a degassing vacuum
encapsulation at an ultimate vacuum of 0.1Pa or less.
Thereafter, in the case of HIP (Hot Isostatic Pressing), the
10 mixed powder was consolidated to form a consolidated body at
a heating temperature of 1000 to 1300°C and a pressure of 80
to 150 MPa for a holding time of 5 hours. In the case of an
upset method, the mixed powder was consolidated to form a
consolidation body at a heating temperature of 750 to 1000 °C
15 and a pressure of 450 to 1000 MPa. The consolidated body was
machined by wire cutting, lathe processing and surface grinding
to produce a specimen having a final dimension with a diameter
of 180 mm and a thickness of 7 mm. The following evaluations
were conducted on the specimen thus obtained. The results
20 are shown in table 3.
Evaluation 2: PTF Value

The PTF value of the target material was measured
according to ASTM F1761-00. For comparison, the target
material was produced by consolidating a single powder with the

25 same composition as the target material on the same condition
for measuring the PTF value.

The difference of these PTF values, that is, [PTF (unit:%)
of the target material by the mixed powder]-[PTF (unit:%) of
the target material by the single powder], was measured.

30 Evaluation 3. Relative Density

The density of the target material was measured by a
volume weight method (a dimension and a weight of the
machined target material were measured to calculate the
density according to weight/volume). The relative density was

35 obtained as a ratio of an actually measured density to the
calculated density, followed by evaluation according to the




consolidation body at a heating tenperature of 750 to 1000 C 15 and a
pressure of 450 to 1000 MPa. The consolidated body was machined by wire
cutting, |athe processing and surface grinding to produce a specinen
having a final dinension with a dianeter 4f 180 nm and a thickness of 7
mm The follow ng evaluations were conducted on the specinen thus
obtained. The results 20 are shown in table 3. Evaluation 2: PTF Val ue The
PTF val ue of tflodloveingecritatier.i al was neasured according to ASTM F1761-00.
For conparison, the A26@RL oot Féal was produced by consolidating a single
powder with the 25 sane conposition as the target material on the sane
condition for neasui B@%her PTEreane leThdhainf P8 ence of these PTF val ues,
that is, [PTF (unit: pget material by the m xed powder]-[PTF
(unit:%9 of the tar%{‘)e{e%al?égﬁa?gb‘; the single powder], was neasured. 30
Eval uat i on53: Redlattion Ben€oryodieds Bessstayna® the target naterial was
nmeasured by a volu I : i ! a i i
machi ned t ar get matg’ﬁl’%\ﬁla\?\/g%%ggﬁ'raggwggnggm%ﬁﬂq?hEéV\Eédlgrﬁgsi?ﬁy ggg%r’{]i ng
to wei ght/vol wEordance evidhi VES d2rd3 7§ . wabt 3bistimienethastargest materialn

actual Iy measur. I t e nsj 0 d :

eval uati on ac?ﬁgf geégﬁé)éq%%%%gﬁ{%?ﬁ-‘oﬁn%nfgtacglla?‘gr ?gth(:)ﬁ9ét/ocB(I)\?o r@?t\a’v%g hétS%
or more and | dss 2ham 9w aS obsss vieldato 98548 IRved néirimopresecser abEence
Resi st ance,The rget il S W: t 1 .S inN

accor dancgowi tq"ft ?V%lgzorggéﬁé t%rgt\ﬁi ﬁ#fér@gf t?ﬂé g\égig%ﬂiér)rgt g??éfaﬁﬁ ttlgr the
exposure to sgodpwiggotribgeNaC sol ution of 5% by weight for 24 hours was

observed to visually, conflLr r [jabsence 10 of rust on the target
material for eval uaﬁ'oﬁl%at%ﬂ ﬁieﬁ}q%ggphe following criteria. A. No rust

generated B: Gener atB:.oGerferatsdn @f pastt oofpatieof dhgetangatemiater!
Generation of rust quep the eih T AYLY 868r the BAtHR Y6Fface of the target

15 material
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In addition, a powder of Co (0) - Fe (balance) - 2Zr and
a powder of Co (balance) — Fe (0) - 10Zr were mixed together
to a total composition of Co (balance) - 47Fe - 6Zr, followed by
upset-consolidation at 1000 °C and 500 MPa to form a target
material (relative density of 99.7 %). In a sputtering with this
target material (Ar pressure of 0.5 Pa and DC power of 500 W),
however, a large number of concave and convex portions were
generated on the surface of the target material with the number
of the particles being 2.5 times of that of the target material
consolidated on the same condition from the single powder.
The term ‘“particle” means projections generated on the
sputtered thin film to cause defects.

Further, a powder of Co (0) - Fe (balance) - 3Zr - 2Nb
and a powder of Co (balance) - Fe (0) - 6Zr — 7Nb were mixed
together to a total composition of Co (balance) ~ 45.5Fe - 4.5Zr
- 4,5Nb, followed by an upset-consolidation at 1000 °C and 500
MPa to form a target material (relative density of 99.5%). In a
sputtering with this target material (Ar pressure of 0.5 Pa and
DC power of 500 W), however, a large number of concave and
convex portions are generated on the surface of the target
material with the number of the particles 2.3 times of that of
the target material consolidated on the same condition from the
single powder. It is assumed that this is due to a large
difference in Zr or Nb amounts between the both powders in
any target material (It is known that a sputtering rate of each of
Zr, Hf, Nb, Ta and B is lower than that of each of Co and Fe. It
is therefore assumed that this difference in sputtering rate
caused development of concave and convex portions on the
surface to be a cause of particle generation).

Results

As shown in Table 3, the target materials using Powders 1
to 8 (Target Materials A to F, I and 1) have a large difference in
PTF, exhibiting an effect of improving PTF significantly,
compared with the target materials using the Powders 9 and 10
(Target Materials G and H).

In Table 3, it was found that rust was partly generated by
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15 target material. However, since rust was not generated on the
target material by the salt spray test in the same way as Target
Material C. It is therefore confirmed that, when Al+Cr in the
raw-material powder exceeds 5 at%, an effect of improving
corrosion resistance of the target material was no longer

20 improved.

When a mixed powder of Target Material A and Target
Material C was consolidated by HIP at 1300 °C and at 100 MPa,
a large number of molten solidification pores were observed
inside the consolidation body.

25 In regard to the compositions of Target Materials B, C
and E, cracks or defects were partly observed in the
consolidation body in the case of using a single powder
consolidated on the same condition as the raw-material, while
no cracks or defects were observed at all in the case of using

30 the mixed powder. In consequence, an effect of preventing
cracks or defects at machining by use of two kinds of the
raw-material powders was confirmed.

The relative density of each of Target Materials A, B and
E was 99% or more, while the relative density of each

35 consolidation body in the case of using a single powder
consolidated on the same condition as the raw-material in
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3to 12 at%with A and Cr. In view of the above, an inprovenent in
corrosion 10 resistance was observed in the target material. Powders based
on Powder 3 and Powder 7 with the C anounts increased to 3 at% were m xed
together to Co (balance) - 34.4 Fe - 4Zr - 4H - 3Al - 3Cr, followed by
consolidation at 1250 C and 100 MPa by HI P to produce a 15 target material.
However, since rust was not generated on the target material by the salt
spray test in the same way as Target Material C It is therefore confirned
that, when Al+Cr in the rawmaterial powder exceeds 5 at% an effect of

i nproving corrosion resistance of the target material was no | onger 20

i nproved. When a m xed powder of Target Material A and Target Material C
was consolidated by HHP at 1300 C and at 100 MPa, a |arge nunber of nolten
solidification pores were observed inside the consolidation body. 25 In
regard to the conpositions of Target Materials B, C and E, cracks or
defects were partly observed in the consolidation body in the case of
using a single powder consolidated on the sanme condition as the
raw-material, while no cracks or defects were observed at all in the case
of using
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powder conprises: one or nore of Zr, Hf, Nb, Ta and B having an anount of
satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2< 12 at% Al and C: 0O to 5 at%in
total: and thelbal arde Bethed cdokn@reducingn ansRkttarkng stpragt onveterial

according to claim 1, comprising the steps of:

a) mixing a first powder and a second powder to form a
mixed powder, wherein the first powder comprises:

one or more of Zr, Hf, Nb, Ta and B in an amount
satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2 < 12 at%,;

Al and Cr: 0 to 5 at% in total; and

the balance being Co and Fe in an amount of satisfying
1.00 = Fe/(Fe+Co) = 0.90 (at% ratio) with unavoidable
impurities, and wherein the second powder comprises:

one or more of Zr, Hf, Nb, Ta and B having an amount of
satisfying 3 at% < (Zr+Hf+Nb+Ta)+B/2 < 12 at%;

Al and Cr: 0 to 5 at% in total; and

the balance being Co and Fe in an amount satisfying 0.00
< Fe/(Fe+Co) £ 0.10 (at% ratio) with unavoidable impurities;
and

b) consolidating the mixed powder at 800 to 1250 °C and
at 100 to 1000 MPa to form the sputtering target material.

3. A method according to claim 2, wherein only the first
powder or both of the first powder and the second powder
comprise 5 at% or less of Al+Cr, and wherein the target
material comprises 5 at% or less of Al+Cr as a whole.



<_ Fe/(Fe+Co) <_ 0.10 (at%ratio) with unavoidable inpurities; and b)
consol i dating the mixed powder at 800 to 1250 C and at 100 to 1000 MPa to
formthe sputtering target material. 3. A nethod according to claim 2,
wherein only the first powder or both of 2he first powder and the second
powder conprise 5 at%or |less of Al+Cr, and wherein the target materi aI
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in place of the mixed powder ranges from 5 to 15.

5. A sputtering target material for a soft-magnetic film layer
in a perpendicular magnetic recording medium produced by a
method according to claim 2 or 3.



