
1  (CoFe)ZrNb/Ta/Hf BASED TARGET MATERIAL AND METHOD FOR PRODUCING THE SAME
CROSS-REFERENCE TO RELATED APPLICATION 5 The present application claims
priority to Japanese Patent  Application No. 2006-311129 filed on November
17, 2006, the  disclosure of which is incorporated herein by reference.
BACKGROUND OF THE INVENTION  Field of the Invention 10 This invention
relates to a (CoFe)ZrNb/Ta/Hf based target  material used for forming a
thin film for electronic components,  such as a soft magnetic underlayer
mainly used in a perpendicular  magnetic recording medium, and to a method
for producing the  (CoFe)ZrNb/Ta/Hf based target material. 15 Description
of Related Art 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 20 systems currently used
worldwide, however, an attempt to realize a  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 bits. In view of this, a
perpendicular magnetic recording  system is under study as a means of
solving these problems and  25 improving the record densities. Japanese
Patent Laid-Open Publication No. 2005-320627  discloses a method for
producing a Co alloy target material  comprising 1 to 10 atomic % of Zr, 1
to 10 atomic % of Nb and/or  Ta, and the balance consisting essentially of
Co, with regard to a 30 target material used for forming a thin film for
electronic  components, such as a soft magnetic underlayer in a
perpendicular  magnetic recording medium. In this method, a Co alloy is
subjected to a rapid solidification process to produce an alloy  powder,
and then the alloy powder having a particle size of 500 m  35 or less is
pressed and sintered. However, a soft-magnetic target material as disclosed
in 



2  Japanese Patent Laid-Open Publication No. 2005-320627 has a
disadvantage that the sputtering efficiency is reduced by  low-leakage
magnetic flux in the magnetron sputtering process  because its alloy
composition typically results in a high magnetic 5 permeability. In a
typical method of producing such a  CoZrTa/Nb/Hf based target material,
powder which is produced by a  gas atomizing technique is consolidated and
shaped through a hot  hydraulic pressing process at 800 C to 1200 C.
Meanwhile, magnetron sputtering method is generally used for the  10
preparation of the aforementioned soft magnetic films. This  magnetron
sputtering method is a method in which a magnet is  disposed behind a
target material to leak the magnetic flux onto a  surface of the target
material for converging plasma in the leaked  magnetic flux region,
enabling a high-speed coating. Since the 15 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  is difficult to form, on the sputtering
surface of the target material,  the leaked magnetic flux necessary and
sufficient for the magnetron 20 sputtering method. In view of this, there
has been a demand for  reducing the magnetic permeability of the target
material itself as  much as possible. SUMMARY OF THE INVENTION The
inventors have now found that a high sputtering  25 efficiency and a high
sputtering effect can be realized by the use of  a target material
comprising a ferromagnetic Co-Fe phase into  which one or more selected
from the group consisting of Zr, Hf, Nb  and Ta are solid-solved in a total
amount of 0.5 to 2 atomic %  through an increase in the leakage magnetic
flux during the 30 magnetron sputtering. The inventors have also found that
such a  target material can be obtained by consolidating a powder, which is
prepared through a rapid solidification technique, at a temperature  equal
to or less than [-294x[Fe/(Fe+Co)]+1076] C. It is therefore an object of
the present invention to provide a  35 (CoFe)ZrNb/Ta/Hf based target
material and a method for producing  



the (CoFe)ZrNb/Ta/Hf based target material capable of achieving a 3  high
sputtering efficiency and a high sputtering effect through an  increase in
the leakage magnetic flux during the magnetron  sputtering. According to
the present invention, there is provided a  5 (CoFe)ZrNb/Ta/Hf based target
material, which is made of an Fe-Co  based alloy comprising: not less than
80 atomic % in total of Fe and Co having an  Fe: Co atomic ratio of 80:20
to 0:100, and less than 20 atomic % of one or more selected from the  10
group consisting of Zr, Hf, Nb and Ta, wherein the Fe-Co based alloy
comprises a Co-Fe phase being  a ferromagnetic phase, and wherein the one
or more selected from  the group consisting of Zr, Hf, Nb and Ta are
solid-solved into the  Co-Fe phase in a total amount of 0.5 to 2 atomic %.
15 According to the present invention, there is also provided a  method for
producing a (CoFe)ZrNb/Ta/Hf based target material,  comprising the steps
of: providing a raw-material powder prepared by inert gas  atomization, and
20 consolidating the raw-material powder at a temperature  ranging from 800
C or higher to [-294x[Fe/(Fe+Co)]+1076] C or  lower to form a Co-Fe phase
being a ferromagnetic phase wherein  one or more selected from the group
consisting of Zr, Hf, Nb and Ta  is solid-solved into the Co-Fe phase in a
total amount of 0.5 to 2  25 atomic %. DETAILED DESCRIPTION OF THE
INVENTION  (CoFe)ZrNb/Ta/Hf Based Target Material The reasons for the
compositional limitations in the present  invention will be described
below. 30 The (CoFe)ZrNb/Ta/Hf based target material according to the
present invention is made of an Fe-Co based alloy comprising not  less than
80 atomic % in total of Fe and Co having an Fe:Co atomic  ratio of 80:20 to
0:100, and less than 20 atomic % of one or more  selected from the group
consisting of Zr, Hf, Nb and Ta. The Fe-Co 



35 based alloy comprises a Co-Fe phase being a ferromagnetic phase,  while
the one or more selected from the group consisting of Zr, Hf, 4  Nb and Ta
are solid-solved into the Co-Fe phase in a total amount of  0.5 to 2 atomic
%. The target material of the present invention is made of a  Fe-Co based
alloy mainly comprising Fe and Co. A Fe-Co based  5 alloy is preferably
used for a perpendicular magnetic recording film as an alloy system having
a high saturated magnetic flux density.  The Fe-Co based alloy forming the
target material of the  present invention comprises 80 atomic % or more in
total of Fe and  Co having an Fe:Co atomic ratio of 80:20 to 0:100. This is
because 10 a Co content of more than 80% in relation to Fe leads to
deteriorations in magnetic characteristics. In addition, the total  amount
of Fe and Co needs to be 80% or more since a total amount  of less than 80%
leads to deteriorations in magnetic characteristics. The Fe-Co based alloy
forming the target material of the  15 present invention further comprises
less than 20 atomic % of one or  more selected from the group consisting of
Zr, Hf, Nb and Ta. Zr,  Hf, Nb and Ta are additive elements for
accelerating amophization of  the thin film. Since a total amount of the
additive elements of  more than 20 atomic % leads to deteriorations in
magnetic 20 characteristics, the additive-element content should be less
than 20  atomic %, preferably 5 to 15 atomic %. The Fe-Co based alloy
forming the target material of the  present invention further comprises a
Co-Fe phase, which is a  ferromagnetic phase, as one of the constituent
phases of the target 25 materials. The rest of the constituent phases of
the target material,  apart from the Fe-Co phase, are typically, but not
particularly  limited to, phases formed of compounds of Co and Fe with Zr,
Nb, Ta,  and Hf. One or more selected from the group consisting of Zr, Hf,
Nb and Ta are solid-solved into the Co-Fe phase in a total amount of 30 0.5
to 2 atomic %. The use of a target material having the  structure and
composition as described above leads to increases in  leakage magnetic flux
during the magnetron sputtering process,  achieving a high sputtering
efficiency and a high sputtering effect.  



The magnetic permeability of the target material according to the 35
present invention preferably ranges from 10 to 80, more preferably  from 15
to 50. 5  In this connection, when the soft magnetic target is used in
magnetron sputtering, it is general that a lower magnetic  permeability of
the soft magnetic target material results in better  effects and that the
magnetic permeability of the soft magnetic 5 material has inverse
correlation to the coercive force. Accordingly,  a soft magnetic target
material having a high sputtering efficiency is  a target material having a
low magnetic permeability (a high  coercive force). Producing Method 10 The
target material according to the present invention can be  produced by the
use of a raw-material powder prepared by inert gas  atomization. The
raw-material powder can be prepared through  rapid solidification by inert
gas atomization. In this case, the inert  gas used is not particularly
limited, but Ar, N2 or the like can be  15 preferably used. Then, the
powder thus prepared is consolidated at a  temperature ranging from 800 C
or higher to  [-294x[Fe/(Fe+Co)]+1076] C or lower. While this temperature
range overlaps the temperature range claimed in above mentioned 20 Japanese
Patent Laid-Open Publication No. 2005-320627, the  consolidating
temperatures of all the Examples of Japanese Patent  Laid-Open Publication
No. 2005-320627 fall outside the conditions  of the present invention. In
addition, Japanese Patent Laid-Open  Publication No. 2005-320627 discloses
a case where Fe is zero 25 percent, and does not mention a range in which
at least Fe is  added. The Co-Fe ferromagnetic phase of the powder as
atomized  contains high concentrations (about 1 to about 2 atomic %) of Zr,
Ta,  Nb and Hf, which have been forcibly solid-solved through rapid 30
solidification in spite of originally low solubility limits, resulting in
relatively high coercive forces. In hot consolidation, however, the  Zr,
Ta, Nb and Hf in the Co-Fe ferromagnetic phase in combination  



with Co and Fe form compounds with an increase in consolidation
temperature. As a result, the concentrations of the Zr, Ta, Nb and 35 Hf
solid-solved in the Co-Fe ferromagnetic phase decrease, causing  a
reduction in the coercive force of the target material and thus 6  leading
to a reduction in the sputtering efficiency. It is general that  coercive
force correlates inversely with magnetic permeability. The higher the
consolidation temperature is, the more these  compounds form, causing a
decrease in the coercive force of the  5 target material. However,
controlling the formation temperature on or below a certain temperature
enables the Zr, Ta, Nb and Hf in the  Co-Fe ferromagnetic phase to be
retained in a high total amount of  0.5 to 2 atomic %, resulting in a
target material with a high  coercive force and thus leading to a
satisfactory sputtering  10 efficiency. The consolidation temperature of
[-294x[Fe/(Fe+Co)]+1076] C or less means that the higher the Fe
concentration is, the lower the temperature the powder needs to be
consolidated at. This is assumed to be due to the fact that the 15
solid-solution limits of the Zr, Ta, Nb and Hf are higher in the Co  phase
than in the Fe phase. However, when the consolidation  temperature is lower
than 800 C, the sintering properties of the  raw-material powder are
insufficient, failing to provide a target  material with high density. The
consolidation temperature is  20 preferably from 850 to 950 C. In addition,
when the powder is consolidated at a  temperature of lower than 1100 C and
the consolidation pressure is  500 MPa or higher, the coercive force
further increases. For this  increase, it is assumed that the strain
applied in the consolidating 25 process remains at a low consolidation
temperature to increase the  coercive force. For example, it is general
that the retention of a  metal material such as steel materials at a high
temperature leads  to a recovery of the processing strain while a low
retention  temperature at this time leads to an insufficient strain
recovery. 30 The consolidating process employed in the present invention
is not limited as far as the method is those capable of consolidating  



a target material with high density, such as HIP, upsetting technique.  It
is more preferred that the consolidation pressure be 500 MPa or  higher
from the above-mentioned point of view. 35 In the case where two or more
kinds of powders are mixed to  produce a target material comprising not
less than 80 atomic % in 7  total of Fe and Co having a Fe:Co ratio of
80:20 to 0:100, and less  than 20 atomic % of one or more selected from the
group consisting  of Zr, Hf, Nb and Ta with a ferromagnetic Co-Fe phase
into which the  one or more selected from the group consisting of Zr, Hf,
Nb and Ta 5 are solid-solved in a total amount of 0.5 to 2 atomic %, the
upper  limit of the consolidation temperature should be the upper limit in
the composition of a powder having a largest Fe/(Fe+Co).  EXAMPLES The
present invention will be described below in detail with  10 reference to
examples. As shown in Table 1, Fe-Co based alloys were produced by a  gas
atomizing technique. The gas atomizing was conducted on  condition that the
gas was argon gas, the diameter of a nozzle was  6 mm and the gas pressure
was 5 MPa. The powder thus produced 15 was sieved to obtain a powder with
particle sizes of 500 m or less.  The resultant powder was agitated for one
hour by a V-type mixer.  The powder thus produced was charged into a sealed
container made of SS material and having a diameter of 200 mm  and a height
of 100 mm. Then, the sealed container was  20 exhausted and vacuum-sealed
at an ultimate pressure of 10-1 Pa or less. Then, when using HIP (Hot
Isostatic Pressing), a compact is  produced on the conditions that the
heating temperature is 750 to  1100 C, the consolidation pressure is 150
MPa and the retention  time of heating is five hours. When using the
upsetting technique, 25 a compact is produced on the conditions that the
heating  temperature is 800 C, the consolidation pressure is 500 MPa and
the retention time of heating is two hours. Then, the compact thus
produced was subjected to a machining process to produce various  test
pieces. The characteristics of the aforementioned target  30 materials are
shown in Table 1. 



a  W U W  > U d  (O  N N m ~ 0 0 0  O(j) O Ln Ln O O O Lft O O Lfl Ln O Ln
Ln o N 0 0 0 0  2:0- N Lfl N W M MIN N N N.-i M tO lO rn ri M ri N .-1  U
of C)  c  4= C v  = O v1 N O e-1 Ln L. t0 Ln h 1l r1 Ol ri h lO Ifl O N -1
M Ol M N<a I N I N 0 O ' - 1 . - 1 0 rl000N 0IN olrl OI > T ^  > a.+ C
(moo C , t0 0 0 0 Ol o Ln \ O O O Ln V' Ln o V' Ol M O 'Zi  N N o rn o rn O
rn rn O Ol rn O O O rn Ol N O N rn W O C  d' 0 ... Ol ri Ol rl Ol Ol Ol Ol
N H rl Ol Ol Ol rn rn Ol rA C) C  O N ^ C  Io + r~ n V) r. r. r~ r d) r- r.
a N a a  n~ CL. .n. a Naa flHaaaa I aaa H H H H a H H H HOO. ~i 0 0 0 E 0 0
0 0 0 0 0 0 0 0 0 N 0 0 0 0 0 0 O vU 00In oo d' V' OOOOOOOLntn Ln Ln) U F-
W GO Go m 0 Oo 0 of rn Ol Ol N Ol 0 N ri ++ 0 C  O U1 O  U U C *'  +  9  LL
kD .N > o t0 t0 to ko t0 tO '0 C  O O O O -i ri -i N N N N IN O O O O ri
,-1 N N C  0000 It [t It 000000000 V'tt OO O C 



N u ,-, + Ol Ot Ol Ol w N W r1 ,-1 rl rl ri T Ol m l Ol co CO rl r1 V N a
V) E CO L a-+ fl. fO  V) N N C N N  g F~FHZ ZZ IT FHF ZZ T U) In Ln Ln Ln
<t It It Ln Ln Ln Ln V It > E L L L L L L L m Q L L L L L L m O NNNNN
NNNNNN NNHH -0 0  U It d' It V" l0 l0 l0 M In Ln Ln Ln It V' It It t0 0 Ln
m In Ul) V N C) N N N N S I 12 2 v W w W () al I T- a) f6  - LL LL LL LL LL
u) Ln Ln to u) LL LL LL LL LL LL N Ll. Q.  C) 0 o 0 o 0 o.-..-..-..-. r'. o
o O O o o r. r. p a  t0 t0 tp tp 0 OJ o O O O O O t0 t0 tO tO co co O O o o
o o o o o OOOOO0U o o o o o o u u  o 0  00000000000000000000 00 O 0 .O x U
o d' cf V' f N N N rl ri rl r1 r1 [t V' tt [t N N ri ri W .-i 1-4 ri ra O O
O O o 0 0 o m 0 0 0 0 _ W  Ol Ol Ol Ol Ol Ol Ol Ol O) Ol Ol fT co Ol Ol Ol
Ol Ol Ol Ol L X W fl.  .O O 0 ri N M ct Ln tO N W o 0 C > E  Ff6 Z r1 N M
V' M l0 L~ co Ol r N .-i .-i H H N rl .-1 .-i N v C 9  Density, the amounts
of Zr+Hf+Nb+Ta in the ferromagnetic phases, and magnetic permeability were
measured on the target materials thus produced as described  below. The
leakage magnetic flux to the sputtered surface of 5 the target material
should be basically measured by placing a  target material in a sputtering
apparatus. However, because a  certain amount of leakage magnetic flux is
ascribable to the  magnetic permeability of the target material, magnetic
permeability was measured to assess leakage magnetic flux on  10 the target
materials in the present invention. (1) Density 



Samples each having a dimension of 20 mm x 20 mm x  20 mm were obtained
from the HIP materials and upsetting  materials, and measured by Archimedes
method. The results 15 were then expressed in relative density. The
relative density is  obtained by dividing the density actually measured
through  Archimedes method by a density calculated from the  components,
i.e., a value obtained by volume-averaging the  density of each component
element. 20 (2) Ferromagnetism (amount of Zr, Hf, Nb and Ta in Fe-Co
phase) The samples obtained from the HIP materials and the  upsetting
materials were ground, and then analyzed by EDX  (instrumental analysis on
a minute region) (n=10 average). 25 (3) Magnetic permeability measurements
Ring specimens each having an outer diameter of 15 mm,  an inner diameter
of 10 mm, and a height of 5 mm were made.  Then, a B-H tracer was used to
measure the magnetic  permeability of each ring specimen in an applied
magnetic field  30 of 8 kA/m. As shown in Table 1, Nos. 1 to 14 are
examples in  accordance with the present invention, and Nos. 15 to 20 are
comparative examples. Comparative example No. 15 has a low  relative
density because the consolidation temperature is low. 35 In comparative
example No. 16, the magnetic permeability is  low not only because the
consolidation temperature is higher 10  than [-294x[Fe/(Fe+Co)]+1076] C but
also because the  content of one or more selected from the group consisting
of Zr,  Hf, Nb and Ta in the Fe-Co phase is low. In comparative  example
No. 17, the consolidation temperature is low while the  5 relative density
is low. In comparative example No. 18, the magnetic  permeability is high
not only because the consolidation  temperature is higher than
[-294x[Fe/(Fe+Co)]+1076] C but  also because the content of one or more
selected from the 10 group consisting of Zr, Hf, Nb and Ta in the Fe-Co
phase is low.  



In Comparative example No. 19, the consolidation temperature  is low,
rendering the relative density low. In comparative  example No. 20, the
magnetic permeability is high not only  because the consolidation
temperature is higher than 15 [-294x[Fe/(Fe+Co)]+1076] C but also because
the content of  one or more selected from the group consisting of Zr, Hf,
Nb and  Ta is low. In contrast, it can be seen that all examples Nos. 1  to
14 of the present invention satisfy the conditions, resulting in  high
relative densities and low magnetic permeabilities. 20 As described above,
satisfactory sputtering effects can be  achieved by the use of a target
material having a total  solid-solubility of 0.5 to 2 atomic % of one or
more selected  from the group consisting of Zr, Hf, Nb and Ta to the Fe-Co
phase, which is a ferromagnetic phase, in the constituent 25 phases of the
target material. The target material results from  consolidating a powder
prepared through rapid solidification at a  temperature of
[-294x[Fe/(Fe+Co)]+1076] C or less, which  means that, the higher the Fe
concentration is, the lower the  required temperature is. This is due to
the fact that the 30 solution limit of the elements of Zr and the like is
higher in the  Co phase than in the Fe phase. 11  WHAT IS CLAIMED IS: 1. A
(CoFe)ZrNb/Ta/Hf based target material, which is made  of an Fe-Co based
alloy comprising: not less than 80 atomic % in total of Fe and Co having an
Fe: Co atomic ratio of 80:20 to 0:100, and less than 20 atomic % of one or
more selected from the  group consisting of Zr, Hf, Nb and Ta, wherein the
Fe-Co based alloy comprises a Co-Fe phase  being a ferromagnetic phase, and
wherein the one or more  selected from the group consisting of Zr, Hf, Nb
and Ta are  solid-solved into the Co-Fe phase in a total amount of 0.5 to 2
atomic %. 2. A target material according to claim 1, having a magnetic
permeability of 10 to 80. 



3. A method for producing a (CoFe)ZrNb/Ta/Hf based target  material,
comprising the steps of: providing a raw-material powder prepared by inert
gas  atomization, and consolidating the raw-material powder at a
temperature  ranging from 800 C or higher to [-294x[Fe/(Fe+Co)]+1076] C  or
lower to form a Co-Fe phase being a ferromagnetic phase  wherein one or
more selected from the group consisting of Zr,  Hf, Nb and Ta is
solid-solved into the Co-Fe phase in a total  amount of 0.5 to 2 atomic %.
4. A method according to claim 3, wherein the consolidating  step is
performed at a heating temperature of 800 C or higher  and in a
consolidation pressure of 500 MPa or higher. 5. A method according to claim
3, wherein the raw-material  powder comprises: not less than 80 atomic % in
total of Fe and Co having an  Fe:Co atomic ratio of 80:20 to 0:100, and
less than 20 atomic % of one or more selected from the 12  group consisting
of Zr, Hf, Nb and Ta. 6. A method according to claim 3, wherein the
consolidating  step is performed at a heating temperature of 800 C or
higher  and in a consolidation pressure of 500 MPa or higher, and the
raw-material powder comprises: not less than 80 atomic % in total of Fe and
Co having an  Fe:Co atomic ratio of 80:20 to 0:100, and less than 20 atomic
% of one or more selected from the  group consisting of Zr, Hf, Nb and Ta. 


