1 IRON-COBALT-TANTALUM-ZIRCONIUM ALLOY SPUTTERING TARGET AND METHOD FOR
MANUFACTURING THE SAME 1. Field of the Invention 5The present invention relates to an
iron-cobalt-tantalum-zirconium (Fe-Co-Ta-Zr) alloy sputtering target, and more particularly to a
Fe-Co-Ta-Zr alloy sputtering target for forming a soft magnetic layer of magnetic recording media. In
addition, the present invention also relates to a method for manufacturing the Fe-Co-Ta-Zr alloy

sputtering taf gRYNLCD BRITIPHEN PARURIZ IREONIV R NETTYRPUTTERINEGIARGET

technology, the magnetic recording media with high recording density become a necessity when large

amount of information an&WM@ﬂﬁbﬁeﬂ‘@)@ﬁ}fﬂ‘N{WTWWﬁ@iSﬂw systems.

Conventionally longitudinal magnetic recording (LMR) media are mainly adopted. 15 However, LMR
media have encountered a recording limit. Subsequently, perpendicular magnetic recording (PMR)
media with another laminated structure have been developed. PMR media comprise a substrate,
an adhesive layer, a sqft magnetic layer, a seed layer, an intermediate layer, a recording layer, a cover
layer and aju%_}r{fé{zflin?ﬁsaay}g:ﬂﬁ%:?ﬁ]t?gducing the soft magnetic layer into PMR media enhances the
writing efficiency angd reduces the intensity of dema netizingi)igig, and.thereby the thermal stability of
the recording layer SFRIGEH BT BN ISR TR R N PR CBR W gnetic layer, a
soft magnetic Igéer consisting of amorphous soft magnetic alloy with a coercive force less than 20 Oe

is typically (58 RoRe4ahiplRY oM aShANI B USHPATEGHEHLYAIR §d Fidioadaréh HKit-boron

(Fe-Co-B) based alloys, 2 cobalt-zirconium-niobium (Co-Zr-Nb) based alloys or cobalt-iron-zirconium
(Co-Fe-Zr) bRIer A eatclos Asny Rgehs ot grancdip daxer sfoya gietisspsaedipganiianlthe
magnetic recording field. Magnetron sputtering technique is a physical vapor deposition, which allows
addition, the present invention also relates to a method for manufacturing the
Fe-Co-Ta-Zr alloy sputtering target.
10 2. Description of the Prior Arts
With the improvement of science and technology, the magnetic recording
media with high recording density become a necessity when large amount of
information and important files are backed up and stored automatically by systems.
Conventionally longitudinal magnetic recording (LMR) media are mainly adopted.
15 However, LMR media have encountered a recording limit. Subsequently,
perpendicular magnetic recording (PMR) media with another laminated structure have
been developed.
PMR media comprise a substrate, an adhesive layer, a soft magnetic layer, a
seed layer, an intermediate layer, a recording layer, a cover layer and a lubricant layer.
20 Introducing the soft magnetic layer into PMR media enhances the writing efficiency
and reduces the intensity of demagnetizing field, and thereby the thermal stability of
the recording layer is improved. For providing improved characteristics of the soft
magnetic layer, a soft magnetic layer consisting of amorphous soft magnetic alloy with

a coercive force less than 20 Oe is typically used. For example, common amorphous

25 soft magnetic alloys include iron-cobalt-boron (Fe-Co-B) based alloys,



5 electrons to travel in a spiral movement around a line of magnetic force under a magnetic field. The
collision rate between electrons and gaseous molecules is thus increased, thereby enhancing the
ionization density of molecules and improving the sputtering yield. Furthermore, magnetron sputtering
technique can be conducted under a lower pressure tg ensure the quality of magnetic film. Electrons
are strayed from the 10 substrate, such that a substrate with a lower temperature is provided.
Therefore, magneyRBAUHEHNSHIGSRN0LZIs Kayobhatid t1dep@sitanRIRSICE five 0@ substrate that
cannot endure high temperature, and becomes a popular method for depositing a magnetic film with
excellent peIRaIKG- B weyigbyd, SR iRehia HEhCAOPHELTS: dNRPANYS St aatiyalloys 15
induces magnetic shielding effect under a magnetic field. The magnetic forces from magnets under the

sputtering tgetdia Meckad At capsrliRaTelarough the sputtering target, and fail to undergo a
normal sputtering process. Besides, focused magnetic forces will erode and form a recess in the

surface of the SIDUttMK@a@feﬁtsﬁtﬂ@ek%\gefé&lﬂﬁtﬁili&)/i@fatbﬁﬁéﬁl%ﬂéﬂ)i&fgﬁésﬂﬂﬁ@%%mﬁ%i%ed
u

effects are influenced by the 20 PTF of the sputtering target, and thus increasing the PTF is one

solutior_1 t9 ‘é‘i’é‘éﬁ%@tgﬁﬁﬁ%ﬁﬁp@@%l mé\%ﬁﬁ‘%ﬂ RRJEHY anass i '&%ghé‘iﬂ%t@@é:ﬁhi@&i%tes a ratio of
transmitted magnetic field to applied magnetic field. A measurement technique of PTF can be referred

to ASTM StapdaediE Hiehd. “srRNAA ISR IS O InPARE HHRUaUl ks 05 8o HIsRH R SO RINRHAC

sputtering targets". An inverse correlation typically exists between 3 PTF and maximum permeability,

thatis, a PhRcELQ0%4HBAIG] 8RB RO EBBNBHE AR Rnsity CFANYRIABALRIPHABPESIMY the

manufacturing magnetic sputtering targets comprise powder metallurgy process and melting and

casting progpgseFing W@.%&ﬂ@ﬁﬁi&@%@ﬁ@%ﬁ%ﬁlﬁ[@rﬁ%@ﬁﬁﬂﬁ%ﬁ@@ﬁl@é@'&ﬁﬁi@(é&%‘i@er

uniformity among multiple different components. Although the melting and casting process has

overcome the APAVEBSRHRNELREARIGTS Qg Wﬂgﬂ%é{?@tﬂﬂﬁ?%?é&@réﬁé‘ﬁ?e ayed from the

iron-cobalt-tantalum-zirconium (Co-Fe-Ta-Zr) based y sputtering target with specific composition,

for examplefier3RCO PR AR BHISIING aEet, RaYIRG AR RSOHET FisaRpgide produced

by the melting and casting process, and the sputtering performance and sputtering utility of the

CO'Fe'Ta'Zthgﬁgﬂcﬁ‘l'nggéﬁg?ggg%gﬂfﬂﬁ%efg%?ﬁi&@{%Che&)ositlﬁ IRAHORINPoR A QORPRE0A

discloses a method for g an iron-cobalt based alloy sputtering target. A mixture

composed %zﬁ%&‘iﬂb‘%@%ﬁgﬁ&ﬁ%ﬁe 9%?&%58‘&9&8%@@96@%%%%8{& fﬁg@%ﬁﬁﬂ jnaterial

and then sintered to o uttering target. However, as y powde e respective

et ST U B o o pors vl Trerstore e
and non-uniform CO@@&%@@% sputtering target comprising amorphous soft magnetic alloys
15 induces magnetic shielding effect under a magnetic field. The magnetic forces from
magnets under the sputtering target are blocked and cannot pass through the sputtering
target, and fail to undergo a normal sputtering process. Besides, focused magnetic
forces will erode and form a recess in the surface of the sputtering target, and lower
the utility of the sputtering target. The abovementioned effects are influenced by the
20 PTF of the sputtering target, and thus increasing the PTF is one solution to overcome
these problems.
As used herein, “pass through flux (PTF)” indicates a ratio of transmitted
magnetic field to applied magnetic field. A measurement technique of PTF can be

referred to ASTM Standard F1761 “standard test method for pass through flux of

25 circular magnetic sputtering targets”. An inverse correlation typically exists between



20In view of the shortcomings that the powder metallurgy process is more complicated and hardly
controls the uniformity among multiple different components in the sputtering target and that the
melting and casting process cannot make a sputtering target with a required PTF to undergo a
sputtering process, the primary objective of the present invention is to provide an
iron-cobalt-tantalum-zirconium 4 alloy sputtering target with high PTF and a uniform composition,

which is maprpfaghes %‘i’a?%ﬁﬁigﬁlﬁr%‘ﬁﬂﬁ%mﬁﬁﬂk‘,rg)PH’PQﬁsﬁ)d_%‘%ﬂfdlBaQQ?ﬁ'h&ﬁ‘mﬁﬁgﬁeﬁﬁco” ium

alloy sputtering target in accordance with the present invention can be applied for forming a soft
magnetic laygk gf mpagnetic recording 5 media. To achieve the objective, the present invention
provides a method for manufacturing an iron-cobalt-tantalum-zirconium alloy sputtering target,

comprising the Step%%ﬁ'v e?&i%ﬁ?éii%‘b%@s£@¥vf8}%§?£ﬁlf%8ﬂlﬁi Qg‘ﬁr}gﬁeﬁﬁe’{%ﬁ%@?ﬁg@fé@w'“m (Ta)

and zirconium (Zr); melting and casting the raw materia Ing and Zr to form a

Fe-Co-Ta-Zr alloy.; (c) making a pre-alloyed Fe-Co-Ta-Zr.powder from the Fe-Co-=Ta-Zr pre-alloy by
mtomization QRGN e B o oS g g B A e e e ane ()
solidifying the green compact at a temperauﬁe ra ingiéro 800C to,950C to pbtain the

ron-cobat- LIRS RIS 318 SettBR G i An0) Bl s SH ORGP SPshe present
invention, the raw material containing Fe, Co, Ta and Zr may be composed of four pure metals of iron,
cobalt, tantZNMHRIR G UfSRUFRTDORRR  agy FRQtHA o FalHRG 3! ea5tRg BIRFOISHAY be any
combinations of pre-alloys composed of at least two aforementioned metals, for example, but not
limited to a Q¥PRBMAE bRCToyarachiEnBfeyP sl crasAnsk bR A aRYHBIAARHH shiRe T pre-alloy

and Co-Zr pre-alloy, a combination of pre-Fe-Zr alloy and Co-Ta pre-alloy.
iron-cobalt-tantalum-zirconium (Co-Fe-Ta-Zr) based alloy sputtering target with

specific composition, for example, Fe-30Co-8Ta-5Zr alloy sputtering target, having a

10 required PTF, cannot be produced by the melting and casting process, and the
sputtering performance and sputtering utility of the Co-Fe-Ta-Zr based alloy sputtering
target are deteriorated.

JP publication No. 2010-059540A discloses a method for manufacturing an

iron-cobalt based alloy sputtering target. A mixture composed of Co-containing alloy

15 powder and Fe-containing alloy powder is used as a raw material and then sintered to
obtain the sputtering target. However, as both alloy powders have respective specific
gravity and mobility, it is difficult to mix two kinds of alloy powders well. Therefore,
the produced Fe-Co based alloy sputtering target has several shortcomings such as
complicated process and non-uniform compositions.

20 In view of the shortcomings that the powder metallurgy process is more
complicated and hardly controls the uniformity among multiple different components
in the sputtering target and that the melting and casting process cannot make a
sputtering target with a required PTF to undergo a sputtering process, the primary

objective of the present invention is to provide an iron-cobalt-tantalum-zirconium



Preferably, the raw material containing Fe, Co, Ta and Zr can be made into the Fe-Co-Ta-Zr pre-alloy
by melting and casting process, such that the Fe-Co-Ta-Zr pre-alloy is provided to make the
iron-cobalt-tantalum-zirconium alloy sputtering 5 target by powder metallurgy process. Preferably,
the atomization process is selected from a group consjsting of gas atomization, vacuum atomization,
water atomization, centrifugal atomization, plasma spraying, and sputtering. 5In accordance with the
method of tQH(BT %ﬁﬁﬂ%ﬁ'ﬂg@Qfgbtta@tﬁ%gmp@{ﬂadW@BWHM&E%@B@;@@& is
essentially consisted of only one pre-alloyed Fe-Co-Ta-Zr powder, such that the

iron-cobaIt-}ﬁQ}@fH@f&Engng}Smesﬁg%gp%@@ ' dange with the present invention has a

more uniform composition.”10In accordance with the method of the present invention, the pre-alloyed

Fe'CO‘Ta‘%E&S’-"cVS‘E{ﬂP-%E??a Qﬁ&%%%@%’ﬁﬁ%&&gfﬁg’% F’Pﬁ- R e&ﬁt@@ﬁ%‘ﬁgﬁ%‘& as ron

and cobalt can be easily flipped over a directio n exterfial magnetic field, an y the

ron-cobalt-tantamzireonium oy spUlering tarashin accardance with ihe present inyeption has
high PTF and provides an |m8|%ved Egspu ermg perforn%ance &nd Spu er*ﬁ1g uﬁllty. IIligreferably,

the green_compact is solidified under a pressure ranging from 300 bars to 650 bars in the step (e), in
order to osot%ﬁ e iron-cobalt-tantalum-zirconium alloy sputtering target with high PTF in accordance
with the present invention. Preferably, the green compact is sqlidified l;é)%hot pressing. method, canning

20 method, hot isostRREPIEYSIHY M 6r QRBIITGHhEINERURMIRIQF b tBdbesiithe
iron-cobalt-tantalum-zirconium alloy sputtering target in accordance with the present invention.
Preferably, Bebrcesbas 8 itarneeRbotatal aNbyispomiain g Han spwitadasriaet ¢RINRRSIBEsent
invention has an individual content of iron not less than 5 6 atomic percentage (at%), an individual
content of dbiaitapstoéserihzio Gigirg ardva st doheont onivag 5o ddbarebakjitfgdiotanrsans to
87at% relative to the total content of the iron-cobalt-tantalum-zirconium alloy sputtering target.

(Ta) and zirconium (Zr); (b) melting and casting the raw material containing Fe, Co,

10 Ta and Zr to form a Fe-Co-Ta-Zr alloy; (¢) making a pre-alloyed Fe-Co-Ta-Zr powder
from the Fe-Co-Ta-Zr pre-alloy by atomization; (d) compacting the pre-alloyed

Fe-Co-Ta-Zr powder to obtain a green compact; and (e) solidifying the green compact

at a temperature ranging from 800°C to 950°C to obtain the

iron-cobalt-tantalum-zirconium alloy sputtering target.

15 In accordance with the method of the present invention, the raw material
containing Fe, Co, Ta and Zr may be composed of four pure metals of iron, cobalt,
tantalum, and zirconium. Or, the raw material containing Fe, Co, Ta and Zr may be any
combinations of pre-alloys composed of at least two aforementioned metals, for
example, but not limited to a combination of Co-Fe pre-alloy and Ta-Zr pre-alloy, a

20 combination of Fe-Ta pre-alloy and Co-Zr pre-alloy, a combination of pre-Fe-Zr alloy
and Co-Ta pre-alloy.

Preferably, the raw material containing Fe, Co, Ta and Zr can be made into the
Fe-Co-Ta-Zr pre-alloy by melting and casting process, such that the Fe-Co-Ta-Zr

pre-alloy is provided to make the iron-cobalt-tantalum-zirconium alloy sputtering



To achieve the objective, the present invention also provides an 5 iron-cobalt-tantalum-zirconium alloy
sputtering target, which is essentially consisted of the pre-alloyed Fe-Co-Ta-Zr powder. The
pre-alloyed Fe-Co-Ta-Zr powder has a base phase containing iron-cobalt alloy, and the
iron-cobalt-tantalum-zirconium alloy sputtering target Bas an individual content of iron not less than 5
atomic percentage (at%), an individual content of cobalt not less than5at%, and a total content of iron

and 10 cobgitsapgingdipde/RRiXIR S/ plyeegiative to the total content of the
iron-cobalt-tantalum-zirconium alloy sputtering target. Preferably, the iron-cobalt-tantalum-zirconium

alloy sputtering targsdf ARIOrIRDG IR HEPSRSENLIRVERTiaRIF RARYRFHIEL s b A dfemgntioned

method. Preferably, the iron-cobalt-tantalum-zirconium alloy sputtering target in 15 accordance with

the present Ipy@IN Rag & 1o ﬁ%%??&t%ﬁ?WQ{EFL%'}%%HﬁBﬁg‘%&ﬁ@j%@ﬁ%&@%@gﬁ%f the

iron-cobalt-tantalum-zirconium alloy sputtering target ranging , the
iron-cobalt-tantalum-zir oniu[p alloy sputtering target in accordance with the present invention may
further com%tf)lrs?é“a ’e%l%a SRe addifve metal 20 selected from a group consisting of boron (B),

aluminum_ (Al) and ¢chromium (Cr). F?ref%rably the af.least one additive.metgl dissolves with iron,
cobalt, tantalum anii”z?r%%?ﬁ gy ¢ H}gaﬁ PIFRE Y Q8™ zirconium and at least
one additive metal relative to the total content of the iron-cobalt-tantalum-zirconium alloy 7 sputtering
target may FEEIRGH BRI ZOEE9R W N e BY isEi S U Sl dtigesrnetallis comistrebah R ihe
iron-cobalt-tantalum-zirconium a||0’é; uttering target, the total content of tantalum and zirconium

relative to tRBRAES-Cee Betheom baaw%ﬁtanﬁhiﬂ%éhman@@b@éhﬁﬁaﬁﬁ@%r@é@wmgerabw

not less than 8at%, 5 and more preferably ranges from 8at% to 20at%, and the total content of the
additive metdlioe kpiviserdng dargiell dorgentdiner Wioh-dubaretantdnivantibhiama alesesputening target
preferably ranges fro_m Sat% to 17at%. Preferably, the iron-cobalt-tantalum-zirconium alloy
sputtering tangeposthcanthickness not more than 12 mm has a PTF not less than 20%. More preferably,
e 10 In accordance with the method of the present invention, the pre-alloyed
Fe-Co-Ta-Zr powder has a base phase containing iron-cobalt alloy. Soft magnetic
metals such as iron and cobalt can be easily flipped over a direction with an external
magnetic field, and thereby the iron-cobalt-tantalum-zirconium alloy sputtering target
in accordance with the present invention has high PTF and provides an improved
15 sputtering performance and sputtering utility.
Preferably, the green compact is solidified under a pressure ranging from 300
bars to 650 bars in the step (e), in order to obtain the iron-cobalt-tantalum-zirconium
alloy sputtering target with high PTF in accordance with the present invention.
Preferably, the green compact is solidified by hot pressing method, canning
20 method, hot isostatic pressing method or sintering method in the step (e) to obtain the
iron-cobalt-tantalum-zirconium alloy sputtering target in accordance with the present
invention.

Preferably, the iron-cobalt-tantalum-zirconium alloy sputtering target in

accordance with the present invention has an individual content of iron not less than 5



10 iron-cobalt-tantalum-zirconium alloy sputtering target with a thickness not more than 12 mm has a
PTF ranging from 20% to 25%, and further more preferably ranging from 30% to 35%. In
conclusion, by using the pre-alloyed Fe-Co-Ta-Zr powder having preferable contents of those soft
magnetic components as a raw material for manufactgring a 15 sputtering target, the process for
manufacturing an iron-cobalt-tantalum-zirconium alloy sputtering target for forming a soft magnetic

layer can bgsimplifert Biytie MeHNANiAERARANCBNER LRSI NG YREN SatdtyFhermers an

iron-cobalt-tantalum-zirconium alloy sputtering target with a more uniform composition and essentially

consisted Oéé'ﬂ?eﬁf%ﬂ%f?%eé%'ﬂ%%g&%H?&Yﬂefsiﬁ't%qge&I?Xt@?&‘\é‘i&t’i&@%@ﬁ%%;ﬁf%‘éﬁﬁén?’%a“Se

the iron-cobalt-tantalum-zirconium alloy tering target has a base phase containing iron-cobalt

alloy, the ir%éqgggjgg)%?fﬁ?_l{gﬂt—ﬁ'ﬁ?ﬁ_r%}g}gﬁlll?%%%{ﬁ%glgé%eggﬁ%gbave high PTF and provides an

improved sputtering performance an uttering u tives, advantages and novel
features of the invexf‘tion will be[ ame. 8 more ap arent from the folio%viﬁ%%%ailed description when

taken in conjunction %ﬁﬁlﬂ%’ Gccom aeﬁ%% ra {ﬁgsg(aél}til{flﬁlﬂ’él I ; ei‘—siél.nl is a block diagram

of a method for manyfacturing an.5 iron-cobglt-tantalum-zirconium alloy sputtering target in
B ceortante WA B SR RSHRU R058 SPUE s PRk A E AL EL b sted

iron-cobalt-tantalum-zirconium alloy sputtering target of Example 1 in accordance with the present
invention; Fj<ha %%law@%@aﬁgg?gpﬁm%@% LhamiroplioasaitatantarZireomdat hasatoy

sputtering target of Example 2 in accordance with the present invention; Fig. 6 is a metallographic
image of arPREhIBISIELMMNPE HRIbERIAIBAYY st ity targee bl S Faive e RBHIBIE G

accordance with the prior art;
sputtering target has an individual content of iron not less than 5 atomic percentage

(at%), an individual content of cobalt not less than5at%, and a total content of iron and
10 cobalt ranging from 75at% to 87at% relative to the total content of the
iron-cobalt-tantalum-zirconium alloy sputtering target.
Preferably, the iron-cobalt-tantalum-zirconium alloy sputtering target in
accordance with the present invention is manufactured by the aforementioned method.
Preferably, the iron-cobalt-tantalum-zirconium alloy sputtering target in
15 accordance with the present invention has a total content of tantalum and zirconium
relative to the total content of the iron-cobalt-tantalum-zirconium alloy sputtering
target ranging from 13at% to 25at%.
Preferably, the iron-cobalt-tantalum-zirconium alloy sputtering target in
accordance with the present invention may further comprise at least one additive metal
20 selected from a group consisting of boron (B), aluminum (Al) and chromium (Cr).
Preferably, the at least one additive metal dissolves with iron, cobalt, tantalum and
zirconium alloy.
Preferably, a total content of tantalum, zirconium and at least one additive

metal relative to the total content of the iron-cobalt-tantalum-zirconium alloy



Fig. 7 is a metallographic image of an iron-cobalt-tantalum-zirconium alloy sputtering target of
Comparative Example 2 in accordance with the prior art; 15Figs. 8 and 9 are metallographic images of
an iron-cobalt-tantalum-zirconium alloy sputtering target of Comparative Example 3. Hereinafter,
one skilled in the arts can easily realize the advantages and effects of an

iron-cobalt- tantalum zirconium alloy sputtering target and a method for manufacturing the same in

accordancey ASRINAYERIRR Fiom Badptewna 20 wirhRiRs al Raseions. digheridigal

understood that the descrlptlons proposed herein are just preferable examples only for the purpose of

Hustrations o ERSE U miihe. spane Al ME nys AR arRys padFAl s andhaatons could

be made in order to practice or apply the present invention withou rom the spirit and scope

of the invenfigiy, [[ﬁ G RMRlfuh a ct"%ﬁ‘&%rﬂiﬁﬁer’é‘ieﬁ%%‘ttﬁ'ﬁnéhﬁc’s mebedien E’&%@“famu“”g the

iron-cobalt-tantalum-zirconium alloy sputtering target was imp emente scribed in detalil

ncorporating e g tkt%tagta@jaggawn 9. L8009 grams ot cobal (il AR50 e of

iron metal, 1 fams Of tantafum meta gra s ofZirconhium metal were prowde as araw
material. The four ure Were mzl e ast Co-T e -all hen, 50
logram o B B HETAI6) 83 B A3 &t 21k anBSiOF, EHpaPaRGi: SbAi 19606 a
gas atomization equment to obtain a pre-alloyed 10 Fe-Co-Ta-Zr powder. Hereln the obtained

pre-alloyed BetE detafiye .S%Jtttemscaatﬁe@&%%lrgﬁgm&a branialmw e iR Allotier that, 680

grams of the pre-alloyed Fe-Co-Ta-Zr powder was mixed well by roll-mixing machine for 20 minutes.
The well-miXaHgFig (Yot PEctssabhy 2angssdep 28 ie® ih@Eagraphite mold with even distribution,
and then compacted 15 under a hydraulic press of 500 psi to obtain a green compact.  Finally, the
graphite mold with fhetpiablyctinpsenwabalitantelamotipressing dllmaspy derdnpéaggeevidbnipact was
sintered and solidified at 850C under 500 bars for 60 minutes to obtain a 40Fe-45Co-10Ta-5Zr alloy
sputtering téhggtmeihreotiaoreterab b2tes: inm altdH tickeesthabh@%8. ivhore preferably, the
10 iron-cobalt-tantalum-zirconium alloy sputtering target with a thickness not more than
12 mm has a PTF ranging from 20% to 25%, and further more preferably ranging from
30% to 35%.
In conclusion, by using the pre-alloyed Fe-Co-Ta-Zr powder having preferable
contents of those soft magnetic components as a raw material for manufacturing a
15 sputtering target, the process for manufacturing an iron-cobalt-tantalum-zirconium
alloy sputtering target for forming a soft magnetic layer can be simplified by the
method in accordance with the present invention.
Furthermore, an iron-cobalt-tantalum-zirconium alloy sputtering target with a
more uniform composition and essentially consisted of the pre-alloyed Fe-Co-Ta-Zr
20 powder is made by powder metallurgy process. Because the
iron-cobalt-tantalum-zirconium alloy sputtering target has a base phase containing
iron-cobalt alloy, the iron-cobalt-tantalum-zirconium alloy sputtering target can have

high PTF and provides an improved sputtering performance and sputtering utility.

Other objectives, advantages and novel features of the invention will become



20The PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target was tested by ASTM Standard
F1761 method. The result shows that the 40Fe-45Co-10Ta-5Zr alloy sputtering target with a thickness
about 8 mm has a PTF up to 35%. In addition, the metallographic microstructure of the 10
iron-cobalt-tantalum-zirconium alloy sputtering target Was observed by scanning electron microscopy
(Hitachi N-3400 SEM). With reference to Figs. 2 and 3, the black phase represents the continuous
base phasen%ﬁé"%ﬁ e@ﬁ%&'ﬁ@%ﬂo&u&% 'dié@ﬁl?é'@)déﬁﬁ E@Q\Rﬂ{gﬂaﬂﬂ@&@&?@ﬁ@% Gepprised
in the black and white phases of the iron-cobalt-tantalum-zirconium alloy sputtering target were
analyzed bYWQMﬂb%Qﬁfﬁg%%ﬁﬁ@neter (HORIB A 7021-H EDS). As shown by Table 1, the
iron-cobalt-tantalum-zirconium alloy Sputtering target was essentially consisted of the pre-alloyed
Fe-Co- Ta-erl@q\,lﬁfE W J< phase mainly contains iron-cobalt 10 alloy. Table 1:
componentsard contents 1T ptack phase and white phase of the iron-cobalt-tantalum-zirconium alloy

sputtering target of E)éar]ui)s A igcei(cag)ar(gj%r}ﬁ% Elltrrlnte O?rﬁtl ellrr'1\1/1 ag&rrlmlfgeaCo Ta Zr Black Phase

5 iron-cobalt-tantalum-zirconium alloy sputtering target in accordance with the present
invention;

Figs. 2 and 3 are metallographic images of an iron-cobalt-tantalum-zirconium
alloy sputtering target of Example 1 in accordance with the present invention;

Figs. 4 and 5 are metallographic images of an iron-cobalt-tantalum-zirconium

10 alloy sputtering target of Example 2 in accordance with the present invention;

Fig. 6 is a metallographic image of an iron-cobalt-tantalum-zirconium alloy
sputtering target of Comparative Example 1 in accordance with the prior art;

Fig. 7 is a metallographic image of an iron-cobalt-tantalum-zirconium alloy
sputtering target of Comparative Example 2 in accordance with the prior art;

15 Figs. 8 and 9 are metallographic images of an iron-cobalt-tantalum-zirconium
alloy sputtering target of Comparative Example 3.

Hereinafter, one skilled in the arts can easily realize the advantages and effects
of an iron-cobalt-tantalum-zirconium alloy sputtering target and a method for
manufacturing the same in accordance with the present invention from the following

20 examples. Therefore, it should be understood that the descriptions proposed herein are
just preferable examples only for the purpose of illustrations, not intended to limit the
scope of the invention. Various modifications and variations could be made in order to
practice or apply the present invention without departing from the spirit and scope of

the invention.



54.1 at% 44.4 at% 0.8 at% 0.7 at% White Phase 31.0 at% 42.7 at% 19.9 at% 6.4 at% Based on the
results from scanning electron microscopy and electron 15 dispersive spectroscopy, the
iron-cobalt-tantalum-zirconium alloy sputtering target of Example 1 was essentially consisted of the
pre-alloyed Fe-Co-Ta-Zr powder, and the pre-alloyed §-e-Co-Ta-Zr powder has a base phase
containing iron-cobalt alloy. Example 2 In the present example, the method for manufacturing the 20
iron-cobalt-tantalungzisgRplenp alloy sputtering target was also implemented as described in detail
incorporating the block diagram as shown in Fig. 1. A similar process was performed as Example 1.

The difference betwgaeR EXAMAES L AR WeSikthod for manufacturing the

iron-cobalt-tantalum-zirconium alloy sputtering target was implemented as described
in detail incorporating the block diagram as shown in Fig. 1.

5 18609 grams of cobalt metal, 15675 grams of iron metal, 12697 grams of
tantalum metal and 3200 grams of zirconium metal were provided as a raw material.
The four pure metals were melted and cast to form a Fe-Co-Ta-Zr pre-alloy.

Then, 50 kilograms of Fe-Co-Ta-Zr pre-alloy was atomized at an atomization
temperature about 1650°C with a gas atomization equipment to obtain a pre-alloyed

10 Fe-Co-Ta-Zr powder. Herein, the obtained pre-alloyed Fe-Co-Ta-Zr powder has
particle sizes ranging from 55 um to 250 pum.

After that, 680 grams of the pre-alloyed Fe-Co-Ta-Zr powder was mixed well
by roll-mixing machine for 20 minutes. The well-mixed pre-alloyed Fe-Co-Ta-Zr
powder was filled into a graphite mold with even distribution, and then compacted

15 under a hydraulic press of 500 psi to obtain a green compact.

Finally, the graphite mold with the green compact was put into a hot-pressing
furnace, and the green compact was sintered and solidified at 850°C under 500 bars for
60 minutes to obtain a 40Fe-45Co-10Ta-5Zr alloy sputtering target with a diameter
about 96 mm and a thickness about 8 mm.

20 The PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target was
tested by ASTM Standard F1761 method. The result shows that the
40Fe-45Co-10Ta-5Zr alloy sputtering target with a thickness about 8 mm has a PTF up
to 35%.

In addition, the metallographic microstructure of the



the sintering temperature for forming the sputtering target. Therefore, a simplified process of
manufacturing the iron-cobalt-tantalum-zirconium alloy sputtering target was described below. An
identical green compact with Example 1 was obtained. The graphite mold 5 with the green compact of
the present example was sintered and solidified at 950 under 500 bars for 60 minutes to obtain a
40Fe-45C0-10Ta-5Zr alloy sputtering target with a diameter about 96 mm and a thickness about 8

mm.  Acgodifhiadipeh iRt iEstem o WDY sphaeian bbb WnRtBBseeiARF&-4miiRel 0Ta-52r

alloy sputtering target manufactured by the method in 10 accordance with the present invention has a

thickness abeu &A@ B TR Q20 M FRIBIaRGA ik 0412 BIACk RRPBfack

represents the base phase of the iron-cobalt-tantalum-zirconium alloy sputtering target. The

CPuterng T Sy e e e P AT P a2

shown by Talli)(l)e 2 thf irion-{:obg{t-tantalum-zirconium alloy sputtering target was essentially consisted
of the pre-a Oygds%_&rop.gagzg powder, and the black phase mainly contains iron-cobalt alloy.

Table 2:Components and contents in blackﬁ% se n%@ﬁiaﬁg oféﬁe
ron-cobah-tantalum LR GSHIUYSHEy SHTAeSIARd 18,4 B BERSAAR220 with the present
invention Fe Co Ta Zr Black Phase 56.4 at% 42.0 at% 1.1 at%

iron-cobalt-tantalum-zirconium alloy sputtering target were analyzed by energy

dispersive spectrometer (HORIBA 7021-H EDS). As shown by Table 1, the

iron-cobalt-tantalum-zirconium alloy sputtering target was essentially consisted of the

pre-alloyed Fe-Co-Ta-Zr powder, and the black phase mainly contains iron-cobalt

10 alloy.
Table 1: components and contents in black phase and white phase of the

iron-cobalt-tantalum-zirconium alloy sputtering target of Example 1 in accordance

with the present invention

Fe Co Ta 7r
Black Phase 54.1 at% 44 4 at% 0.8 at% 0.7 at%
White Phase 31.0 at% 42.7 at% 19.9 at% 6.4 at%

Based on the results from scanning electron microscopy and electron
15 dispersive spectroscopy, the iron-cobalt-tantalum-zirconium alloy sputtering target of
Example 1 was essentially consisted of the pre-alloyed Fe-Co-Ta-Zr powder, and the
pre-alloyed Fe-Co-Ta-Zr powder has a base phase containing iron-cobalt alloy.
Example 2
In the present example, the method for manufacturing the
20 iron-cobalt-tantalum-zirconium alloy sputtering target was also implemented as
described in detail incorporating the block diagram as shown in Fig. 1. A similar

process was performed as Example 1. The difference between Examples 1 and 2 was



0.5 at% White Phase 32.5 at% 46.9 at% 16.3 at% 4.3 at% Based on the results from scanning
electron microscopy and electron 12 Example 2 was essentially consisted of the pre-alloyed
Fe-Co-Ta-Zr powder, and the pre-alloyed Fe-Co-Ta-Zr powder has a base phase containing
iron-cobalt alloy. Comparative Example 1 18609 gramg of cobalt metal, 15675 grams of iron metal,
12697 grams of 5 tantalum metal, and 3200 grams of zirconium metal were provided as a raw

material. ThedQuiteHIRMeRsrMare foplteemngd %%fhﬁ@%&i?g@i.%@?éﬂﬂ&?ta simphifedthe cast
ingot was processed by hot isostatic pressing method to eliminate the shrinkage in the cast ingot.

Finally, the GaSIROGE Was PMGH AP ﬁ%@ééﬁﬁiﬁ&ﬂ?ﬁﬁ%fzﬁ‘@ﬁﬁﬁﬂ%fﬂws@%@%ﬁ%@aﬁ‘g@?meter of

96 mm and a thickness 10 of 8 mm by wire-cutting and lathe process. The
iron-cobalt-(ﬁglgadg%eggﬁggi lloy sputtering target was tested by ASTM Standard F1761 method.
The result shows that the 40Fe-45Co-10Ta-5Zr alloy sputtering target with a thickness about 8 mm

0,
only has a PTF abox%?iﬁér)itical green compact with Example 1 was obtained. The graphite mold

5 with the green compact of the present example was sintered and solidified at 950°C
under 500 bars for 60 minutes to obtain a 40Fe-45Co-10Ta-5Zr alloy sputtering target
with a diameter about 96 mm and a thickness about 8 mm.

According to the result tested by ASTM Standard F1761 method, the
40Fe-45Co-10Ta-5Zr alloy sputtering target manufactured by the method in
10 accordance with the present invention has a thickness about 8 mm and a PTF up to
30%. With reference to Figs. 4 and 5, the black phase represents the base phase of the
iron-cobalt-tantalum-zirconium alloy sputtering target. The components comprised in
the black and white phases of the iron-cobalt-tantalum-zirconium alloy sputtering
target were analyzed by energy dispersive spectrometer (HORIBA 7021-H EDS). As
15 shown by Table 2, the iron-cobalt-tantalum-zirconium alloy sputtering target was
essentially consisted of the pre-alloyed Fe-Co-Ta-Zr powder, and the black phase
mainly contains iron-cobalt alloy.
Table 2:Components and contents in black phase and white phase of the
iron-cobalt-tantalum-zirconium alloy sputtering target of Example 2 in accordance

20 with the present invention

Fe Co Ta Zr
Black Phase 56.4 at% 42.0 at% 1.1 at% 0.5 at%
White Phase 32.5 at% 46.9 at% 16.3 at% 4.3 at%

Based on the results from scanning electron microscopy and electron

dispersive spectroscopy, the iron-cobalt-tantalum-zirconium alloy sputtering target of



15The metallographic microstructure of the iron-cobalt-tantalum-zirconium alloy sputtering target was
observed by scanning electron microscopy (Hitachi N-3400 SEM). With reference to Fig. 6, the black
phase represents the continuous base phase of the iron-cobalt-tantalum-zirconium alloy sputtering
target of the comparative example 1. 20The compongmnts comprised in the black and white phases of
the iron-cobalt-tantalum-zirconium alloy sputtering target were analyzed by energy dispersive

spectrometer ARpIEOUNRYe J@bIR 31 e MRGK PHRBRGithe %&%@@W%@W]%%&'&V
e

1i
sputtering target mainly contains iron-cobalt alloy. 13 Table 3: Components and contents in black

Ehase and yhitg) -@S-TQIZ?%%@’HQEJ%EH&?B%@ aYov FRHUSHIE LB Qi Syomparative
xample 1 Fe Co Ta Zr Black Phase 55.4 at% 43.5 at% 0.7 at%

Comparative Example 1

18609 grams of cobalt metal, 15675 grams of iron metal, 12697 grams of

5 tantalum metal, and 3200 grams of zirconium metal were provided as a raw material.
The four pure metals were melted and cast in a pot to form a cast ingot.

Then, the cast ingot was processed by hot isostatic pressing method to
eliminate the shrinkage in the cast ingot. Finally, the cast ingot was formed into a
40Fe-45Co-10Ta-5Zr alloy sputtering target with a diameter of 96 mm and a thickness

10 of 8 mm by wire-cutting and lathe process.

The PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target was
tested by ASTM Standard F1761 method. The result shows that the
40Fe-45Co-10Ta-5Zr alloy sputtering target with a thickness about 8 mm only has a
PTF about 28%.

15 The metallographic microstructure of the iron-cobalt-tantalum-zirconium alloy
sputtering target was observed by scanning electron microscopy (Hitachi N-3400
SEM). With reference to Fig. 6, the black phase represents the continuous base phase
of the iron-cobalt-tantalum-zirconium alloy sputtering target of the comparative
example 1.

20 The components comprised in the black and white phases of the
iron-cobalt-tantalum-zirconium alloy sputtering target were analyzed by energy
dispersive spectrometer. As shown by Table 3, the black phase of the
iron-cobalt-tantalum-zirconium alloy sputtering target mainly contains iron-cobalt

alloy.



0.4 at% White Phase 29.8 at% 44.3 at% 21.3 at% 4.8 at% With reference to Fig. 6, the distribution
of metallographic microstructure of black phase in the iron-cobalt-tantalum-zirconium alloy sputtering
target produced by 5 the melting and casting process was different from that produced by the powder
metallurgy process (Figs. 2 to 5). The distribution of thg black phase affects the flip ability of the soft
magnetic components. Thus, the PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target in

the comparative exgayile WeorRpYREALIHRIQ SecHistiipulik PRlackRhaghiAshadesylinthe 10
iron-cobalt-tantalum-zirconium alloy sputtering target with a same thickness produced by melting and

casting progess [ A-IOWEN bl Fi A NS 16 S B AP HAANEE APS SRYER DGHility of the
sputtering target coutd not pe |mp§oveu Comparatjve Exampie 4\;440/ grams of cobaltmetal, 12464
grams of tantalum metal, ahd 3141%rams 15 of zir€onium Imetal wére melted andtast to form a
Co-10Ta-5ZrpreckiRlyadBesides 538860 grams 43 Bandmetal, 129(7?ag%1ms of tadtalays metal, and 3252

rams of zifc etal were lteda St 1o forT pre-gjio hen, 5
Eilograms fg?ﬁhﬁ{nﬂlq’asfr pre- %?(?/) r‘% kila %4r3 I(QF@J()T%_FR;F‘ Pp al v&p?paﬁ%miﬂd at 1650C
with a gas atomization equipment to obtain a 20 pre-alloyed Co-Ta- Zr powder and a pre-alloyed
Fe-Ta-Zr powder. H¥ignatescsisratndd pré-dheyddtabutiarehowti laghanive-alicyesimetwee 2f powder
have particle sizes ranging from 55 tim to 250 tim. 14

black phase in the iron-cobalt-tantalum-zirconium alloy sputtering target produced by

5 the melting and casting process was different from that produced by the powder
metallurgy process (Figs. 2 to 5). The distribution of the black phase affects the flip
ability of the soft magnetic components. Thus, the PTF of the
iron-cobalt-tantalum-zirconium alloy sputtering target in the comparative example was
reduced due to the distribution of black phase. As a result, the

10 iron-cobalt-tantalum-zirconium alloy sputtering target with a same thickness produced
by melting and casting process had a lower PTF, and thus the sputtering performance
and sputtering utility of the sputtering target could not be improved.

Comparative Example 2
34467 grams of cobalt metal, 12464 grams of tantalum metal, and 3141 grams

15 of zirconium metal were melted and cast to form a Co-10Ta-5Zr pre-alloy. Besides,
33850 grams of iron metal, 12903 grams of tantalum metal, and 3252 grams of
zirconium metal were also melted and cast to form a Fe-10Ta-5Zr pre-alloy.

Then, 5 kilograms of Co-10Ta-5Zr pre-alloy and 5 kilograms of Fe-10Ta-5Zr
pre-alloy were atomized at 1650°C with a gas atomization equipment to obtain a

20 pre-alloyed Co-Ta-Zr powder and a pre-alloyed Fe-Ta-Zr powder. Herein, the obtained

pre-alloyed Co-Ta-Zr powder and pre-alloyed Fe-Ta-Zr powder have particle sizes

ranging from 55 pm to 250 pm.



Then, 366 grams of pre-alloyed Co-Ta-Zr powder and 314 grams of pre-alloyed Fe-Ta-Zr powder were
mixed well by roll-mixing machine for 20 minutes. The well-mixed pre-alloyed Co-Ta-Zr powder and
pre-alloyed Fe-Ta-Zr powder were filled into a graphite mold with even distribution, and then
compacted under a 5 hydraulic press of 500 psi to obtgin a green compact. Finally, the graphite
mold with the green compact was put into a hot-pressing furnace, and the green compact was sintered

and solidified at 116&{e sy SRPRaIE pes-20 HENITES-t 0BEGIB e ne 3 8428 aliRY Siputtering target

with a diameter about 96 mm and a thickness about 8 mm 10The PTF of the

iron-cobalt-[3atalumzi FaruTy ARy SRYELRG LA G WAP IS SIS R Ard Maiandatd b hihmethod.

The result shows that the Fe-Co-Ta-Zr alloy sputtering target with a thickness about 8 mm has a PTF

bout 33%. {th 1917 T - | ' dt
retalographt ﬁﬁ%@é‘%@?ﬁﬁﬁ%@f@g ggdrg?lﬁj?%;e%? ?8?%22{@ &%ﬁﬁ?ﬁf@%ﬂ%ﬁ%}%&aﬁ‘gﬁéﬁ Ta-571
owder. . € 4. compgnents caontents | C ase wnite ase, o e
ron-cobait EUREHSALEC AR Sl o e P e R B SRR 2 2 prac

iron-cobalt-tantalum-ziréontium-alloy s utterin om arative Exam

Ph 3.9a1% 77.7at% 12.4at9 . :
ase %a}tl}g)drau 1% p%ess o? %O psi to obtain a green compact.

Finally, the graphite mold with the green compact was put into a hot-pressing
furnace, and the green compact was sintered and solidified at 1100°C under 500 bars
for 90 minutes to obtain a Fe-Co-Ta-Zr alloy sputtering target with a diameter about 96
mm and a thickness about 8 mm.

10 The PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target was
tested by ASTM Standard F1761 method. The result shows that the Fe-Co-Ta-Zr alloy
sputtering target with a thickness about 8 mm has a PTF about 33%.

With reference to Fig. 7 and Table 4, the Fe-Co-Ta-Zr alloy sputtering target
had two metallographic phases composed of pre-alloyed Co-10Ta-5Zr powder and

15 pre-alloyed Fe-10Ta-5Zr powder.

Table 4: components and contents in black phase and white phase of the

iron-cobalt-tantalum-zirconium alloy sputtering target of Comparative Example 2

Fe Co Ta 7r
Black Phase 3.9at% 77.7at% 12.4at% 6.0at%
White Phase 84.3at% NA 9.7at% 6.0at%

According to the results as shown by Table 4 and electron dispersive
spectroscopy, two pre-alloyed powders comprised in the
20 iron-cobalt-tantalum-zirconium alloy sputtering target were respectively diffused from
each other and distributed in different metallographic phases, and produced lots of

internal pores. Hence, the density of the iron-cobalt-tantalum-zirconium alloy



6.0at% White Phase 84.3at% NA 9.7at% 6.0at% According to the results as shown by Table 4
and electron dispersive spectroscopy, two pre-alloyed powders comprised in the 20
iron-cobalt-tantalum-zirconium alloy sputtering target were respectively diffused from each other and
distributed in different metallographic phases, and prgduced lots of internal pores. Hence, the density
of the iron-cobalt-tantalum-zirconium alloy 15 sputtering target was reduced. Comparative Example 3
18609 grams@i&Qhalt v doResams of iron metal, 12697 grams of tantalum metal and 3200
grams of zirconium metal were melted and cast to form a 5 Fe-Co-Ta-Zr pre-alloy. Then, 50
kilograms of Fe- Coﬂ? Joli=rr:llle)7TV=1N rﬁf@@lzed at 1650C with a gas atomization equipment to obtain
a pre-alloyed Fe-Co-Ta-Zr powder having particle sizes ranging from 55 pm to 250 tim. After that, 680

grams of pre'allOyeiig:@&grglrrﬁsz&pcod%g\ﬁr%&ﬁlﬂ%3"’5%59%’3 of iron metal, 12697 grams of
tantalum metal and 3200 grams of zirconium metal were melted and cast to form a
5 Fe-Co-Ta-Zr pre-alloy.

Then, 50 kilograms of Fe-Co-Ta-Zr pre-alloy was atomized at 1650°C with a
gas atomization equipment to obtain a pre-alloyed Fe-Co-Ta-Zr powder having particle
sizes ranging from 55 pm to 250 pm.

After that, 680 grams of pre-alloyed Fe-Co-Ta-Zr powder was mixed well by

10 roll-mixing machine for 20 minutes. The well-mixed pre-alloyed Fe-Co-Ta-Zr powder
was filled into a graphite mold, and then compacted under a hydraulic press of 500 psi
to obtain a green compact.

Finally, the graphite mold with the green compact was put into a hot-pressing
furnace, and the green compact was sintered and solidified at 1100°C under 500 bars

15 for 90 minutes to obtain a 40Fe-45Co-10Ta-5Zr alloy sputtering target with a diameter
about 96 mm and a thickness about 8 mm.

PTF of the iron-cobalt-tantalum-zirconium alloy sputtering target was tested
by ASTM Standard F1761 method. The result showed that the 40Fe-45Co-10Ta-5Zr
alloy sputtering target with a thickness about 8 mm has a PTF of only 15%.

20 In addition, the metallographic microstructure of the
iron-cobalt-tantalum-zirconium alloy sputtering target was observed by scanning
electron microscopy (Hitachi N-3400 SEM). With reference to Figs. 8 and 9, the white
phase represents the continuous base phase of the iron-cobalt-tantalum-zirconium

alloy sputtering target.



10 roll-mixing machine for 20 minutes. The well-mixed pre-alloyed Fe-Co-Ta-Zr powder was filled into
a graphite mold, and then compacted under a hydraulic press of 500 psi to obtain a green compact.
Finally, the graphite mold with the green compact was put into a hot-pressing furnace, and the green
compact was sintered and solidified at 1100C under 5@0 bars 15 for 90 minutes to obtain a
40Fe-45C0-10Ta-5Zr alloy sputtering target with a diameter about 96 mm and a thickness about 8

mm.  PTF of thepipncephsdntantobomngiisaniwanmlion sediiaringitargeiwas tegted by ASTM
Standard F1761 method. The result showed that the 40Fe-45C0-10Ta-5Zr alloy sputtering target with

a thickness;plou BTIaR TR 1% FAnadsllian e me@ioaranhis igsyructure of the

iron-cobalt-tantalum-zirconium alloy sputtering target was observed by scahning &lectrori microscopy

(Hitachi N%ﬂ%g §5Vh4)5%é{%tl]ﬁ;§{ar§ng% %g{’gﬁb%ﬁ% 1%’§h§zﬁ‘i it tpiﬁs%s&n[ﬁ@resents the continuous

base phase o tﬁe iron-cobalt-tantalum-zirconium alloy sputtering target. 16 The components

comprised in the b %%%ncflwhite hases of }pe iron-%obalt-tantatlum-.zifconium alloy sputtering target
|

were analyzlg%lbgloenergyn s‘b%lr‘éJS"s‘Bé‘c rOme esp%seg g\/\tlzrl]r%%/ TabR C \(/)vlﬁtl énps)hase of the

iron-coba#t-tantalugu-éirconi m allays .utterqi’ﬁ%tar et.mainlgc ntﬁins g!ron-c balt-tantalum-zirconium
alloy, notroMRESHAR NG T HIL & ﬁ8ﬂﬁ+§??1 Lo WHY thE 2FF 488 o- 16T B2 A '$htftBring
target has a reduced PTF. Table 5; components and contents in black phase and white phase of

the iron-cobXittaheAiezebo B s pliRsmny tieries fieshtvaraive esdhpk 3 Fe Co Ta zr

Table 5: components and contents in black phase and white phase of the

iron-cobalt-tantalum-zirconium alloy sputtering target of Comparative Example 3

Fe Co Ta Zr
Black Phase 55.6 at% 43.9 at% 0.4 at% 0.1 at%
White Phase 28.4 at% 45.5 at% 18.0 at% 8.1 at%

According to results from Examples 1 and 2 and the Comparative Example 3,

10 the sintering temperature in solidification process preferably ranges from 800°C to 950

°C to obtain an iron-cobalt-tantalum-zirconium alloy sputtering target with high PTF.

Based on the results from Examples 1 and 2 and Comparative Examples 1 to 3,
the metallographic microstructure and its components can be effectively controlled by

using the pre-alloyed Fe-Co-Ta-Zr powder as a raw material and solidifying the green

15 compact at a temperature from 800°C to 950°C. A continuous base phase mainly

containing iron-cobalt alloy is formed. In comparison with the methods from
Comparative Examples 1 to 3, the method for manufacturing the
iron-cobalt-tantalum-zirconium alloy sputtering target with specific composition in
accordance with the present invention is simpler by powder metallurgy process with
20 one single pre-alloyed powder as raw material. Thus, an
iron-cobalt-tantalum-zirconium alloy sputtering target with high PTF for forming soft

magnetic layer is successfully obtained.



Black Phase 55.6 at% 43.9 at% 0.4 at% 0.1 at% White Phase 28.4 at% 45.5 at% 18.0 at% 8.1 at%
According to results from Examples 1 and 2 and the Comparative Example 3, 10 the sintering
temperature in solidification process preferably ranges from 800C to 950 C to obtain an
iron-cobalt-tantalum-zirconium alloy sputtering target with high PTF. Based on the results from
Examples 1 and 2 and Comparative Examples 1 to 3, the metallographic microstructure and its

components can bepsffactivaly RMFINRA D iTRGdRSRIEAPNEPaer& R FRIEE PRVERT AN Bridvh
material and solidifying the green 15 compact at a temperature from 800C to 950C. A continuous base

phase mainly, coniaiBnG:0:aPRALHEIRYIS SIS A AP RESAR Y eI RS RS fom: amparative

Examples 1 to 3, the method for manufacturing the iroh-cobalt-tantalum-zirconium alloy sputtering
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5 principles of the invention to the full extent indicated by the broad general meaning of

the terms in which the appended claims are expressed.



17 Even though numerous characteristics and advantages of the present invention have been set forth
in the foregoing description, together with details of the structure and features of the invention, the
disclosure is illustrative only. Changes may be made in the details, especially in matters of shape,
size, and arrangement of parts within the 5 principles|@ the invention to the full extent indicated by the
broad general meaning of the terms in which the appended claims are expressed. 18 CLAIMS 1.A
method for manufacturing an iron-cobalt-tantalumgzjraggRign alloy sputtering target, comprising the
steps of: 5(a) providing a raw material containing iron (Fe), cobalt (Co), tantalum (Ta) and zirconium
(Zr); (b) melting and casting the raw material containing Fe, Co, Ta and Zr to form a Fe-Co-Ta-Zr
pre-alloy; (c) making a pre-alloyed Fe-Co-Ta-Zr powder from the Fe-Co-Ta-Zr pre-alloy 10 by

atomization; A method for manufacturing an iron-cobalt-tantalum-zirconium alloy

sputtering target, comprising the steps of:
5 (a) providing a raw material containing iron (Fe), cobalt (Co), tantalum (Ta)

and zirconium (Zr);

(b) melting and casting the raw material containing Fe, Co, Ta and Zr to form a
Fe-Co-Ta-Zr pre-alloy;

(c) making a pre-alloyed Fe-Co-Ta-Zr powder from the Fe-Co-Ta-Zr pre-alloy

10 by atomization;
(d) compacting the pre-alloyed Fe-Co-Ta-Zr powder to obtain a green compact;

and

(e) solidifying the green compact at a temperature ranging from 800°C to 950

C to obtain the iron-cobalt-tantalum-zirconium alloy sputtering target.

15
2. The method as claimed in claim 1, wherein the iron-cobalt-tantalum-zirconium
alloy sputtering target is essentially consisted of the pre-alloyed Fe-Co-Ta-Zr powder,

and the pre-alloyed Fe-Co-Ta-Zr powder has a base phase containing iron-cobalt alloy.

20 3. The method as claimed in claim 1, wherein the iron-cobalt-tantalum-zirconium
alloy sputtering target has an individual content of iron not less than 5at%, an
individual content of cobalt not less than 5at%, and a total content of iron and cobalt
ranging from 75at% to 87at% relative to a total content of the

iron-cobalt-tantalum-zirconium alloy sputtering target.



(d) compacting the pre-alloyed Fe-Co-Ta-Zr powder to obtain a green compact; and (e) solidifying
the green compact at a temperature ranging from 800C to 950 C to obtain the
iron-cobalt-tantalum-zirconium alloy sputtering target. 15 2.The method as claimed in claim 1, wherein
the iron-cobalt-tantalum-zirconium alloy sputtering target is essentially consisted of the pre-alloyed
Fe-Co-Ta-Zr powder, and the pre-alloyed Fe-Co-Ta-Zr powder has a base phase containing
iron-cobalt alloy. 20 3.The method as claimed in claim 1, wherein the iron-cobalt-tantalum-zirconium
alloy sputtering target has an individual content of iron not less than 5at%, an individual content of

cobalt ot Iges thanfaishafide LURliEARISR ALTAN A GRhRENIRALT M TRALS (B AR plative

to a total content of the iron-cobalt-tantalum-zirconium alloy sputtering target. 19 4.The method as

mothod, CanI o B e e e

claimed in (%Ir"fli% \(/)vrhéalre[@ 'ther%t&%éﬁ) comprises solidifying the green compact under a pressure
ranging from 9 %arss N6°65E BAFSE 6. An iron-cobalt-tantalum-zirconium alloy sputtering target,
which is esssentially

5. The method as claimed in claim 1, wherein the step (e) comprises solidifying

the green compact under a pressure ranging from 300 barss to 650 barss.

6. An iron-cobalt-tantalum-zirconium alloy sputtering target, which is essentially
10 consisted of a pre-alloyed Fe-Co-Ta-Zr powder, wherein the pre-alloyed Fe-Co-Ta-Zr
powder has a base phase containing iron-cobalt alloy, and the
iron-cobalt-tantalum-zirconium alloy sputtering target has an individual content of iron
not less than 5at%, an individual content of cobalt not less than 5at%, and a total
content of iron and cobalt ranging from 75at% to 87at% relative to a total content of

15 the iron-cobalt-tantalum-zirconium alloy sputtering target.

7. The iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim
6, wherein the iron-cobalt-tantalum-zirconium alloy sputtering target has a total
content of tantalum and zirconium ranging from 13at% to 25at% relative to the total

20 content of the iron-cobalt-tantalum-zirconium alloy sputtering target.

8. The iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim
6, wherein the iron-cobalt-tantalum-zirconium alloy sputtering target further comprises

at least one additive metal selected from a group consisting of boron, aluminum and



10 consisted of a pre-alloyed Fe-Co-Ta-Zr powder, wherein the pre-alloyed Fe-Co-Ta-Zr powder has a
base phase containing iron-cobalt alloy, and the iron-cobalt-tantalum-zirconium alloy sputtering target
has an individual content of iron not less than 5at%, an individual content of cobalt not less than 5at%,
and a total content of iron and cobalt ranging from 7526 to 87at% relative to a total content of 15 the
iron-cobalt-tantalum-zirconium alloy sputtering target. 7. The iron-cobalt-tantalum-zirconium alloy
sputtering targghagglaimed in claim 6, wherein the iron-cobalt-tantalum-zirconium alloy sputtering
target has a total content of tantalum and zirconium ranging from 13at% to 25at% relative to the total
20 content of the iron-cobalt-tantalum-zirconium alloy sputtering target. 8. The
iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim 6, wherein the
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iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in clarm 10 6, which is manufactured
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sputtering target as claimed in any one of claims 6 to 9, wherein the iron-cobalt-tantalum-zirconium
alloy sputteHRy-gabektaatal PIEZHEORISETH MO Y ODY HRRNE it Hess not more than 12 mm. 15 12. The
iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim 10, wherein the
iron-cobalt-tantalum-zirconium alloy sputtering target has a PTF not less than 20% and a thickness not
more than 12 mm.

10. The iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim

10 6, which is manufactured by the method as claimed in any one of claims 1 to 5.

11. The iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in any
one of claims 6 to 9, wherein the iron-cobalt-tantalum-zirconium alloy sputtering
target has a PTF not less than 20% and a thickness not more than 12 mm.
15
12. The iron-cobalt-tantalum-zirconium alloy sputtering target as claimed in claim
10, wherein the iron-cobalt-tantalum-zirconium alloy sputtering target has a PTF not

less than 20% and a thickness not more than 12 mm.



