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MANUFACTURI NG METHOD OF SPUTTERI NG TARGET MATERI AL
BACKGROUND OF THE I NVENTION 5 1. Field of the
I nvention [0001] The present invention relates to a
manuf act uri ng nethod of an Fe-Co based all oy
sputtering target material for formng a soft magnetic
film 2. Description of Related Art [0002] In recent
ye h netic recording technolo has achi eved
2 SHRwpbART TR MG S8 On AP g BERING TRy b M A ERIG L
capacity of a driver, a magnetic recording nediumis
conti nuously devel opi ng towards hi gh recording
density. However, if high recording density is
desired for the current magnetic recordi ng nmedi um
usi ng longitudinal nagnetic recording widely used in
the world, ar it IL.paturi zed and
have a hi gh Cé%?@?@% ‘%§g§§€§?ﬁﬁm§§%gggh§e recorded by
1 28 3%3 head. As a result, the 15 industry is
- Faedd oY Mg dn¥sifior esear ch on per pendi cul ar nmagnetic
recording as a nethod for solving these problens and
[000Hpr dh¢ presertianyantion dekates de nsibyufadi@iB8nettoe of an Fe-Co based
per pendi cul ar magnetic recording is to forma magnetic
allolyishiiteding darg@reh el 6 foRhinPROBah&ne8S Al Ng medi um in
a manner that an axis of easy nmdgnetization is
2 sk kﬁ%fhglgﬁﬂ&&ection per pendi cul ar to a nmedi um
surtace, and the 20 per pendi cul ar magnetic recordi ng
1S applicable to a nethod with high recordi ng densit
(004, ﬁ'gieaefg RIS, fenEgRRtlic Ry dineeteanologyhiaspiqhicyed st ficant
as a small reduction in recording and reproducing
progristr adn erdesiol resliagdsge capasity ofie deméram cegnetecocatiing medium is
density. Mreover, in the perpendicular magnetic
contie@ak i degelopinkad MadsggietbiimNamisiy aHFRENL! ifGigh decording
recording filmlayer wth inproved recording
: | ti.Mlday cang, .a i I.S:..devel oped.. ..
denp ok o tie” £5"Fise ol FRRREE' RepRUEL iRt W Pitkucinal
magneti c.characteri.stics, anor phous soft magnet.ic
maglF iy Fopings BieRL e b 4 et IEOT MERGHS fonee RiaE7l and
recordin
have a high coer%ive force which cannot be recorded by a record head.  As a result, the

industry is carrying out research on perpendicular magnetic recording as a method for
solving these problems and improving the recording density.

[0003] The perpendicular magnetic recording is to form a magnetic film of a
perpendicular magnetic recording medium in a manner that an axis of easy
magnetization is oriented in a direction perpendicular to a medium surface, and the
perpendicular magnetic recording is applicable to a method with high recording density
having a small demagnetizing field in the bit as well as a small reduction in recording
and reproducing characteristics despite of the enhanced recording density. Moreover,

in the perpendicular magnetic recording, a recording medium having a magnetic
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5 medium As a representative anorphous alloy for the

soft magnetic film an alloy filmcontaining an

additive elenent in iron (Fe), cobalt (Co), or Fe-Co

all oy has been practiced in use (for exanple, see

Japanese Patent Publication No. 2004-030740). [0005]

Due to the requirenent for high snoothness of the thin

film utter filmis wused as the soft nmagnetic )
recpidiip G AT MG BRITEV S eGSR tyrnd 1 oRcmagsistie dpyer is

film 10 elements of boron (B), zirconium(Zr),
develppad.um (Hf), tantalum (Ta), niobium (Nb), yittrium

(Y) or the like having high anorphous-form ng
[0004pabiuki toy (86 eRb@EerhRNIRT cRBUM: 40 Ra@lcAPPeliSacRddeds. an

in Fe, Co, or Fe-Co alloy to form an anorphous or

' - | £ [.00Q6] |n..order .to fabricate
e FESE ST Moy bt R S FE R s R, mEgialE RecSraing
terial is 15 needed, but an_cast ingot as a raw

megi, - A312 IRESTREHY caRaphays alen iy dhepndimagnstic filgetn alloy film

material is fabricated through a nelting casting
confppiipg i adsbiebplefusnivimdrodi (Fegt cababil (Coypor FstGaualioy @ss been

caused by the gromh direction in solidification.

pradficed i e foreasihpRYscedel B4 0nt PABHQSHA Wl DHRSOITIHNO).
easy cause the generation of particles in sputtering,

n- Yl i ' on-uni form i
(0000 PO DL BERNER Rt LB0uit Tt Ble BT BT ffer i i
ol ling.is perfarnmed on the cast ingot to reduce the
use S e BB BT o G Teanstiag s onaln fhe sputter i,
macrostructures to obtain the sputtering target

elerpgptse pf Apron fiaitepnivan(Zes-laduiam Gyh.athdedunni (TTh), Biottam (Nb),
Hf, Ta, Nb, Y or the |like element having high

yitirdum (Phoutheflike mManigis GagadhbriphYusab 8atn@T capAtality PreR4URN §:0qual
5 atomoforns a hard and -2 brittle internmetallic

to SGRAPAYOHRRAS € @D, RS, eh%?/ tb g&&gz{rn Brrg%?gﬁtor miﬁié)—%zﬁsetallite

wor kabi l1ty and cannot be use acturi
f1mt arget  mat erial stably through hot rolling. SUMVARY OF
THE I NVENTI ON 5 [ 0007] Accordingly, the present
invention is directed to a nethod for stably
[00064 n U gedaite Fayrigats ha wetterigm, arteyget matewalitaFormi 4 basamaterial is
cast ingot being plastic worked when an Fe-Co based
needget) byt apudst érgongs tangehahlelidsahafyotastiog AeRets avigdf the target
magnetic filmused in

material 1s fabricated through a melting casting method, thereby forming directional
macrostructures caused by the growth direction in solidification. Since such casting
defects or macrostructures may easy cause the generation of particles in sputtering,
non-uniform thickness sputter film, or non-uniform sputtering speed, plastic working
such as hot rolling is performed on the cast ingot to reduce the casting defects or
eliminate the directional macrostructures to obtain the sputtering target material.

However, an Fe-Co alloy added with B, Zr, Hf, Ta, Nb, Y or the like element having

high amorphous-forming capability greater than or equal to 5 atom% forms a hard and
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a perpendi cul ar nmagnetic recording nmediumis

manuf actured fromthe cast ingot. [0008] Regarding the
sputtering target material forned of an Fe-Co based
alloy for 10 formng the soft magnetic filmof the
per pendi cul ar magnetic recordi ng medium the

i nventors have carried out various researches on the

pl astic rking nmethod of the cast ingot, and found
brifle ety spone. HGra gnOHs PabagaRos hot workabiity and
di ameter/ height ratio of the cast ingot and an
cangipkle ysedh §prraana fctiringshe target matariplisghblh ttropgheles rotiyg.be
used to acconplish the present invention. 15 [00091
That is, the present invention provides a
manuf acturing nethod of a sputtering target material,
which is an Fe- Gonpasae, alraYs VERgG @R atomc ratio
represented by a conposition fornula
Fei,00- x- Cox) i1 00-Vv-Ni v) 100, M a, where 5<X< 95,
100y S58% gz MhSToreschl e & il o onamhod v cably
nore elenments selected fromB, Zr, H, Ta, No and Y.
mamHactyrie g SRILier e threas nivbetial mélhuedemst ingartsinggplastic worked when
cylindrical cast ingot 20 having a di aneter/ hei ght
an FaCo dased alloy GpifiteZin Rir@etan R0 SUF Rriifigth sﬁﬂﬁa%%ﬁ@tﬁhhﬁﬂed in
by hot press with an upsetting rate of 30% 70% at a

& j - - . ain
R e PR B T T s R FR bRt
nuf, act ur i met hod of the present |[nyentjon, the -3
oo kBB Ge 16h Fttae Bene Ry BRbs] AL 8 MR Pistarloy for
|l ess than or equal to 15 aton? which is one or two or
formpygg dhe pafemeactice fili td dhe perpendicelai mag(eTic) recurdimgdinedium, the
(V), chromum (Cr), nolybdenum (M), tungsten (W,

inveakarsrhaencafddd ownvarisid tes@incheSioh .the El@&ﬂcl\}voﬁtﬂ{g MEMBOLE the cast
in the present invention, preferably, a dianmeter of

ingdth@dcRahd tHRAOt a}i:apcrol?riegé ?Qﬁtﬁfnsﬁiﬁaad%t@éeneaq& e{ep/héigﬁt A of the
t an or

and a dianmeter of the target erial 1s Tess

e 0 0012 Ef fect ,of the invention]
CaSt[ g]g%]a}@h%l %P%?g}é r%ﬁv%nh”& & g\??'bﬁi'bg% PEESS dBah 8 eifed to
all oy sputtering target material for formng a soft
acmﬁﬂﬂﬁ%ﬁh%?ﬁﬁqmﬂnﬁﬁﬂgmperpendicular magneti c recording

medi um capabl e
[0009] That is, the present invention provides a manufacturing method of a sputtering

target material, which is an Fe-Co based alloy having an atomic ratio represented by a
composition formula ((Feipo-x-Cox)100.y-Niy)iopa-Mla, where 5=Xs595 05Y=£25,
55a=20, and the M1 element is one or two or more elements selected from B, Zr, Hf,
Ta, Nb and Y. The manufacturing method includes inserting a cylindrical cast ingot
having a diameter/height ratio up to 0.5-2 into a pressure mold, and upsetting by hot

press  with an upsetting rate of 30%-70% at a temperature in a range of 900°C-1250°C ,

$0 as to obtain a target material.

[0010] Furthermore, in the manufacturing method of the present invention, the
-3-
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10 of stably perform ng magnetron sputtering, so the
present invention is an extrenely effective technol ogy
i n manufacturing the perpendi cul ar nmagnetic recording
medium [0014] In order to make the aforenenti oned
and ot her objectives, features and advantages of the
present invention conprehensible, enbodi nents

ccompanied with figures are described in detail
Sp“@S’f‘%éCEar&% DR rlﬁé’w%ifﬁﬁrlﬂw&ﬁlem@ frnteRces quoe1s] 1 STHem%
acconpanyi ng draw ngs are included to provide a
whichrig e Unerar ot aneli jerodnts tstlectediomt iteamiuan@iarenadium (V),
incorporated in and constitute a part of this
chrepami {C9aholgbdentie( M) ﬁ%(wb,lauﬁﬁihaﬁle(A%ﬂdsmﬁ%ﬂt(§i%0f
the invention and, together with the description, 0
rv ' r:L, NGl he ,i nvent i.qn. . .
(00780 By R 2R, 1 B LASeRILDEHE ThotBlap bt F dl TR R capt ngot s
material in the

t.he.shape of a utteri t ar get 1t
gfe%?fe‘é‘é%topieﬂ\‘ﬁéﬁ? i@ﬁ.mwalﬁsggdta IR o target RABEE) NERFShan or

[0017] Reference will now be nmade in detail to the
equalrtadeRmmnbodi ments of the invention, exanples of

which are illustrated in the acconpanyi ng draw ngs.

[001Ner @Bt ofrhs ivehiton]t he sane reference nunbers are
used in the drawi ngs and the description to 5 refer

[00i% thge ﬁ;@%@ﬁt‘c ﬁ{e\rehtii&?%%@fdte? an [:?—%ggaﬁgdqzﬁlo@gs%%lﬁ%rﬁ?gotﬁg%{] xtglaterial

feature o present 1 nvention Ties

ound that a t.arget teri al y be manuf act ured
for (PR 50w G o5 HerengienlBE aghiegecas e retonea capabe
upsetting rate after a dianmeter/height ratio of an
of stabdy Ppifgrating fmagneren Sputisaisgdso did pygsdravinvaptian iat:onistremely
rati o represented by a conposition fornmula 10

cffe¢t{veabdmologCax pianofayruNny MHeqRrenMcular WABK&IcREXRRg medium.

0<Y<25, b5<as20, and the M elenent is one or two or

wOlqus)r nebQRE :’if) Zréﬁl‘?é ed QforbhOMded And Hlher T ech@es, 309 % and

contro

advantages of the present invention comprehensible, embodiments accompanied with

figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The accompanying drawings are included to provide a further understanding of
the invention, and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and, together with the description,
serve to explain the principles of the invention.
[0016] FIG. I is a structural view of an example of the shape of a sputtering target

material in the present invention.
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[0019] First, an alloy conposition of a sputtering
target material in the present invention is an Fe-Co
based al |l oy having an atom c ratio represented by a
conmposition 15 formula ((Fei 0o-x-Cox)ioo-y-Ny)loo-,
ML3, where 5<X--<95, 0<Y< 25, 5<a<20, and the M
el enment isfowmdofoneortmoorrmreelmmms
selected fromB, Zr No and Y. The purpose of
the al | oy coH%@%QRH%ﬁOF§3Eah%%ﬁ%ﬁﬁﬂQﬁﬂ%M$Sphous film
mcro-crystallite fil mhaving magnetic

[OO&Har Befeegnics twitlsn@s dentiadt it alemilsof thenpenet leinkfokiirmnts‘ of the

per pendi cul ar magneti c recordi ng. Furthernore,

invérBo6DeRafheh FHviadh Aehithefatedn Mc@b%?é}gf '\%n@ra\%n WO brever

nore elenents selected fromTi,

pos§'bl ﬁfes eﬁnfehl%?ergx{ce n%u erst e%elugg ng) chg\m gttﬁ% Idgs%nptlon to

oy conp03| I'on
character| stics of the soft magnetic filmcan be
refef i the S7Re AT Wk P%!St he corrosion  resistance or
anor phous-form ng capability is inproved by containing
{0018le ‘Bemost importart featdrentfities Eresomeinventsal 1stie that oM Find that
vV, C, M, W A and Si. [0020] An intermetal lic

a mgumaamﬂaihma gk BRALRBRLeMBELKRDLY | i
e e t%ehyse“ﬁ@ o }sihtﬂgd with a

confr (ﬂf&ﬁ)p@?ﬁm‘lg&até th%}%z‘i%%‘?’{?g%’%gﬂ 1glio OEE ) %sé }ngpgo{)@} ],-?eg?lﬂ]based

1 g stic morklng on the cast ingot of the Fe-Co based
allo Ilal?ﬂyl% 48 t YOPEYudRI adEPTsEEERSk ebl's dr @pesitigne formula

di rectional cast structures, upsetting by hot press
(Feig-xeimd nyedliv)iBecdlke whee 51@1‘3‘(%9@,8@5_6’@ 25 npEem It and the Ml
upsetting in which the cast ingot is heated at a high

elenand i€ 0NS baMko toe TAGkALHhent¥REIk&D TN B, Cﬁﬁ@{fe% b AnPY s
hi gh pressure, so that hot working can be perfor rredrl

Comymela a high 10 upsetting rate greater than or equal to
30% wi t hout causi ng breakage or crack of a mnateri al
Mor eover, the reason of

Vi poor .hot workability.
l"“l@ﬁp Pnd% ¢ dpgRerRgSByn ot PHEgEY faseet waierak In e present
cast i ngot has a processing strain while being
invegijprmifi aalfe-Go bagagr alloy diavingen diymivenfiorepregnted atyi ngpnandition
upsetting at the same tinme, so as to effectively
formald ((Faad.eCoRRodHNEGHI.LRAL, Wagt S XHOIUNESY <25, 5<a< 20, and
the M1 element is formed of one or two or more elements selected from B, Zr, Hf, Ta,
Nb and Y. The purpose of the alloy composition is to obtain an amorphous film or
micro-crystallite film having magnetic characteristics essential to a soft magnetic film
for perpendicular magnetic recording. Furthermore, an Fe-Co based alloy further
containing one or two or more elements selected from Ti, V, Cr, Mo, W, Al and Si Jess
than or equal to 15 atom% is also applicable to the alloy composition, because the

magnetic characteristics of the soft magnetic film can be maintained while the corrosion

resistance or amorphous-forming capability is improved by containing the one or two or

-5-
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15 [0022] Furthernore, in the upsetting by hot press,
the cast ingot before the hot press is nade into a
cylindrical shape having a dianeter/height ratio of
0.5-2. The reason lies in that, if the
di anmeter/ height ratio of the cast ingot before the
upsetting by hot press is less than 0.5, the
ossi bi lity of .buckling increases during the upsetting
mofig Aatgents setked! 190 ik U MelCATRS Sht ratio 15 over 2
the friction between the cast ingot and a punch 20
[00R8} nmiAmginterprielswrcanprohd hewng geonhotexaksisilive iy dxangee, Fe,Ta,
conpression | oad at which the wupsetting is perforned
CodTa, FogredBpoess, ikehbahsiis 14BOEAGELGA the EQ;@%%O’: kStndeB St the
hot press, the upsetting is performed with a
Fe-tB%aldd digyr ate of 30% 70% Wen the upsetting rate is
 ess than"30% cast structures of the target materi al

[Oﬂgﬂnng b? -6 sggficiently el im nated. Mreover, when

e b%ré PG OFLEr 1@ EiTPIEY Plagtipwopang om Hiedeagh ot efnthe Fe-Co
upsetting rate over 70% the friction between the cast

basghgBey anchsatoptpdute tastingndpfects pr ebisunate diketicnalises safctures,
excessively | arge conpression |oad at which the

upsetiaghlyiiog press peehplop®l iBechite thOhoPhi8sSean WHptdhndr® upsetting
unpractical. 5 [0024] In addition, the tenperature Pn

1 i s ' e be.in the rar .
in LR BE T DR PYs PP LRSI, R coBenE ooy BB08beine
a deformati.on resistance of the cast ingot is |arge,
confpretStd af S ER eresaie, POMEIpRS ¥PiEorer he PEROEnachgdh, 4 bigh

and if the tenperature is higher than 1250C, the
UpsgtHogaatp sEeaicrathpppr jaquelhie pO%sweitholit aesing dreakagey oberabh of a

a liquid phase. Mreover, when a carbon based materia
materid haeisig poaphittveorksbill. Usesied vdr,ahdlie@s @ oMY IRE ufsetting by

pressure nold of the hot press, in order to inhibit

hot bR@s I | 2) s l. | t he
o b FRE Nl s, e P M T o AR AR sty ESRinel fcany
[ting point nmetal foil

. 1150C. . or..a high ) .
recr Gl bl B BerrRigine, Ryt Uiy A Grmesiir. saios e siteniively
foil to prevent direct contact between the die or

elimippte the digetional eagsitruchmefot . 15 [ 0025] Besi des, hot
wor kabi lity may be inproved through spheroidization of

[0022he Furthtenorefialthd epseninpdyridt pryd, Bg: @odheht®efore the hot press is
wor kability by perform ng heat treatnment on

made into a cylindrical shape having a diameter/height ratio of 0.5-2. The reason lies
in that, if the diameter/height ratio of the cast ingot before the upsetting by hot press  is
less than 0.5, the possibility of buckling increases during the upsetting by hot press; if
the diameter/height ratio is over 2, the friction between the cast ingot and a punch
forming a pressure mold causes an excessively large compression load at which the
upsetting is performed in the hot press, which is unpractical.

[0023]  In the hot press, the upsetting is performed with an upsetting rate of 30%-70%.

When the upsetting rate is less than 30%, cast structures of the target material cannot be

6
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the cast ingot. Thus, it is effective to perform heat
treatnment for | hour or nore in the range of

1000C- 1250C before the upsetting by hot press.
Furthernore, since the <crystal grain coarsening in
the cast ingot is significant in the case of a heat
treatment 20 over 30 hours, the tine of the heat

rea nt.is.ideally no nore than 30 hours. [0026
Sugéﬁlrel’ﬁ&?é%?‘é%dsi E@%%F&é’fhee hioraeriHge isregpired i@iternetfarmed with
especially for the conposition containing the M
an gpehEy rafy edr g% Iam frintion dretieet dhd Basa trggol@nd @ gtunch Torming a
treatment is ideally performed on the cast ingot
prekane NPl valied anpRsdstivep 108k ebMpidGon WSSt NG Y BRktine |
press. 10027] Furthernore, ideglly, t he target Ei&%_lngls
perftRRl iRlne @Bt AiRed HdATLRREHRPE L ng by hot - press is
sliced perpe gl ¢ul'ar to an upsetting direction,
t material after 5 the hot press may

ause.the targe
[00? eﬂba‘ikhg%‘k ﬁ@"s ErRerwrep thpReselimet Nehalgss¥eds size hefih the
the target material due to the dianeter/height
range 194t Wi hiZ90 Crhu¥, thehtsniparaget inslperr ahanmag0e a slefae@dtion
to acquire nmultiple pieces of target material s,
esikABELYinb FRE QM L [ 1.&d reatly. )
10028] Furt hg*r@r?g%elg@?dae@ﬁlé ‘ﬁgﬁcgﬁan'g't‘ﬁe@?&lgg i castipeot, and
ol bef ore .t he upsetti b ot. 10 press_is greater
it ARG oS HBOTHINC et e i bt iov0n tearcpea gutnion
material after the hot press upsetting is |less than
maypbe Bgubduid ph2R0 Moredhg wigksOsrbirESastd ndabifal sich dshgaphite is
di aneter of the cast ingot before the hot press is
used @58dit RABUAGD M PredshR A FAO L of L bR oM ‘
becorrle sggl I, ﬁﬁhﬁlgh ce{uglgs@ gﬁ@gie&gééé’{%ﬂﬁo%“ﬁ%&m reaction
ter of the

[ [ upsetting; if .the.dia
betpbf el ciboh 1€ B hE Baselined® BAGHG! Risrapertie tessthan
r‘iﬁ{}lJ_ir]?j‘%)c 15 cqngression_load w | | becone excessively
or e & L HRPEC £ @ & IHE mektina raintiastaioll sael a5 MeoBROInd Ta is lined as
Furthernore, a die or punch formng the pressure nold

an dnfi-diffesiB® foiP ke preveteditdey coMB@ el &Nt &1i0% g@ﬁ&o&d the cast
conposite, but a die or punch of ceramcs,

ingdtefractory nmetal or alloy thereof, or a cemented
carbide may al so be used. \Wien the cast ingot is
ressure nold, the coefficient of

jhserted into the
[0045& gﬁsg‘%&b ?twg(gﬂ(apﬁgy Bo#E Re P ved aiigpugh spheroidization of the
intermetallic compound having poor hot workability by performing heat treatment on

the cast ingot. Thus, it is effective to perform heat treatment for 1 hour or more in the

range of 1000°C-1250°C before the upsetting by hot press. Furthermore, since the

crystal grain coarsening in the cast ingot is significant in the case of a heat treatment
over 30 hours, the time of the heat treatment is ideally no more than 30 hours.
[0026] Furthermore, since plastic working is more difficult especially for the

composition containing the M1 element greater than or equal to 15 atom%, heat
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20 the cast ingot may be reduced and neanwhile the
possibility that carbon as a conponent of the punch
or die diffuses towards the cast ingot may be
prevented by coating powder such as boron nitride.
Then, a foil of Md, Nb, Ta, stainless steel, and other
materials are inserted between upper and | ower

face cast ipgot and the, punc which is -8
ol ety R o R i b esichov s ccoMPar e efpre (e
the punch fromdiffusing towards the cast ingot. Wen

ups?tﬁggg@,hptprgss, nserted, coating powder such as boron
nitride on the foil is also effective in reducing the

[0020ef Furtheembrepfiddatli,ciht amge| QDRI b&aﬂ@&ilﬁmmtthelhpéumg by hot
[0031] Vacuum nelting and casting are perforned on

pred¥ak E%d%éﬂ%d&ﬁle@@% B8 upQilP§edtah, i@ hd SrgH mattelﬁl]l after

ratio represent ed

the S0P PR TR, "eact ?ﬁﬁag%si%%aﬁp’?lrﬁ%’fpaﬁ? esie Sgacef e targe
in is inserted into a pressure nold formed of a

maat Lﬂ%&?ea‘ﬁ’dthé dreetegheishinetlatginabipt efhysp the tagetrmpteriaidmay be
of graphite, and upsetting by hot press is perforned

sticednder acqnidi trnoltiples hpdoues i of Taklee hateliflsFUhtRBY MEBoving the
boron nitride is coated on the cast ingot when the

MBS el in 19yrdagy. press is perforned. [0032] In
Inmg dlglgﬁaaaégha%e and a dlaneter/helght ratio of a

r bta settin n each cast
0"1‘31‘9%3 gﬁ‘}é‘ﬁ‘%hl A 6 %lge & ﬁf f’%’lﬁ%ﬁf‘ﬁ%ﬁoe e f@%&mﬁtt}% by hot
Furtherm)re t he upsetting rate shown in
Pfeswo&’féatéf than gr gayaldo Lo wum.nd @ dgmetenef Ghtargst material Bter the
cast ingot - height of the target material)/height of
hot pives vpsttingnolessxthaf@) .eqhl0B330] Fab| eTh] readdnSaapineth&ast the
i ngot Hot press Remarks No. Shape D aneter/ hei ght

dianfe i ithOBast MEbt bétbiedhd h6PHEE: ¢ 18 IR TRIMARAHY Gameter/height
Exanpl e of the present

ratio will become small, which causes a large possibility of buckling in the upsetting; if
the diameter of the material after the hot press is over 200 mm, the required
compression load will become excessively large due to the diameter/height ratio.

[06029] Furthermore, a die or punch forming the pressure mold in the hot press ideally
uses graphite or carbon composite, but a die or punch of ceramics, a refractory metal or
alloy thereof, or a cemented carbide may also be used. When the cast ingot is
inserted into the pressure mold, the coefficient of friction between the punch or die and
the cast ingot may be reduced and meanwhile the possibility that carbon as a component
of the punch or die diffuses towards the cast ingot may be prevented by coating powder
such as boron nitride. Then, a foil of Mo, Nb, Ta, stainless steel, and other materials

are inserted between upper and lower surfaces of the cast ingot and the punch, which is

-8-
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1100C i nvention Load: 2350 N Tinme: 3 h 2 cp7x5 1.40
Tenperature: Exanple of the present 1100C invention
Load: 2350 N Tine: 3 h 3 cp7x4 1.75 Tenperat ure:
Exanpl e of the present 1100C invention Load: 2350 N
Time: 3 h 4 p7x3 2.33 Tenperature: Conparative exanple
1100C Load: 2350 N Tine: 3 h 5 cp7x2 3.50

Tenper at.ur e: Cbgpﬁkative exanpl e 1100C  Load: 2350 N

alsqehEclive it REeyeRRe ocagherTempenas inrthe Peptplipay difiasing towards
exanple 1100C Load: 2350 N Tine: 3 h [0034] [Table

thezpstSaggsl e Whangbe foilisendeaied, Upsting porgddRemelr ks boo.nitBdape the
Di aneter/ hei ght rate

foil is also effective in reducing the coefficient of friction.

[6030] [Embodiment 1}

[0031] Vacuum melting and casting are performed on a molten alloy of an Fe-Co

based alloy having an atomic ratio represented by (Feap-Cos)oo-(Taso-Zrso)s-(Alse-Crse)s

to obtain a cylindrical cast ingot shown in Table 1. The cast ingot is inserted into a

pressure mold formed of a punch and a die (an inner diameter ¢ is 10 mm) made of

graphite, and upsetting by hot press is performed under conditions shown in Table 1.

Furthermore, boron nitride is coated on the cast ingot when the upsetting by hot press

is performed.

[0032] In addition, a shape and a diameter/height ratio of a target material obtained by

upsetting on each cast ingot through hot press are determined, as shown in Table 2.

Furthermore, the upsetting rate shown in Table 2 is a value calculated by ((height of the

cast ingot - height of the target material)/height of the cast ingot x 100).

[0033] [Table 1]



(mm

i nvention
i nvention

ratio 1 cpl

3 cpl

Ox4.1 2.44 51% Exanpl e of the present
2 91 x2.5 4.08 50% Exanpl e of the present
x2.0 5.10 50% Exanpl e of the present

invention 4 cp8.2x2.2 3.75 27% Conparative exanple 5

cp7x2 3.50 0% Conparative exanpl e

Conparati ve

'raP\ es—|

apnd-2

exanpl e
sufficient

6 7x 1 7.00 0%
-10 [0035] As can be known from

nI astic worki ng..can he

Samle

i zed fnﬁagamqtps 1-3 i

Npr esehapaiv ¢
| oad @mn?35

=n£h@nﬁwﬂhagdgh

n t et exanpl ds of t Remarks

upsetrditnap by
D N t hatiocan be applied in Jview of the

hot press at a

I stregptdy of
nol d. Moreo

pi eces 5 co
3, fasting

structures

2 showd’By Sa
performed f
di anet er/ he
acclording t

el i mnat.ed

b observati on

the dpgiznade
er, according|

Hef ects are red

[ 00 nne

qgmﬁéx@ﬁ}i‘é te af E‘i{%{)i@r&%%rgsent

servatlcn on
Sanpl es
di riect i onal

Iected fron1naEl %egﬁ%

the._ot

?vc’énélon

cast
her hand__as

hpl es 448, suf
or the cylindri
ght ratio ovel

Temeﬂﬂttmrp sett
I ngat haviing:ndion
Ldad: 2ropigh
DRih &Sty Pi eces

¢H0°Cast

i Fgaropln b thetpeesent

hot press, and
coll ected from

3 SO r({?ﬁél- mat

strjuct ures

nmol
rat

are not’
[0038] Vacuum nelting and
ten alloy of an Fe-Co
io represented by (Feb

T0of

riats
{ elimna

i

bearkd3

F%‘Ef’zn [
ar e perf or Hr’é't’:FnBHn

Eﬁﬁega;?lﬁgﬁfhe ‘esent

havi ng an at om ¢

3Ifm35ﬁ85 Talz to obtain a

4 cyliigksi cal | cast 2.pgot shpWmpdiathah! € 3. Cbagatdist example
indot is inserted into a pyggsure nold 15 formed of a
purich and a die (an inner E&ﬁﬁ%gﬁfN(p iis 10 mMm) nmade
of |graphite, and .

Time: 3 h
5 ®7x2 3.50 Temperature: Comparative example
' 1100°C
Load: 2350 N
Time: 3 h
6 p7%1 7.00 Temperature: Comparative example
1100°C
Load: 2350 N
Time: 3 h
[0034] [Table 2]
Sample Target material Upsetting Remarks
No. Shape Diameter/height rate
{mm) ratio
1 p10x4.1 2.44 51% Example of the present
invention
2 @10x2.5 4.08 50% Example of the present
invention
3 @l10x2.0 5.10 50% Example of the present
invention
4 ©8.2%2.2 3.75 27% Comparative example
5 Q7x2 3.50 0% Comparative example
6 Q7x] 7.00 0% Comparative example
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upsetting by hot press is perfornmed under conditions
shown in Table 3. Furthernore, boron nitride is
coated on the cast ingot when the upsetting by hot
press is performed. [0039] Moreover, a shape and a

di aneter/ height ratio of a target materi al obtained by
upsetting on each cast ingot through hot press are

erm ned 33 sho i.n, Tabl e urt her nor e,
°°g§i, A H PaBORR Jiitn i Hioe ahi & én%% Sl GEbRl wakinomn be
y ( helght of the cast |n? - height of the target
H%ﬁdefr(Oi apmpksilghtn be extmplens therrg@ﬁen&mmyon th@ogupsetting by
[ Tabl e 3] -11 Sanple Cast ingot Hot press Renmarks No.
hot$hespat Dicudet’ B st thittcas badppliednn Wiewdf thatkiréngth 6PElidmade
0.83 Tenperature: Exanple of the 1100C present

of &LAYER bOMhe 080 B30 NiotdR:, Rcbldi OtQ%UseILvI n Hst pieces
FL i

%arrp le Tar et material Upsetti ng Re

er/h tr rat| 8x4 28 49%
COHE;L%H%% gtte [ae}l pre Béﬁél Inve r?fll oﬁ g Peﬂg? %"ﬁnrealéced and
from Tables 3 and 4 sufficient pI asti c working
d”e&Hﬁn &2 sprggdpres glimigiedsanpl e 7 in the exanple of the
present invention through upsetting by hot press at a
[003@adOofthe 380 Nandak shewn tby Seppléed-6] sufficent ofscitidg cannot be
strength of the die nade of graphite of the pressure

perﬂgf*}ggﬁe gd\bﬁlﬁ‘éy%ﬂdrlcﬁlc@a%f HoBOnEn® RSRINALY IR Natt $8her 2 through
hot press, and according to observation on test pieces collected from sources materials
of Samples 4, 5, and 6, cast structures are not eliminated.

[0037] [Embodiment 2]

[0038] Vacuum melting and casting are performed on a molten alloy of an Fe-Co
based alloy having an atomic ratio represented by (Fegs-Coas)sg-Tapn to obtain a
cylindrical cast ingot shown in Table 3. The cast ingot is inserted into a pressure mold
formed of a punch and a die (an inner diameter ¢ is 10 mm) made of graphite, and
upsetting by hot press is performed under conditions shown in Table 3. Furthermore,
boron nitride is coated on the cast ingot when the upsetting by hot press is performed.
[6039] Moreover, a shape and a diameter/height ratio of a target material obtained by
upsetting on each cast ingot through hot press are determined, as shown in Table 4.
Furthermore, the upsetting rate shown in Table 4 is a value calculated by ((height of the

cast ingot - height of the target material)/height of the cast ingot x 100).

[0040] {Table 3]

-11-
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collected fromthe material of Sanple 7, casting
defects are reduced and directional cast structures
are elimnated. 10 [0043] [Enbodi ment 3] [0044] Vacuum
nmelting and casting are performed on a nolten all oy of
an Fe-Co based alloy having an atomc ratio

represent ed by (Fe40 CoGO) 90 (Taso-Zrso)s- (Al 50-Cr50)2

tprgot—shown—i-n-Table 5

arf—a— ey iigrt-car—easSt—+HhRget—Shoe
?ﬁ? Eeast i ngotéefsgmigﬂiéert ed i|nt oig’];dl;’gls%ssure roRgmarks

0 pun (ancp ¢ di dmeter (p is
190 mm Shepe %gﬁ@g;gﬁghte and upsetting by hot
rressT efr-FHarred 1 uu:d'tlons showa +n-T
urther%gé'l, when t RSy upsett PSV‘“H%t orlessExample of the
perforimed, a stainless steel BT is i nser pedeiduvontion
the cast ingoti and the punch Imade33h Ngraghite, and
boron nitridelis -12 coated@reihg cast |i ngot. [0045]

th
O

Moreover, a shape and a di aneter/Height Tati o ofa

target material obtained by wupsetting on each cast
[06#HgofTablerddugh hot press are deternined, as shown in

Table 6. [0046] Furthernore, the upsetti ng rate shown

Sdrpld abl e 6 gred: Maetig cal cul at§fle¥g O [((NE itk (e
f@ast |nqa%ﬁ em%[ﬁ?r/hetﬁqﬁo argef..nat erial)/height of
go

the ¢cas 47] e tafget material of

Safpte et ug hgt--pr-ess—i-s—sli-cedand
7 mach ﬂ%g %‘Jg manuf actabe mul ti pl 89%i ecesEéme@BQﬁherpiﬂﬁgm
target materinls with a dianeter of 180 nmimrediion
t hi ckness of 8 mm as shown in FIG 1. [0048] [Table
5] Sanple Cast ingot |-1ot press Remarks No.

00429ndAg icam beShang BoaBhined heliht (Mich@bla@iSworking
[ ﬁl D8 i be = SRR éxarrp L[mgg tha@uc?\ivgbkélb can be

real ﬁE@?&@arﬂlﬂy onh tl(l)enexample of the present invention through upsetting by hot

press at a load of 2350 N that can be applied in view of the strength of the die made of
graphite of the pressure mold. Moreover, according to observation on test pieces
collected from the material of Sample 7, casting defects are reduced and directional cast
structures are eliminated.

f0043] [Embodiment 3]

[0044] Vacuum melting and casting are performed on a molten alloy of an Fe-Co
based alloy having an atomic ratio represented by (F €20-Cogo)oo-(Tasg-Zrsp)s-(Alse-Crsg)y
to obtain a cylindrical cast ingot shown in Table 5. The cast ingot is inserted into a
pressure mold formed of a punch and a die _(an inner diameter ¢ is 190 mm) made of
graphite, and upsetting by hot press is performed under conditions shown in Table 5.
Furthermore, when the upsetting by hot press is performed, a stainless steel foil is

inserted between the cast ingot and the punch made of graphite, and boron nitride is
-12-
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Load: 843400 N Tine: 3 h 9 cpl65x7 23.57 Tenperature:
Conparative exanple 1100C Load: 843400 N Tinme: 3 h
10 [0049] [Table 6] Sanple Target material Upsetting
Remar ks No. Shape D aneter/height rate (nm ratio 8
(pl 90x80 2. 38 60% Exanpl e of the present invention 9
cpl65x7 23.57 0% Conparative exanple [0050] As can be
%Q mE from Tables 5 and 6, sufficient plastic working
coaled onihe C4SpIPY o for Sample 8 in the exanple of the
resent invention through upsetting hot -13 press
[0043] aMioseecnf sBaR400 aNligheter/ ghtbetlrapi)a tasget intsriadwbiained by
the strength of the die nade of graphite of the
ups¢iting s cachnabidngdvbiiroouteliot pess afedefgmired oSt watd Mibloa.
test pieces collected fromthe target material of
u%’c@!i by

[008A8 Pk rmEAS g Qﬁ{ng%% &l ﬁg':f([;ﬁgs@i]&dft \%Me

cast structures a |n1nat n ano
suf

(R REesE el o PO e gRrbl g orhERST wgs’?x 100)

havi ng a di anet er/ hei ght ratl o over 2 through hot
[0047 esEhe mageh matsiialtof Pamplaed whténedi teoueht kotimesv%s thived and
mat eri al cannot be conpressed. [0052] [Enbodi nent 4]
mach0b3d méaafasnmermluttipigpiand ofapiiitarthgangepabfaniswdthon dAmeter
nolten all oy of an Fe-Co

of 180 mm and a thickness of § mm, as shown in FIG. 1.

[0048] [Table 5]
Sample Cast ingot Hot press Remarks
No. It
° Shape | Diameter/height condition
(mm) ratio
8 @120x200 0.60 Temperature: Example of the
1100°C present invention
Load: 843400 N
Time: 3 h
9 plesSxT 23.57 Temperature: Comparative example
1100°C
Load: 843400 N
Time: 3 h
[0049]  [Table 6]
Sample Target material Upsetting Remarks
No. Shape Diameter/height rate
{mm) ratio
8 @190x80 2.38 60% Example of the present
invention
9 pl65%x7 23.57 0% Comparative example
[0650] As can be known from Tables 5 and 6, sufficient plastic working can be

realized for Sample 8 in the example of the present invention through upsetting by hot

13
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10 based all oy system having an atomc ratio _
represented by (Fe62,5-Co03z5)30-B12-Crs to obtain a
cylindrical cast ingot shown in Table 7. The cast

ingot is inserted into a pressure nold in the same
manner as that in Enbodi ment 3, and upsetting is _
perforned t hrough hot press under conditions shown in

on resul.t pe and a .
prelaatg ael ?ﬁ%‘f—”‘gﬁﬁl I\?ﬁ? gAtpe apnlig &éY‘eWé%féE? sirengt of the diepypade
upsettln on the cast ingot of 15 Sanple 10 through
of ggphifs; dsile fressuonpldi n Muiersr, SecpdpEAp disereaticer on tdye pieces
target material of Sanple 10 obtained through hot
collorted sfrirs ki wegtt matekiataohiSaseld @, manifaatiEe l kille8 and
pi eces of sputtering target material with a dianeter

dire@fiork$ BasiBandefak RIiGKNRSS of 8 m as shown in FIG 1.
[ 0055] [Table 7] Sarrpl e Cast i ngot Hot press Remarks

(}Oé\ig 1 Zlgh%g)ghegi %%gélt: r&é h n di "Fp ?e cpﬁgtulpgqg%cannot be

e i nyenti on Load 843400 NTine: 5h -14
realeGE% £ veHIdsicg] cashmgPeharange diamstesipight e ever Aghrough hot
Renarks No. Shape Di aneter/height rate (mm ratio 10

presspl 89 T@uR, i theSisthxgrpt & 196, thbimaptiebenhot Heroaipkdsen.
[ 0057] As can be known from Tables 7 and 8, sufficient

(6032 aEbowRids A Ay can be realized for Sanple 10 in the
exanpl e of the present invention through upsetting by

[Oﬁﬁ?t Vacuum melting and casting are performed on a molten alloy of an Fe-Co
based alloy system having an atomic ratio represented by (Fegy 5-Co37.5)50-B12-Crg to
obtain a cylindrical cast ingot shown in Table 7. The cast ingot is inserted into a
pressure mold in the same manner as that in Embodiment 3, and upsetting is performed
through hot press under conditions shown in Table 7. Determination results of a shape
and a diameter/height ratio of a target material obtained by upsetting on the cast ingot of
Sample 10 through hot press are shown in Table 8.

[0054] Moreover, the target material of Sample 10 obtained through hot press is sliced
and machined to manufacture multiple pieces of sputtering target material with a
diameter of 180 mm and a thickness of § mm, as shown in FIG, 1.

[0055] [Table 7]

Sample Cast ingot Hot press Remarks
No. Shape Diameter/height condition
(mm) ratio
10 0125%180 0.69 Temperature: Example of the
1050°C present invention
Load: 843400 N
Time: 5 h

14~
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5 press at a | oad of 843400 N that can be applied in
view of the strength of the die nmade of graphite of
the pressure nold. Moreover, according to observation
on test pieces collected fromthe target material of
Sanpl e 10, casting defects are reduced and
directional cast structures are elimnated. [0058]
nbedi t 5] 10 [0059] Vacuum nelting and casti ng
W0§§ @%?gggned on a nolten alloy of each Fe-Co based
11 -svst.em-shown-in-Table 9.t.0_obtain a r‘\/I Lndr.ical

Sample [ ngat dfrgelpaiprisly 8 4 nﬁp@@ﬁtlaﬁel er / hei Rgmarks
Nat i p=0Si8@p. Thémctwtheighgot |i s iatserted into a
pressurénmpl df ratior mred of a punch and a die (an inner
10di anebeyo(m8 15 10 nupanade of gsmphi t e, Eahehle BPREIHTdEE
by hpt press |s perforned under conditions ?ﬁ\%‘ﬁﬂoﬁn
rapt~e 9 Furthnermore, 15 boronnitride s —coatedon
the cast ingot when the upsetting by hot press is

rformed. 060]. Moreover, a shape and
(0037 it 69t é’fﬂ‘m &0Mmo Taftlesa Tt aplgdt SHEigien BlRstisn pearisiea cpyy be
upsetting on each cast ingot through hot press are
realided rriampds 1@&n dhewnnpla of disl peskOt invBaticnhtbrowgh epsdithe; by hot
upsetting rate shown in Table 10 is a val ue cal cul ated

presByt 4 (adi gau3060 NiBat @ADE abPe@tinvidiebo e s‘ﬁfen%tﬁ%f by &@tmade
mat eri al )/ hei ght of the cast ingot x 100 61]

of ghaf AL Sl P@su%gb%kgon Sleok 90k FARP S LbLAhiioR 8 tefieces
3 Oo70 T T2 T t f
coﬂe%w? 250 & BEtn e AL | GPIL Sa- R BE0UNEH s Tahied nd
(Fe3o- Co70) 90- (Taco- Zrso) 3-Si 2 Tenperature: Exanple of
dlleftfh)éal CR$OUCCcpressentlihimaedt i on  Load: 2350 N

UJ

[0058] [Embodiment 57

[0059] Vacuum melting and casting are performed on a molten alloy of each Fe-Co
based alloy system shown in Table 9 to obtain a cylindrical cast ingot of ¢7 mm x 8.4
mm (diameter/height ratio=0.83). The cast ingot is inserted into a pressure mold
formed of a punch and a die (an inner diameter ¢ is 10 mm) made of graphite, and
upsetting by hot press is performed under conditions shown in Table 9. Furthermore,
boron nitride is coated on the cast ingot when the upsetting by hot press is performed.
[0060] Moreover, a shape and a diameter/height ratio of a target material obtained by
upsetting on each cast ingot through hot press are determined, as shown in Table 10.
Furthermore, the upsetting rate shown in Table 10 is a value calculated by ((height of the
cast ingot - height of the target material)/height of the cast ingot x 100).

[0061] [Table 9]



Time: 2 h 13 (Fe30-Co70)90- (Taco- Zrso) g- V2

Tenper at ur e:
Load: 2350 N Time: 2 h 14

Exanpl e of the

(Fe3o0- Co70) 90- ( Taco- Zrso) g- Al 2 Tenper at ur e:

1100C present

i nvention

Exanpl e of

the 1100C present invention Load: 2350 N Tine: 2 h
15 (Fe30 Co70) 90- (Taso- Zrso) s- Cr 2 Tenperature Exanple
entip toad: ; IHB 2
S e A AR Y s el
a the 00C nresenL %o adrqzﬂﬁL¢Lm_
Hri e (Eeﬂﬁ"%)@ﬁ@%?@)ﬁs%s ( Ta%nrm@)nfz Tehyarpeuref the
Examyl e of the 1100C present| |¥@&ntion | psent pesatiow
Tinme: 2 h 18 ((Feso- Coso) 95- N By=i623801¥ Tenper at ur e:
Exanmpl e of the 1100C present: Tigwenty on  Load: 2350 N
121 me: , (ﬁeﬁ(}%%)ééi(*f&ﬁ%sgﬁ%%% 99~ N Bldeerdtd R%0- CERMAMe  of  the
Tenmpgrature: 11007C present invention
Load: 2350 N
Time: 2 h
13 (Fez0-Coro)o0~(Taso-Z1s0)g-V2 Temperature: Example of the
11007 present invention
Load: 2350 N
Time: 2 h
14 (Fesp~Coro)oo-(Tase-Zrso)s-Alz Temperature: Example of the
: 1100°C present invention
Load: 2350 N
Time: 2 h
15 (Fesg~Core)e0-(Tase-2Zrs0)s-Cra Temperature: Example of the
1100°C present invention
Load: 2350 N
Time: 2 h
16 (Fes0-Coro)oo-(Tase-Zrso)g-W2 Temperature: Example of the
1100°C present invention
Load: 2350 N
Time: 2 h
17 (Feps-Cors)ss-(Taz-Beg) iz Temperature: Example of the
1100°C present invention
Load: 2350 N
Time: 2 h
18 ((Fesp~Coso)os-Nis)ag-Tazq Temperature: | Example of the
1100°C present invention
Load: 2350 N
Time: 2 h
19 (Feso-Cosplos-Nis)or-(Taso-Zrso)s | Temperature: Example of the
1100°C present invention
Load: 2350 N
Time: 2 h
20 ((Feso-Coso)os-Nis)go-(Taso-Zrso)ie | Temperature: Example of the
| 1100°C present invention
Load: 2350 N
Time: 2 h
21 ((Feg(}—C()sg)gj—Nis)gg-(me"er;{))1;)_ Temperature: Example of the
1100°C present invention
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1100C present

i nventi on

Load: 2350 N Tine: 2 h 20

((Feso- Cos0) 9> Ni s)90-(Taso-Zrso) 1o Tenper at ure:

Exanpl e of the
Tine: 2 h 21 ((Fe50-Co5 0)9s-N 5)88

1100C present

i nvention
- (Nb70- Zr 30) 12

Load: 2350 N

i nventi on

Tenperature: Exanple of the 1100C present
-16 Load: 2350 N Tine:2 It 22
({Feiro=—Co90)-9o-N+to)9o-{Nbsoe fapefr-at-ufe:
E;anple of {he 0 1iOOC;pres H#M?n€%ﬁ3ﬁ8n Load: 2350 N
Time] 2 h 23 ((FEei0-C090)90- (thn-7rqn)i
22renpéfEeurEsn)@otbare® bseZrso: 8 %@F@b@anm e | Exvarple 2380 e
Time]o2 It [0062] [Table 10]; 13807 e Tar glgiresent iavérmion
Upsetting Remarks No. Shape |DiqagetesNheijght rate (nmm
ratip 11 N 10x4.1 2.44 51% Exafple, gf the present
23 NVE E(F 8;9-C090)90~N110)90-(N bso-Zrs0)1 | Temperature: Comparative
0 850°C example
Load: 2350 N
Time: 2 h
[0062] [Table 10]
Sample Target material Upsetting Remarks
No. Shape Diameter/height rate
(mm) ratio
11 pl0x4.1 2.44 51% Example of the present
invention
12 pl0x4.1 2.44 51% Example of the present
invention
13 pl0x4.] 2.44 51% Example of the present
invention
14 pl0x4.1 2.44 51% Example of the present
invention
15 0l0x4.1 2.44 51% Example of the present
invention
16 ¢9.9%4.2 2.36 50% Example of the present
invention
17 09.9x4.2 2.36 50% Examplie of the present
invention
18 010x4.1 2.44 51% Example of the present
invention
19 ©10x4.1 2.44 51% Example of the present
invention
20 ¢9.9x4.2 2.36 50% Example of the present
invention
21 @l0=4.1 2.44 51% Example of the present
invention
22 ¢l0x4.1 2.44 51% Example of the present
invention
23 07x8.4 0.83 (0% Comparative example

-17-
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12 cpl Ox4.1 2. 44 51% Exanpl e of the present invention
13 cp 10x4.1 2.44 51% Exanpl e of the present
invention 14 cp | Ox4.1 2.44 51% Exanpl e of the
present invention 15 cpl Ox4.1 2.44 51% Exanpl e of
the present invention 16 cp9.9x4.2 2.36 50% Exanpl e
of the present invention 17 cp9.9x4.2 2.36 50%

| e of, the presen i nyent.i .cplQx4.1 2. .44
OdEE Bscet o B0 PhERE dak ¥Rl wioidB Wit Sesthing can be
.44 51% Exanpl e of the present invention 20 _
l'eaﬁﬁ@. oy pamiples 36-230m, ths srgshrlen el thearrpieasmwentionribesugh opsetting
21 cp 10x4.1 2.44 51% Exanpl e of the present invention
by Bot jopssl at @ddad 022350 S 1Batkeeamplappiddd hdeprds@nitrength of the die
invention 23 cp7x8.4 0.83 0% Com arative exanple -17

malO063hpHhe £ Ak H&skRMAfik 9@1-&%02@08-19 10,

sufficient plastic working can reali zed for

es 11-22 in the exanples of the present invention
IOOE%EEhbﬁn@B%re@qppﬁg as shom1nl:gz Sample 23, su%icient upsetting cannot be

performed because the temperature in the upsetting by hot press is 850°C.  As a result,

if the upsetting rate is 0%, the material cannot be compressed,

[0065] [Embodiment 6]

[0066] Vacuum melting is performed on a molten alloy of an Fe-Co based alloy
system having an atomic ratio represented by (Fegs-Coss)as-(Taz-Zrsg)1s, and after a heat
treatment shown in Table 11, a cylindrical cast ingot of ¢7 mm * 84 mm
(diameter/height ratio=0.83) is obtained. The cast ingot is inserted into a pressure
mold formed of a punch and a die (an inner diameter ¢ is 10 mm) made of graphite
shown in Table 11, and upsetting by hot press is performed under conditions shown in
Table 11.  Furthermore, boron nitride is coated on the cast ingot when the upsetting by
hot press is performed.

[0067] Moreover, a shape and a diameter/height ratio of a target material obtained by
upsetting on the cast ingot through hot press are determined, as shown in Table 12.
Furthermore, the upsetting rate shown in Table 12 is a value calcuiated by ((height of the
cast ingot - height of the target material)/height of the cast ingot x 100).

[0068] [Table 11]

-18-
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by hot press at a load of 2350 N that can be applied
in view of the strength of the die nade of graphite
of the pressure nold in the range of 900-1250C. 5
[0064] In another aspect, as shown by Sanple 23,
sufficient upsetting cannot be perfornmed because the
tenperature in the upsettlng by hot press IS 8500 As

glng L8 TaiJcﬁt {.—érlgpbm t llg I_lId c IS \r.#g the—rat aI
5t E6--1-0065 qdi AEREBY [ 00eBTHaTks
acuun’?ﬁ‘iﬂetl alinﬁte’ag?lg%tr l’% nol F@’l‘fﬁ?‘? oy| of an

Fe- Co dlall ayatio g gvst@H¥H5W|ro an atomcl ratio

24 epre,sle7ﬁft8é3d by (Peé65- Co3b)B-(TaPq-EnPeleise: artkaafdler of
a heat treatment shown | Tabl e 11106Ccyl i ndrtheal present
cast jingot of cp7 mmx 8.4 nm (dlqgﬁgqﬁkhgg Rbvention
rati 9=0.83)|is obtained.; The cast |Tnlggt3hs serted
FTito a pressure motd—-fornedof—=a puubll and—a—-die (an
i nner dianeter (p is 10 mmy nade of graphite shown in
%ﬂble 11, and upsetting by hot press is perforned

(00 deIiTaE]@rié tions shown in 15 Table 11. Furthernore,
boron nitride is coated on the cast ingot when the

Sepgsel ti ng bYargtohatpiidlss i s pertfpeetting. | [ 0067]RMusepver
Hoshapesiapd al dDamekardnakoht radtko of a target
mat ef i admlgpt al ned b%tloupsettl ng on tha cast ingot

thro €SS determned;;as Wi fabte—-
2412 ﬁ%rther re, ?%géupsettlng “4te sh ﬁﬁmﬂﬁ°$®8P5$T§

-s—alval-ue—cal-cul-ated h\/ ((hg| ght gf the ’)(I)ﬂ‘f’reﬁﬂ@n

i ngot - height of the tar get material)/height of the

cast ingot x 100). [0068] [Table 11] -18 Sanpl e Target
[0079ht eks edn Hddatowkidtom Tebles Reamrd k3 thiNexanfilapfihe present invention
Di aneter/ hei ght treatnment condition (mm ratio

o SO BIOGA, 100. 0, BB

heat tfé\éﬁném pid appropriate temperature and for appropriate time before the upsetting
even in the composition in which upsetting is difficult for the Fe-Co based alloy
composition containing a large amount of M1 element (of 15 atom%).

[0071] [Embodiment 7]

[0072] Vacuum melting and casting are performed on a molten alloy of an Fe-Co
based alloy having an atomic ratio represented by ((Fe3-Coro)oo-Nijo)og-(Nbsg=Zr's0)1g to
obtain a cylindrical cast ingot shown in Table 13. The cast ingot is inserted into a
pressure mold formed of a punch and a die (an inner diameter ¢ is 190 mm) made of
graphite, and upsetting by hot press is performed under conditions shown in Table 13.
Furthermore, when the upsetting by hot press is performed, a molybdenum foilAis
inserted between the cast ingot and the punch made of graphite, and boron nitride is

coated on the cast ingot.
-19-
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Time: 3 h [0069] [Table 12] Sanple Target nateri al
Upsetting Remarks No. E Shape Di aneter/height rate
(m) ratio 24 p9.9x4.2 2.36 50% Exanpl e of the present
invention [0070] As can be known from Tables 1 | and
12, the exanple of the present invention 5 can still
realize sufficient pl asti c working in the hot press

[oowgeﬁdré‘&/e% ﬁg%é o1 Légh; g tél 6%[0 at, ?”%g% ?"?te%; obtained by

ropriaté era
before t set t 8 ievenlnthe conp03|t|on|n whi ch
apsLGOR H] ST ABA T AER RGeS S e BRIyl 14,
conmposition containing a | arge anount of M el enent
[0074]f Fortkerontd) thd 0pseting Birbstidivieint Tale 168 i GOVAhe Vaculaml by
melting and casting are performed on a nolten alloy of
((hedight Eetk@bastbﬂ%ﬁ d hailchoyf thevirRe naterah M ght bk @ast ingot x 100).
repr esent ed (ﬁeso Co7 390 Ni | 9) 90- (Nb5O- Zr 501 0to

ta I C wn N ble 13,
00@2 T| ngo lh&glﬁlééle(?ﬂt% ntioSn gﬁalﬁlggg e r%?gleﬁ%fsn‘%ibcegfand
ch and a die i nner. di anet er is 190
e U oo i ol bl R SRR a0 s g dlameterof
performed under conditions shown in Table 13. 15

ISOWtah@ﬂﬁbﬁ@esmhfeﬁwlmlhémmetFﬂGrﬂg by hot press is
perfornmed, a nolybdenumfoil is 1inserted between the

[OOIﬁe}st["IhBEQQB] and the punch made of graphite, and boron
nitride is coated on the cast ingot -19 [0073]

pVer, a ﬂa%{gg Frld a diramet /|| ht—rat ‘
Sﬁgriget mat er ial- obt ai ned by u%js |%g an ea:%ergegg?
i'Ngot tdhapeioN Mobmpfeemsigar 8 det®? i%ed, |as shown in

Tabl e l(ﬁl@ [0074] FEaid her nore, the upsetti ng rate

ZSSnOV\‘ Casg@l e 14 Iob%l val Lr,r&ll L, | ou edby Ex(agﬁhl i&u"j[ﬁe
11p
t

of th ngot - i ght Tget
mat er i aI )/ heijght of the cas ot x 100Q).present invention
Load: 843400 N

Time:3 h
[0077] [Table 14]
Sample Target material Upsetting Remarks
No. Shape Diameter/height rate
(mm) ratio
25 ©l190x78 2.44 57% Example of the present
invention

[0078] As can be known from Tables 13 and 14, sufficient plastic working can be
realized for Sample 25 in the example of the present invention through upsetting by hot
press at a load of 843400 N that can be applied in view of the strength of the di¢ made
of graphite of the pressure mold. Moreover, according to observation on test pieces

collected from the target material of Sample 25, casting defects are reduced and

20~



5 [0075] The target material of Sanple 25 obtained
t hrough hot press is sliced and nmachined to

manufacture multiple pieces of sputtering target
material with a diameter of 180 nmand a thickness of

8 mMmm shown in FIG 1. [0076] [Table 13] Sanple Cast
i ngot Hot press Remarks No. Shape Di aneter/ hei ght

dzre@ﬁ’&gﬂ Eés@ﬁ‘tu(c'ﬁ‘fﬂ:s b@tliBidre£P 125 x 180 0.69 Tenperat ure:
Exanpl e of the 100& present invention Load: 843400

O O Table 14] Sanpl e Tar . .
00783 T i hoptenh  AlherkEo T Mebsrh BEF rivind S0pisrians and
rate (m ratio 25 cpl 90x78 2.44 57% Exanpl e of the
varighiisan be imagerie itenstryebny 8f thagresant ibeertiopwittoub depralblgekom
13 and 14, sufficient plastic working can be realized
the faipe Sanpire 025hé nvichdorexdnpliey of tlich@rgoasend isiimeaddd BBt the
t hrough upsetting by hot press at a | oad of 843400 N
pr esbllﬁalhveﬁﬁﬂn REev@RRAdiBhtioRs Xﬁ@%rféﬁoﬁm tBish fr‘@h@n ?fov‘i&ﬂ 1y Bpatl

made 15 of graphite of the pressure no

r servat,i.on o est s collected
‘mﬂ?$%% gﬁ% f@%ﬁ@@OWE%éFPEFa8?ﬂ§£ﬁ6PB@§%?-casting defects
are reduced and -20 directional cast structures are

elimnated. [0079] It wll be apparent to those
skilled in the art that various nodifications and

vari ations can be made to the structure of the present
i nvention without departing from
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the scope or spirit of the invention. In view of the
foregoing, it is intended that the 5 present invention
cover nodifications and variations of this invention
provided they fall wthin the scope of the foll ow ng
clainms and their equivalents. -21 WHAT IS CLAIMED | S:
1. A manufacturing nethod of a sputtering target

wmatres calanvierei n the sputtering target material is
an Fe-Co based alloy with an atom c ratio represented

by a 0 n.for
({Fel o? Kp%gmv)ﬁf'a&um\l’b IQI?n‘bj}Gd 8f a mugerx% Pt etgggtggg&déherem the
0<Y<25, 5 5<ab520, and the ML elenent in the

SPULISHPS &t GRAtsY M ARl S-S o dresdatlopaittorn Almac rasiosapatested by a
selected fromB, Zr, H, Ta, Nbo and Y, the

compasiticac farmiutg (Fetho@og nape Nad ng:-Mlinsbeki Hg B=95, 0= Y <25,
cylindrical cast ingot with a dianmeter/height ratio up

5<ta 0, 5md hetM] dedrRSEURE c@ﬁﬂp@sm@ﬁ%#ﬂﬁﬁtn& il d?ytwlao(gr more
press with an upsetting rate of 30% 70% at a

r 0 SQ_as obt
eleﬁqgﬁg?églg%téﬁ rrg 1|nr13 Z ﬁgq\gﬂlﬁ{é m?%'?},%&%?aﬁa&t&rmc e hé)d c]g)mgnslng
sputterl terlal rdi ng
wher ei RS @atﬂ@é 3 gstingag et %r?a‘illé‘?lF@F/hi’iéhldﬁmF:ép tp0-5-2 into
based alloy further conprising one or two or nore

a prgpsareempkl; ged ected fromTi, V, O, Mo, W A and Si as
an M elenment and with an atomic ratio represented by

a compaepkdiii@n Hyomoulmeskd with an upsettin 1 rate of 30%-70% at a
(( Fei 00- x- Cox)i 00-Y-N Y)loo-a-b b, where 5<X<95,

temg??ﬁ.@e%m afri% 856100071 q 2?6” ﬁ,ﬁ po Ry 0 olg?anqrg %g%e%%#gﬂa? g met hod

eri ng targe accor ‘claim1l

or 2, mhereln a dlaneter of the cast ingot is greater
t han ér Eyuaknufectd@ method. of Fheputiering dopeirinatgrimedchading to

of a sputtering target material according to 20 any
claimne, abheetiai 8 dputteridy tWIET Sidlerdnl dﬂsamtf%tc&fbats&s a8y G@ther

material is |ess than or equal to 200 mm -

comprising one or two or more elements selected from Ti, V, Cr, Mo, W, Al and Si as an
M2 element and with an atomic ratio represented by a composition formula
{((Fe100-x-Cox)100-v=Niv)100-a0-M1a-M2p, where SEX 95, 0SY <25, 55a<20, and
b=15.

3. The manufacturing method of a sputtering target material according to
claim 1 or 2, wherein a diameter of the cast ingot is greater than or equal to 100 mm.

4. The manufacturing method of a sputtering target material according to

any one of claims 1 to 3, wherein a diameter of the target material is less than or equal to

200 mm.
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