WD 01/ 25501 PCT/ US00/ 25668 1 50346-034 METHOD FOR PRODUCI NG COBALT- BASED
ALLOY SPUTTER TARGET Field of the Invention This inwéintion rel ates

general ly lstgl - conponent cobalt alloy material .whi ch is used for
sputter deB@%Hp? M of a nmagnetic layer on a datal/storage di SCTUSRASED e
specifically to a nmethod of producing an alloy material, such as that 5
based on a brittle Co-based all oy, which exhibits mcrostructural and
magnetic properties that are optim zed fdr magnetron sputtering, and which
finds application in the formation of a sputtering target. Description of
the Related Art. 10 The manufacture of storage disks and read/wite heads

I nvol ves the us@348-034 arget materials that are used to sputter deposit a
thin filmnedia onto a suitable substrate. Cobalt-based alloy targets are
frequently used for this purpose. However rrulti-corrponent Co alloys with
primary el emental additions such- 0 to 3 m ¢c% and
secondary el enmental a¥eHPP 8 %‘i?(?ﬁcrﬁ’g C%Lﬁ'gmyﬁ? gﬂbo %TE%%@E@ Zr, W Mo,
V, H, and Ti (0 to 30 atom c% can be very difficult or inpossible to
conventionally roll-process if the concentration of Iimted
solid-solubility elenents is excessive. Since vacuuminduction nmelting is

necessary to aigudttRe veliqrity product, the only practical way to
manuf acture these britile alloys has been to nake as-cast targets.

However, as-cast t ets 20 ha se erg unf vorable g ﬁ hr uctural
characteristics suc ﬁgwleﬁtt‘%r Eﬂ?%%ng”Sﬁa gto bg%mgcgﬁp “g"i’t‘ BHOBMAFERt | x and
preci pi tate pRagesis ussd %@ﬂuﬁ&* crebaﬁﬁ@n of'd M g&tﬁ@q@w bAk danrktsragadise!

gradi ents and porosity. is fairly @tylca that a pair of magnetic all oy
targets can b@ndme@mﬁ@llwéaa@ethw me@mrcﬁamlowomatemah suchliagithat
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properties that are optimized for magnetron sputtering, and which finds

application in the formation of a sputtering target.

Description of the Related Art.

10 The manufacture of storage disks and read/write heads involves the use of
target materials that are used to sputter deposit a thin film media onto a suitable
substrate. Cobalt-based alloy targets are frequently used for this purpose.

However, multi-component Co alloys with primary elemental additions
such-as Cr, Pt, Ni (0 to 30 atomic%) and secondary elemental additions such as
1S Ta, B, Nb, Sm, Fe, Si, Zr, W, Mo, V, Hf, and Ti (0 to 30 atomic%) can be very
difficult or impossible to conventionally roll-process if the concentration of
limited solid-solubility elements is excessive. Since vacuum induction melting is
necessary to ensure ahigh purity product, the only practical way to manufacture
these brittle alloys has been to make as-cast targets. However, as-cast targets

20 have several unfavorable microstructural characteristics such as large grain-size,
gross segregation of matrix and precipitate phases, through thickness
microstructural and chemical gradients and porosity.

It is fairly typical that a pair of magnetic alloy targets can be used to fabricate
in excess of 20,000 individual data-storage disks. Since the magnetic target alloy is



continually | oosing surface atomc |layers during the sputtering process,

t hrough thickness and in-plane target mcrostructural honogeneity is
essential t film, property honbgeneity on the nany tlg,&?g f

di sks fabri &?%@om each target and the nmany thousand nor %’p&%ﬁed
fromthe nunerous targets constituting a 5 production |ot or originating
fromseveral individual production |ots. production |ot represents all
the targets that are exposed to exactly t sanme t hernmomechani cal history

(i.e. originating fromone nelted ingot). Precipitate segregation in the
matri x of Co- ba@atingallyleesing suefaceatorair laypes dusing thesputtesing wrocess, thmught

deposited film ' r I : L Vi and .. 10 Overwrite.
When tens of thtg%ggn éﬁ%@ pﬁ%ﬁé&ﬂgﬁé}l@%&@uﬁ%@%@o%%&%é ?iggg%[}é’ e Rver al
targets, it is mopessrmogeid onlit hasthoushids of dbROMBACHR] ah ehdhitggbt on al |
the disks, i.e., quality control, and not be a function of the specific
target utilizedendthemamy Bpusand meredabricated o thg sumaroup taggety eonstietingra f or
Co- based nagget T eln | O : ' t h
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i1l ustrate the lef fepretents dlithgmtgepsthaiare dxpbsedam ekagtipihe samotHefhohéchasialt he
sputter deposited film Two targets of a Co-Cr-Ta alloy were fabricated.
Target A was f JBFPYAL rigiating &om Apamelteddaset)ques and possessed a  coar se
and non uni form Ta plgeci.%tat e-ghase rricrost{qgcgur | norphol ogy. Target B
was fabricated to yildPAPLAGSSEEAINEAN thematriy ot ¢ orbassd anagnetisitargetilowy hag

uni form 20 di spees swnab impet ﬂé@@itddifﬂmtrﬁaghbﬁéﬁop@ﬁebtiﬂ?} am&ﬂg@‘ﬁy Add ﬁl S were
C n.elt r.side t he

in which the,t ta A a B r | aced
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t hat : t 1.4 : ' . diti
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25 Furt her nor e, Thegpfeyatheraissmubsiantial weeid in the ot forfeatbasad trhagnetin tatgetsiwhjctc hanber
to ensure thatexhBit30RWMrk BETRHAAG BOtR it d'tal Q{diﬁ:ﬂ?n{apge&tbett gnber wer e

obscuring t&e resulmtaps, of the investigatlonq. e results o e anal ysi s
reveal ed thit the meGREFPE rvepto lﬁ‘l’ﬁ tag effqch phtarest Mecipitateendigitiget A
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coarse and non-uniform Ta precipitate-phase microstructural morphology. Target B

ey
—

was fabricated to yield a homogeneous microstructure consisting of a uniform

20  dispersion of the precipitate phase. Sputter process trials were in which the two
targets, A and B, were placed on either side of the sputtering chamber so that they
would be used for material deposition on the opposite sides of the same disk. These
precautions were taken to ensure that exactly the same sputter conditions and testing
conditions applied for films deposited using the two differently fabricated targets.

25  Furthermore, targets A and B were interchanged in the sputtering chamber to ensure
that no anomalies associated with location in the chamber were obscuring the results
of the investigation. The results of the analysis revealed that the magnetic films on
disks fabricated using target A exhibited coercivities that ranged from 1580 Oersteds
to 1780 Oersteds. In contrast, the films on disks sputter deposited with magnetic

30 material using target B exhibited Coercivities that ranged between 1920 to 2000
Oersteds. The film Coercivity was ascertained using conventional VSM testing
techniques, widely employed in the disk manufacturing industry. There are several
noteworthy points resulting from this analysis. First, target A, possessing a



Cersteds. The film Coercivity was ascertained using conventional VSM .
testing techniques, widely enployed in the di sk manufacturing industry.

There ar not eworthy points resulting fromthis al;al ' irst,
t ar get A,ewgg)\sﬁsiésggi ng a WD 01/ 25501 PCT/ US00/ 25668 3 inhormgéyn%gégﬁg

m crostructure, resulted in filns with a significantly |ower Coercivity
response than filns deposited using target B which possessed a honbgeneous
m crostructure. Second, the actual film™Coercivities obtained from target
A (overall range = 200 Cersteds) were nmuch | ess consistent than the filmb5
Coer ci vi t i es injigmogaespus misrostactyed, raultalierfiing withngignifidfthlmwer eds) . These

results demajg,g ,;}%,ere ' ' LD ) i |formty are
not controll ,;c'ltih %ngglfltﬁnn%lﬂ{éoq%#%@\%%ﬁé{e eg%@ﬂgl?ﬁfsﬁ%sgd;%ttered film
can be di mi nfeMEELNEAYS MCEOSHPGre. Sgeandsthe eetupldiimi Caergvities ehtained fremn be -
advﬁ[ sely ef tae%étead(fgaran@anfgaﬁzm&aedwﬁemﬁusgbhges@%gﬁstm%ﬂmngh% ﬁrnt% o e lar.
probl ens i.nclude. . e owi ng._ Uni St at es Patents. Patent Number

| nvent or tbégrrclvﬁéetsgﬁ?g]mneg%@gst, Biﬁﬁéﬂaﬂ%ﬁ Oé),wgbd@eﬁﬁ eRels | et al.
1963 15 3, GZGeIﬁSJ%thEI‘thitéﬁ'targeﬁﬁzgczipitat?nd é@iﬁhnif@mﬁ%%ﬁ& déhﬁbmeg’g?;é? |
4,144,059 Liy et. 7 4 Lnoshita et al.. . , ,

Tani guchi et peéﬁ'?‘"?@ﬁ’%g’&gg?sieﬁe%%ﬁﬁeﬂ' %8&@1’" 84"%31@@3“&‘33 podthe ks hl ot t et
al . 1998 Actmdigk Qgergivity kensisténsy eamieeativerselgteffeetadit t he data storage -

industry, for a teabnargwhidhhavbeencdnoérged wvithaES of Simfflar PRbREnshtaYs or the
l'i ke, which 25 conventiqnally tend to exhibit brittleness to the degree

t hat wrodéht t%}ﬁrfﬁ Qug {juted JatesRatepts:ysed, can be manufactured with the
required mcrostructurally honogeneous, fully dense and | ow perneability
characteristics necessary to

Patent Number Inventor - Date of Patent
2,855,295 Hansel . - 1958
3,085,005 Michael, et al. 1963

15 3,620,852 Herchenroederetal. - 1971
3,649,256 . Fletcher 1972
4,144,059 Liu et al. 1979
5,282,946 Kinoshita et al. 1994
5,334,267 Taniguchi et al. 1994

20 5,468,305 Uchida et al. 1995
5,728,279 Schlott et al. 1998

Accordingly, there is a need in at least the data storage industry, for a
technique by which targets made of Co-based alloys or the like, which
25  conventionally tend to exhibit brittleness to the degree that wrought processing
can not be used, can be manufactured with the required microstructurally
homogeneous, fully dense and low permeability characteristics necessary to -
enable the production of high quality storage disks. The present invention meets
this need.
30
SUMMARY OF THE INVENTION
An object of the present invention is therefore to provide a method of
forming a piece of material suitable for making a magnetron sputtering target, that

is capable of being rolled and wrought processed in a manner which improves the



enabl e f he production of high quality storage disks. The present invention
neets this need. 30 SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is therefore to provide a nmethod of formng a piece of materi al
suitabl e f OWORERINAY a magnetron sputtering target, that | sPEHPEWY25668f
being rolled and wought processed in a manner which inproves the WO

01/ 25501 PCT/ USOQ 25668 4 physical and nagnetic characteristics such as
grain size, crystallographic texture, chénical/mcrostructural uniformty
and perneability. A further object of the present invention is to enable
the formation ehysical slinagietioGhiracigaisticslsichasigsaift 6128 torysdlidgraphicstextored manner
as to cause the magnetic 5 layers which are sputter deposited onto the
surface of a d&@"dmﬁr}gF‘&@ﬁ“élthI@, upiforaty; agdpe Bi%ed physi cal / magneti c

haracteristics. Duni § ib ROMSe TRHAR0H JpLob! em and
tCo develop a m croétfp&lé urbi{#éfﬁgﬁgéégﬁg%%n ?Eslt?y %e%se%ﬁ" Tow
permeabi ity tapweting itargmichﬂsemmitatedﬂmsudfxsmnwad td beadse the magnetct i ng

cast ingots to an annealing step at 10 tepperatures, between about 1500F and
3500F, i t h Sor MO #ihaPysi Cepsed proThE SBFS R SHRFODERAE. Br |
conpressi ve prggsi ﬁnpfﬁlbéd)&lﬁﬁgl/ﬁ‘hghelﬁe chirh&sist@ssi sted diffusional healing

of porosity, particularly good mcrostructures were obtai ned. The anneal i ng
coul d be typically DBaringeffordsito dvercofme3he atiod8 nieatiomsed pidliem and e devetopras

applied, the pressures to 60 ksi . were typically used. It was 15 noted
Chat the di mengigRSnERrgly RenEousabibl deral o B AL TERAGVEN of { ect
on the final phﬁ%@éted’l?@isb%e@th&h&ﬂ%j%%ﬁn% léﬁswcngéﬂﬂ t %hﬁehﬁ'&%st&ﬁ‘&n about

0.5 was favorable to facilitate a "suctess ' he rolling and

)

nclusion to
wrought  prlfc e $eniperatures béswieert abouh &5G086 wrd 2H)08E, tvsitlnorewit frows theqiresenesofby

o0 o | 192 Bl RS bl g Tt 0 AL Sl et o
t hi ckness- t 0- WyifiRiohalt HeRliAESSporbity, fiBar®y Soodai@rostructures were obtained.
i The annealing could be typically carried out for 0.5 — 168 hours. When
pressure was applied, the pressures of 2 to 60 ksi were typically used. It was
15 noted that the dimensions of an ingot treated in the above manner, had an effect
on the final product and that a thickness-to-width ratio less than about 0.5 was
favorable to facilitate a successful conclusion to the rolling and wrought
processing.
In brief, the above objects are thus achieved by forming an ingot of
20 material which is normally too brittle to allow successful rolling and wrought
processing so as to have a thickness-to-width ratio less than about 0.5, and
annealing this ingot in a controlled temperature environment of 1500°F to 2500°F,
and then rolling the annealed member at an initial temperature range between
2500°F and 1000°F, reheating the ingot if the plate temperature falls below 500°F

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an SEM showing the effect of conventional wrought

processing attempted on an ingot with more than the critical amount of limited

solid-solubility elemental additives.



annealing this ingot in a controlled tenperature environnent of 1500F-to
2500F, and then rolling the anneal ed nenber at an initial tenperature

range between O0OF and 1000F, reheating the ingot .i.f th
t enper at WEMAEOL bol ow 500P 25 BRI Er DRSORI PTI ON GF THE msﬁgure 1
is an SEM showi ng the effect of conventional wought processing attenpted

on an ingot with nore than the criti ca{/\éam)unt of limted solid-solubility
el enental additives. -- ----- ------- 01/ 25501 PCT/ USQQ 25668 5 Figure

2 is an SEM of a CQ-18Cr-6Pt-6B alloy as-cas arget mcrostructure. -
Figure 3 is an ED ‘gﬁb‘@glﬁém&ﬁt—aﬁg@rl—sgﬁ&&éb aé'&)’ Prgefitat8hase and (b)
precipitate phase. 5 Figure 4 is an SEM BET m crograph of a Co-1 8Cr-6Pt-6B
wr ought - pr odRISEStIUEIFgget m crostructure using the process of the
invention. Figure 5 shows the surface (a) and center (b) grain-size

di stributions for Figmeddhtn EDScepesteofe-18Cr-6BFR6B 6R) matrixiplasSarch@®)s t he
effect of target PTF on sputter process voltage stability 10 and target
lifetime. Figigedpifaté phad8. SEM m crograph of the mcrostructure of

Co- 15Cr-4Pt-5Ta-" 2B as-cast target mcrostructure. Figure 8 is an Auger

anal ysi s wi ch Shg"x%ur@@is %?g?@%ﬁg?‘éﬂgfé?@ $fYcdhs r_%'g{_gﬁ %ﬁgﬂtpi tate phase

and (c) the secon recip e mcrostructure o 15 Figure 7.
Figure 9 is an SEM BEl m crograph show,ng Co- 15Cr - 4Pt - 5Ta- 2B

wr ought - pr oc&%@asﬁdé%mﬂ%&%‘g{z‘%ﬁ‘&@e%&%& ?ft%e MY§RIN- on. Figure 10
shows the surfacedjga) and center (b) grain-size distributions for wought
processed Co- 15 Gigurpt-shaws QB.suzf@cq:Gagmcbcemer@.)cﬂmm disteibudensghes of t he

center and surface of as-cast
wrought processed Co-18Cr-6Pt-6B.

Figure 6 shows ihe effect of target PTF on sputter. process voltage stability
10 and target lifetime.
Figure 7 is an SEM micrograph of the micrdstructure of Co-15Cr-4Pt-5Ta-
2B as-cast target microstructure.
Figure 8 is an Auger analysis which shows (a) the matrix phase, (b) the
first precipitate phase and (c) the second precipitate phase of the microstructure of
15 Figure 7.
Figure 9 is an SEM-BEI micrograph showing Co-15Cr-4Pt-5Ta-2B
wrought-processed target mic_rostructure using the invention.
Figure 10 shows the surface (a) and center (b) grain-size distributions for
wrought processed Co-15Cr-4Pt-5Ta-2B.
20 Figure 11 shows SEM micrographs of the center and surface of as-cast

target microstructures of’ (a) Co-18Cr-6Pt-9B, (b) Co-12Cr-8Ta.



target mcrostructures of (a) Co-18C-6Pt-9B, (b) Co-M-M WO 01/25501

PCT/ USOQO' 25668 6 Figure 12 is an SEM BElI m crograph of w ought-processed
target mcrostructures using the invention for: (a) Co-18C-6Pt-9B (D)
Co- | 2Cr - 8TaWO W28 PTI ON OF THE PREFERRED EMBODI MENTS cur FPELESPEES%8:t o
Co-Cr-Pt-B-Ta all oys reveal ed an i nhonogeneity 5 associated with as-cast

m crostructures in alloys wherein the solid solubility of Ta and B in the
Co matrix is less than 3 atomic%and 0.2 & omic% respectively. As nore Ta
and B are added to the matrix, the continuity ﬁ(defi ned as the vol une
percent di scont i nuodggunetldisen SEM-BEbmisegraph of wiroughtyproeassadintget of free
nodes of these phases) of the internetallic phases in the matrix increase.
It was di scovermidrds@ruttngds usimy cidineentiontfad: fa)dGrt Cr6RI0B, (1) Cw$2CrPbesi bl e to
roll-deformthe as-cast ingots due to the ease of crack propagation al ong
the continuous and brittle internetallic phase networks. This lead to
‘ingots with a HBSCRIFEITON 6F THROPREFERREDEMBODIMENTS during hot-rolling.

Nevert hel ess, our research denonstrated that if roll deformation can be 15
applied, the resulti ] g B B¢ fiE knoed and
honogeneous nor phol o(gl?}rﬁeg{&gltr“gat gfg%ﬁg%%l@?ﬁ%eﬂg%{eﬁﬁéﬁ%&ﬁ&t he sputter
deposi t ed fi3 nmssdeiatedewithps-esst micrasirucases ipratidyscwhdryipitisesdolig shimbiligy af Ta and
precipitate phase_djnensions . on the order of 20 i crogns and 100 nicrons,
respectively. 40 Eoiteihe matrixis I%M%ﬁamc%ﬁts@&?@tqwﬁ“?o@ EISPSPHNEN e At ai n
and 20 preci pi (@ TKATS He TBAHIO AR MRtrk e b0 (ddhedhoiRVBNA 1
mcron, respectively. One approximtion to determne how much brittle
preci pitate phgsecent disconfinuousiimenmetulit phasesadivaled by shet mimben sf ftee nades o§um of

t he individual gl enent a| dditions.to Co.nqrnali.zed by their respecfive
i o ol T dBesE BEmeR) afahs Ol phass A e Topis st ey isotees
Co- base al | gys : S ith Cr
contant 2 B o BRBRPE Flerfiid tinyi) Bhdc bhph QLI roR AR RAmANL W Ed L el
addi tions to Congass guetatthe eastaficratioprop@zation aloay tifecrontbmadua gedibrittle

intermetallic phase networks. This lead to ingots with a high elemental

concentration fracturing during hot-rolling.
Nevertheless, our research demonstrated that if roll deformation can be
15  applied, the resulting microstructure develops a much more refined and
homogeneous morphology that greatly enhances the homogeneity of the sputter
deposited films. For example, an as-cast product typically has grain and
precipitate phase dimensions on the order of 200 microns and 100 microns,
respectively. In contrast, cast and wrought product typically have grain and
20 precipitate phase dimensions on the order of 20 microns and 1 micron,
respectively.

One approximation to determine how much brittle precipitate phase will
form in a Co-base alloy, is to consider the sum of the individual elemental
additions to Co normalized by their respective maximum solid-solubilities in Co.

25  Analysis of a range of different Co-base alloys demonstrated that, when (1) for Co
based alloys with Cr content <25 atomic and the sum of solid solubility
normalized elemental additions to Co is greater than about 2, or (2) for Co based

alloys with Cr content > 30 atomic% and the sum of solid solubility normalized



alloys with & content > 30 atom c% and the sumof solid solubility .
normal i zed WD 01/ 25501 PCT/ USO0/ 25668 7 el enental additions to Co is
greater than about 1, the alloy is not fabricable-:using standard w ought
processi nYQH®EYr get s have to be manufactured using an asPERSSOVASEEni que

(Figure 1 is an illustration of what happens when w ought processing is
attenpted on ingots with nore than the critical amount of limted
solid-solubility 5 el enental additives)7 The table belowillustrates this

fact for the case the maximum solid solubilities of C, Pt, Ta and B are
appr oxi mat el yelgmentalyiditions teiCods greatenhan aboytds the aliayds yot fabrieableusingt 99 Su m'

2.3 Mo Co- Lo0r A QA hrocSRisk S s hhie Sba b PR B st ad gk T <
Co- 19Cr - 3Pt - 4ikehniqife (Figure/e ds aiiblusivationrdf wha happeils @hélowrdughBpiocesitigiy 25 1. 3
No Co-45Cr > 25 1.1 No Co37Cr >ﬁ 8‘9Yes 10 1t js notevvorth t hat when
the sum of scAtienrs %HHBPESW‘HM“%E‘ %‘b e cgitigghamount afdimited;splidso] l(‘?cbllt)/l s | ess
than cf | L1 5al eugeteraditilesf! T2 tath DRk e BR'AG'EANS cadelifie | NVeNt 1 ON
descri bed herein can stil to achieve nore aggressive w ought
processi ng (tma:pnmmsdldgﬂohmmeswfﬁr,c&t TaendiBaire approxjsrately $0, 100h4diand

achi evable th nventi.onal processing. 15 In brief rolling of cast
ingots is an é2§&ﬁ'ﬂ:§‘|‘ P?ﬁ':‘é‘@é" step for producing mcrostructurally
honogeneous, fully dense and |l ow perneability targets for nagnetron

sputtering applications. Unfortunately, until now the use of as-cast :
targets has [bHey t he only prdcGstd) i|dum of Noemelized b Std.| Wrasghtase |al | oys
used in the data-storage i ndustry. Solid Solubilitiés Processihg

Co-12Cr-8Ta <25 23 | No

Co-16Cr-10Pt-6B-4Ta | <25 31.4 No

Co-10Cr-4Ta <25 13 Yes )

Co-19Cr-3Pt-4Ta <25 1.5 Yes

Co-40Cr-10Ru |
Co-35Cr-6Ti >25 13 No

Co-45Cr . 1>25 1.1 : No
Co37Cr >25 0.9 Yes
10 It is noteworthy that when the sum of solid solubility normalized

elemental additions to Co, is less than critical values stated in the preceding
paragraphs, the invention described herein can still be applied to achieve more
aggressive wrought processing (to promote greater microstructural homogeneity)
than achievable through conventional processing.

15 In brief, rolling of cast ingots is an essential process step for producing
microstructurally homogeneous, ﬁllly dense and low permeability targets for
magnetron sputtering applications. Unfortunately, until now, the use of as-cast
targets has been the only process option for several brittlé Co-base alloys used in

the data-storage industry.



WD 01/ 25501 PCT/ USOQ 25668 8 | n accordance with the present invention,

m crostructural evaluation after annealing of the brittle ingots reveal ed
that, in addition to partial healing of internal porosity,_the pr Ss can
pronote a sVQO@50tcrystallization of the microstructure. ??T/\’&ﬁ@”%?@o
shown that the as-cast grain-size can be reduced from5 several hundred

m crons after casting to less than 100 mcrons with the application of the
anneal i ng treatnment described above. In f8rther experinmentation carried
out on pieces of annealed cast ingots, it was shown that success in
wrought processi ng bn aecordancegrith shesprgeatinvension, pissostmiganrd] syalustinnaafieng

treat nent was possi.b S \ficall a.pl at.e | t o process
T ow 10t i kAR HERRTppEs sekeaBa heb sfpdein PRoTE RS, o |
processing. Baufenelporb§§s thepeSdeks dan prothbiQrstdtio Y&systalhidtion ofegnecal ed t hat
brittle Co-base alloys that to this point could not be rolled, can be

wrought pr oces SEerogire@wre; Havaslisoshpwg thas thegistcagrsain-ize san b frducedsireMneal ed
after casti | ] g ' ressure or
conpr eser ve ot peretel Hptel dttfont HEerBEGRET fesplnan 100 ARLBRRYAR) P52

anneal i ng can lgplicadioh bf the @dndaling tremmentadeseribetl hbovendatfurtlierer casting
(cooling rate less than or equal to air cooling). ,2. The ingot is cast or
machi ned to ha¢&Paimentationsagied ouipr pisces of apnealedcastingats. dppecshrwatiaty o. 5.

Therefore, if i b Serbf VM . | . DI wr ought
def ormati on sh%‘f(:g&ggk’f’gé%hzlp Ragﬁgggoﬁﬁ{aﬁgugbﬁ Spﬁbglﬁgg?ﬁfté% %b a%nﬁé%ﬁr?gopti mum
{n'hpr Est r UCE ur e.trrjgt@t;nespm ?Us'sib% Sp:aa'ﬁaﬂ%alpbnle thhngmmmgﬁﬂedﬁo plroce:f)salov«/I ' ed t
i ckness-t Q- w aspect, ratio |ess n_appr ox. , shou e rolled a
t enper at ur €9 bé}i‘%'é?ﬁs PoHe e Q/gg)gz}mggar&z mﬁ@gm&lmf%wgi %aé?ﬁ ¢bn and a

fine grained d¥ﬂk§@té§é‘l't§ ?rﬁﬁff%&%%i&&ﬁ@e&ﬂh%ﬁrhﬁ?nglﬁséﬁﬂg/?%a?%{hYs 25

honogeni zed (vi a shear deformati to ensure a onbgéneous

di stribution @bint beilpnediepplied, earpbawefught privbessedameer the éalldwinga fir st
aspect of the invegntion resides in a nethod of producing an alloy nenber
from whi ch spufPHtIME t argets can be forned,

1. An ingot is annealed after casting with or without the presence of

15 an applied pressure or compressive stress. In its simplest and most practical form,
this annealing can be facilitated by slow cooling the ingot after casting (cooling
rate less than or equal to air cooling).

2. The ingot is cast or machined to have a thickness-to-width ratio
less than approximately 0.5. Therefore, if an ingot is 7" wide, then the thickness

20  prior to wrought deformation should be less than about 3.5".

In order to obtain an optimum microstructure for sputtering, the annealed
ingot with a thickness-to-width aspect ratio less than approx. 0.5, should be rolled
at temperatures between 1000°F to 2500°F, to promote maximum densification
and a fine grained dynamically-recrystallized microstructure mechanically

25 homogenized (via shear deformation) to ensure a fine homogeneous distribution
of the precipitate phase(s).

More specifically, a first aspect of the invention resides in a method of
producing an alloy member from which sputtering targets can be formed,
comprising the steps oft annealing an ingot of an alloy at 1500°F to 2500°F for a

30 predetermined time; adjusting the ingot to possess a thickness-to-width aspect



conprising the steps of annealing an ingot of an alloy at 1500F to 25Q00F
for a 30 predetermned tinme; adjusting the ingot to possess a
thicknessﬁkﬂpﬁﬁgﬁh aspect WO 01/25501 PCT/ USO0/ 25668 + 9 r apd-Pusdosdseess t han
0.5; and rolTi1hg the ingot between 1000F to 2500F to produce the nmenber in
the formof a rolled plate. In accordance with this aspect the
predetermned tine is in a range of 0.5-9168 hours. Further, the nmethod can
optionally include one or nore the of the steps 5 of. annealing the rolled

plate at a tenper b ' i | ed
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15 less than 1, the invention described herein can still be applied to achieve more )
aggressive wrought processing (to promote greater microstructural homogeneity)
than achievable through conventional processing.
As will be clearly appreciated, the present invention is based on a novel
fabrication technique for Brittle Co-base alloys which can promote specific
20  product microstructural and magnetic properties which are optimum for
magnetron sputtering. The process according to the present invention, is
applicable to brittle Co-base alloys where the sum of solid solubility normalized
elemental additions to Co exceeds between about 1. The elemental additions are,
but not limited to, Cr, Pt, Ni, Ta, B, Nb, Ru, Rh, Sm, Fe, 8i, Zr, W, Mo, C OV,
25 Hf and Ti. The process according to the present .invention is applicable to all
classes of brittle alloys, not just Co-based types.
More specifically, the process which characterizes the present invention
features the steps of:

— casting an ingot;




Mare specifically, the process which characterizes the present invention
features the steps of., casting an ingot; iii WO 01/ 25501 PCT/ US00/ 25668
10 - anneal} i ngot at a tenperature of between 1500F for
0.5 to 16&&3”%%?1 with or without the presence of an applli;(grdg%@%rg%;ét atic
or conpressive pressure (typical pressures of 2 to 60 ksi can be used); -
adj usting the ingot to possess a thi cknesl%-to-vm' dth aspect ratio of |ess
than 5 0.5; and - rolling the ingot at an initial tenperature of between
| 0OO0OF to 2500F and reheatjng the ingot if the te ature falls bel ow
5000F. In accor“daﬁ‘?@%alwgttﬁe mget fad atupR Rfbetviren lggﬁﬁgasg%og?fﬂ’&gj ©ncl ude
the options of aRaRiHGwiH G witlduPthelrlese GHanloBPRAY idHBRicRRt veen S00F
and 2000F; or 10 annealing the plates at tenperatures  between room

t enperature and XKBOQFessivaprassire (ypicalepressites df pkab@kacambe esedkr at ure of

bet ween 500F and 200Q and. introduci ng, subsequent. rolling s S, at
t enper at ures bel cﬂ%"fgﬁ%ﬂﬁ;m@?t‘éws@?{si&ﬁb‘c es?'&i&'l‘&tgﬁ?%ﬁtlr?ﬁ‘éoglt%gsttgﬁ‘beratures
bet ween 500k and ¢l§0@. The properties which are produced in accordance

with the process according 15 to the present invention are; -- Average
product gr ai n- si zelling themgottdh am inid) ternparanee of-befweendg00°FrtoA60Q°Fmandci pi t at e

di rension of less than 50 .mcrons. - No sighifica rough thickness
grai n-si ze and prighsatng én@tifgﬂﬁme@w@.fg&-beh%g{’@l{]caI densi fication
attained. 20 - PraducidAtE witheid Sbsdnf BResiR ﬁﬁﬂér %ugesrfg&ﬂ@é the obﬁgx%Et_ IS

defined as the ratio of transmtted magnetic I ppli1ed magnetic
field. A PTF vefamedingitbhesolied platesiat termipeeatades hetween fjRend 20007t @r i al where

fth lied.field,.i h h the bulk of th ) f
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annealing the rolled plate at a temperature of between 500°F and 2000°F and

introducing subsequent rolling steps at temperatures below 1500 °F; or effecting a
final annealing at temperatures between 500°F and 1500°F.
The properties which are produced in accordance with the process according
15 tothe present invention are;
-~ Average product grain-size of less than 100 microns.
— Average product precipitate dimension of less than 50 microns.
~ No significant through thickness grain-size and precipitate size gradients.
— Theoretical densification attained.
20 - Product PTF greater than 20%.
PTF of a magnetic target is defined as the ratio of transmitted magnetic field to
applied magnetic field. A PTF value of 100% is indicative of a non-magnetic
material where none of the applied field is shunted through the bulk of the target.
PTF of magnetic farget materials is typically specified in the range of 0 to 100%,
25 with the majority of commercially produced materials exhibiting values between
10 to 95%. There are several different techniques that are commonly utilized to
measure product PTF. One of the most prevalent techniques utilized involves
placing a 4.4 (+/-0.4) kilogauss bar magnet in contact on one side of the target

material and monitoring the transmitted field using a axial Hall probe in contact



25 with the magjority of commercially produced materials exhibiting val.ues
between 10 to 95% There are several different techniques that are
commonly utilized to measure product PTF. One of the nobst_preval ent

t echni queWaRY255%ed i nvol ves placing a 4.4 (+/-0:4) kil ogBeHYS¥R568agnet

I n contact on one side of the target material and nonitoring the
transmtted field using a axial Hall prole in contact WO 01/ 25501

PCT/ US00/ 25668 11 on the other side of he target material. The nmaxi num
value of the magnetic field transmtted field through the bulk of the
target divided bythenthessideioftheftargptimateriale Khe maximunh valugefthe magpetiche t ar get

bet ween the mag (Bl | {aékee% : ' t as
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(PTF). PTF can beergMpinehsstdens of thehagetcbetwerntthomagiet andypobe@haintainedi s wel |
established in the prior, art that igcrﬁlgsi n% t ar get gﬁ{eeri_al TE pr.onot es
a | ess severe efU&F&Migngeapap a3 whemthgtarge vas g‘é‘fee ayiisgefined py et i on
and subseguent | fd 0 &‘rﬁjﬁk%dp' ldhs Sy af :
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poi nt source spittis eell egfatilBherhinrberpnicr avtithat fincreasing dargétimaterial 83E prometevpt | num
deposited filmthickness uniformty.. Therefore,  increasing target nmateri al
PTE has the. addadess e wouih PoFErAch FRlaEs Sobe bl ARk ReDe o

uni fornity The §dskQithnidgcohtAbiesRs adbducRb®meRsSFbr theiustrd Sidwilot! iMe i Nvent i-on
but the invention is not to be considered as limted thereto. 15 Exanple |

An al |l oy cont ai presenceef saverargetrarosian prabiles alse promates a poitSEUISH SPINGERS a

vacuum of . pbetweep 10 to L] LT | |- rman ingot.
with a th&cknegge-qogle\ﬂf W?‘%ha@%%té&ﬁ'gﬁ%we?m%g? Q'?% .ﬁ{st.hk%ﬁgesgt enperature
of the ingot Waﬁif&’qﬂi@r\l\ﬂ%eﬁefbréﬁﬁ&éﬁiﬂgﬂa@eﬁﬁﬁtétﬁﬂmdmaﬁ #ehidoed bemefieofper i od of
2 hours until a 20 tenperature of 1500F was reached. The ingot was

subsequent | y aninssgasiag depasiteciilnpthatkpessgnifomuty f or 10 hours and hot-rol | ed
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gi ven a second-stage annea ours and rolled
i n that rangéshottodbefdonsibered aOhmited thereto.

15 Examplel

An alloy containing Co-18Cr-6Pt-6B was heated via induction under a
vacuum of between 10 to 40 milliTorr until molten and cast to form an ingot with
a thickness-to-width aspect ratio between 0.3 to 0.5. The temperature of the ingot
was allowed to reduce in a controlled fashion for a period of 2 hours until a

20 temperature of 1500°F was reached. The ingot was subsequently annealed
between 2000°F to 2500°F for 10 hours and hot-rolled in that range for a total
reduction of 80%. After rolling the ingot was given a second-stage anneal
between 1000°F and 1800°F for 3 hours and rolled in that range for a further 20%
reduction. _

25 Figure 2 is an Scanning Electron Microscope (SEM) micrograph using
Back Scattered Electron Imaging (BEI) depicting the microstructure of the ingot
and resultant as-cast targets manufactured using conventional paradigms. EDS
(Figure 3) and Auger analysis confirm that the matrix phase (light appearing
phase) is composed of Co, Cr and Pt and that the precipitate phase (dark




reduction. 25 Figure 2 is an Scanning El ectron M croscope (SEM m crograph
using Back Scattered Electron Imaging (BElI) depicting the mcrostructure
of the ingo esul tant as-cast targets nanufactured usi i onal
par adi gns. E’I%ﬁag‘?ﬁgure 3) and Auger analysis confirmthat ?ﬁg na rsséht phase
(l'ight appearing phase) is conposed of Co, Cr and Pt and that the

preci pitate phase (dark WO 01/ 25501 PCT/ 25668 12 appearing phase) has
t he approxi mate conposition Co3Cr2B. The average grain- size and

precipitate thickness determnm ned usi.ng, standard T | 1 ogr aphi c

echnt ques. out ISPREETE RIS HR % RTFOSAMER PTGy Cor e e e SR
Handbook, Vol . ste aad grebiffatiblicRikstuseanBtEising SBSREECASTH MetaflBgraptit of the
as 5 cast product ranges is nomnally abou'g1 15% This value is Tow and
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simlar to those determned in the 10 as-cast state, but the norphology is
very different SE&ORIMRR Htpatign asyr agpterggtitilisptinnediging spatgsingyeeoncemed.aver age

rai n-size and preciypi : ' _ ively. The
grgn'crostruct ure !Ds vélrp%/&l;ﬂrﬁgﬁ’ g{%réﬁﬁ?%&%'ﬂ%ﬁf@%%@“%%ﬁgqgfﬁse thrgugh t he
t hi ckness of t msiciostrgebrapbenefitstof applgingehénalepprotess dedeeibedihéraimeao dgdCeent er

grain-size distributions illustrating that no statistically 15 significant
di fference exi é?@rﬁﬁvgﬁgﬂox- hEhe phask sRIBROSHONS A SR te thospdeteapinedipdhe i n

the Backgropnd oo ak iR Bhhe b1 IEVAY URderllaS hOSILLF it Frofft { Nr Ough

thickness uniformty Is critic ensure consi stent target p&rformance
since 1 targefprqassinganploygdi clbielayetiage giairl-$izeahd mrecipitaté aetl3randiln excess of
20, 000 storage_.nedi f di sks. . ZE) Fyrt herrr{)re, aggl i Califi on of the proprietary
wr ought pr ocesSMHEEE qri)éggpftﬁwe Yhe FrStru gatdnrey an o aid 8 oquct  PTF
from 15% as- caghifé@nifiRirgsts b the Blkneskifshd Bt @Ja_aﬂctf Figurd 9debicts
| mprovenent in product PTF has a significant inpact in

the surface and center grain-size distributions illustrating that no statistically

15 significant difference exists through the thickness of the product. As mentioned
in the Background, A fine-grain/fine-precipitate microstructure and through
thickness uniformity is critical to ensure consistent target performance since 1
target pair can typically be utilized to manufacture in excess of 20,000 storage
media disks.

20 Furthermore, application of the proprietary wrought process described in
the present patent raises the product PTF {rom 15% as-cast to approximately 75%.
This more than four-fold improvement in product PTF has a significant impact in
rendering the sputter process more stable and extending the useful life of the
target product. To illustrate the impact of high PTF, Figure 6 demonstrates the

25 positive effect of raising nominal target PTF from 65% to 75% on improving
sputter process firing voltage stability and target life time. Clearly, increasing
PTF from 15% to 75% will have a profound effect on sputter process stability and
target yield.
In summary, application of the ne:v proprietary wrought process to Co-
30 18Cr-6Pt-6B yielded significant microstri:ctural uniformity and PTF



rendering the sputter process nore stable and extending the useful life of
the target product. To illustrate the inpact of high PTF, Figure 6
demonst r af&s e, 25 positive effect of raising nomnal tar geii.,l}ga'lgzsggsom 65%
to 75% on Inproving sputter process firing voltage stability and target
life tinme. Clearly, increasing PTF from15%to 75% w || have a profound
effect on sputter process stability and 1hat arget yield. In summary,

g

application of the new proprietary wou Tt process to Co- 30 18Cr-613t-6B

yi el ded significant m.crostrt: ct.ur I. f ] PTF 2501

bemi Usco 2oetmravemefs B sev Sty ABicRkicshelfarc, TH elkiyingC .o,
product. The &einpded will seEveorebtablishithé garralty bfthesiondl psddighede@ioped! i ty of
t he novel paradi gns developed in the present patent. 5 Exanple 2 An all oy
cont ai ni ng ColttBEPresgt pateAl. 2B was heated via induction under -a vacuum of
between 10 to 40 mlliTorr until molten and cast to forman ingot wth a

t hi ckness-to-wi dth aspect ratio between 0.1 to 0.3. The tenperature of the
i ngot was all owed to reduce in a controlled fashion for a period of 1 hours
until a 105t eBgengledr e of 1000F was reached. The ingot was subsequently
anneal ed between 2000F to 2500F for 10 hours and hot-roll ed between 1200F

and 2100F for a t@ghalloyeenteining Cefl5604PrR5Ta-2B lvasedated vizialudtionaindant r ol | ed
fashion fromthe rolling ter&)erature to 300F in 6 hours. Figure 7 is a
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resul tant as-cast s nmanufactured using conventional 'paradi gns. EDS
(Figure 8) anihgdtgas allowaddyte ireduceinf a conttoliad fashionrfat a perigthaSkhdquys agtilappear i ng

phase) is conposed of , Pt apd, Ta, that the first precipitate phase
(light aﬂBeg%“Wﬁr%Wﬁé’gﬁoq)@:é’fﬂ?ﬁﬁggﬁfi-o %B,gOTPP’a%ﬁ?Bseﬁé'e a’m‘?@fégecond
preci pitate phageeSodoHR Ed2 SRPE fdr 10hoBFA@ hot-FollABRARES 1200F0andC , Ta and .

B. The average grain-size and precipitate dianeter are 180 and 85
m cromet ers, 2HXOR 6driatetay reduibisorPa5096 and allowed to cool in a controlled fashion

from the rolling temperature to 300°F in 6 hours.

Figure 7 is a Scanning Electron Microscope (SEM) micrograph using
15 Back Scattered Electron Imaging (BEI) depicting the microstructure of the ingot
and resultant as-cast targets manufactured using conventional paradigms. EDS
(Figure 8) and Auger analysis confirm that the matrix phase (gray appearing .
phase) is composed of Co, Cr, Pt and Ta, that the first precipitate phase (light
appearing phase) is composed of Co, Pt and Ta and the second precipitate phase
20 (dark appearing phase) is composed of Co, Cr, Ta and B. The average grain-size
and precipitate diameter are 180 and 85 micrometers, respectively. The PTF of
the as-cast product ranges is nominally about 10%. This value is even lower than
that obtained in the case of as-cast Co-18Cr-6Pt-6B.
In contrast, Figure 9 is an SEM-L I micrograph illustrating the uniform
25 microstructure obtained by applying the novel process described herein to the Co-
15Cr-4Pt-5Ta-2B alloy. The phase comj:ositions are similar to those determined
in the as-cast state, but the morphology i< very different as a result of the wrought
processing employed. The average grain-size and precipitate dimension are 14

and 1 micrometers, respectively. The mi rostructure is very uniform, and this



the as-cast product ranges is nomnally about 10% This value is even |ower
than that obtained in the case of as-cast Co-18Cr-6Pt-6B. In contrast,
Figure 9 is an SEMf;-I mcrograph illustrating the unifor

mi cr ost r uctWPAEHPLhi ned by appl yi ng the novel process descﬁ%ﬁgsw’ezrsg?n to
the Co- 15Cr-4Pt-5Ta-2B alloy. The phase conpositions are simlar to those
determined in the as-cast state, but the norphology is very different as a
result of the wought processing enpl oyeld‘? The average grain-size and
precipitate dinmension are 14 and 1 microneters, respectively. The

m cr ost ruct ur e ungfoumity persiists shnopglathe thitkresy/ef thd ta2geb plodR@T /Figgpo 10 d668ts 14

uniformty persjists.through . the.thickness of the target product. Figure 10
depicts the s&b? %_gacﬁ_ﬁﬁ‘k_ eé‘ﬁ?@??@‘?‘élaﬁ‘-s ?b}'élo_ﬂ? lf’?tfaﬁ%i%ﬁggisﬁapﬁf&}lﬁti ng that
no statistical lgyonifdanhiffercdbl edith R6GNGRe MILSES JrimOpEudhe thi ckness of
the product. As in the previous exanple, application of the proprietary

wrought process 5 desiorthdprévious eiaeps, epplivatipmofthe propristasy whoaight prdeess PTF

from 10% as-cas{ t approxi mat e 90% .,.This,r ent very, significant
i ne- ol d i b dssiied e B btehrates piduSaisEPRF BR ook af el 1 ot

appl i cation of dphRxBhaBloeYar ThiyFepratts aQé@%%ﬁﬁ&ﬁﬁﬁhé-hﬂ@jrhﬁﬂo%tﬂeﬁt%_ _
conplex, brittle and nulti-phasic alloys can have a significant positive

i npact on ni cr @sedust PTF aOnpeagaie itds clparthet application gfitheiproprigtaf PRFught

properties. Exanmple 3 Twq.alloys -1 - 6Pt - 9B. and. Cq:- 12Cr - 8Ta were
heated via i ndt?&r’ﬁi%gﬁhdesﬁrﬁ%@}'eg{e%éc@m%?% gg@}e\ﬁgéwu%b-pﬁ@c%lo# FH1 4852 untii |
nol ten and castsignifidagf positivie@Rpact bh trklcrobirgdenaporhshenbitit hdasfeshagmtit 0s of
0.4, 0.25 and 0.07, respectively. 15 The tenperature of the ingots were
al | oned to YeddREF) propertiemt rol | ed fashion for a period of 1.5 hours until
a tenperature of 1000F was reached. Al the ingots was subsequently
anneal ed betwe to 2500F for between 6 to 15 hours and hot-rolled
bet ween 1800F %%F for a total reduction of 50% and allowed to cool

Figuro 11 111 ust  at deea Gt et G RECobR Vetehpay cigpe

under a vacuum of between 10 to 40 milliTorr until molten and cast to form

ingots with thickness-to-width aspect ratios of 0.4, 0.25 and 0.07, respectively.

15 The temperature of the ingots were allowed to reduce in a controlled fashion for a
period of 1.5 hours until a temperature of 1000°F was reached. All the ingots was
subsequently annealed between 2000°F to 2500°F for between 6 to 15 hours and
hot-rolled between 1800°F and 2500°F for a total reduction of 50% and allowed to
cool in a controlled fashion from the rolling temperature to 200°F in 2 hours.

20 Figure 11 illustrates Scanning Electron Microscope (SEM) micrographs
using Back Scattered Electron Imaging (BEI) depicting the microstructure of the
ingots and resultant as-cast targets manufactured using conventional paradigms.

SEM-EDS and Auger analysis confirm the following phase compositions for the

different alloys:
25 Co-18Cr-6Pt-9B: matrix phase (light) Co-Cr-Pt
Precipitate phase (dark) Co-Cr-B
Co-12Cr-8Ta matrix phase (dark) Co-Cr-Ta

Precipitate phase (light) Co-Ta

The average as-cast grain-size, precipitate diameters and PTF are



usi ng Back Scattered Electron Imaging (BEl) depicting the mcrostructure of.
the ingots and resultant as-cast targets manufactured using conventional

par adi gns DS and Auger analysis confirmthe follow

conposi t ig/ﬁ’sﬁ%%oll:—t he different alloys: 25 Co-18Cr-6Pt-9B: Pﬁgﬁ?@% ase
(light) Co-Cr-Pt Precipitate phase (dark) Co-Cr-B Co-12Cr-8Ta matrix
phase (dark) Co-Cr-Ta Precipitate phase g I ght) Co-Ta The average as-cast
grain-size, precipitate dianeters and PTF are WO 01/ 25501 PCTI USOQ 25668
15 Co-18Cr-6 -95: %’F%'O gnd_ 135 mcroneters and 8% Co-12Cr-8Ta 185 and 170
micrometers ah8 13669k %Bont r 43Q and-] 3y micrametess aad 8%EM BEI i cr ogr aph

Il lustrating Cg_gggﬂjesﬁ]gr m m Zg@?{)ﬁ?m&oﬂgg&!apg%%/ appl yi ng the novel

process descri in. Th se conpositrons are simlar to those
det er mi ned i nintdoatrast; Eigate Kois ur SEM-BEI mitmigeaphtilhistiafieg fRRuMotagy i s very

different as a.result of. the ought processing enployed. The average
grain-si ze an‘&'mﬁ?éEﬁcﬁ‘W gbtaingd gﬁé? nggég‘? é?vgﬁmcpﬁa{eF%WedﬁlefeﬂmeThﬂ)veI
processi ngsde ' ' - = OR:. C ' rs 10
o 120 - B st BapOicHs brediRilaly iy dchmiitd in he¥iba CGAITTH

i crost r uct ursatesbut gheymorphdlogpnis varyl différent asairésnitrifthe wesughsprocdskingugh t he

t hi ckness of the t t product.far al] three of the alloys |jsted above.
Appl i cation of™ elﬂ%%&ﬁﬁ??’@?%ﬁ%’akﬁr‘ﬁfgm‘f MegRitate dgmeters ster applieaongfesent 15

pat ent rai sesth@goaggf&@gsi@gedé@gb@ie}ggmma product PTF from 8% and 25%

respectively, as-cast to approxi mately 80% and 95% respectively. It is
general |y under8Ce6Bt-PBat | haghl bueretheters oys, if the combined content of

O oo 2, WeEHERE ORI Slaggealon <%0 then thealiorls o
This is the casm thepredldus¥gamples, the microstructure is very uniform, and this '
uniformity persists through the thickness of the target product for all three of the
alloys listed above.
Application of the proprietary wrought process described in the present
15  patent raises. Co-18Cr6Pt-9B and Co-12Cr-8Ta product: PTF from 8% and 25%,
respectively, as-cast to approximately 80% and 95%, respectively. It is generally
understood that in Co-based alloys, if the combined content of Cr, Ta, Nb and W
exceed approximately 25 atomic%, then the alloy is paramagnetic at ambient
temperatures and the room temperature PTF is 100%. This is the case for alloys
20  such as Co-40Cr-(Ti,ALLRu). For these types of alloys, the main benefit of the
proprietary wrought process described in the present patent is to promote
microstructural refinement and homogeneity for more uniform sputter processing
and thin film media performance.
It will be appreciated that although the invention has been disclosed with
25 reference to only a limited number of embodiments and examples, that the

invention is not so limited and is bound only by the scope of the appended claims.



20 such as Co-40Cr-(Ti,Al,Ru). For these types of alloys, the nmain benefit
of the  proprietary wought process described in the present patent is to
pronote microstructural refinenent and honogeneity for nore uniform
sputter progpagseid and thin filmnedia performance. |t wi IBCTHES0BRS®ci at ed
t hat al though the invention has been disclosed with 25 reference to only a
limted nunber of enbodi nents and exanpl es, that the—tnavention is not so
limted and is bound only by the scope ofiet he appepded clains. WO 01/ 25501
PCT/ US00/ 25668 16 This Sheet Has Been Repl aced AT CRIEFNBLE

IS C M IS 11111111 1. A nethod of producing an al m whi ch
sputtering targetsygaaTas dixmvech 1gonpri sing the Sle) I ng an
ingot of an alloy at 1500F to 2500F for a predeterm ned tine; adjusting
the ingot to possess a thickness-to-wi dth aspect ratio of |ess than 0.5;

and rolling the i ngdt befwaethod nf pyodiringoarp sl membsr Sivue evhidhespuitenies i n

the formof a . i noin. i , ein
the predeterm ?]ag%ét ??anngiwea?og‘mleé, %%%pgﬁfdlgqg? ?%pggﬁggg%tgﬁggﬂ I%O%R@ﬁétﬂ%%as set
forth in clai M300°F ubt I8H0°K G0k i ppbdeterinliRd Stige, ﬁﬁgustﬁhgn@l@“hgﬁ tohpossexs| £d
plate at a tenperature of between 500F and 2000F. 4. A nethod as set forth
in claimail, fubtitheesscionwiospspget reosafdgssothan Gfinad 1ollipg the ek befweet ween
roomtenperatu éﬁ%@f r | Lm1, further
conpri sing ?heﬁg(%ogggoo ch‘%@Pﬂ@eﬁE&sﬁgﬁPgﬁF?ﬁé%@&g?r%‘ﬁ’td ('IJ le't he plate; and
annealing the target at a tenperature of 500F and 1500F. 6. A nethod as
set forth in claimz2, fuAthehodasretifsiting tlhen 41 ehereiif the puédetenpined Sime t er i ng
target out of the plate,; nnealing the target at a tenperature of 500F
and 1500F and 1Sﬁf‘f‘6ﬂ't¥€i‘ﬁ8-a5gfﬁ@%nt rolling steps at tenperatures bel ow
1500F.

3. A method as set forth in claim 1, further comprising the step of’
annealing the rolled plate at a temperature of between 500°F and 2000°F.

4. A method as set forth in claim 1, further comprising the step of:

annealing the plates between room temperature and 1500°F.

5. A method as set forth in claim 1, further comprising the steps of:
cutting a sputtering target out of the plate; and annealing the target at a
temperature of S00°F and 1500°F.

6. A method as set forth in claim 1, further comprising the steps of.
cutting a spuitering target out of the plate; and annealing the target at a
temperature of SO0°F and 1500°F and introducing subsequent rolling steps at

temperatures below 1500°F.

7. A method as set forth in claim 1, wherein the alloy contains cobalt
and elemental additions, the sum of the solid solubility of normalized elemental

additions being greater than a predetermined number.

8. A method as set forth in claim 6, wherein said predetermined time

1s greater than about 1 hour.

LT



7. A nethod as set forth in claiml1l, wherein the alloy contains cobalt and:

el enental additions, the suffhigBhettiHasBeshReplasesi ubi | ity of nornalized

el enental __ _additions being gr redet er m ned nlg’@ﬁ{] & nethod
as set foVOFY% aim e, wherm“ﬂg!lnﬂl;lla termned tine IS gsr’ogéf%r t han
about 1 hour. 11111111 1111011 111 'I[L S This Sheet Has Been Repl aced
WO 01/25502 110t EE 1t teer rer el PGr/usoo125668 111117 9. A

nmet hod as set forth in claim6, wherein Said predetermned tine is within
the range of 10-40 hours. 10. A nethod as set forth in claiml, wherein the

11. A nmethod as set forth

alloy is Co-18Cr-6pPt- 6 expressed in . atomc%, 11. / ] ]

in claim1l. whereif the%F‘ﬁgd F‘%S%gg’i%@r claigy 6. wherepsajdoprsdetsepiged Hime

atom c% . 12.is/eviﬂﬁﬁh@c}a§§e§feﬁo_j(pﬁ&p&i n claiml1, wherein the alloy is. .
Co-18Cr-6Pt- 9B (expressed in atomc%. 13. A nmethod as set forth in claim

1, wherein the alloy is Co-12Cr-8Ta (expressed in atomc%. 14. A
sputtering target 1®rned msthodassstfarthginatainrgwthecein the alby dyyCo118Cp6PRI  at

1000F to 2500 erm.ned time; adjusting the ingot to possess a
t hi ckness-to-év:\lna%raggde@?‘%%'tc?@ of less than 0.5; rolling the ingot

bet ween 1500F to 2500F to produce the material in the formof a rolled

plate; 5 and cutting aAtmethed as seoforthie clathl 1eWhBledt fhe aflGy isACEN9EL-2P-NY
target as set ioitz in claim14, wherein at |east one of° the steps of
anneal i ng t he’ Yo?P &expsessekintogickdper at ure of between 500F and  2000F;
annealing the rolled plate at a tenperature of between roomtenperature of

bet ween 500F; annegl i ngp SB49RE foidh e e of QOF~ angd~1300F; or 5
i nt roduci ng subsequent ro I|1ng %’?e[?z&e{?c{aenpé{r;‘@%tégnetggglelﬁ?)’éwCl%e)gg ,gp's
optionally 9B (expressed in atomic%). ' a

13. A method as set forth in claim 1, wherein the alloy is Co-12Cr-8Ta

(expressed in atomic%).

14, A sputtering target formed by: annealing an ingot of an alloy
material at 1000°F to 2500°F for a predetermined time; adjusting the ingot to
possess a thickness-to-width aspect ratio of less than 0.5; rolling the ingot
between 1500°F to 2500°F to produce the material in the form of a folléd plate;

5 and cutting a target from the rolled plate.

15. A sputtering target as set forth in claim 14, wherein at least one of
the steps of: annealing the rolled plate at a temperature of between 500°F and
2000°F; annealing the rolled plate at a temperature of between room temperature
of between 500°F; annealing the target at a temperature of S00°F and 1500°F; or

5 introducing subsequent rolling steps at temperatures below 1500°F.., is optionally

used in the formation of the target.

16. A sputtering target as set forth in claim 14, wherein the alloy
contains cobalt and elemental additions, the sum of the solid solubility of
normalized elemental additions being greater than a predetermined number which

is greater than 1.
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used in the formation of the target. 16. A sputtering target as set forth
in claim14, wherein the alloy contains cobalt and el enental additions,
the sumof the solid solubility of nornmalized el enental additions being
greater than"Q YR&Wt er mi ned nunber which is greater than lpciikdisidgll111
TP 12121 11 1111 WD 01/ 25501 PCT/ USO0/ 25668 18 I T A sputtering target
according to claim 16, wherein the predeterm ned nunber is in the range of
10-40. 18- A sputtering target according td8claim 16, wherein the target
conprises an alloy conprising Co-18Cr-6Pt_6B (expressed in atomc % having
a PTF of approximately 75% 19. A sputtering target according to claim 16,
wherein the target cb?lrp i Sesputterialg| ayrge0NRebRANRY g0 131 GPLo5Ta- 2
(expressed in at ﬁgbq) r}% a PTF of approxi rratel y »pVneKgIn  the
sputtering targe accor T 18 the repge 4.n the target conpri ses an
al l oy conprising Co-18Cr- 6Pt 9B (expressed in atomc % having a PTF of
approxi mately 80% 21 A ;{)utterl ng target according to claim16, wherein

the target conprisesi®an o stedugtargesicoerd {rig-td felm Bd 3y f%ﬁe?ﬁq,%ﬁ%% |n atom ¢
1

% having a PTF &4 teI 1 llllllllil 1111
This Sheet Has Beglﬁm %P %’nﬂz%/ﬂ&qﬁ GP-HB (expressed in atomic %) havmg a
PTF of approx1mately 75%.

19. A sputtering target according to claim 16, wherein the target

comprises an alloy comprising Co-15Cr-4Pt-5Ta-2B (expressed in atomic %) having

a PTF of approximately 90%.

20. A sputtering target according to claim 16, wherein the target

comprises an alloy comprising Co-18Cr-6Pt-

9B (expressed in atomic %) having a
PTF of approximately 80%.

21. A sputtering target according to claim 16, wherein the target

comprises an alloy comprising Co-12Cr-

8Ta (expressed in atomic %) having a PTF
of approximately 95%,
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