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COBALT- BASED ALLOY SPUTTER TARCET Field of the Invention This ihvehtfo

rel ates generally to nmulti-conponent cobalt alloy material which is used
for sputter deposition of a nmagnetic |ayer on a data/storage disk, and
nore specifically to a nethod of producing an alloy material, such as that
5 based on g _brittle Co-based alloy, which exhibits mcrostructural and
magneti c pr‘gﬂé’r”tz?sgé that are optim zed for nagnetron sputt epdriagsoedégs Whi Ch
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 use of target materials thatl are used to sputter deposit a
thin filmnedia onto a suitable substrate. Cobalt-based alloy targets are
frequently used for this purpose. However, nulti-conponent Co alloys with
primary el ement 40346dd34 i ons- such-as C, Pt, N (0 to 30 atom c% and
secondary el enental additions such as 15 Ta, B, Nb, Sm Fe, Si, Zr, W M,
V, H, and Ti (0 to 30 atom c% can be very difficult or inpossible to
conventionally roll-pr 855 F(i:)II ptcr;e concentration of limted
solid-solubility el ements 14 excesstNre Rl RSt Ehih SHETER iToRFETel ting is
necessary to ensure a high purity product, the only practical way to

manuf acture these brittle alloys has been to nake as-cast targets.
However, as-cast targets 20 have several unfavorable m crostructural
characteristi cfiddohttedniatige grai n-size, gross segregation of mat :x and
preci pitate phases, through thickness mcrostructural and chem cal

gradi ents and por oSiThys inl-dnti i i t a pair of magnetic all oy
targets can be used to fal;]rtizogf:l%litbg#érﬁlegl é‘g@“g}gﬁ’}%ﬁgﬁ ??8?'\'7?’&‘%%3‘3”3‘

dat a- storage divdua is gseifor sprstendeposition of amgeretialidyey oh & ddtaistoNiRel il kK VWO

01/ 25501 PCT/ U 5 :
§9@%5@§§c1f1cal]y to a method of producing an alloy material, such as that
5 based on a brittle Co-based alloy, which exhibits microstructural and magnetic
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 t0 30 atomic%) and secondary elemental additions such as

15 Ta, B, Nb, Sm, Fe, Si, Zr, W, Mo, V, Hf, and Ti (0 to 30 atomic%) can be very
difficult or inipossibie to conventionally roll-process if the concentration of
limited solid-solubility elements is excessive. Since vacuum induction melting is
necessary to ensure a high 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 mat :x 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 allov is



continually | oosing surface atom c |layers during the sputtering bfogégsz,w'
t hrough thickness and in-plane target mcrostructural honogeneity is
essential to ensure film property honogeneity on the nmany thousands of

di sks fabricated fromeach target and the many thousand nore fabricated
fromthe nwoEasiItargets constituting a 5 production | ot mrroseogseeft i ng
fromseveral individual production |ots. A production |ot represents all
the targets that are exposed to exactly the sanme thernonmechanical history
(i.e. originating fromone nelted ingot)2 Precipitate segregation in the
matri x of Co-based magnetic target alloys has been shown to inpact
deposited fil rbirRgaB! ioosips QPRKE kiBhicSH i judd erwite.
When tens of thousan’ds,mi?g dat a storaggaégﬁlgggé?#géi i‘ﬁggésr?h%gm%{om sever al
targets, it i $NflEeBARg iy plapgtargehmiqednciugal hompganpinnis essontiatoressse fim on al |

the disks, i ' 1 g funct i of the specific
target utili zg@enﬂﬁ%&lg %‘F@?‘% {l]mg&ném?g%gg%tg é) %‘n Sif%n%%tg'ggmpﬁa‘ihﬁﬁrg%{rt for
Co- based magnehd the traing ehioisanklintdre fabxibated fromahsmsieeas g6t enBRaGHR 2 bot h
within a target and flromt.ar et fto tar ?t. .15 Prior work serves to

i 11 ust rat e >t h8™dpueRor ofigingng flﬁ?féé?‘&?% V1G4 Produgtian i 4 produgtipnon t he

sputter deposidierdskhrdall HeQarbas Bl e ek &e@fb‘e%étﬁ%@ahﬂ%%&ﬁech fby! cat ed.
Target A was fabricated usin standard techni ques and possessed a coarse
and non-unifohmﬁna('pr@tlglilﬁmﬁ%@nmmwlwﬁmg%)tructural mor phol ogy. Target B
was fabricated to ¥i el d a honogeneous m crostructure consisting of a

uni f orm 20 di sper sPGRIPSRteseEEegsfiar indhe maEixpH £webasghmagnetic farsecalloys hasi al s wer e
in which the by shbwh bpactAlcpiteBeilneH8ndlcas nﬁﬂsﬁhfabeberéibgfaﬂf the
sputterlngltochg)n‘oer.tso“}thga% tH@/ vvoHId &gzeuse or mater.ial efp03|t|on on
the opposi e SI'HEEGr YWKB 0% Rp thepsapds efdatastoraeedexicey 2R Seipgmade t9en ¢ o
ensure that exevetal wrdee itsameesayithae theoloretditityoespoasethetodosdistdngon alomdi t i ons
applied for fi - deposi ' ol Ly, .fabricated targets.
25 Furt her rmrgisg%ég‘g@%y%&gﬁgl?E%neoﬁEgf%?g%éﬁ%e%%lhxtt%%?g%lﬁfte%'eri ng chanber
to ensure thdherplgreathsrals p sebstasgalaiend indthas for(Cockasadomagnetic tasgesheitter wer e

obscuring t heegisitddnSistedt peHBEmAry At FthinQRargdihed FrSﬁn‘%Lrtg&thar%ehe anal ysi s
reveal ed that the net i | s, on arget A

jc f dis fabricated.usin
exhi bi t ed 'Coer ci vi b sw?rké?w?sa‘ﬂélgﬁtrﬁeél}ﬁ %ﬁ‘d’ap@g@tpé"ﬁg’“mte&“ 8% Cersteds, In
contrast, theufifdregy on tith splersippasited fibke pOwo tagktawftaliCov@gRetlioy vade mat er i al
usi ng target L i LV L] : to 2000
Qer st eds The ﬁbﬁﬁ%cﬁetag \}%géﬁa/é}}sﬂ%{segzlrs &g?ﬁg@@%ﬁ%&&%&%{ﬁq&g#&a VSM t esti ng
coarse and non-uniform Ta precipitate-phase microstructural morphology. Target B

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, .té'rgets A and B were interchanged in the sputtering chamber to ensure
that no anomalies associated with location in the chamber were obscuring the resuits
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 fils on disks spurter 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 mn the disk manufacturing industry. There are several
noteworthy points resulting from this analysis. First, target A, possessing a



techni ques. widely enployed in the disk manufacturing industry. {There g@&q
several noteworthy points resulting fromthis analysis. First, target A,
possessing a 1 7 IR 2CCk WD 01/ 25501 PCTI US00/ 25668 3 i nhonbgeneous

m crostructure, resulted in filns with a significantly |ower Coercivity
response than filns deposited using target B which possessed a honbgeneous
m crostructweﬂmgj(;gond, the actual film Coercivities obtained fromtarget A
(overal | range =200 QCersteds) were nuch | ess consistent tHHPGT/HHNG2968 m 5
Coercivities obtained fromtarget B (overall range = 80 Cersteds). These
results denonstrate that if target precipitate and grain uniformty are
not controlled, the resultinu Coercivity’response of the sputtered film
can be dimnished and the disk- to-disk Coercivity consistency can be
adversel y ef f ecthecthogéebas mardstritdiire refisd RERMs GAMGES ahfty li}ulehi s or simlar
probl ens inclu : ing.Uni.fed States Patents:” 15 20 Patent
Nunber | nvent or Dat & d?y%g?%gkﬂag?%%%??ﬁgﬁgﬁélég1@5%%'@@59@9@%;3@ , et

a] . 1963 3, 620, 89PPeanepsmoesaictust Sebond THe aBBKAIMASEEt eitied\6uid 8 rom

4,144, 059Li U etargh AXBVaiPrarB2= SetPiSh Qs hi | 4 5 334, 267Tani guchi et
al . 1994 5, 468, a(;’Sltha\{i d aeia %Eig% 5@%2?,‘%%@%%@8%%%%@?“3*. éé"‘ glﬁ‘ccor di ngly,
there is a reed®fHV4es PUASEd e tiggt B @rerebhernge @0 Serspedsy. GFhese retidshni que by

whi ch targets dedensoite Gat ifased pRbiphis afd laliudifokfity W0 h& totrolk@nNyent i onal Iy
tend to exhibi{. bl ELGRESS LD thef ﬂe ree ? t wrought processing can not
be used, can be nanﬁ#jacputr)eﬁ R Hot! eegqugarﬁé ‘EHC?H @r‘g@t'}‘ﬂ’é@ anchyh glisk-

to-disk Coercivity consistency can be adversely effected.
Prior art which has been concerned with this or similar probiems include

10 the following United States Patents:

Patent Number [nventor Date of Patent
2,855,203 Hansel 1958
3,085,005 Michael, et al. 1963

15 3,620,852 Herchenroeder et al, 1971
3,649 256 Fletcher 1972
4,144 039 Liu et al. 1979
5.282.946 Kinoshita et al. 1994
5,334,267 Tanigucht et al. 1994

20 5.468,305 Uchida et al. 1995
3,728,279 Schiott 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 allovs 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 ouject 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



honogeneous. fully dense and | ow perneability characteristics n?c’eﬁs.g]? @o
enabl e the production of high quality storage disks. The present g
neets this need. 30 SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is therefore to provide a nethod of formng a piece of materi al
sui tabl e fgy ﬂrng §19 @ magnetron sputtering target, that is capable of
being roll e(? and w ought processed in a manner which |rrpr0'fFeT§U Na&68 7 n, AR
2CC4 WO 01/ 25501 PCTI USOC)’ 25668 4 physical and magnetic characteristics
such as grain size, crystallographic texture, chem cal/m crostructural
uniformty and perrreabi i ty A further object of the present invention is

to enable the f rr% g tterln target which is constituted in
such a manner p&'é'“f ag Ukagn?tl?e"hﬂ%éﬁé‘ﬁ‘is gh?sa%félf‘é‘zﬁvfﬁrﬁl‘# lerepLis hextese.

deposi ted ont @héMRaBmidréfRicOralantaim SLRN RGebiiRk, to exhibit inproved
physi cal / magnetic characteristics. During efforts to overcone the above

menti oned probl em ahfirther efegw |ob pheapresentineention s tarepdblis/the dorogeineofis, ful |y
oD eeam | Ol st i bRl et 1 o ARG Bt R PR o

subj ecting cast ingdts~fo an anneal
about 1500P aridzeﬂs’:')\@mléh am spbne-rdemmmmdthesmfaesem@tmtoraga didRpbi ed
hydr ostati c or F}grrpresm whi ch can aid in stress assisted

e pressure,
di f fusi onal h&AMPHJTBCVEOP qa@magagtcl@&raat,epglc&ood m crostructures were
obt ai ned. The anneqrig efRHE th HRrioH ﬁl@hi}é‘/&%ﬂ'ﬁlbﬁéﬁé)‘?b\ﬂerﬁgﬁd f éevelo?;q8 hours.

When pressure was applied, the pressures of were typfcally
used. It was Pﬁcmmumﬁhhomh@erﬂpmrﬂ#lyoiwsetﬁnddmwmqguabﬂhnetatgd it wast he above

atio | ese t nancseetly ol Bl ARG bed ol in ettt "

concl usi onl o tempaermoieks ibengveam dbonit AU QONE anP 2OORE Siviftfor Wifhdut thefpreskht® obove
obj ects are thus egl eved by formng an ingot of 20 materi aI which is
normal |y too BRPPY hcyérc%i‘la\“ﬁ\ﬁr §%E@§%Y%ﬂ’"€5{5§{e} iviicha aigrip hess assisted

diffusional healing of porosity, particularly good microstructures were obtained
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 | is an SEM showing the effect of conventional wrc i1ght
processing attempted on an ingot with more than the critical amount of limited

solid-solubility elemental additives.



processing so as to have a thickness-to-width ratio |ess than abolid BAR,2004
and 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 2500F and 1000F, reheating the ingot if the plate
tenperature falls bel ow 500F 25 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure |
is an SEAS 1 the effect of conventional wc fight processing
attenpted on an %ot with nore than the critical anpunt of p&T/ORd0REs68
solid-solubility elenental additives. 1 7 Kl:R 2CC4 WD 01/ 25501

PCT1USOO 25668 5 Figure 2 is an SEMof a Co- | 8Cr-6Pt-6B all oy as-cast
target microstructure. Figure 3 is an EDS spectra of Co- | 8Cr-6Pt-6B: (a)
matri x phase and (b)F' ge%i pitate &Jhase. 5 Figure 4 is an SEM BET

mi crograph of a Co-]' ‘G 6BansEMe §ht18Cpobreeh sies dsahgQirgs Crostructure
using the process of the invention. Figure 5 shows the surface (a) and
center (b) grai MEPS¥W&tributions for wought processed Co- 18Cr-bPt-6B.
Figure 6 shows the g};f ect3 of target PTF on sputter process voltage
stability 10 and t arigene it hrEDSspedtiadifi®- iR d j crogra f the

m crostructure of Co-I 50r-4Pt-5Tg- 2B as_ngfép?g?g@%%”é‘r!’g‘gﬁ%@t(g}e_
Figure 8 is an memptatapldsysi s whi ch shows (a) the matrix phase, (b) the
first precipitate phase and (c) the second precipitate phase of the

mcrostructue of Faleays g IEHL .9 is an.SEM BE! m crograph showi ng
Co- 15Cr - 4Pt - 5Ta- 2B wr ought - pr ocelggggn‘?gérégﬁogﬁ E?'JSEF‘GE%Q& @reughig t he

invention. Fi gyrétedddSo%snit ace (a) and center (b) grain-size
distributions for w oﬂght 'p#rbgtcrg&s{é%d'sfﬁg %@‘«:eawﬂtser@yMon.

Figure 5 shows the surface (a) and center (b) grain-size distributions for

wrought processed Co-18Cr-6Pt-6B.

Figure 6 shows the effect of target PTF on sputter process voltage stability

10 and target lifetime

Figure 7 is an SEM micrograph of the microstructure 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 ( ¢} the second precipitate phase of the microstructure of
I5 Figure 7
Figure 9 is an SEM-BE] micrograph showing Co-15Cr-4Pt-5Ta-2B
wrought-processed target microstructure using the invention.

Figure 10 shows the surface (a) and center (b) grain-size distributions for

wrought processed Co-15Cr-4Pt-5Ta-2B.

Figure 11 shows SEM micrographs of the center and surface of as-cast

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



20 Figure I | shows SEM m crographs of the center and surface of a@,&a@%
target mcrostructures of (a) Co-18Cr-6P;-9B, (b) Co-12Cr-8Ta 1'} A

WO 01125501 PCTI US00125668 6 Figure 12 is an SEM BEI m crograph of

wr ought - processed target mcrostructures using the invention for (a)

Co- | 8Cr - 6PtwOB2s6lr) Co- |1 2Cr - 8Ta. DESCRI PTI ON OF THE PREFERRERUSI¥BSE VENTS
Qur research into Co-Cr-Pt-B-Ta all oys reveal ed an i nhonbgeneity 5
associated with as-cast mcrostructures in alloys wherein the solid
solubility of Ta and Bin the Co matrixsi s |less than 3 atom c% and 0. 2
atom c% respectively. As nore Ta and B are added to the matrix, the

continui ty (defi nedFiggretings ¥PSENEBER@IC ap%mngﬂt%w&eh@z%rgam allic
phases divided by the nunber of free nodes of thése phases) of the

intermetal |1 ¢ phassiclfesline MRliflchibA HroAs @o- 1Sciit ol B QEIRG. 4G  hat

beyond a certain continuity, it was I npo 0ro e as- cast
ingots due to the ease of crack propagation along the continuous and

brittle intergpkakhp £ LSS YO B b‘fﬁ ingots with a high
atro >

el enental concen g. Neverthel ess, our

research denonstrated that, if rol tion cgn,be 15 applied, the
resulting microstr u@?rurF%earcf‘é\'/IgP ﬁééﬁgt%%rﬁ%y%fetygﬁe}%wnﬂ%og%ﬁ%geneous.

mor phol ogy Shaissgigeéd ith efbansesodtieRaT® gRARI wherdlh tHe81i§ BYLBIREy oftBPOSI ted
filnms. For exanple, an as-cast product typically has grain and” precipitate

phase di mensi o BH thaEodpates isd¢ss oo 3nitemishs and 612 zpmiekocresprstively. As
respectively. ¢ : ically have grain
and 20 preci pi %‘g%eeﬁﬁg?zérgf%\%ﬁg? g{r%gn%%’?;{ ﬁ%t\'%'{r?@gﬁygéeﬁg%??ﬁ tﬁ? %lgmgnd 1
mcron, respepdréenetigcontinudsénterpreeablid prasesadivided Ue tirrminiber HOYeenuclas bf i ttl e
precipitate phase wll rmin a Co-base alloy, s to consider the sum of
the indivi dual ‘%Eﬁeé’%?ﬁ’a?‘j‘ﬁea‘atﬁf?’ﬁg\lﬂg Pheseey ‘i‘sr“?%ﬂ‘ TEEFRRy It Hat fisssrect i ve
maxi mum sohpd- s yshbhd 4 éeinl ddnffity2R VA@%gféésﬁu@e‘o rRIRRoS tf?{ diff erent
Co-base al | oys denonstrated that, "when (1) for Co based a Toys with Cr
content < 25 anger dugiedhe epse of cagkafropagihiion alohg tiel dontynuous and brittle

intermetallic phase networks. This lead to ingots with a high elemental
concentration fracturing during hot-rolling.

Nevertheless, our research demonstrated that if roli 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
addttions 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 allovs with Cr content < 25 atomic and the » 1m 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



normal i zed el enmental additions to Co. is greater than about 2, rcj(q; Yo
Co based alloys with Cr content > 30 atom c% and the sum of soI
solubility normalized 1 7 AR 2CO WD 01/ 25501 el enental additions to Co is
greater than about 1, the alloy is not fabricable using standard w ought
processing and targets have to be manufactured using an as-cast technique

(Figure | is an illustration of what happens when wought processing is
attenpted onwWomges®twi th nore than the critical anmount of [i
solid-solubility 5 elenmental additives). The table belowillus TAT S this

fact for the case the maxinumsolid solubilities of C, Pt, Ta and B are
approximately 40, 100, 4 and 0.2 atomc%7respectively. Alloy j Solid
Solubilities I Processing 7 & (at% Sum of Normalized PCTI USOQ 2S66S St d.

W ought Co- lZQ‘-eETantalaﬁitﬂmgt Cosl@tited 1OR T [ OCr-4Ta <
g i o Coisl@eited 1O atitlh 4, t"heillé? ﬁéi’&%%b}f usjEE o |

2513C0190§Pt4'g[ <25 1.5 Co-40Cr- |
Co- 45Cr >251. 1 Co Wéglﬂj}bprgcq%mmnd(@gﬂets have to be manufactured using an as-cast

technique (Figure 1 is an illustration of what happens when wrought processing is

attempted on ingots with more than the critical amount of limited solid-solubility
5 elemental additives). The table below illustrates this fact for the case the

maxtmum solid solubilities of Cr, Pt, Taand B are approximately 40, 100, 4 and

0.2 atomic%, respectively.

Alloy i Cr (at%) | Sum of Normalized | Std. Wrought
! ' Solid Solubilities Processing
Co-12Cr-8Ta i <25 123 No
Co-16Cr-10Pt-6B-4Ta ' < 23 1314 No
Co-10Cr-4Ta | <25 ’ 1.3 Yes
: I
Co-19Cr-3Pt-4Ta | <25 | 1.5 Yes
Co-40Cr-10Ruy ‘
Co-35CT-6Ti > 725 13 No
Co-45 > 73
0-45Cr i >125 ' 1.1 No
Co37Cr | > 25 109 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 breef. roiling of cast ingots is an essential process step for producing
microstructurally humogeneous, fully dense and low permeability tarzets for
magnetron sputtering applications. Unfortunately, until now., the use of as-cast
targets has been the only process option for several brittie Co-base allovs used in

the data-storage industry



Yes No No No Yes 10 It is notewrthy that when the sumof solid 155I’tf|iiﬂlﬁcg'§/
normal i zed elenental additions to Co, is less than critical values stated
in the preceding paragraphs, the invention described herein can still be
applied to achieve nore aggressive wought processing (to pronpte greater

m crostrucwtghfg?rmgenel ty) than achi eyabl e t_hrough conv&%{&gé}g&ss step

processing. 1 n brief rolling of cast ingots is an essen

for producing mcrostructurally honpbgeneous, fully dense and | ow

permeability targets for nmagnetron sputtering applications. Unfortunately,

until now, the use of as-cast targets has been the only process optlon for

several brittle Co-base s.used in .the. data-stora dustr 17 KR
Frstiia'

20C4 WO 01/ 25501 PCHAHS PTSSSRL NDYFRHAT: BUGIP S Galiop atte fvent i on,

m crost ruct ur ahnéatiak witliewnitad ingbrs ravbaralthdiin QfiditibetdYaktid h@ah‘n?gpt s reveal ed
that, in addition to partial healing of internal porosity, the process can

pr omote a st atipernabeepsitya the; afa%%ﬁarbnromﬁ@amt@rre@wdbmm of the vvas al so
shown that 1 Neyi8%sadhrediPhi Sid obAlnhGhd SAUCPHbIHT Ry E@}é‘apl d fpndr ed

m crons after casting to less t m crons Ion of the
anneal i ng t& eaemzithuaé@drrmxb@ds atbmmstmgrtoﬂcsstﬂaarIOOaxq:reﬁs \rmlmtlﬂt ion carried

out on pieces ofl anne % d cas ots ' V\@ed % t success in
wrought  pr oce£BPHEGVBP O FEE TR Bgé "beffsc"t‘ £°B "él&gﬁ'ng anneal i ng
treatment was epgfihétiRionSRAed due ah lp;ecesaofmnaéﬁeééﬁtm%w iR IhEEE Hap Process
a low 10 thickness to width ratio was particularly Torgiving to roll

processi ng. BAYEESOR WIOHEH Precesying krittle i umtﬁeaubjenvegtppqwstm anesading ed t hat

brittle Co-basg @,{elnpg,ar bét;k%lfb;% Oslipfeleiﬁ%all@ 8?11%%‘25 R94nifi b QHdcEd a 16@N be

wr ought pr ocess oW ng’
10 thickness to width ratio was pamcularly forglvmg to roll processing. Based on

these results, further investigation revealed that brittle Co-base alloys that to this
point could not be rolled, can be wrought processed under the following
conditions.

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 firs. aspect of the invention resides in a method of
producing an alloy member from which sputtering targets can be formed,
comprising the steps of: 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



1. An ingot is annealed after casting with or without the preseggg ,ptfR zi&}ﬁ
an applied pressure or conpressive stress. In its sinplest and t
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-wdth ratio |ess than
approximately 0 5. Therefore, if an ingot is 7" wde, then the thickness

20 prior to™AU#EM def ormation should be | ess than about cTlusobmsess der to
obtain an optimum m crostructure for sputtering, the annealed ingot with a
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bet ween 1000F to 2500F to prgdgce theemérenbreer iﬁﬂ“{%ﬁ’??oﬁ?gﬁu{)?&dgﬁoi | ed

plate. In accor@filiee tieralledplateas picmperatere of betweer S0 and 2000°H adi n a r ange

of 0.5- 168 ho s ionally.lhclu one or nore
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and shear deformation processes. Further in 10 accordsance W th i s aspect

of the invent i ENPhEPHHEARE §lemental additionst the pem af theyolitmitbalityof cobal t and
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is greater than 1, or alternatively in the range of 1-50. As previously mentioned,
in cases when the sum of solid solubility normalized elementa] additions to Co, is
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, Si, Zr, W Mo, C, 0, V,
25 Hf and Ti. The process according to the present invention is applicable to all
classes of brittle afloys, not just Co-based types.
More spectfically, the process which charac erizes the present invention
features the steps of

— casting an ingot;
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with or without releetimg ths engorif dfe tamparpiots falls bgldwd60ak.i c or conpressive
pressure (typical pressures of-2 to.60 ksi .can he used). .adjust.ing the
ingot to posses?“ agctoﬁ%(?f&‘@gl%&f&fwtﬁtlﬁvegg%@tﬁ?eé?‘?a&u%?'“%lélggﬂ{el?é’ﬂ‘m 0.5-,
and rol ling tHeannbdig tRd rofiéd plitiet hitbmb&BiReds BetiteRn 300200 FOEPF t o 2500F
and reheating the ingot if the tenperature falls bel ow 5000F. In

accor dancéOwi #reelHig the Baten et EMpARTBRetTn (o tepsraresnd hefQle the options
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10 annealing t tes at tenperatures between roomtenperature and 1500F;
introducing subsequent rolling steps at temperatures below 1500 °F; or effecting a

final annealing at temperatures between S00°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 target 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 commoniy utilized to
measure prodict PTF. One of the most prevalent technique. utilized invoives
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
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The following examples are presented to illustrate the invention but the invention

is not to be considered as limited thereto.

15  Example |

An alloy containing Co-18Cr-6Pt-6B was heated via induction under a

vacuum of between 10 to 40 miliiTorr until molten and cast to form an ingot with
a thickness-to-width aspect ratio between 0.3 10 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 ingo
and resuhant as-cast targets manufactured usi ng conventional paradigms. EDS
(Figure 3) and Auger analysis confirm that the matrix phase (light appearing

phase) 1s composed of Co, Cr and Pt and that the precipitate phase (dark



presence of severe target erosion profiles also pronotes a poi gt q{ggm
sputtering 10 phenonena which can result in |ess than opti num Z)osf
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foll ow ng exanplse® are presented to illustrate the inventi gaTAishoisha
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conposi tion Co3Cr2B. The average grain- size and Qr eci pitate thickness
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uniformity persists through the thickness of the target product. Figure 5 depicts

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 |
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 itom 15% as-cast to approximately 75%.
This more than tour-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. Toilustrate the impact of high PTF, Figure 6 demonstrates the

25  positive effect of raising nominal target Pi'F 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 nc '+ proprietary wrought process to Co-

30 18Cr-6Pt-6B yielded significant microstri ctural uniformity and PTF



m crostructural benefits of applying the novel process descri beg fﬁ[gﬁ?ﬁ éo
the Co- 18Cr-6Pt-6B all oy. The phase conpositions are simlar t 004
determined in the 10 as-cast state. but the norphology is very different
as a result of the wought processing enployed. The average grain-size and
precipitate are 13 and 1 mcroneters. respectively. The mcrostructure is
very uniform and this wuniformty persists through the thickness of the -
target prodf@9/35%Yure 5 depicts the surface and center greETUSGOZSE63
distributions illustrating that no statistically 15 significant difference
exi sts through the thickness of the product. As nentioned in the
Backtround, A fine-grain/fine-precipitatelfdicrostructure and through
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from 15% as- casn theoprapym patemtat el y 75% This nore than four-fold

i nprovenent in product PTF has a significant inmpact in rendering the
sputter process nore stable and extending the useful life of the target
product. To illustrate the inpact of high PTF, Figure 6 denponstrates the 25
positive effectExamplatsing nomnal target Pi'F from 65%to 75% on i nprovi ng
sputter process firing voltage stability and target life tinme. Cearly,
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between 2000°F to 2500°F for 10 hours and hot-rolled between 1200°F and
2100°F for a total reduction of 50% 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 und Ta and the second precipitate phase
20  (dark appearing phase) is composed of Co, Cr, Taand B. The average grain-size
and precipiiate diameter are 180 and 85 micrometers, respectively. The PTF of
the as-cast product ranges is nominaily 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 2l micrograph illustrating the uniform
25 microstructure obtained by applying the novel process described herein to the Co-
15Cr-4Pt-3T2-2B alloy The phase com-usitions 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 grair-size and precipitate dimension are 14

and 1 micrometers, respectively. The mi crostructure is very uniform, and this
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distributions illustrating that no statistically significant difference
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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 [800°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

P: cipitate 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



5 described in the present patent raises the product PTF from 1070 MAR 2884
'to approximately 90% This represents a very significant nine-fold

i nprovenent in product PTF. Once again, it is clear that application of
the proprietary wought process described herein to conplex, brittle and
mul ti-phasic alloys can have a significant positive inpact on

m crostructural honbgeneity and macromagnetic 10 (PTF) properties. Exanple-
3 Two al | oySYOBRSFYCr - 6Pt - 9B and Co- 12Cr-8Ta were heat ed Vi gei/oshiBtden
under a vacuum of between 10 to 40 milliTorr until nolten and cast to form
ingots with thickness-to-wi dth aspect ratios of 0.4, 0.25 and 0. 07,
respectively. 15 The tenperature of the imngots were allowed to reduce in a
controlled fashion for a period of 1.5 hours until a tenperature of 1000F
was reached. Al KotHErioRy8Bs wabi0 aadh3e aia@binkirsanfge) ed bet ween 2000F to
2500F for bet V\B%Béfd'—? 5 hour 52‘3& hot-rol | ed between 1800F and 2500F f or
a total reduction o 8/0 and a d7¢ gucremefersiand 35%ont rol | ed fashi on from
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resul tant asscaghast 8 i f.actured using conventional paradigns.
SEM EDS and Auggr anarlg%i ?ﬂgg%ﬁfs W’%yf%tg’ofeo‘#elt%wr}? "’bﬂ'&§é‘°éi§ﬁﬁb‘$ﬁntlbmﬂhs for the

di fferent all oySatednit thg-rorgiRrle s v, diffee fti 2% ap&@ﬁ%f{ﬂeimh%h gp Aeft P~
-Cipitate phaseen(]ﬂ &9 Tﬁoé Cr-B Co-12Cr-8Ta matriXx phase d r?{) & O - Ta
Preci pi tate phase ﬁl ght'y 'CH2F 8 2Hei 26 3%t RIgeritate diameteqy afien applizetiopseci pi t at e
di aneters and Rhenavet procdssibilePiBdd M 1425501 15 PCTI U500125668

Co- 18Cr - 6Pt - 9B: égg and 135 mcroneters and 8% Co-12Cr-8Ta 185 and 170

m cronet ers andc386T-6Pt-9B. 9 and | micrometers

10 Co-12Cr-8Ta 35 and 40 micrometers
As 1n the previous examples, the microstructure 15 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
13 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 alioy 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 lwrought process described in the present patent is to promote
microstructural refinement and homogeneity for more uniform sputter processing
and thin film media performance.
[t 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.
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In contrast, Figure 11 is an SEM BEl nicrograph illustrating tHe7 MAR Q0M

m crostructure obt ai ned by applying the novel process described herein. The
5 phase conpositions are simlar to those deternmined in the as-cast
conventional state, but the norphol ogyijgs very different as a result of the
wr ought processing enployed. The average grain-size and precipitate

di aneters after application of the novel processing described herein are:
Co-18Cr-6Pt-9B. 9 and 1 microneters 10 Co-12Cr-8Ta 3 5 and 40 microneters
As in the pyveyiselisEméekignpl es, the mcrostructure is very uniform and this
uniformty persists through the thickness of the target product for all
three of the alloys |listed above. Application of the proprietary w ought

process degcri beg mapndilds spuitReifg targel Ba ﬂ?@n&mag%h&% defse kificFobtictE aid Bbw
Co-12Cr-8Ta %od ct. PTF from 8% and_25% respectlyely, as-cast to

appr oxi mat &f alRYIngs3homaganequs; *vﬁlrlvmopto i & PFEIRKRta i Rhgse, SHE dpreetobring hat
in Co-baseg @h:le@xga forininglaltRitllOiOBAINBAle aIGH iftan Glgofhavinkad, mlmemmmwe@d

appr oxi mat el ya‘ﬁd atom c% then the alloy is paramagnetic at anb
10. =

t enper at ur &4 5 an G Annsalpg ths ingob atpirfemperatirgobgiveen; 1900°F. apd 2&’95 é’ f%r
al I oys 20 %b&%t@&c%&%on(oﬂthﬁhw%cﬂﬁ@ Fortrbi@tafion YO Rfertll sitdih @Pio prél@ntTaI N

benefit of the proprietary wou process described in the present,k patent

is to promStasking ehthe tnsa*&uap&hotf‘é? %éﬁ‘ﬁb‘iﬂ”"é‘r‘ﬂﬁ %wsg}éﬁ@wmmrs%%ﬂ&ﬁﬂ orm

sputter prQaeMsSnsshs, RAé thibfolnichirén Medi a performance. It will be appreciated
t hat al though the invention has been disclosed with 25 reference to only a

limted nunber of enbodi nents and exanples, that the invention is not so

limted ang, is mum.;m%n sﬁ\)&eﬁiigetaﬁgep&eorafngwﬁmm%e&eﬂ a@e@dnaameluﬂgw 2004
16 What is clalrred I S; nhetron sputtering target hawwgc
ation and a

honogeneoudnd # geRd W]E'ISG?PFQI'&WEF@ l&’r‘\&’u“&/ﬂepdé PFRAEION I{tigpum g

honbgeneouginglighdikdd Mebry @i RicRis@EdnRE ta efsuRN2 $Re hdmbgbnbols WpdtrithiRibA Gf the
prepared by form ng a brittle cobalt-base alloy into an ingot having a

t hi ckness- PE*ipitate Rhat&pect ratio of less than 0.5, annealing the ingot at a
tenperature between 1500 F. and 25000 F. to

3. The magnetron sputtering target according to claim 1, wherein the target comprises a
Co—18Cr—6Pt—6B alloy having a pass-through-flux of approximately 75%, and wherein the
annealing temperature is between 2000° F. and 2500°F.

4, The magnetron sputtering target according to claim 1, wherein the target comprises a
Co—15Cr—4Pt—5Ta—2B alloy having a pass-through-flux of approximately 90%, and wherein
the annealing temperature is between 2000° F. and 2500°F.

5. The magnetron sputtering target according to claim 1, wherein the target comprises a
Co—18Cr—6Pt—9B alloy having a pass-through-flux of approximatety 80%, and wherein the
annealing temperature is between 2000° F. and 2500°F.

6. The magnetron sputtering target according to claim 1, wherein the target comprises a
Co—12Cr~8Ta alloy having a pass-through-flux of approximately 95%, and wherein the
annealing temperature is between 2000° F. and 2500° F.

7. The magnetron sputtering target according to claim 1, wherein the precipitate phase

has a dimension on the order of 1 micron.



promote recrystallization of the mcrostructure for relaxation df7 iMAR 2004
strain and to prevent cracking of the ingot during hot rolling, and hot
rolling the ingot to formsaid target having said honbgeneous, dense

m crostructure. 2. The magnetron sputtgring target according to claiml,
wherein a second annealing step and a second rolling step follows the hot
rolling step to pronote nmaxi mum densification and a fine grained
recrystallized mcrostructure to ensure a fine honogeneous distribution of
the preci@itat erhphmughetrod. splttefing BGFet lab ORdingel dlini 1N vheRinOhé tadget hasla pgst O
claim1l1, wherein tglﬁ ﬂar?et conprises a Co-18Cr-6Pt-6B alloy having a
pass- t hr oudHoyshfluxf 736,9F 8%ttt el y 75% and wherein the anneal i ng
tenperature is between 2000 F. and 2500 F. 4. The nmagnetron sputtering
target accaording. to claiml, wherein the target coppr,ises )

Co- 15Cr - 4PP: 5Ta- R magnetipn spiiiering targsaaggqrglns tﬂf&\mfh Waereip ﬂ&ﬁﬁﬁ%‘)&“ﬂﬁ?@‘%"‘%O%
and wher ei @pe biRorRWehtal Sddithine 818t Forh ShedBbMPRMsiRDrICr, PN, 2208, Kb, 5.
The magnetron _sputterin taﬁet accor‘(rjpiélagl_.to | ai m%, ,g/nere,i_n t he target
conpri ses &4 RlySm FeySigs Ni, i3 CoPy ¥y H ihg‘“‘éﬁ‘ﬁé'é@-" 1otid sefHbHify pf elgmental

appr oxi mat ghdticHa e capsteddigrein the annealing tenperature is between 2000
F. and 2500 F. 6. The magnetron sputtering target according to claiml,
wherein the target conprises a Co-12Cr-8Ta alloy having a

pass-througp: f | Whe GhaghBRINOPpuiEHng! trg@Sdeoraing (WRRIR I Nwhiiein HEBRGY tdMbrises
tenperature is between 2000 F. and 2500 F. "7. The nmagnetron sputtering
target acc&otilder©8t®Bai m 1, wherein the precipitate phase has a di mension
on the order of 1 micron. 1 7 MAR 2004 17 8. The magnetron sputtering
target according to claim1l1, wherein the target_ has a pass- through-flux of

75% or gredler. The magactrRgiREterEg targel aceoriing 1@ slaed. whesinghe glleyocompsises 1,
wherein t h%M@@%P@dB@%d%QQ&Pﬂmﬁ 248 Bk of PJ RickinS BRI #ha breafptthik pRAS hael ect ed
fromthe group consisting of Cr, , N, Ta, B, Nb, Ru, Rh, Sm Fe, Si,
Zr, Ni, Mo dingnsign onsthegrdeppfgl micronand t he sum of solid solubility of

el emental additions to Co exceeds 1. 10. The magnetron sputtering target

according to claim1, wherein the alloy conprises Co-18Cr-6Pt-6B. |
12 The magnetron sputtering target according to claim 1, wherein the alloy comprises

Co—15Cr—4Pt—5Ta—2B.

13. The magnetron sputtering target according to claim 1, wherein the alloy comprises
Co—~15Cr—4Pt—5Ta—2B and has an average grain size of 14 microns and the precipitate phase

has a dimension on the order of 1 micron.

14. The magnetron sputtering target according to claim 1, wherein the alloy comprises
Co—18Cr—6Pt—9B.
15. The magnetron sputtering target according to claim 1, wherein the alloy comprises

Co—18Cr—6Pt—9B and has an average grain size of 9 microns and the precipitate phase has a

dimension on the order of 1 micron.

16. The magnetron sputtering target according to claim 1, wherein the alloy comprises
Co—12Cr—8Ta.

17. The magnetron sputtering target according to claim 1, wherein the alloy comprises
Co—12Cr—8Ta and has an average grain size of 35 microns and the precipitate phase has a

dimension on the order of 40 microns.



11. The magnetron sputtering target according to claiml, V\/nere'ifn m@mjoy
conprises Co-18Cr 6Pt-6B and has an average grain size of 13 mcr

the precipitate phase has a dinmension on the order of 1 mcron. 12. The
magnetron sputtering target according {p claiml1, wherein the alloy
conprises Co-I 5Cr--4Pt-5T& 2B. B. The magnetron sputtering target
according to claiml1l, wherein the alloy conprises Co--15C-4Pt-5Ta-2B and
has an average grain size of 14 mcrons and the precipitate phase has a

di rension on the order of 1 mcron. 14. The magnetron sputtering target

according to claiml, wherein the all co I se Co- 1 -6Pt-9B. 15. The
magnet r on égutté"r i Mghada g tProfuciys o ith o oy BrEbss fﬁﬂrwtfé»zsﬁg% wesa*rsrwayg‘ﬁf
conpri ses pfistoskfcturdiit hoRRBg@idbusMsrpAtlodY idaBe@iic prdpéntigLotimifed ot Fethingand
the precipitate phase has a dinension on the order of 1 mcron. f16 The
magnet r on %‘f}’atPP'é‘Fﬁ“h'Qtyt éR"&é‘F“gaE’&S?Fdehﬁ@ﬂP@: ghealipy 1 mempes havigs ; grain Jynj grmity

conpri ses coRpriship’ m&?@mg&&ain@% RGN Bhbs POD MRk, Snt A6 aledgd ProduCrecipifate t O
claim1, wherein the al o% conprises Co-|2Cr-8Ta and has an average grain

si ze of 35 dimeasign el lssidhan R0 mirreps, Heimathod sAMBESIMAS a  di nensi on on the order
of 40 mcrons. 1 7 MAR 2004 18 18. A nethod for producing an all oy nenber

characterized ‘by a substantially mcrostructurally honobgeneous norphol ogy
and magnetic propePties dpeYiting agaliqy whigh js;syficien %@P#ﬁgmelqlwc@ﬂﬂ'tl!eeri ng

targets therefrom the aldmg SRWASHHD BMciSediodbit b PiddRétHativig a GOBMRMtIAING an
average grain size of less than 100 mcrons, and an average product

precipitate dinension ofhomegenopsmarpBelosy cr ons, the nethod conprising: a)

providing an al | oypwhi ch daging\he dilol 80r iMgder i tt1 e that the alloy cannot be
roll ed and wought processed to forma fr oduct having a_substantially

honobgenous nor phol @gy; b)angealing fg ingebbwheatine at 8 tupperatye of betyeeg dAQNIE: #Y t he
ingot by heating at a tenpgggture of between 1500 F. and 2500 F.;

d) working the annealed ingot to form an alloy member which has a
thickness to width ratio of less than approximately 0.5; and

€) rolling the alloy member at a temperature of between 1000° F. and
2500° F. to produce the member in the form of a rolled plate and

promote densification and fine grain in the alloy member.

19, A method according to claim 18, wherein the annealing step is conducted at

atmospheric pressure.

20. A method according to claim 18, wherein the annealing step is conducted at under a

pressure of 2 to 60 ksi.

21. A method according to claim 18, wherein after the annealing step, the ingot is cooled at

a rate of less than or equal to air cooling,

22. A method according to claim 18, wherein the alloy is a brittle cobalt based alloy
wherein elemental additions to the cobalt alloy are in insufficient amounts to produce

intermetallic phases which interfere with the homogeneous nature of the alloy.

23. A method according to claim 22, wherein the cobalt based alloy comprises elemental
additions of a member selected from the group consisting of Cr, Pt, Ni, Ta, B, Nb, Ru, Rh, Sm,
Fe, Si, Zr, W, Mo, C, O, V, Hf, Ti and mixtures thereof.



d) working the anneal ed ingot to forman alloy nenber which has 1a] MAR 2004
thickness to wdth ratio of |Iess than approximtely 0.5; and e) rolling the
al l oy menber at a tenperature of between 10001 F. and 2500 F. to produce
the nenber in the formof a rolled plajge and pronote densification and
fine grain in the alloy nmenber. 19. A nethod according to claim 18, wherein
the annealing step is conducted at atnospheric pressure. 20. A nethod
according to claim 18, wherein the annealing step is conducted at under a
pressure of 2 to 60 Kksi. 21 A met hod according to claim 18, wherein after

t he anneal i L,0g ste i S ol ed at ate of |es h r equal to
air cooling® 224 'ﬁth@{] é‘b?lﬁff"r?é g"’ﬁ‘l“é’?erh" ,aWé‘r"e¢ ™ "?Tﬁ’y“"f’ " a
brittle cobalt based al I oy wherein el enental additions to the cobalt alloy
are in insyfficient apoun 0 i.nterne ases_which
‘nterfere Wth thEetiadaty Wg&fg%f# e i Bl 9"@2‘353%@%“[%&1%% di ng
to cl ai m 22onsi¥ifg &f: N the cobalt based all oy conprises elenental additions
of a nmenber selected fromthe group consisting of G, Pt, Ni, Ta, B, Nb,
Ru, Rh, Sm Fe, Si, Zr, W M, C 0, V, H, Ti and m xtures thereof. 1 7
MAR 2004 19 24. oe,_lm(g,hqq‘aaccordi ng to claim?22, wherein the brittle alloy
is aCo-C--Pt B-Ta ill 25. A method according to claim 23, wherein the
brittle alloy i Losdf omthe group consisting of: Co-12Cr-8Ta
Co- - 18Cr - 6Pt - - 6B o—Toci—4PrsTaRbSTa- 2bf Co-16Cr-i OPt-6B-4Ta Co-10OCr-4Ta
Co-19Cr-Pt-4Ta C%glégrglo%t%B—el%O 3 SCr--6Ti Co-45Cr

Co—10Cr—4Ta

Co—19Cr—Pt—4Ta

Co—40Cr—10Ru

Co—35Cr—6Ti

Co—45Cr

Co—37Cr
all amounts expressed in atomic %.

26. A method as set forth in claim 18, wherein annealing is carried out for a time period of
about 0.5-168 hours.

27. A method as set forth in claim 18, comprising the further step of (f) of annealing the
rolled plate at a temperature of between 500° F. and 2000° F.

28. A method as set forth in claim 18, comprising the further step of: annealing the rolled
plate between room temperature and a temperature of 1500° F.

29, A method as set forth in claim 18, comprising the further steps of: cutting a sputtering
target from the rolled plate; and annealing the target at a temperature of between 500° F. and
1500° F.

30. A method as set forth in claim 18, comprising the further steps of: cutting a sputtering
target out of the rolled plate; and annealing the target at a temperature of 500° F. and 1500° F.
and subsequently rolling the annealed target at temperatures below 1500° F,




Co-37Cr all ampunts expressed in atomc % 26. A nethod as set fp*f@?hﬂ QUU’I
claim 18, wherein annealing is carried out for a tine period of

0.5-168 hours. 27. A nethod as set forth in claim 18, conprising the
further step of (f) of annealing the 4plled plate at a tenperature of
between 500 F. and 2000 F. 28. A nethod as set forth in claim18,
conprising the further step of: annealing the rolled plate between room
tenperature and a tenperature of 1500 F. 29. A nethod as set forth in claim
18, conprising the further steps of. cutting a sputtering target fromthe
rolled plat and annealing the targ at a te erature of t n 500 F.
and 1500 BL. 30 meMGS b actderty gt ORGY 1§ Wit e 8°°‘EHPPpF‘?b§F elemertak ¢ her
steps of: @umﬁdmagtha SR GF ﬂ@rsbngsombmg of nétblizl ekhﬂnﬁm&ﬂanpbaﬁgema&c{han
annealing the target at a tenperature of 500 F. and 1500 F. and

subsequent I®§®rol 1 ing the anneal ed target at tenperatures below 1500 F. 1 7
MAR 2004 20 31. A nethod as set forth in claim 18, wherein the alloy
contains cqgbalt and el enental  additions, the sum of the SO|Id solublllty
of normali2éd elfemgthpdps s derth @rféaﬂaeion&hgmeétwe?msﬂ% is o greatep thap afeitlog as
set forth ipgycl @ai m 30, wherein the annealing is for greater than about |
hour. 33. A nethod as set forth in claim30, wherein the annealing tine is
within the range of 10- 40 hours. 34. A nethod as set forth in claim 18,
wherei n thgsal | Qymbthod#-skt Bfh iniimBoSKIRFGS B dneplin gﬁm withen tRSrangd oredhod as
set forth in claim18, wherein the aIon is Co-15 4Pt 5Ta-2B expressed
in atomic 99hoys. A nethod as set forth in claim18, wherein the alloy is
Co- 18Cr- 6Pt -9B expressed in atomic % 37. A method as set forth in claim

18, wherein the aIon is Co-12Cr-STa expressed in_ato %
34. A method as set forth in claim 18, wherein the alloy is Co=~1 8Cr—6Pt—GB expressed in

atomic %.

35. A method as set forth in claim 18, wherein the alloy is Co—15Cr—4Pt—5Ta—2B

expressed in atomic %.

36. A method as set forth in claim 18, wherein the alloy is Co—18Cr—6Pt—9B expressed in

atomic %o.

37. A method as set forth in claim 18, wherein the alloy is Co—12Cr—8Ta expressed in

atomic %.






