WD 02/ 083974 PCTI US02/ 10909 2 2 APR 2005 PT- CO BASED SPUTTERI NG TARCETS The
invention relates to precious netal magnetic sputtering targets and the
met hod of meRPAYYAE sane. According to the invention, soli gcyppwofi’(gmders
manuf actured via rapid, solidification and el enmental Pt are nmechanically
al loyed,  densified, and machined into a sputtering target: 2 Thepl riggintion
The objective of this invention is to achieve enhanced sputtiering target
characteristics from manufacturing and applications standpoints, through the
utilization of innovative processing that enables novel mcrostructural '
design. The innovative process design. has been, devel oped with careful
consideration of 10 cost, lead tinme, and final product properties.- The
m crostructural design has been developed with the intent to increase
manuf acturability and' enhance product performance in application. In this
invention, targets are manufactured using conventional processing steps
such as gas atom zation, powder mxing and mlling, hot isostatic pressing,
and machi ni ng, and, although the process 15 steps thensel ves are not uni que,
t he process Steps have béen stdat.agical by R@gp%ﬁ)gggsto achi eve a superior
Sputtering target while maintaining corrpe’tal Ive costs and lead-tinmes in
manuf act uri ng. The novel microstructure created using WO 02/ 083974
PCTI US02/ 10909 2 2 APR 2005 2 the process described in this invention is
characterized by a fine precipitate

. The invention relates to -precious metal magnetic sputtering targets and

{the method of making the same. According to the invention, solid alloy powders

RN

. _manufactured via rapid solidification and elemental Pt are mechanically alloyed,

densified, and machined into.a sputtering target.

h
-
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The objecﬁve of this invention is to achieve enhanced sputtering target
characteristics from manufacturing and applications standpoints, through the
utilization of innovative processing that enables novel microstructural design.
The innovative process design has been developed with careful consideration of

.10 cost, lead time, and final product properties. The miérostructurai design has

) | been déve_loped with the intent to increase manufacturability and enhance
product performance in application. In this invention, targets are manufactured

_ using conventional processing steps such as gas atomization, powder mixing

and miuing,’ hot isostatic pressing, and machining, and, although the process

15 steps themselves are not unique, the prdcess steps have been strategically

employed to achieve a superior sputtering target while maintaining competitive

costs and lead-times in manufacturing. The novel microstructure created using



“structure and a high degree of conpositional honogeneity. Gas atom zation-is

a common. neWB®A/08392d t o produce powdered netals for a bro&ETARAYHIS
industrial applications. It is generally recognized that this 5 technique

- produces fine spherical powders with mcrostructures unique to rapidly

solidified materials. Although atom zation has been used zﬂg@e uttering
target industry to nmake a range of alloy powders, aton‘iz i % not been
used with' the intent of reducing precipitate phase size in nultiphase

cobal t - based magnetic alloys. In this invention, gas atom zation is used to
produce alloy powders with 10 fine mcrost¥uctures, which | ead to enhanced
manuf acturability during the nechanical working stage of the densified
powders, and supkes Pacessadgraribedyii this tinvestian isl chatectesizepdyi aiftneaprenipitaigenei ty
when conpared to conventionally cast processing techniques. In general, the
ductility of a skustuepmdschighededree ef gpapesitienal hemegansiy.pal | y det er mi ned by
the ductility of the 15 continuous phase or phases in its mcrostructure. In
a nul ti phase ni crost Fgetatpreizatiopre agemmas methedbusgdiaiprgduse pawgered metdlase is a
function of its size and shape. For: exanple, coarse nicrostructural
features with hifge besddengeqgfi ipdusiial |apale“ggq?é- It it eanetallyi secashized thaidis | ower
volunme fractions than phases that are fine and spherical. This geonetric
fact can be sumiedinigge pipdyees fineerharigal powdese it migresmcitesiquedofaridy i on
limt of a given phase is inversel roportional to phase size- and directly
proportional t o Sgidfiedimatgriale. A’M‘P“\Sgé igatign has peemusaddndhfosputiedng targed
CoCrPtB al l oys contai ni ng reater_ than.6 atom c % B. \Wen.these materials

are manuf act ur edndystey t "'E?ﬁ'@eegtr angea0f 2y ppwderst Hewpizetinn hasnod beep ueed WiRase .

that is coarse and el onfqaé ed. WD 02/ 083974 PCT/ US,O%/.109 9 22 APR 2005 3 /
B the intent of teducing precipitate phase size in multiphase cobalt-based magnetic

alloys. In this invention, gas atomization is used to produce alloy powders with

10 fine microstructures, which lead to enhanced manufacturability "during the

mechanical working Stage of the densified powders, and superior target

microstructural and compositional homogeneity when compared to

conventionally cast processing techniques. In general, the ductility of a

multiphase metallic material is principally determined by the.ductility ‘of the

15 cOntinLuous‘ phase or phases in its microstructure. In a multiphase microstructure,

the degree of continuity of a given phase is a function of its size and shape. For

example, coarse microstructural features with high aspect ratios will become

interconnected at much lower volume fractions than bhases that are fine and

spherical. This geometric fact can be summed up by sfcatirig that the percolation

"20 volume fraction limit of a given phase is inversely proportional to phase size and .

directly proportional to aspect ratio. |

An example of this phenomenon occurs in CcSCrPtB alloys containing

greater than 6 atomic % B. When these materials are manufactured via

conventional casting, they contain a brittle phase that is coarse and elongated.



Because of its size and norphol ogy, this phase is interconnected throughout
the mcrostructure, and therefore dom nates the nmechani cal behavior of the
“material andorensers it brittle. In contrast, the sane all pgsussesn

manuf actured in accordance with the invention tend to be nuch nore ductile.
This occurs 5 because the brittle phases that are present in the
mcrostructure are fine and equiaxed, and are therefore9 nz)tAg:‘qf)rz{g@gtuous The
m crostructural differences that arise between the conventionally processed
material, and the material processed using gas atom zation are a result of
the difference in the solidification rates of the two processes. Rapidly 10
solidified materials tend to have nuch finer nicrostructures than
conventionally cast materials. The intent of this inventionis to

strategical ly apmeyalddict its RRERATRAAhdIGYy! AR d?ﬁ@é’fsﬁﬁfetdoﬁnéﬁte@ﬂ?&]ghomﬁ@d
sputtering targets, to pronote superiof mechanical working characteristics.

The i ncreases i n pgtebtrdchiy, értaathereroee dérRiRbteg 816 MSEHMICRISeHRVRE BEHe FhatdHal
outlinedin the invention | ead to high-process 15 yields during :

t her momechani cal zpg GeRES rlgbrltﬂ@' ch borivast, ahe shﬁb%lfb?@U%BSﬁ Uhargacted in
savings. In addition, because the volune fraction of brittle phase in

CoCrPtB al | oys iagccrdariceOnth fthen GiveibnOfenB Oth O Griich efbre Hligtild. €l Tid \bEcursiCr ease
in ductility, and therefore, the enhanced nechani cal processing

characteristics, bbeduseBhe brifileSphaSesTRAE ateprasard il s Micrbdthuctuie afen IR bh@n
becones nore pronounced as boron content increases. This anplifies the

benefits of the iequiaxdd, and as thérefore estcbntreid.s for increased boron content
becorre nmore jinportant in-the media -industry. Furthernore, in cases where
t he Jboron content of The ricrissietatal aiffgeshcéss thatkmige Bebvedridhe eenventiarally on
becones an enabling technol ogy because WO 02/083974 PCT/ US02/ 10909 2 2 APR
2095 processed materlat and the material processed using gas atomlzatron are a
result of the drfference in the solidification rates of the two processes. Rapidly
10 solidified materials tend to have much finer microstructures than conventionally
cast materials. The intent of this invention is to strategically apply this
phenomenon to the manufacture of cobatt-based sputtering targets, to promote
superlor mechamcal workmg characterlstrcs The mcreases in ductility that are
eahzed using the process steps outlined in the mventron lead to high process

15 yretds durmg thermomechamcat processmg, which translate into manufacturlng

cost savrngs

—

In addrtlon because the volume fractlon of brittle phase in CoCrPtB alloys

is a strong function of boron content the relative increase in ductility, and
'therefore the enhanced mechanical processing charactenstrcs for materials

20 made m accordance wrth the lnventlon becomes more pronounced as boron
content mcreases This amplifies the benefits of the |nventron as the

~ requirements for increased boron content become more important in the media

' industry. Furthermore, m cases where the boron content of the finished target is

above 10 at%, the invention becomes an enabling technology because



4 conventional casting and nechani cal working techniques beconme conpletely
i neffecti vav@02488¥4e | evel s of boron. Requirenments for conPoEPER2GAYP
honmogeneity on-thin filmnmedi a have increased drastically over the last’
several years due to advances in head 5 technol ogy and 2é§§¥%ﬁgﬂ§

capacity. This requirenent has generated an industry n | ti phase
sputtering targets with increased mcrostructural honogeneity, because
increased target microstructure honogeneity .reduces conpositional gradients
in sputtered films. In a paper by Harkness et al., J. Mater. Res., Vol. 15,
No. 12, Dec 2000, p. 2811), this result |s4clearly 10 denpnstrated in the
case of CoCrPtTa alloys. Although the alloy system investigated in this
reference di d negbnwptibmal rcastiigoand amethahitd) omgrking techriquget bedoimer estipletsiy ur al
mani pul ati on processes did not involve the rapid solidification techniques

~di scussed her ei ineffebitvege fiessalieveRfibdronar e salient to supporting the art .

descri bed herein. The current.invention enploys two prinmary. nethods for: 15
attaining excel | ent ®enpieshéritorial compusiionai iomagehkityn os phint fimi mgdibaraget s wi t h
conpl ex chenistries. The first nethod is rapid solidification of the base
mast er al l'oy pdnutkased udrestically wadrethehiast aevrblsyedRamiug toladdhnices dh itead | eads
to chemcally honpgeneous fine powders containing fine precipitates. The
smal | scal e of tévhnolpgy tandl disk atodager egpauity.at Bes pequietrentshael depetated an
poi nt-to-point chemcal uniformty 20 within powder mxtures and, in turn,
wi t hi n fini shedindasigensed Toremeltiplase spedthiing targets lrethnecneased:aticra$tmtzralg of
the base powders using ball mlling, or sone other :nechanical alloying ,
techni que. Mechaninogéneity] bptauge | iverdasedotasget opicrmsiwieture hoxpgeneity viedures )
extremely | ow chem cal - variability, and is therefore considered to be the
opti mum net hod fempesitidnal grasients i sputtersdyiime domoe@qn@nHwne%eatal WD
02/ 083974 PCT/"JS02/i 6909
Mater. Res., Vol. 15, No. 12, Dec 2000 p. 2811), this result is clearly
10 demonstrated in the case of CoCrPtTa alloys AltltoUgh the alloy system
investigated in this reference d|d not contain boron, and although the target
mlcrostructural manrpulatlon processes did not mvolve the rapid solidification
techniques dis'cussed'herein the general results are salient to supporting the art
described herein The current mventlon employs two primary . methods for
15 attarnlng excellent composrtlonal homogenelty wrthm sputterlng targets with
complex chemistries. The first method is rapid solidification of the base master
alloy powders used to make the targets. Rapid solidit"lcation leads to chemically
homogeneous fine powders containing fine precipiltates. The small scale of the
particles and precipitates promote excellent point-to-point chemical uniformity
20 within powder mixtures and, in turn; withln ﬂnisned targets. The second method
is the mechanical alloying of the base powders using b_all milling, or some other
mechanical alloying technlque. Mechanical alloying leads to’alloy powder
mixtures with extrernely low chemical variability, and is therefore considered to

be the optimum method for mixing powders of varying composition to create



2 2 APR 2005 5 chem cally honogeneous powder m xtures. The conbi nation of

t hese net'hods enables the fabrication of sputtering targets with greater

" cheni cal andwd'ra,ch(,%gtructural uni form ty when conpared to targets nade using
conventi onal "cast Ny’ technol ogy. 5 To denonstrate the degr ed 3fUSPHP¥ased
poi nt -t o- poi nt honogeneity in sputtering, targets nmanufactured via the
invention relative to those nmade using conventional castirfg?tgRhriilifies, two
targets were conpared. Target 1 was nmade according to the invention and
Target 2 was made using, conventional techniques. Eight material sanples
were extracted fromthe targets in random 10 | ocations using a standard .
drilling technique. Each sanple :vas chemcpally analyzed for Co, C, Pt, B
and Ta. The results indicates that the. point-to-point chem cal variability
of Target 1 was Sj, QL : o] ( s and
standard devi-ati %h%ﬂ’%}!qudg@%@%s‘ﬁ@%? g;' ﬁe&%g'u?g%%?ﬁgkaag%n %‘f‘}ﬁﬁeg'\hs{ggﬁl es is
shown in the Tabl rgh el ow €45 i f 10 - Poi nt
Conposi t#onal: Unieﬁ %@é‘rﬁ t@é’c‘toag?%q "Bﬁla?-tﬁjfﬁ aie[?% -z%?%ggéﬁxé%begrgg%’% af

(at %) 63. 92221. 53Q3.. Rttiura) ‘uhitdity TR EorhpdrEl @6 58etd) madéd usihd ¥onventional
(at % 0. 0670. 0400. 0350..0340. 004 Target 2 (Cast) Average ‘

(at % 64. 42321. 78Q§9tﬂ%$&hﬁg§%y.01l arget 2 (Cast) Std. Dev.
(at 99 0. 1300. 1060. 0350.-0470.U16. The: st.andard processing paradigmin the.

sputtering target indy§tdehhonstrit® théRbgred st if@ehscal hdimtowbih hbR6gdnely Fhed
product conposition. Platinum containing alloys produced for sputtering

target applicati gpstefiag t4t§etBBRAHURIES Yial the dnveARdN relative to those made using
J conventional casting techniques, two targets were compared. Target 1 was
m»ac(:le_,_according to the inyention and Target 2 was made using. conventional

techniques. Eight material samples were extracted from the targets in random

—
o
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ana!yzed for Co, Cr, Pt, B and Ta. The resuits indicates thatrithe_ point-to-point

oo

chemical variability of Target 1 was significantly less than that of Target 2. The

-
Sy
LA

averages and standard deviations for the constituents measured in each of the
samples is shown in the Table set forth below.

v

15 o T‘ab_le_ — Comparison of Poiht-To-’Po_int Compositional Uniformity

) | ‘ | Co | Cr | Pt | B | Ta

‘[Target 1 (Process X) Average (at%) 8.054

Target 1 (Process X) Std. Dev. (at%) | 0.067 | 0.040 | 0.035 | 0.034 | 0.004

‘Target 2 (Cast) Average (at%) 64.423 | 21.780 | 8.078 | 3.708 | 2.011 |

~ |Target 2 (Cast) Std. Dev. (at%) 0.130 | 0.106 | 0.035 | 0.047 | 0.016

* The standard processing paradigm in the sputtering target industry is to
melt and cast alloys with the finished product composition. Platinum-containing

alloys produced for sputtering target applications can be manufactured in a cost-



WO 02/ 083974 PCT/ US02/ 10909 2 2 APR 20115 6 conpetitive manner using

st andard alwoyengpahd casting practices. However, after eP&AUNHYIhe cost
of manufacturing sputtering targets from Pt-containing atom zed ' powders, it
has beconme apparent that costs related to platinuml|osses during the

at om zation process render the process too costly to be ?gc%vﬁegémﬁi ve 5
sputtering target manufacturing process. Applicants have di scovered a | ess
costly met hod of manufacturing precious netal cobalt alloys by mechanically
all oying elenental Pt powder wi th non-precious netal cobalt-based master
all oy powders to reach the desired chem cak conposition, as opposed to
atom zing a conposition that contains Pt. Using this nethod, the Pt netal

can be managed Jearrmemeeﬁnahﬁéram ?/stdﬁaaraganbm% %aaIdast.ﬁgab&ef.cé‘sabﬂbwatdron
process, which substantially uces the co of manufacturing. - This is a

subtle, but cri taﬂéabxarﬁihmgaﬁé |cB§l of Sh&MERMFnG NTPUBMRE tlargewﬁommt%maﬁnngt 0
render i t unique. To'illustrate the potential for fabricated product cost

savi ngs, ‘“consi dettorhiaed pHewdersi inGas e doyt émlareﬁoﬁraf’b&tﬁkdxawd s pieiiumn loesesdat a
storage contains approxi mately 30% by weight Pt content. .15 Gas atom zation

of the alloy, irgtibgitmgatBhizatiersprotessi r@n@erttbeppmaéssﬂb@ebmy&o e tasdomipatitive al
yield |l oss of approximately 8% In contrast, blending of Pt.powder with gas
atom zed non-Pr eputerhgnekget mmbﬁédturb@smcmst applitahisyhavevdietcveregsalless i n a
typical precious netal yield |oss of less than 2% Pt currently costs-over
$20/ gm ( conpar edstlyo methoalt ofampanctaﬂigab;ec&Os Odétglntobalﬂmlbyﬁ &y emedhianicallypl ai n
to see the 20 trenendous cost benefit a 6% process.inprovepent in Pt
material yield rﬂlomngielement%th ﬁowdmlveth fidni-reciogs metaiestialtibaséd mpsier diidyoss
translates to between a 20%to  30%fabrication cost reducti-on in CoCrPtB :
target products povriessi tnireachlthe alesindd-ghenital Cappositidnras @byo@@%byomuanght) and

possessing a cyllndrlcal geonet ry of

compaosition that contains Pt. Usmg this method the Pt metal can be managed

10 more effi iciently during the entire target fabncatuon process, whlch substantnally
reduces the cost of manufacturing. This is a subtle, but éfitical, processing
strategy employed in the invention to render it L‘j’h‘iqué. To lllustrate the potential

‘for fabricated product bést';salvihés, consider the following. A typical CoCrPtB

" alloy used in the data storage contains approximately 30% by Wéight Pt content.

15 Gas atomization of the allay, includihg' 'Pt, results in a Atypical‘ pfeCious metal

' material yield loss of ab{;‘jiro')(imately 8%. In contrast, blending of Pt powder with-

o

.; gas atomized non-precious metal cobalt-based master alloy powders fesults ina

*  typical precious metal yield loss of less than 2%. Pt currently cdsjs’,6Ver $20/gm-
(compared to Co at approximately $0.04/gm). Therefore, it is p!ain to see the

20 tremendous cost benefit a 6% process improvement in Pt material.yield provides.
For example, this improvement in Pt yield loss translates to between a 20% to

30% fabricétion cost reduction in CoCrPtB target products containing 12 atomic%
Pt»}(approximately 30% by weight) and possessing a cylindrical geometry .of

‘approximate dimensions 7" diameter by 0.300" thick.



approxi mate di nensions 7" diameter by 0.300" thick. WO 02/083974
PCT/ US42/ 10949 2 2 APR 1905 7 In addition to optim zed cost structures,

"~ optimzed proggsasseycl € tine can offer a significant conpetjdiugragyant age
in the sputtering target industry. In the' invention, significant cycle

time reductions are-achieved through using a set of nmaster, al #a’%yg@ wder s
with standardi zed conpositions. These powders can be 5 bl andePRl0ar i ous
ratios to produce a w de range of final alloy conpositions, -thus avoiding
the need to atomi ze a new batch of powder upon every newly requested alloy
conposition. The standard master alloy powders can be held in stock and the
atom zation cycle tine can be elimnated fffomthe process. Wthout this type
of standardi zed material stocking nethod, it would be very difficult to have
10 conpetitive cycl e mizndtionto optimizaatcosi sttuctusey) estirtized procass cyclehtenestarcki ng
of standard naster alloy powders has been shown to reduce |lead-tinmes by as
much as 80% Amffemacsigrifivanijcmhpetitivenadvantage irathe wpeiteringftardat iadsstigr dgéhd ar get s
consi der when maki ng purchasing decisions is lot-to-1ot chem cal

consi stency. Thenveifios} sigrificadt pyatec tires iredyctiershare qaebievsd throughnesing acetiog
targets is a batch processes that conprises nelting, casting and rolling
steps. Typi cal | ypastet aknyzmrsvdees gith staedandieed c@dpesitibng20THege pawbers danrbenhi ch
chem cal conposition is certified is defined as the product of the nmelting
portion of th& priendesdn varisustratiosde produceppwideirangs of Vinaliadoyw eoropasitions,ibusur al
process variations in standard nelted 20 CoCrPtB alloys are typically 0.5
atom ¢ percent fajoidingihe ogeghipsatenian ainewhatsheaf powderpipon eyelymewlyseauesteds ar y
fromlot-to-lot. In principle, to minimze chemcal variation for adgi ven

al | oy during t heallPy cemgpsitionrethesstansdsid Bastar plioy RoMEgrsaean hecheld in stock an

the atomization cycle time can be eliminated from the process. Without this type
of standardized material stocking method, it would be very difficult to have
10 competitive cycle times on new material requests. In fact, the stocking of:
standard master alloy powders has been shown to reduce lead-times by as much
as 80%. |
| An important quality metric that users of data storage targets consider
when making purchasing decisioné is lot-to-lot chemical consistency. The
15 standard processing technique used to manufacture targets is a batch processes
that comprises -melﬁng, casting and rolling steps. Typically, lot sizes weigh
between 20 and 120 kg. A lot for which cﬁemica! composition is certified is
defined as the product of the melting portion of the process. Lot-to-lot
compositional variance due to natural process variations in standard melted
20 CoCrPtB alloys are typically 0.5 atomic percent for each compositional species.
Impurity ’Ievels also vary from lot-to-lot. In principle, to minimize chemical
variation for a given alloy during the life of a media-ménufacturing program, very
large lots could be used, thus reducing the total number of lots necessary to

manufacture the targets needed for'the program. For example, if one very large



| arge | ots could be used, thus reducing the total nunber of |ots necessary
to manufacture the targets needed for the program For exanple, if one very
| arge WO 02408 PCT/ US02/ 10909 2 2 APR 203 | ot were,

| ot -to-1| ot vad&?)}ggnlv\oul d be zero. However, maximum ot sizes §szrlﬁ‘909

mel t-processed materials are linmited. ‘Ml ti ng' equi pnent with capacities
greater than 150 kg are general ly riot. economi cal ly feasiblg X @R 2003

manuf acturing sputtering targets. 5 In the process of the invention, the
bl endi ng portion-of the process defines a lot for which chenical
conposition is certified. If, for exanple, ball mlling is used for the

bl endi ng portion of the process, it would lze possi ble to economcally ‘
produce large lots of material in one run. " Ball mlls with capacities in the

1000 kg range arptefe LR¥BAAS lot-Bo-loBlatatidewbald BRIFRRS. | HowsveRmRaMimahstisigs 10
mar ket metrics. The process of the-invention allows the econom c production

of very large chemmalprocéRsBannenss drotlimied. NMerihgadquiphidnt With sapetiabl e
conpetitive advantage in the sputtering target industry. Summary of the
| nvention The obgater @iarf 5E kg Rvee gehepallyl Sottezopdraichliefdasibleaformdnufaeiingnent ,
15 nmul ti phase precious netal magnetic sputtering target typically
conpri sing, but smaterihd tardets] to Co, Cr, Pt and B. To acconplish the object
descri bed above according to the present invention, there is provided a
met hod for préparing hhthe pracesst of Wei tlhentionp ithes dendinghporticraldf \thelldraoeissig a
m xture of rapidly solidified cobalt master alloy powders with el enental
pl ati num powder , defimgs @t lok for A¢hieH  ememital| conpesition ds centified. | dfy fqvoandepte, dsll
required by the desired final conposition. These and ot her objects and
characteri stics woillinghie yseddamthe bilendingt pastiondfl thelprocass, wpyomidebe pbssible tthe
further d| sclosure of the invention that is

economlcally produce large lots of material in one run. Ball mills with capacities

~—

. in the 1000 kg range are not expensive relative to competitive ‘manufacturing
10  market metrics. The process of the invention allows the economic production of
very-'large chemically homogeneous lots of material. This is a notable

competitive advantage in the sputtering target industry.

Summary of the Invention
The object of this invention is to provide for a multi-component,

15 multiphase préciohs metal magnetic spunering'target typically comprising, but ' )
not limited to Co, Cr, Pt and B. To accomplish the object described above |
accbrding to the present invention, there is provided a method for preparing the
tafget, which comprises mechanically alloying a mixture of rapidly solidified
cobalt master alloy powders with elemental platinum powder, and other

20 elemental, ceramic, or alloy powders as required by the desired final
composition. These and other objects and characteristics of the present
invention will become apparent from the further disclosure of the invention that is

given hereinafter with reference to the accompanying figures.



- given hereinafter Wth reference to the acconpanying figures. WO 02/083974
PCd' / US02/ 30909 2 2 APR 2t 35 9 Brief Description of the Draw ngs A nore
conpl et e appioe2io8idn of the invention and many of the att &&daH2/1088 ant ages
thereof. will be readily obtained as the same becone better _understood by
reference to the fol l owing detailed description when consi def eéR nbis
connecti-on with the acconpanying drawi ngs. Figure 1 is an SEMimage. in of
atom zed Co-23Cr-2Ta-6B powder. This powder primarily conprises two phases.
The lighter phase contains Co, & and Ta. The precipitated phase is the

dar ker phase and principally contains Co and B., The .atom zati on process
yields a rapidly solidified mcrostructuredthat cannot 10 be obtained using
conventional casting techniques. Figure 2 is an SEMimage of a hot

i sostaticatly pressed (hereinaf tBeef De§dRpth) of ieesDeawirgs| oy Co- 2| Cr - 8Pt - 2Ta- 5B
alloy. The alloy was manufactured by ball mlling (nmechanically alloying)
the powder in Fi gure Almaiet domplate apprepetiahesf thenindentionrantimgriyraj thenatteptantded
material . The light phase is principally pure Pt 15 netal, and the dark
phase is princi rivantagese thesenfawil bebegledily Qbtainegt i thedsampewersomerbegilere 3 i s
a higher magnification SEMimge of the material depicted in Figure 2. The
hi gher magni f i cainderstaod\pyaefereacerdaingdellowinautedailed seasrintiony whemeonsislesed i9i t at es
of multiple phases. 20 Figure 4 is a_higher magnification i mage of the -
materi al depi &t ea@npertiorn thesacgompanyng drawisgs.-mage shows t he presence of at

| east 4 phases. The _ _ ‘ y o
_.Figure 1 is an SEM image in of atomized Co-23Cr-2Ta-6B powder. This

powder primarily comprises two phases. The lighter phase contains Co, Cr and"

Ta. The precipitated phase is the darker phase and principally contains Co and
B.. The atomization process yields a rapidly solidified microstructure that cannot:

10 be obtained using conventional casting techniques.

Figure 2 is an. SEM image of a hot isostatically pressed (hereinafter
HIP’ed) master alloy Co-2ICr-8Pt-2Ta-5B alloy. The alloy was manufactured by
ball milling (mechanically alloying) the powder in Figure 1 with pure Pt powder
and then Hipping the blended material. The light phase is principally pure Pt

15 metal, angi the dark phase is principally the remnant cobalt-based atomized
powder.

Figure 3 is a higher magnification SEM image of the material depicted in -
Figure 2. The higher magnification reveals a microstructure containing fine
precipitates of multiple phases.

20 Figure 4 is a higher magnification image of the material depicted in
Figures 2 and 3. This image shows the presence of at least 4 phases. The
scale of the precipitated phases is nominally less than 5 microns.

Figure 5 compares a conventionally cast alloy of the same nominal

. composition.



scale of the precipitated phases is nomnally less than 5 mcrons. Figure.5 :
conpares a conventionally cast alloy of the same nom nal conposition. WO
02/ 083974 Rydloloe3drd0909 2 2 APR 205 10 Figure 6 is a hi gheiriRgiiebd cati on
i mage of the conventionally cast material shown in Figure 5. Figures 7A, 7B
and 7C conpare the tensile strength, tenstle elongation ang ¥ rpmex ?ﬁ@ﬁ ener gy
of master alloyed and conventionally cast alloys based on 5 boron content of
the alloy. Figure 8 depicts the dependence of intrinsic CoCrPtB alloy PTF on
Cr content inatomc% Figure 9 depicts the dependency of magnetic coerdvity
(Hcr) on disk tenperature for magnetic nedia sanpl es manufactured using
master alloyed and 10 conventially cast ddor Pt BTa al | oy targets. Figure 10
denonstrates the inproved disk ID to OD coercivity and coercivity
unifornmity for magnetfigureniiis as Aighele shagaification: mase ofs theg carventignally|gast ed and
conventionally cast CoCrPtBTa alloy targets. Figure 11 denonstrates the

i mproved di sk 1 Dnetgrighshewr indiigirey- f or 15 nmgnetic nedi a sanpl es

manuf act ured using master alloyed and conventionally cast CoCrPtB all oy
targets. Figure 12 ddpgwes7Aned apg/Gveqrarare ithe ippaleaSteangtntensiie glongationat i o
when manufactured using nmaster alloyed CoCrPtB target product. Detailed
Description of t3¥ fr%%%t%wyzé MaHeL Q"HYF&n?'l"%FP’P@PtE%éEY et 2llysubased ity

target allo nd net hod of ki ng
g y ? boron content of tﬂ‘cglallo;;.J

Figure 8 depicts the dependence of intrinsic CoCrPtB alloy PTF on Cr
content in atomic%. : L c « )
““'Figure 9 depicts the dependency of magnetic coercivity (Hcr) on disk
'tempera‘t'ure for fnéghetic media samples manufactured using master aIoned.and '
10  conventially cast CoCrPtBTa alloy targets.

Figure 10 demonstrates the improved disk ID to OD coercivity and
coercivity uniformity for ‘magnetic media samples manufactured using master
alloyed and ‘conventionally cast CoCrPtBTa alloy targets.

Figure 11 demonstrates the improved disk ID tq‘ OD coercivity for

15 magnetic media samples manufactured using master alloyed and conventionally
cast CoCrPtB alloy targets.

Figure 12 depicts the improvement in media signal to noise ratio when

manufactured using master alioyed CoCrPtB target product.

Detailed Description of the Invention
20 ~ This invention relates to a sputtering target alioy and method of making
the same. The target has the following characteristics.”
Microstructural characteristics: The rapidly solidified target alloy has

multiple phases, typically CoB, CoCrB, CoCr, CoPt, CoCrPt and Pt. It also has a-



t he same. The target has the follow ng characteristics. Mcrostructural
characteristics: The rapidly solidified target alloy has multiple phases,
typical ly Coiomsey®, CoCr, CoPt, CoCrPt and Pt. It al so h®TANBIYI? 083974
PCT/ US02/ 10909 22 APR 2 11 highly refined precipitate structure, typically
ten tinmes smaller than conventionally cast precipitate st rgc} uw_@gg
simlar conposition. The differences.-in mcrostructure are&i4|ts lz%tded by

t he conparison of Figures 1-4 with Figures 5 and 6. Cearly, the phases are
al so more uniformy distributed. These . mcrostructural characteristics give
rise to increased ductility and greater pojnt-to point conpositional

uni formty when conpared to conventional l y”cast materials. See the Table.

I ncreased ductility |eads to inproved process yields durinng - i :

t her monechani cal hightyrefiaed pegcinjipte struetit: pirisalyetsn times emates dhahy wa¥adicAyYcost s.
Typi cal manufacturing yields enpl oying conventional casting fabricated
CoCrPt- 10 8B t afasbt PEFiBtRIEt Strvdvge Bgt%@é?ﬁ 6OMPeDIB00, TR HBETenges hd art
described herein forCoCrPt-8B target products, nmapufacturing_yields better
than 90%'have bBEFPSHUAIE RS .'"“Fti"?jg‘i‘ BY thefappeisonohEigeieg ir4 VRRBUIEs Brafde ment
intensile yield strength tensile elongation, fracture strength_and
ductility of all®ys ¢I&# akheurpéase%ﬁfﬁgagﬂem&ﬁ Wfermmly b@'at”h\'-'}fa@'i n. THSSEtility
is defined as_the.area under the stress 15 strain curye, and:is proportional
Lo the onor gySr JHSTREHCHE! prassiaieles GBS FiR orncassssd SN ard des SRR § 11ty

i osi ti %?s .whi.ch COLil d not

| bl t he .fabri.cat.l. of ..sone..t. 't
be produced v t KRR PRIPOSHNTES PRENEIE WHERFOmPRAGE P Camventenally SPst IBaRTaR-o- poi nt

comostt) onel STt SRRk G, bl ok 9818 Wy ' oo
o thermomechanical processing, which contributes to reduced processing costs.
Typical manufacturing yields eri‘iploying conventional casting fabricated CoCrPt-
'10 8B target products range between 60% to 80%. Employing the art described
" herein for:CoCrPt-8B target products, manufacturing yields better than 90% have
been achieved. Figure 7 depicts the significant improvement in tensile yield
& - strength, tensile elongation, fracture strength and ductility of alloys manufactured
using the art described herein. Ductility |s defined as the area "u‘n'der the stress-

15 strain curve, and is proportional to the energy required to fracture the material

 sample.” " Increased ductility also enables the fabrication of some target

R—

- compositions, which could not be produced without the employment of the
invention. Greater point-to-point compbsitional and microstructural uniformity
within the targets will lead to improved disk-to-disk and single disk thin film

20 property uniformity in sputtered films. Typically, during the physical vapor
deposition process (also referred to as. sputtering), a portion of the target atoms
-do not eject onto the thin-film device being fabricated, But rather deposit on the
shield and chamber walls of the sputtering machine. Control of target chemical

and microstructural homogeneity ensures that a larger fraction of sputtered



20 property uniformty in sputtered filns. Typically, during the physical .
vapor deposition process (also referred to as, sputtering), a portion of the
target at oW@02/0R39Hot ej ect onto the thin-fil mdevice bei ngCTABIYWeMWed, but '
rat her deposit on the shield and chanber wall's of the sputtering machine.
Control- of target chem cal and mcrostructural honogeneity ensures that a
|l arger fraction of sputtered WO 02/083974 PCT/US02/ 10909 2 2 APEPRZ{i@t ons
fromthe target physically deposit on the thin film"'disk instead of on the
shield and chanber walls of the sputtering machine. Thus, the inprovenent in
thin filmproperties arises fromthe nore efficient transfer of atons from
target to thin film due to the optlmzeg’ chem cal and m-crostructural

o a0 Bt TTZI o %8s ot ThroaE bsic3ly adhbi oy og-etﬁ%‘ i i ARt e o fﬁy
h X | ,

Sl § b ot § orbitid i eherhilr ey, B soufig BRI ThES DRI en L O

presented in & RaRGH RiccleaUhe sl ndh e R A8Fse 8 siafe rbh 1ol 0LV

1996, p. 47. aracteristics arge IS co a - based

and contains p c}ﬁ‘r%'fﬂH”hueT Qethtayo?ﬁu?ﬂ%ﬂ%ﬁ%rﬂ{cialcémjsﬁllc}%ﬁm:@ra?%JQI‘?\BQ%\I%W 8?9%3” and

pl ati num: nclu one Or nore’'o oW n

vV, W Z S Nt f
t hese elrerren? %ﬁma;/%{a(l:a:mlsgéens(%n%/\%& I on |@a%g${\3\épe O@AZ&PT%nmSI!:%A)mgLS go
ator ¢ % dependidinda ok 0P abd Wil B AinRBELERatdd indR Bhéthple Eontaeditfinka occur

frequently in target:.conpositions nments such as oxygen-and nitrogen are

L oo S AP Rl 4 R NS b AN O

atomc % Exa”@ﬁ@régé’fhlﬁ fARORkdis ‘b’iﬁ?ﬁﬁle% IR Sresented in a paper by Xiong et al., Data
Storage, Vp,lz 3, No. 6, July 1996, p. 47.. .

10 . Chemical characteristics: The target alloy is cobalt-based and contains
platinum. The typical major constituents other than cobalt and platinum include
one or more of the following; Cr, B, Ta, Nb, C, Mo, Ti, V, W, Zr, Zn, Cu, Hf, O, Si
or.N. When the target contains one or more of these elements, the typical

. .concentratiqﬁ is between 0.2 atomic % and 30 atomic % depending on the

15 atomi; species. In general, Cr, B and Ta occur frequently in target compositions.
Elements such as oxygen and hitkogen are usually added in the form of ceramic
powders such as zirconium oxide or silicon nitride. The Pt content of the target
ltypically ranges from O.to 50 atomic %. Examples of target compositions

- described herein include Co- 20Cr-10 Pt- 2 Ta- 5 B, Co-19 Cr-11 Pt-8 B, Co-

20 15Cr-11Pt—1OB and Co-20Cr-10Pt-6B. Furthermore, other alloys that were made

- using the 'art described herein, but could hot, be fabricated usi-ng conventional

techniques for comparative performance studies (due to their excessively brittle

nature) were: Co-10Cr-10Pt-20B, Co-12Cr-12Pt-18B and Co-12Cr-8Pt-22B.



descri bed herein include Co- 20Cr-10 Pt- 2 Ta- 5 B, Co-19 C-11 "' Pt-8 B, Co
20 15Cr-11 Pt-108 and Co-20Cr-1 OR-6B. Furthernore, other alloys that were
made usi ngwdeymsdrsdescri bed herein, but could not be fabricyaisegiioeed ng
conventional techniques for conparative perfornmance studies (due to their
excessively brittle nature)-were: Co-10Cr-1 OPt-20B, Co- 127 B2Rt 28B and
Co- 12Cr- 8Pt -22B. WD 02/ 083974 PCT/ 11S02/ 10909 2 2 APR 2005 13 Macroscopic
physi cal properties: The target alloy exhibits increased ductility relative
to conventional |y cast alloys of simlar chem cal conposition. The increase
in ductility can be attributed to the reduction in size of brittle phases
inthe rapidly solidified and H P ed microsfgructure relative to the ‘
conventional cast 5 microstructure. The reduction in phase size allows the
nore ductile majority 1. O A@REINE AL AHCOoNtFAUI t Ut

m crostructure. In nag%%?%ﬁp'kg%hﬁ é]elr ?%géhlﬁﬁt cmfénlgatrq tﬁ@i?%@fm %re{@%%saeld
permeabil ity (al tEIchay indghue lCLaERnbl a5t didfs or Bfiar ThEmisINomipstliod 0 the
cathode is inportant 1n the devel opnent” of a ‘stable electron plasma
necessary for optyHd igGdast iR uetiifishiHRrHitABute /B thE veRictiin sH@ PbritiBBhagst er
all oy conpositions to achieve a predeterm ned net nom nal alloy conposition
renders Signifi capthdfapisiyldolidified and HiRreaShicrasthiturateldtiVe 168 @hverftishdl ahst
magnetron cat hodes yield optim zed sputter characteristics for target
material  PTF betmeriatrdéiffet OTHROYeduditin B sHdiersizeasiltweVibe GRbleNduced HEjBhtyer
characteristics for target material PTF between 55%to 65% Figure 8

depi cts the intrighaké td5Smempmdonewitpfthidlgheut theGnidrdstratiuy Oh Gagrictiah.
Using this and simlar property maps, naster alloy selection can be
tailored to yiel cspuagripgt matdhitigi taé sargéttrhatesg) peirhéability faltei@ati@nedierred to as
macr o- magnetic properties. A specific feature of the art described herein
is target productPTTF RmsiThrughiFaux) bethesathodB % ingpotafdin the development of a

stable electron plasma necessary for optimized atomic sputtering. Manipulation

Po—d
(]

of the master alloy co
composition renders significant flexibility in target material PTF design. Certain
magnetron cathodes yield optimized sputter characteristics for targef material’
PTF between 70% to 90%, while others achieve optimized sputter characteristics

for target material PTF between 55% to 65%. Figure 8 depicts the intrinsic

15 dependence of PTF on CoCrPtB alloy Cr content. Using this and similar property

R

maps, master alloy selection can be tailored to yield target materials with
specifically designed macro-magnetic properties. A specific feature of the art
despribed herein is target product PTF manipulation between 25% to 100%.
Performance in Sputtering Applications: The target exhibits superior -
20 performance in hard disk media sputtering applications in comparison to targets
manufactured via conventional casting as measured by single disk and disk-to-
disk magnetic property uniformity. The improvement in disk properties is directly
aﬁributable to increased point-to-point chemical uniformity, reduced precipitate

size and specific phase morphology within sputtering targets manufactured



Performancg in tering Applications: The target exhibit [ 20
per f or manc ‘vﬁmﬁﬁy di sk nedi a sputtering applications in‘%&ﬁ%@%ﬁ?@% to.
targets manufactured via conventional casting as nmeasured -by single disk
and di sk-to- disk magnetic property uniformty. The inproye ry Infinedi sk
properties is directly attributabl.e to increased point-tg?gggﬁié@%gnical
uniformty, reduced precipitate size and specific phase norphol ogy within
- sputtering targets manufactured WO 02/ 083974 PCTI US02/ 10909 2 2 APR 2505 14
according to the invention. In addition t4 magnetic uniformty, single disk
and disk-to-disk paranmetric property inprovenents have al so been

denonstrated. The jnventors belieyve at | nprovenents |i. aranetri c, di sk
properties are Y9G oA iygALRD- 4los? tlo&tofﬁgg 'ﬁt”t”g?'inﬂé}' g'ﬁg’ﬁﬁg‘. and, ¢ he

et LOn: Pt B s MBS SRR SRS
riais. Tt appedPiMenars PrE € el Tomannns inraranedr SREE G e % Fates and
o at ot ¢ i nci B PBogR PERIY b e R R G o, e om0 °
i sk Thi L Dhproveroae e PRREGE sen PR ohliyd RbERnbro LB e yi el o
cCompared 1o di S08 aRP e 1IEH Aoty THRODSm Whiec BPUGTRER BaRRa ™ "
anut actur e of TRE 50 auti, SEURACER. ) {oRPRar et he PREnERb AN e ol once
2l 1 oye are produeey DO Rheeana PRSI oSN P FR R Ca 2 PR T
' promote a lower angle of atomic incidence during sputtéring, yielding an

10 improvement in efficiency of physical atoms transferred from the target to the thin
film disk. This improvement in atom transfer efﬁciehcy has been shown to yield a
concomitant improvement in hard disk magnetic and 'pararhetric performance,
compared to disks manufactured using conventionally fabricated target product
possessing equivalent nominal chemiétry.

.1'5 The method of manufacture of the target alloy generally includes the
following sequence of steps. A set of cobalt-based master. alloys are produced.
The master alloys are produced using conventional atomization or some other
rapid solidification technique. Typical master alloys includé materials containing
combinations of cobalt with some or all of the following elements: Cr, B, Ta, Ti,

20 Nb, W and Mo. The master alloys are powders typically comprising 5-50 wt. %
cobalt, 10-50 wt. % chromium with the remainder being either tahtalum, titanium
niobium, tungsten, molybdenum, boron or some combinétion of thesé elemerﬁs.
The master alloys are mixed in a specific ratio that is calculated to produce a final

powder composition corresponding with the "de_sired final target composition.



rapi d solidification technique. Typical master alloys include materials
contai ning conbinations of cobalt with sonme or all of the foll ow ng
el ements: COWORBR/OSFY4 Ti, 20 Nb, Wand M. The master all oysPEGFESBGHWEr s
typically conprising 5- 50 w. % cobalt, 10-50 wt. % chromumw th the.
renmai nder being either tantalum titanium niobium tung§t$rﬁ ?’ﬂab hdenum
boron or sone conbination of these elenents. The naster al oﬁ m xed in
a specific ratio that is calculated to produce a final powder conposition
corresponding with the desired final target conposition. WO 02/ 083974
PCT/ US02/ 10909 2 2 APR 2005 15 This m xture typically contains sone
conbi nati on of masterall oy powders and €l elental powders. For four-el enent
CoCrPtB all oys, a preferred conposition range for the nmaster alloys is
Co-(2 to 10 wt % B[hiscoﬁxtareStypicalB'Scwmaiﬁs:some combiratiompf/TBstegalloy IBwders2and

w9 Cr, and Co-(0 to. 40 % Cr-(0 to 12 % B. The 5 mxture is then
mechanical'ly all ojerdental povsless. i Fomjout-giement CoCHRIB sllpys, ai preferrgd ch@pogiia gned
powder mixture with platinum povvder The resultant target allo under goes
densi fication usi'agocafor s enastenatays s Po(Rde 10 ya%iRGCa(15rte & WGYICptDiees  at
a pressure ranging from 15,000 psi to 30,000 psi and tenperatures between
1500 to- 1900 F f OMt%)B6 Cadil 40 Zéo‘ﬁVéﬁ?f:l Wapodﬂltaﬁoawt“/@péméﬁ 1§rV§§@BngTheor
roll 10 corrpactl on can_al so be enpl oyed for densification.
included in the mMkEE t&wsgéaeqhaapﬂlv alioyer, with platipums typicaliy Pbrbab@w%mﬁf@rs are
such as to pronote or lim¢t interdiffusion of C for_the purpose of
mani pul at.i ng -nagrﬂﬁslgee?)déoé”dﬁhr”@ﬁ’g'ﬁ With xPlatipum @opdery | tThﬁgreF'éﬂaﬁ‘gttargﬁ 8y once
the material is densifi eg %fa ets are manuf ac ed us convengl onal
sputteri ng t ar getUNIgHIORPE 4ERSlica 9*5&%'"9:%0%"*1%@ @‘SW?Féaq%ﬁﬂ'B POCPIfst r at e

a specific enbodi nt of the inv nt| s not .to be con ered as
i m'pti ng the inv qgﬁswqe é?ﬂplr}ga 8%’00 psi to éo odo psi and ttemperatures etween

1500"_ to 1900"_ F for 1-6 hours. anventional uniaxial die hot-pressing, or roll

10 qompaction vca'n ‘also be employed for densification. When Cr is included in the

qualt-based master ’alloy,z the densification parameters are such as to promote

or limit‘injerdiﬁusiqn of Cr fb( ,th,e purpose of ‘m_anipulating magnetic pass through

flux .in the resulting targgt alloy. ane the material is den_siﬁed‘, targets are
manufa,g_;tured using conventional sputtering target fabrication practices‘

15 The following e*amples illustrate a specific embodiment of the invention,

,) but itis not to be cpnsidered as limiting the invention in any manner.
Example 1

| Co-(25 to 30)Cr- (15 to 20)B, Co-(25 to 30)Cr, and Co-(10 to 15)B (in

weight %) fnaster alloy powders were combined and mixed with a sufficient

20 amount of platinum ahd Ta powder to produce an élloy powder having the

nominal com'position Co-20Cr-10Pt-5B-2Ta (in atomic%). The powder was ball

milled for between 6 to 10 hours. The mechanfcally alloyed powder was

subsequently subject to densification by HIP'ing at 15,000. psi at 1900° F for 4

hours. The Hipped billet was finally machined to form a RM-Gun target with a 6”



Exanpl e | gp%}gg%;ﬂ 30)Cr- (15 to 20)B, Co-(25 to 30)Cr, apg%gg?%gégwt o_n 15)B .

(in weight master alloy powders were conbi ned and m xed

sufficient 20 anount of platinumand Ta powder to produce an all oy powder
havi ng the nom nal conposition Co-20Cr-10Pt-5B-2Ta (in afom c%. The powder
was ball mlled for between 6 to 10 hours. The nechanica Ig@f dgEd powder
was subsequently subject to densification by H P ing at 15,000, psi at
19001 F for 4 hours. The Hi pped billet was finally machined to forma ,
RMGQun target with a 6" WO 02/ 083974 PCT/ Wg02/10909 2 2 APR c ty ~,p 7n" r
16 OD and a thickness of 0.250". The resultant target alloy had a density

of 9.94 and a R ahE ARRNEEE % 0R590 YThé\Restlthit taiRes SR Hiaaca HBRIty .90 nal
conposi tion as above was also manufactured into the same target geonetry

usi ng convent i orad a0FTR bét@ee®7@h e883%ES. I n this case, the all oy was vacuum
i nduction nelted at approxi mately 2900F and cast into a '"nmold to form an

as-cast ingot. The i pgolloyadsseseingaheshmg roplihal ROMPOSIEET as abolee WS lailour €s
bet ween 1600F and 2200F and nachined to yield an -RMGQun target with

equi val ent -densirahufiauturéd Fnfor aperdanes taget pomapy dlsing oddndédtiond tcastigt . The
val ues of PTF for the targets manufactured 10 Using the different process
routes were nhi ipredessss. dn this edsenthetalioy whe vanuumt induption medted abgppedxiately
performance as a contributor to any difference' obtained in deposited film
properties after200pW aadidgt io AVihI@ 30 Bospudrt @s-casic imgoe WeFhe irget was t he
medi a manufacturing trials. The follow ng nedia architecture was
subsequently roll processed at temperatures between 1600°F and 2200°F and
machined to yield an RM-Gun target with equivalent density and PTF properties
as the rapidly solidified target: The values of PTF for the 'iérgéts’ manufactured
10 using the different process routes were maintained equivalent to rule out target
" macromagnetic performance as a contributor to any difference obtained in
deposited film properties after sputtering. An MDP-250B sputter machine was
used in the media manufacturing trials. The following media architecture was
employed to study the effects of the dive-'rsély prodeéséd 'Co-alloy targets: glass
15 substrate — NiAl seed layer — Cr under’ layer‘ - "‘Cvar' onset layer -
Co20Cr10Pt5B2Ta magnetic layer — carbon over coat. The master-alloy and
conventional magnetic targets were placed éidé-by—éide in the sputter chamber
so that opposite sides of the disk were sputtered using targets with the same
composition, but manufactured using different paradigms. All other target pairs
20 employed in this experiment were ma'nufactur‘ed.ideritically. This side-by-side
analysis was conducted to integrate out any mitigatin'g effects associated with the
sputter process or architecture. After several thousand thin-film disks were

manufactured, the Co-alloy magnetic targets were lsw'itched and re-run to ensure

that no left/right chamber effects were biasing the results.



enpl oyed to study the effects of the diversely processed Co-alloy targets:
glass 15 substrate - Ni Al seed layer - ' C under ' layer - CoCr onset |ayer
- Co20Cr | OPt 5BYP2M8YAet i c | ayer - carbon over coat. The nast @CTAISPYP%Nd
conventional nmagnetic targets were placed side-by-side in the sputter
chanber so that opposite sides of the disk were sputtered using targets with
the same conposition, but manufactured using different qp@@%?%n§hrAll ot her
target pairs 20 enployed in this experinment were manufacture .Piﬁ%htically.
Thi s side-by-side analysis was conducted to integrate out any mtigating
effects associated with the sputter proce§§ or architecture. After several

t housand thin-filmdisks were manufactured, the Co-alloy magnetic targets

bi asing e resul (5. WSWRPCRRERAPET eaDIRRUSoRIR ‘Db ety Cenfarine.
of "t he sputter - prodaeEs ape PP sk et Ar R SRbRrRF o B Tho "o S
constant.  Lhe o1 eplat U, B0 Skshb! SLSC il bA%CC88) Fiecuuga
nom el val ve Of SIS SeIRIE DYty o) LrdE e el et SR o
The data in i guregos S5, BhlnSkOaaRR RS thoPRd apbeRy RLARULL U o
and derronst 1ot 9 il uies A NAPASR3CARMPSIRERS thh 1Bk pbsa. ! oY
locd Sputt er - procons) B8 Srfed SoRY DRI Ao, H8 o SRS U,
the ability to ”Bdeﬂér%'téa Nedla ERGOSE SGhsHAR felmplefafures, and demonstrates that the
' advantages associated with using the master-alloy target are enhanced in the
10 . higherztemperatltlre regime. - This result is particularly salient since elevated
deposition temperature is a frequently used sputter-processing tool to optimize
media signal-to-noise ratio. Thus, the ability to maintain high magnetic coercivity
at higher substrate temperatures. promotes more process flexibility to optimize
media signal-to-noise ratio performance. Figuré 10 compares the ID-to-OD disk
15 _ coercivity uniformity (at a substrate temperature of approximate_ly 200°C). As
previquély discussed, not only does the master alloy target promote a higher
nominal magnetic coercivity, but it also results in a mére uniform 1D-to-OD
magnetic coercivity uniformity on the thin film disk.. As discussed in the paper by
Harkness et al., this improvement in both uniformity and nominal magnetic

20 performance is most likely due to the more efficient and homogeneous transfer of

atoms from the target material to the thin-film disk.



at higher substrate tenperatures pronotes. nore process flexibility to

optim ze n%‘%éogjgggal -to-noise ratio performance. Figur eﬁ}%&éﬁ%ﬁ%f thé

| D-to- OD di sk rcivity uniformty (at a substrate te

approximately 200C). As previously discussed, not only does the naster

all oy target pronote a higher * nom nal magnetic coercivity, bt Lét“?af@g
results in a nore uniformlIDto-OD mnmagnetic coercivity uniformty on, the
thin filmdisk., As discussed in the paper by Harkness et al., this

i nprovenment in both uniformty and nom nal magnetic 20 performance is nost
likely due to the nore efficient and honoggegeous transfer of atoms fromthe
target material to the thin-filmdisk. W 02/083974 PCT/ US02/ 10909 2 2 ; Psi
2005 18 Exanple 2 Simlar-to the case i %gr’g)l e l, atarget with nom nal
conposition Co- 19Cr-11P t-8B (in atom g%’-was manuf act ured using a

conbi nation of Co-(20gifay hgc'age'siﬁﬁxajrﬂ)lga;Qéég%wﬁw%ﬁg%%%%@r??ﬂigﬁdo546

10)B (in.weight% master alloy powders "and pur cal alloying

and Hi ppi ng par aggéefpreB’ ( atdinfiod)dlad @aﬁ 28 6red &Ry PESbiRatloh BTRI%28 10

Furthernore, a conventional cast and ol 'ed target possessing the sane
nom nal conposi t boRr\RE WQBP&%{Z@E&Q}S)EE'M c_:é-}k/é‘l’d #0)BRINANSGRTS nitstdr S

descri bed in the previous ‘exa e. The density and  final “product PTF of

targets manuf gct Péﬁdiery%ha%uwpt. MEE Ghechbhied! SHofind @nd HINSRY paretdrs Wuné ques
wer e equi val ent tor the purpose of this experinent. The sane nedi a

nmanuf act uri ng pasigflaoEthese SEsTAbedIRElafmpX &MHURthdrmofE ML cAivEhiY8heasvahd t he
exception of architecture. In this study, the followng architecture was
utilized: A subsiedtfget@obleseingalic $ahehomingPEésmpdiitien wasdnufactured using )
similar processes as those described in the previous example. The density and
final product PTF of targets manufactured using the master alloy and
10 conventional techniques were equivalent for the purpose of this experiment.

The same media manufacturing paradigms as described in Example 1
were employed, with the exéeption of architecture. In this study, the following
architecture was utilized: ' Al substrate ~ CrMo under layer — CoCr inter layer — |
Co19Cr-11Pt-8B magnetic layer - C over coat. As in the previous example,

15 Figure 11 reveals that the 'master alloy target promoted a noticeable
improvement in nomina) diék magnetic coercivity with a marginal improvement in
1D-to-OD uniformity. ?igure 12, reveals that the sample media noise on the side
of the disk manufactured using the master alloy magnetic target is noticeably
lower that on the sidé manufactured suing the coﬁventional target over a very

20 broad fange of recording densities. Once again, this example demonstrates that
the phase design paradigms utilized in art described herein to manufacture Co-

based sputtering targets renders equivalent or better thin film media magnetic

recording performance. This result is especially noteworthy when added to the



skilled in the art upon & r.eadi

Col19Cr- 11Pt - 8B magnetic |l ayer- C over coat. As in the previous exanple, 15
Figure 11 reveals that the naster alloy , target pronoted a noticeable

. inprovenent in nom nal disk nagnetic coercivity with a marginal inprovenent

in ID-to-OD W@i®®RITty. Figure 12, reveals that the sanple REFURHIP¥e on
the side of the disk manufactured using the nmaster alloy nmagnetic target is
noticeably |ower that on t.he side manufactured suing the.cgnventional
target over a veéry 20 broad range of recording densities. £ o%@@%gﬁ&{zgn this
exanpl e denonstrates that the phase design paradigns utilized in art
described herein to manufacture Co- based sputtering targets renders
equi val ent or better thin film nedia rragnetf'[gc recordi ng performance. This
result is especially notewrthy when added to the WO 02/ 083974
PCT/ US02/ 10909 2 R act t e te appr enabl es
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said all oy
) be interpreted as including all such alterations and modifications as fall within the

true spirit and scope of this invention.
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conposition conprising Pt, Co, Cr, and at least 2 atomc %B. 2. The
sputtering target according to claiml, wherein said alloy contains nmultiple
phases conprising CoB, CoCrB, CoCr, CoPt, CoCrPt, and Pt uniformy '
distributed in the alloy. 3. The sputtering target according to claima1,
wherein said alloy further includes tantalum and said al hoy qudﬁses A
Co-20Cr - 10Pt - 2Ta-5B. 4. The sputtering target according to cl ai'mt4e? wherein
the atomc %of B ranges from2 atomic %to 30 atomic % 5. The sputtering
target according to claiml, wherein the atomc %of Bis at least 6 atomc
% 6. The sputtering target according to aimb5, wherein said alloy
conprises Co-19Cr- 1 IPt-8B. 7. The sputtering target according to claimb5,
wherein said alloy conprises Co-15Cr- |IPt-10B. 8. The sputtering target
according to clyghdnidciamgiei n said alloy conprises Co-20Cr- | OPt-6B. 9. The
_sputtering target according to claimb5, wherein said alloy conprises
Co-1OCr- | OPt-20B. 10. The sputtering target according to claimb5, wherein

said alloy conprises Co-12Cr- 12Pt-18B. 11. The sputtering tar %et accordi ng
to claimb, whereirPresaqyd mefal GiperResifphyticdas teggetromprigng a mogmically alloyed,

chemically homogeneous alloy composition having microstructural homogeneity, said alloy

composition comprising Pt, Co, Cr, and at least 2 atomic % B.

2. The sputtering target according to claim 1, wherein said alloy contains multiple phases

comprising CoB, CoCrB, CoCr, CoPt, CoCrPt, and Pt uniformly distributed in the alloy.

3. The sputtering target according to claim 1, wherein said alloy further includes tantalum
and said alloy comprises Co-20Cr-10Pt-2Ta-5B.

4. The sputtering target according to claim 1, wherein the atomic % of B ranges from 2

atomic % to 30 atomic %.

5. The sputtering target according to claim 1, wherein the atomic % of B is at least 6

atomic %.

6. The sputtering target according to claim 5, wherein said alloy comprises Co-19Cr-
11Pt-8B.

7. The sputtering target according to claim 5, wherein said alloy comprises Co-15Cr-
11Pt-10B. ‘

8. The sputtering target according to claim 5, wherein said alloy comprises Co-20Cr-
10Pt-6B.

9. The sputtering target according to claim 5, wherein said alloy comprises Co-10Cr-

10Pt-20B.

10. The sputtering target according to claim 5, wherein said alloy comprises Co-12Cr-
12Pt-18B.

11, The sputtering target according to claim 5, wherein said alloy comprises Co-12Cr-8Pt-

22B.



