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Field of ntion [01] The invention relates genera

manuf act u%‘)lra%é&g lemalgnetl c disks for hard disk drives andJC%ﬁﬁ)ﬁ%éﬁgll%
specifically, to sputter targets having a high-PTF for use in manufacturing
t he magneti c di sks. Background of the Invention [02] A hard disk drive (HDD)
stores and retrieves data on magnetic disks within the HDD. The surfaces of
each magnetic disk are a lam nate structure conprised of several different
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medi um for read/witelerase cycles. THRREoHI Sk or disks are fixed to a

rotating spindle and can spin at speeds sufficient to create a cushion of
air on the disk surface. This cushion of air provides a bearing surface for

an aerodynam cally designed head to "fly" in very close proximty to nedia
surfacm to access different |ocations. [03] The HDD uses the
head on each nedia surface to performthe wite, erase and read functions
on the [@15k. THiavastish fRbses ysneldlyito the tiavefacumpgnenhsgnetiodiskbdschaddpknent s
are the wite elenent and the read sensor. The wite elenent can basically
be descdivse@ndsmars speridisalin-tenspwtar tanggts haning aibighPEHTor wedp peanuficsung a

pol e st&lg g_hgm(ﬁkel ectrical current is passed through the coil, the
current ces a magnetlc field into the pole structure. The pole
structure |ncI udes a gap that physically presents itself to the nedia

sur f ac eBakgtduvad dif e InVrgion t he nmagnetic field is induced into the pole
structure, flux energy junps the gap in the pole structure creating a field
t hat pr ct i wite
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will "wite" data patterns onto the r]ediadsurfaces of the disk.
03/ 104 g)iergoﬁggpg{ljg&g m3magnet1c materials coated on an Al or glass-composite substrate.

The resultant media layer provides the magnetic medium for read/write/erase cycles. The

disk or disks are fixed to a rotating spindle and can spin at speeds sufficient to create a
cushion of air on the disk surface. This cushion of air provides a bearing surface for an
aerodynamically designed head to “fly” in very close proximity to media surfaces of the
disks to access different locations.

[03] The HDD uses the head on each media surface to perform the write, erase and read
functions on the disk. The head has two basic active components, and these components are
the write element and the read sensor. The write element can basically be described as an
electro-magnet that includes a coil wrapped around a pole structure. As electrical current is
passed through the coil, the current induces a magnetic field into the pole structure. The pole
structure includes a gap that physically presents itself to the media surface of the disk. When
the magnetic field is induced into the pole structure, flux energy jumps the gap in the pole
structure creating a field that projects out of the head device and onto the media surface. This
write field causes a specific alignment of the magnetic domains in the media surface called a
transition. Through elaborate encoding schemes, the HDD will “write” data patterns onto the

media surfaces of the disk.



[04] The read sensor in the head acconplishes data retrieval, or reading.
The read sensor is a magneto-resistive (MR) device that, includes several
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associated with soft and hard magnetic materials. Ferromagnetic materials will alternatively
be referred to as soft or hard magnetic materials.
[07] Typically for data storage applications, low and high values of magnetic coercivity
are associated with soft and hard magnetic materials. Soft magnetic materials tend to have
values of magnetic coercivity between several Qersteds to several hundred Oersteds, whereas
hard magnetic materials have values of magnetic coercivity between several thousand to tens
of thousand Oersteds. (For example, soft magnetic materials may have a coercivity ranging
from 5-2000 and hard magnetic materials may have a coercivity ranging from 2000-100,000.
[08] A large portion of media and head components are manufactured using physical
vapor deposition (PVD) or sputtering processes, specifically magnetron sputter deposition.

PVD is a process that deposits thin films of material onto a substrate. The substrate is placed

in close proximity to the material source (target) in a vacuum chamber, and the material



3 source is biased with a negative voltage (cathode) while the substrate is
positively biased (anode). Predom nantly neutral (uncharged) Ar gas is

i ntrodu i he sputter chanber, and the accelerati f
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utilization due to focussing of the transmitted magnetic field in the erosion groove formed as

a result of the shunting and an upper limit on operable magnetic target thickness due to the
requirement of sufficient passage of magnetic flux through the bulk of the target to initiate
the sputtering process. Both these effects are exacerbated with decreasing Pass-Through-
Flux (PTF) capability. The presence of severe target erosion profiles also promotes a point
source sputtering phenomena that can result in less than optimu;n deposited film thickness
uniformity. ‘

[11] The PTF of a magnetic target is defined as the ratio of transmi;ted magnetic field to
applied magnetic field. A PTF value of 100% is indicative of a non-magnetic material in
which none of the applied field is shunted through the bulk of the target. The PTF of
magnetic target materials is typically specified in the range of 0 to 100%, with the majority

of commercially produced materials exhibiting values between 1 to 80%.



4 [12] There are several different techniques for neasuring product PTF. One
technique involves placing a 4.4 (0.4) kilogauss bar magnet in contact with

one sid f target nmaterial and nonitoring the trangg g1£4gs! d using
an axi aﬁvﬁlg?/}l&g%lobe in contact with the other side of t?gﬁgsﬁg/et mat eri al .

The maxi num val ue of the magnetic field transmtted through the bulk of the
target divided by the applied field strength in the absence of the target
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magnetron sputtering applications in the data storage and el ectronics
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alues of material magnetic” permeability can be very precisely determined by using

vibrating-sample-magnetometer (VSM) techniques in accordance with ASTM Standard A
894-89. Descriptions of sample geometry and calculation of the appropriate demagnetization
factors for permeability determination are also well known in the art, as described by
Bozarth, Ferromagnetism, p. 846.
[14] Vacuum induction melting (VIM) processes have been used in the prior art to form
both hard and soft ferromagnetic materials for use in targets. Altﬁough the prior art describes
techniques for raising PTF in hard-magnetic materials typically used in the data storage
industry, there is a notable absence in the prior art of high-PTF processing techniques for
soft-magnetic materials, particularly as applied to magnetron sputtering thin-film electronic
applications. Soft-magnetic materials used in magnetron sputtering applications in the data
storage and electronics industry can broadly be described as comprising three alloy families:
Co-based, Ni-based and Fe-based.



5 [15] CoA - (Fe, Ta, Nb, Zr, B)B [16] NNA - (Fe, No, Cu, V, Cr, M) B [17]
FeA - (A, Si, Ta, B, C, Co, Cr, Ni, Ir, Rh, V) B PCT/US03/15183 [18] For

each of Hemaoiaap |ies, one or nore of al | oyi ng addi ti onsp&-sHey¥sid}
par ent heses) can be added up to a total concentration not to exceed 60

atomc % Thus, the subscript B rangeg between O to 60 atom c % of one or
nore of the al I oyi ng additions described, and the subscript A constitutes

t he rer’rﬁl der suc? hh?\@eﬁ}‘g% I%r\ﬁ%l; up to a total of 100 atomc % [19]

Thr ough e use o 1I’ondl techni ques, soft-nagnetic materials are

f or med M@w ng m BliAsc®e] Nba0d, \Vm(glr M®IPi ¢ chem stries (or conpositions)
that are identical. VIM processi i nvol ves the casting of material inside

a vacuubhZdhanber . FeAme(Ads 3is TR, @rGTaNsb Ir, Rihi\OHB are formul ated to achi eve
desired alloy chem stry, are placed into a crucible conposed of refractory
material. The starting materials typically constitutes flakes, powders and
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t her no- (¢ halbhwagh plm@ﬁescéetgnverrftlonelc\é@éacqhmqws,aselﬁmaenemreatcaals are fonned
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soft-magnetic alloys (typically not containing any Fe or ‘N al'l oyi ng
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mat er i aheAng via BEM Howof ORI A tHE hdCerlal & FAREd (cast) into a metalhc or ceramic
meld and allowed to solidify and cool. The solid cast material is referred to as an ingot, and
can be subjected to further thermo-mechanical processes, if necessary, to achieve material
densification or specific microstructural properties. Thermo-mechanical processing typically
constitutes various combinations of hot rolling, warm rolling, forging and annealing.
[20] As previously discussed, a problem with VIM processing of sofi-magnetic materials
is that a very low-PTF material is produced. The PTF values typically £ange from between
1% to 10%. PTF values greater than 10% are not achievable for target materials with
thickness values between 3mm to 7mm. This is f)articularly true for the Ni and Fe-based
soft-magnetic materials. For a select number of Co-based soft-magnetic alloys (typically not
containing any Fe or Ni alloying additions), it is, however possible to achieve values of PTF
in excess of 10%, (usually 20% to 50%), for the thickness ranges specified above using VIM
techniques. There is, therefore, a need for a high-PTF soft-magnetic material and a method

of manufacturing the same.



WO 03/104521 6 Summary of the Invention PCTIUS03/15183 [21] These and ot her
needs are net- by the present invention, which in accord with one aspect

provi des wo bvsi@eir for use in a deposition apparatus. The %3/#}% udes a
first material phase having a first PTF and a second naterial” phase having

a second PTF higher than the first PTE. The second PTF is also higher than
a PTF of a material having the sane chem stry as the target. The chem stry
of the ¢ar E ' E i-rom chem stries of both the first and second
materia#L & df,tfléia Bptid chem stry of the target is that for a soft magnetic
rrateriil. The target is formed by powder nmetallurgy. [22] In certain
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anot heralpfy pHii8es. Alternatively, one of the first and second phases is an elemental phase and

another of the first and second phases is an alloy phase. The target can have a density greater
than 80% of theoretical or greater than 95% of theoretical.

[24] In another embodiment of the invention, a target for a deposition apparatus is formed
by blending at least two different types of powders together and consolidating the powders
with a powder metallurgy process to form a billet. The consolidation of the powders can be
by isostatic pressing or uniaxial pressing. The target is then formed from the billet. The
target includes a first material phase having a first PTF and a second material phase having a
second PTF higher than the first PTF. The second PTF is also higher than a PTF of a
material having the same chemistry as the target. The chemistry of the target is that for a soft
magnetic material.

[25] In other aspects of the invention, the powders consist of elemental powders or alloy

powders. Alternatively one of the powders is an elemental powder and another of the



WO 03/104521 PCT/ US03/ 15183 7 powders is an alloy powder. The aggregate

di aneter of each of the powders is |less than 500 mcrons or |ess than 200
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description, wherein onll_r)séq an exenplary enbodinment of the present_ invention

i s showh?@nd [paskcanothes e Oﬁﬁp‘iﬂt@f ﬂ?ﬁa‘}ﬂ"%ﬂthnb P @tk it yeols p@wd% e The disk dsiye
cont enplah & cfles a%ha Exvahéitgfo?xﬂéd B?%e ét;s‘%éﬁ&a{eﬁ\éﬁﬁéinoz? n% Qﬁ tfa‘?f&f Hhed:
n if

the prese capa and and

its Sevm@hetﬁi@ﬂﬁkl srlmr targen: amabd@ a)ﬁrsm@htémaaa}ihamﬁavxﬂg ‘aaﬁﬂSO!EPS‘FOdanl ®¥é&cond
respects, all wthout departing fromthe inyvention. Accordi ngly, the

dr awi ngdnateripl phaser hayinga segandt BT T bighetthandbe frst BT, sTheeheraisiry OfﬁhQ target and
d
not as gfi?éégé ﬁ%é-l %ﬁegmﬁﬁ%?gf %ﬁ%é thsigﬁh c?ﬁ&]ﬁxa%n%%]?%%s Ladknd8 egtg)ﬁgf g Mmade

to the ereln e avin e’sane "re

nuner al tstgetigaat forrasoﬁaﬁamatmdwﬂ@ ghe repdtss fdmeu@bwtwdeaﬂﬁtmmegﬁl n: [30]
Figure 1 is a flow chart of a 8{ocess flow to forma high-PTF target in

accor daf?® viddifienab adaniases of therrresent Brvention WilBbpcameyinedily appareride thases t he
m crostr sRitel" & fflfls ArtC AN '?ltlé ?&%\Jﬂ%g r@é?éi{e%‘:&ékrcﬁi}ﬁ%, F@N@reirﬁlolngy 'an exemplary

embodiment of the present invention is shown and described, simply by way of illustration of A
thé best mode contemplated for carrying out the present invention. As will be realized, the
present invention is capable of other and different embodiments, and its several details are
capable of modifications in various obvious respects, all without departing from the
invention. Accordingly, the drawings and description are to be regarded as illustrative i’n

nature, and not as restrictive.

Brief Description of the Drawings

[29] Reference is made to the attached drawings, wherein elements having the same
reference numeral designations represent like elements throughout, and wherein:

[30] Figure 1 is a flow chart of a process flow to form a high-PTF target in accordance
with one aspect of the invention;

[31] Figure 2a illustrates the microstructure of a conventionally manufactured NiFeNb
alloy;



WO 03/104521 PCT/ US03/15183 8 [32] Figure 2b illustrates the mcrostructure
of a high-PTF Ni FeNb all oy manufactured in accordance with one aspect of
the invegid Mhosd233] Figure 3a illustrates the mcrostruct BF%/I@B3/?SI§§ gh- PTF
FeAl Si alloy manufactured in .accordance with one aspect of the Invention
using el enental phases; and [34] Figureg3db illustrates the mcrostructure of
a high-PTF FeAl Si alloy manufactured in accordance with one aspect of the

inventio Si allo ases. Detailed Descripti e . Enmbodi nent s [ 35]
Accor di n@zhj 0 F 5 %‘R/ﬁh‘{%‘g %,S %}ée Wé‘irﬂ%'ﬂlcg’l{,e ﬂgﬁﬁﬂﬁ’ék ﬁf#\ﬁge‘ﬁ?gﬂ%ﬁaﬂé’%fﬁ% etic
mat er i al adcordaney with @ne hkeect SV@BLIARALLS, &l so applicable to the manufacture of
hi gh-PTF hard nagnetic materials. The invention is especially applicable to
t he manuf3@¢t uFwuos 3& diustraies tthe microstrutture gfiatiigh-PHFer¢AlSs allby meanpfictured in
enhancenent use, of standard wrought processipg js difficult or

poss breordRea i inans RPRLaEite SRE: G EEmealphEERtIdhy "t he hi gh- PTF

mat eri al S4Ar SRR3R iIMARE thOHAEoSR R HhiBRIPIR! Pe AR o6y YAlrlAuEYRY
manuf acturing processes of a magnetic disk. Furthernore, the sputtering

t ar get s zxmardahsowith ons @specoof the mmeentidn sking alley piSes.[ 36] A hi gh- PTF nmateri al
according to aspects of the invention includes at least two different

mat eri al hqs (or .t pes, Of ar ins). At |east one of the material phases
has a fi+rS& =PI AT HIPAAMERE 4t | east one of the other material
phases has a PTF characteristic |ower than the first PTF characteristic.

ghfe_ hi ghBrS?rF facading tq ébe] én\gﬁgtipn,gm methog nf mranlaﬂagf@yingcbi@hdﬂﬁe:sqﬁ@awm be
- - L { . -
unal 1 oy Bt RchPPeg, ot Eiuinde S el eBle, 6258 rbforifiee ArithabF i s

of the. hinglndEmateriler Tk iRvdhiidid eipesiuy biicublelu the Smhhenebenysyuired t he
aggregate conposition of the high- PTF material. The individual grains,

besi des hadimagnatie featemals stherd BTF ieabancemantatysusehef,sandand stranghtairpsessing fier ent
PTF char i sti.cs. Furthernp the PTE characteristic of .at .l eas e of
the mat ettt 3 Eostibley ) Bidfior, vkl cofitEERf-Shas pfimil e e B o
char act efiateials &€ ﬁs&gmﬁa&d.osablh ¥pht@ritafRiscEdrfbe fudkd YREPVD hbubatin®! a
Ssputtering target. [37] By providing at |east two material phases with at

| east onprocefsenek @magnetyhdisles Frghermpre, shaspyttering e gets £an @lsorbiesused fo form a
hi gh- PTF .rrgt.ner@ phase provides higher PTF flux paths for magnetic fields
to pass fhﬁ bu% ]%’e body of the target. This effect is increased as the

[36] A high-PTF material according to aspects of the invention includes at least two

different material phases (or types of grains). At least one of the material phases has a first
PTF characteristic, and at least one of the other material phases has a PTF characteristic
lower than the first PTF characteristic. The high-PTF material for a particular type of alloy
can alternatively be defined as being macro-alloyed and micro-unalloyed (or partially micro-
unalloyed). As defined, the chemistry (or composition) of individual grains of the high-PTF
material can differ substantially from the chemistry of the aggregate composition of the high-
PTF material. The individual grains, besides having different chemistries, can also have
substantially different PTF characteristics. Furthermore, the PTF characteristic of at least
one of the material phases (or type of grains) can be higher than the aggregate PTF
characteristic of a conventionally-formed material fdr use in the body of a sputtering target.

[37] By providing at least two material phases with at least one the material phases having
a higher PTF characteristic, the high-PTF material phase provides higher PTF flux paths for
magnetic fields to pass through the body of the target. This effect is increased as the



WO 03/ 104521 PCTI US03/ 15183 9 percentage of higher PTF phase(s) within the
body increases. The effect is also increased when the distribution of

hi gher Pl pY)asg0r phases within the body is such that a SFE@ upt ed
hi gh PTF flux path through the body is provided. The high% 094553
characteristics of the material can algo be expl ained by the reduction or
elimnation of |Iow PTF conpound or solrd solution phases in the

m crostructure of the body. [3% The high-PTF material, therefore,
macr osc opsresatasy qfdaglé%s?eﬁ phisetrd svithie theobedy insrases. c ThR£fect isealpas tncyeasesiit

m cr oscopj LS ri j.nat i f.gistine l. | .and/ or
al | oy pgngééélzltl#e}‘;gls%dbgﬂ not bgg&hggﬂpﬁggggw P‘PE‘QSS aVP”gi(’:1 eP&!’?%’g 1%?3 %ghat a

aggr egat @iisteirpped high PTIBgoRpat thitgh Wi Hd9Ge provided. MRigNRilh BTES¢Hatdcssigs) . 1 N
whi ch the high-PTF material can be used, is an atom by-at om deposition

pr ocess, oftthe matgrial can alsphgsexplaradhy hepedictien or eljaiingtiamef loyuP TF seinpernd

sof t - magnet . e I Stry .macroscopical | represented by the target

mat er i aI&SﬁlhgF‘epgr&é?ﬁ{%g}wﬁ]@a#lﬁﬁoﬁ{q@?r@ﬂf _elﬁlqywvs for optimzation of the
magnet r o3g¥ puThee migRPTFaeidiridlg tIrORaS Smitdséopi@ily PoEsdd®wsi ez Aedif, sl | e
preserving the formation of the requisite soft-nmagnetic phase chem stry on

t he resumagieticipmage ¢ e BUCIPFWDPICTNR 15 FORMPIISEn Ol 2 AQMDINanPN @ nEo t he
h unagnetictphiage chemisiriebpic mictpgwpicthe is serth off binahion efl digtinecto

in_whi.ch the at, | east t ial ph f i gh- PTF i al
e ovi el abaBs Moy Rbiset /RaiTED it hoRBS i LPC el Eties o e
provi dedaddyegaRCEANDSRIo. OBBEIGe Ofe PVE flobéR g(sﬂmdgheﬁ&% ,sRﬁtiterﬁ‘}g), ioBkEch g

target of one phase, and nechanically enbed chips of the other phase in the
mat ri x) . highdflFematesahean beusedpien diomyby-atoe idepdsi thrF praess, ithe this-fikmmiaseas

powder tallurgy. .Powder tal Lur an owder .nmet al.l ur. derivati.v are
el knotkinh ieprtedr RERRS B clibrii SeBanRRFENS R Eherhon RSO QP
limted Rerebéhted BRE ardeRna¥@idl AtrhefRforblhe 'ﬁE%hU"PF RONEIRA] AIRWA! 6 SMBARGESS
the body 1s forned using el enental and/or alloy powders, which are processed

at condiefi #res magngtroprsprice Mamdadturing ipovcess Wi efarges uUPTEnmapmudation, Wiiles
process is acconpljshed w thout .c l.ete interdiffusion and, reacti .of the
Bl enrent SR E M r Bt ahit e Sl TG Seaccaare iRy 3R ok At hif
provi dedgppgevifle anount of | ow PTF phases is reduced. [40] One exenplary

met hod of using powder netallurgy is illustrated in Fig.. 1. In step 10,

t he powdigP] patherawentsomis nohBmitedvasrtat e imnserinevisieh dut @deast two oratstriel phases

homDgene o et SO i 10 Sl OE T 2 204 erh! PorPRUIRHS AR OO 70
also be provided by mechanical joining of the different phases, (i.e., make the target of one

phase, and mechanically embed chips of the other phase in the matrix). Another method for
providing .the high-PTF material is known as powder metallurgy. Powder metallurgy and
powder metallurgy derivatives are well known in the art of material processing, and the
invention is not limited as to a particular variation. During the powder metallurgy process,
the body is formed using elemental and/or alloy powders, which 'are processed at conditions
that promote densification of the resultant product. This process ié accomplished without
complete interdiffusion and reaction of the elemental and/or alloy powders such that at least
one high-PTF phase is provided and the amount of low-PTF phases is reduced.

[40] One exemplary method of using powder metallurgy is illustrated in Fig. 1. In step 10,
the powder parameters of the raw materials are selected to promote homogeneous blending
of the elemental and/or alloy powders and to optimize final product properties. Examples of

powder parameters include size, distribution, morphology and purity. Although not limited



powder paraneters include size, distribution, norphology and purity.

Al t hough not limted WO 03/104521 PCT/US03/ 15183 10 in this manner, in
certai n @gnRGbes29f the invention, the aggregate di aneter sp@f/utisgspawders are
| ess than 200 micronmeters, and in other aspects, the aggregate di aneters of
the powders are |ess than 500 nicrone?@rs. [41] After the powders are
received in step 20, the powders are bl ended together in step 30. Nunerous

t echni . exj st_that b to efficiently blend and i
o1 orront B isRpFS it PS8 A iudane IR St Bigrdedls FBIeRES ehiearsbeBd s eq.
Exanpl efes@fhan 200 hlicfiiestelsOait BNGthANSSpRATOGE @g%&géﬂé%iﬂﬁ%%Féfthe bwdershad |

m | ling, v-blending, tubul ar "blending, and attritor mlling. [42] In step
40, f ol lesshag SPGmitrometirag process, , t he powders can be canned in preparation

for con i dat,i on. For. exanple,. a,container is filled with the powder,
evacuat E‘ﬁhung‘gﬁr ﬁ‘?a‘?ovfc&?rsé SEPEVER I SR atheOUIRFS 765 gffﬁﬁl?eéi ‘9ge FalpdtP
gasses pe.eSKiherods tetiifuciCatifd thatcal B sdd o IEABRIY %14Hd LilE hoRREEAST 1S
not limted in any manner, the container can possess ‘a near-net shape
geonet r ylemiental pexgeret In sombeasesnoiechrmical ped-alboymig gar also br.usdhe Eramples of at ed
material . can be gonsol idated via uniaxial .or |spstatic pressing. t hough
ot 1 | niecluiares Brgnhanh Bpmosewas (i payafa sduds Aa T eRisadi olpbular

t enper af }dh&n ,Oanﬁt%?%'ittor%ﬁﬁ _[43] In step 50, the blended powders can be

subject to consolidation, Tor exanple, via Hot- Isostatic-Pressing (HP). A
H P uni [42]s Inygerdl) fpllawing thediemling proeesythe possiesd cdndiegeanmad irgpreparatibmouse
one or re containers. The inner walls_of the vesse|] can be |ined with
resista éonwﬁaﬁl% e%qre%éwpk,, 3 gARMAIIEE lspﬁ@%dswlé tw‘*ffkr,cf’dﬁ%ﬁ wflepyeat i

I nt rodugtd ferh&&d (; £404 | L faki fi.l he
bl endedg%o%tgresedéan lté’f%? lr}’gﬂ éétﬁfcﬁbrﬁéﬁﬁeﬁg:&%% gﬁ%g%nrt’ Qﬁstggﬁgﬁlé:& p;rﬂéfs?(gllgﬁéhé Mul t
st ep unpeomethy ofSths tcahamepieast lngited irdarfyf maemdr, the ropataidatrcas possesd adearenet r oom

and at different pressures (wWith_ranmp-rate control for both tenperature and
pr essur yape rga9m5@) (i TesRert %ﬁ%&pﬂgnatﬁnﬁlh@ 4gpw1°§ysmﬁwas@%a§e}atena?
speci fi | . L hg : Iyt s e
cyol e, £ U iaepRa VR Bl o AlaRERRILED AHIEh AG: BRTRN T il b2
f r om abthstternpé¢ratuadsaah riZgehfoernambtar telapaatstooapeus fd0°Gagnetic  materi al s,
pressures _of about 5 to ahout 40 ksi (preferably 10-20 ksi) at tenperatures
bet ween[*3Abolh steRe01Be 51968?3' BEHERTS O é@ SbigAt yo eesolduon, forreampls, ¥ig et
enpl oye £ - Y : - ] 9 (=N L.t hough
gilo® hegqgtgtplg ??éség‘,lgg (ﬁ?t e')S. i}ﬁ \;gﬁtlglgtﬁﬂﬁlcatll@a{bﬂﬁal‘ﬂ:al%%@sﬁtfe V&R i£ks ERughitd

house one or more containers. The inner walls of the vessel can be lined with resistance

heating elements, and the pressure can be controlled by the introduction of inert gas within
the container. The consolidation of the blended powders can also use hot/warm uniaxial or
isostatic pressing. Multi step uniaxial/isostatic pressing at different temperatures (including
room) and at different pressures (with ramp-rate control for both temperature and pressure)
may be utilized depending on the alloy system and powder speciﬁés under consideration.

[44] Depending upon the complexity of the cycle, total hold times ciuring uniaxial/isostatic
pressing typically vary from about 1 to about 12 hours. For data storage soft-magnetic
materials, pressures of about 5 to about 40 ksi (preferably 10-20 ksi) at temperatures between
about 500° to about 1500°C (preferably 600-900°C), are typically employed to ensure
densities greater than about 98% of theoretical although in other aspects of the invention
densities greater than 80% of theoretical can be provided. High density advantageously

ensures that material micro arching and defect generation does not compromise data storage



densities greater than 80% of theoretical can be provided. H gh density
advant ageously ensures that material mcro arching and defect generation
does not w@@Hoss;se data storage WO 03/104521 PCTI US03/ 15383 kds/ded @ yiel ds
during a PVD manufacturing.process. In at | east one aspect of the Invention,
the hold tinmes are between about 2 to algout 6 hours at tenperatures between
about 400C and about 1000C and at pressures between about 10 and about 20
ksi. [45] Consolidation_can alsg be facilitated by roll conpactign of the
previ oudhSAIR ¥ilqs ‘S@'ﬂ“g & S hmpeptasfuringproggss.hyn &t agh 9Ngaspeck Heths I INRAtiaRd/ or
el ement it ppl i | ' o
consol i gg‘% pg% Sewﬁei W%Cr{:}éﬁo%g ?)udrbt%ﬁ{elrsq‘{&hlg% %%m%g%ggggﬁéﬁ%r%ggeé@%? to
achi eve dndrabbetr100ptC ahd at pressueds Hetwdeardboais10 sdcdboas2PE. For  exanpl e,
straight warmrolling a rectangular billet, or cylindrical target section at
t enper atl@? ks Genselidation @ordse be facalitatedityrroll-qampsction ef dhes Bregioushy, desebesk ab| y

I'm ot op Qo & Gnr B 1Y S ReB) BETGY RIPRP SRR, bRubBIRmbl e DLy

f rom t hexppiecutiopsetl &t applictiapresimél A fdri emselidation, fiel biflkt ean bk fanh&etheans- t o
be tested as to various properties of the billet. As with VIM processi ng,
t he bi | Ima¢chgnigalbe pEeaspedt @dachievsp firbsr optimivatinn - ofeprensitiel syshodseBSFngFen

father mani pul at.e.the mcr ructural and ro-magnet i ¢, properties of. the
tar got . AREBIe iRl R ARl G e Gindlh T T AUl "GP B
sputter tehpérdtirés lessthag SDOTATESt re@utiof ratiad 18, exBdss T QYR Prefer sl Betdeel 5RAE
waterjet, mll, and lathe. In step 100, the target can be cl eaned and

subj ect e9%,®an pramefe nokegpbla immovéments ®darget BTF- magnetic materials are

opti mal | fact ured. usi ng bl ended el nt.al. o) [ while others use
21 oy por o s Hiv et sDRaRPiatne Sop el sl B G Ry W sy 2T ot
typi cal leacdpahlatioAt @6, Wak NY sHEs oftRETbARK IcaA - thed b@asen@!t® MeZ AdstedNas Y Marious
processing can be enployed to generate nplten netal that is poured through
a nozz| erepritie ehibecbillsy s withe¥hMgirocessing, dresbillgheammbe raubjsdtedetoedntisnal

ot hod P RiechrH) Poeedse i frlie mahBRaf S riBRS wi AR BRicko-mRBeR
the tar gﬂbpeﬂ‘ﬁésﬁéﬂ Ak targBUSAlsb! in &S 70, 80Larid 90, Ghey FighIkhRPYERA §iz@bf trespiast r ed

size an nmor phol ogy. %48] As previously discussed, good densification is
desi r abltergets aanienforaedidpeetampents processeddsnchrag grind, matnst.ouidk gnd Take.sbul e

and cr ySstteapI l(ﬁ)t, Ehl{act'ga.rugre?ca(}}c be:[ é]gantéld%.rr]l %SbjBél‘é‘é fooa HAN inspection.

[47] Some soft-magnetic materials are optimally manufactured using blended elemental

powders, while others use alloy powders. Although not limited in this manner, alloy
powders are typically fabricated using gas atomization. In gas atomization, VIM processing
can be employed to generate molten metal that is poured through a nozzle and atomized by a
stream of inert gas. The atomized material spheroidizes and rapidly cools to form an alloy
powder aggregate. Another method of fabricating alloy powders .is to conventionally cast an
ingot of the target material, crush it, and sieve it to yield powders 'of the desired size and
morphology.

[48] As previously discussed, good densification is desirable to minimize defect
generation during the PVD process. The scale and crystal structure of the blended phases can
also have an impact on media properties by impacting the angle of atomic ejection during the
PVD process. Material design paradigms can be developed on an individual basis for

specific applications. For example, with Ni-Fe soft-magnetic alloys in the GMR read sensor



al so have an inpact on nedia properties by inpacting the angle of atomc
ejection during the PVD process. Material design paradigns can be devel oped
on an individual basis for specific applications. For exanple, with Ni-Fe
sof t - magn@©3/¢048311 oys in the GWR read sensor WO 03/ 104521 pleGhidds9Ps38315183 12
(read-conponent of data storage head device), oxygen inpurity content can be
advant ageously mnimzed to mtigate afverse conpron se of the GWR effect.
In contrast, oxygen content in the range of several thousand ppm nay be

benefi cj in a .- Fe _all hat .i s used as.a part of a data-storage
medi a dgg%dé%qmég]nn%fl ﬁegprre%t% etﬁf)algfac%?% n&evd&‘n\jge%y%eﬂpdﬂpﬁg}{yc of et Sy E%r ve

t o posi idvéealagedusPasiinitdigeddt thitipdtecdtivede BpSdrhizs JFehVERIRTRCcE Oft cordiget i C
filmand seed-layer (i.e. Ti, -Ru, Pt, etc.) to pronote beneficial nedia

per f or nexeen cepfeatinsthggangs af eayewil thougerd npwi may beftenefieiat in fhegsamel NirBeigh

not Iim . th racteri stics descr,. bed.bel a target,.fornmed fromthe
i nventi lo%'?}g%ﬁlgdlgg%ég;g g&] °§83dza§ea§§t°faﬁ8 “?eglla} Wl?'neg ﬁh\,\%lﬁéfl?(ﬁagﬂ%h %811’0%7%38& ur al
char act ghpity esntedtfay sdrae ﬁ@ﬁ@eﬁﬂi@?ﬂ ithPack Be Witting ChhadlerfsAEJEStNed R soft-

t hi ckness between 3 to 7 mm and di aneters between 50 to 200 mm However,

t he genmaghetigpiplm anthidedtlgyent(ie.nB, Qar Bt.ietc.) tocpronwns bersfivial media pedermanceet
di mensi?(}fglalt ragcg%s. The PTF.can_.exceed 5% as neasured using the ASTM
techniq A Bgévfl@r%rgl&'ﬁ%erﬁgn%me TF i s between 20% and 70% For Co-

based a@dWySA%BﬁgH‘ﬁbtﬁﬁn@éd Yy thalchauétegstRd HebdrRA bel e, PrREQ BRI, EbmIBEge
can be further increased to be between 50% and 90% The average.

particl mveitree amethgdeliogy sicae @ansess y fiec afollpwineg | exgnetian a500 micmstnetiraind
e ot Sl 902 BSHR0P A1 DL PAUSLNS, Lyl

comnbi nahﬁ@%@ﬁiaﬁie@?@ﬂé@eeﬁﬁg t@Eb@Ynxﬁ.@-ﬁﬁ@eveﬂ,—Xﬂé— géneryl applic@bifty dtihk @atallgt ween

the different phases wll be kept to a mninumto avoid the formation of

t he equnéti domstmamedby Hise saget dimegeionalaapgess eThaHBEE \aan, exiceed 894, as messuradt i on,

o W IR 5 B TR S
target fged ra?l%?@ RathohS e drAD altdfinFBiioA& ! thebrefERBd  FIHShispel o G&liinhehave

densities greater than 80% of theoretical, and preferably greater than 95%
of t heomstdased to [tBObetBgen rfde anidn®0%he ThFFawsfagehpartiztgete andl grain-sey cre

o1 0510 BBl he E N Ber B S ey Furkag, UL er! g el Lhe et et T,

reduct i gntakgkt BBARINIRY af ASdembly BF SlR§IenfT Phatles GncA3BMBE, sN81d45shAREs, R is6keT
coﬁbinaﬁon of elemental and alloy phases. Typically, interdiffusion between the different
phases will be kept to a minimum to avoid the formation of the equilibrium low-PTF soft-
magnetic phase. However, in certain situation, limited interdiffusion can be engineered to
improve phase cohesion (such as for reasons of ductility), or to impact the macromagnetic
properties of the target for reasons other than PTF maximization. The targets typically have
densities greater than 80% of theoretical, and preferably greater t}Ian 95% of theoretical.
[50] By increasing the PTF of the target, a less severe erosion i)roﬁle can be provided
during sputtering of the target. 'This increases target material utilization and subsequently
contributes to a reduction in material cost. A higher PTF also enables the use of thicker
targets, which reduce the frequency that the target is changed during thin-film device
‘manufacture, and the reduction in apparatus downtime caused by frequent target changes can

reduce component manufacturing costs. Also, increasing target material PTF has the added



targets, which reduce the frequency that the target is changed during
thin-filmdevice -manufacture, and the reduction in apparatus downtine
caused bwd spayent target changes can reduce conponent glllég&;/ﬁrgpg costs.
Al so, increasing target material PTF has the added WO 03/104 1§

PCT/ US03/ 15183 benefit of increasing defg)om ted filmthickness uniformty by
reduci ng point source sputtering phenohena. Exanple 1 [51] For conparative
pur poses, targets usi a Ni -3.2Nb_al Loy were .nmanufactured using
Dot b oo naiiiod Refeas s beByif Sk MiresS ST iy b BRI nE GOU SEEFS SRHTTRG

i nvent i @RenddfenaPr €vi ously discussed. ' Target Formed by Conventional Process
[52] Thé conventionally fornmed.targets were formed using vacuum i nduction
melting of an ingot of the specified alloy chem stry. The ingot was then

rol | -prdxempledl to forma plate at t enper at ures between 900 and 1200C. The
rolling process was conducted to ensure a fine dynamcally recrystallized

grain 5gholmgyorﬁﬁﬂaﬁw burPBéeR! taadetslasifg hiNiatd. OFe-3 TR A&y wEMHEﬁdf&H%uﬁeé‘t 1o

exceede 0% where the reduction ratio = ((ingot thickness - plate

t hi ckne$1§1)13|h0§b@0nﬁlhnmé953)cessmgtyﬂld picessiig accotdapeth aspegistofithe invgntaon, as

t hi ckness of a dianeter of 180 mm was nmachined fromthe rolled

pl at e. lf-‘;ﬁise the conventionally formed target was neasured at four
equal l'y spaced | ocations (one neasurenent per quadrant) and at a radi al
p05| tiom f@kagQg@Mgnhbﬁalqe@ge@ of the target and the outer dianeter

usi ng the previously-described ASTM neasurenent technique. The
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crystal ['i'te grain-s usin e % gaphlc

t echni quasngonofthe specifibdaldoyt chemtistryri ThoBigotwasihen edll bhfcemﬂ\te fériro@ platd 4r med
target using a N -15.6Fe-12M alloy is illustrated in Fig. 2A. The resul ts

of the PIRPEAYregLERTEcs; Y andakf0eke nthe milingprocsss wasveendpgad tagesuzgye fimer =
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can for gral ne
reduction ratio exceeded 60% where the reduction ratio = ((ingot thickness — plate

thickness)/ingot thickness). A cylindrically-shaped target having a thickness of 5 mm and a
diameter of 180 mm was machined from the rolled plate.

[53] The PTF of the conventionally formed target was measured at four equally spaced |
locations (one measurement per quadrant) and at a radial position halfway between the center
of the target and the outer diameter using the previously-described ASTM measurement
technique. The microstructure of the conventionally formed target, as characterized by
crystallite grain-size, was measured using standard optical metallographic techniques known
in the art. The microstructure of the conventional formed target using a Ni-15.6Fe-3.2Nb
alloy is illustrated in Fig. 2A. The results of the PTF and grain-size measurements are as
follows:

[54] Average PTF =1%

Average grain-size = 45 micrometers

[55] Although conventional processing can form a target with a moderately fine-grained
microstructure, which is very desirable for optimum deposited film thickness uniformity, the

macro-magnetic PTF is very low. Under achievable cathode-voltage and gas-pressure



m crostructure, which is very desirable for opti num deposited filmthickness
uniformty, the macro-magnetic PTF is very |low. Under achievable
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yield a cylindrically-shaped target having a thickness of 5 mm and a diameter of 180 mm.

[57] The PTF of the target was measured at four equally spaced locations (one
measurement per quadrant) and at a radial position halfway between the center of the target
and the outer diameter using the previously-described ASTM measurement technique, which
was identical to the method used to measure the PTF of the conventionally formed target.
The microstructure of the conventionally formed target, as characterized by crystallite grain-
size, was measured using scanning electron microscopy ESEM) techniques.  The
microstructure of the conventional formed target using a Ni-15.6Fe-3.2Nb alloy is illustrated
in Fig. 2B. The SEM was utilized for improved contrast capability to show the multi-
elemental phases of the target. The results of the PTF and grain-size measurements are as
follows:

(58] Average PTF =32%

Average grain size = 13 micrometers



Average grain size = 13 mcroneters WO 03/104521 PCT/ US03/ 15153 15 [59] The
process according to the invention fornmed a target having a very fine

grain-si 031426 can be inportant for obtaining .good dgepgkispdidsi | m
t hi cknesé%um/%yrmty, and the grain-size of the target fornmed by the

process according to the invention is cpfisiderably finer than that of the
target formed by conventionally processing. Furthernore, in contrast to the

convent i | 1y, forned target ich had PTE of 1% the PTE af the target
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fire and sputter in a stable nanner at a thickness of 5 mm The use of the
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used durj.n onent uf act urj.n and therefore, results in l.ess
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thi cknesgonva ol Bfm&Y Birgdt] wHRh&Hadd pE ok i1224th© PTF (K0he ThigetPonRES B Mtk
techni que according to the invention yields higher values of target ~ PTF

t han t haprosésstaceordmgverthe mvantioreisisigngficantly higher at, 3236 dlhss, thé targetdontesd by
elemental/allo hases typi.cal l. ossess .hi gher. i ndi yi dual val ues, of PTF
Ehan t hotedRRain aaries o hEagrentin Bav e ind Soite in mitahle FBaRSTaf A LHERTESs pha
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phases than through a conventional s ase having a uni ow PTF.

Ni and Fbe usadi durthgaHDP eoshpdment maghfactuvingyimsl tierd?dfe, tésatts e lessrivomeniced - Fe

soft- magnetic phase. Furthernore, sjnc b i.s n npt | ceabl y netic
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char act e84 §tiliZafibn= 100% . Thus, the elenental conbjination and

consol i dation ofl Ni, Fe and Nb to forman elenmentally blended target

possessi {if]a Aheipnadessing t&chfiigie-db2dddapnipothetinventjpasyiekis HglsrgrabresRfRargetl ue

than a ¢ eptignal ly formed target having a single N -15. gFe-3. 2Nb

Sof ¢ - ragReF, an JAaf the-oTeentions) gl oF PRE peraves i DleatgbeLrialloy
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an aspecfThod, ahhpplicd/maghabic. fiehDwOLB fih@ 4t available “higher-PTF” flux paths through the
blended elemental/alloy phases than through a conventional single-phase having a uniformly

low-PTF. Ni and Fe individually exhibit higher values of PTF than the combined Ni-Fe soft-

mé.gnetic phase. Furthermore, since Nb is not noticeably magnetic (paramagnetic) at
operable PVD temperatures, Nb exhibits excellent high-PTF characteristics (PTF = 100%).
Thus, the elemental combination and consolidation of Ni, Fe and Nb to form an elementally
blended target possessing a nominal Ni-15.6Fe-3.2Nb composition possess a higher PTF
value than a conventionally formed target having a single Ni-15.6Fe-3.2Nb soft-magnetic

-

phase.

Example 2

[61] For comparative purposes, targets using Fe-30.5Co-11B, Fe-9.7Al-16.5Si and Ni-
19Fe alloys (in atomic %) were manufactured using both conventional processing and

processing according to an aspect of the invention.



16 Target Forned by Conventional Process PCTI US03/ 15153 [62] For the

Fe- 30. 5Co- 11B and "Ni =19Fe al | oys, targets were forned using vacuum

i nduct i oRgyayBd/idssg of an ingot of the specified alloy chem %trmém/}ggg |ngot
was then roll- processed to forma plate at tenperatures etvveen :b

1200C. The rolling process was conducted to ensure a fine dynam call y
recrystallized grain norphol ogy and full” material densification. The net
reducti Q ed 60% ere the reduction ration = ((ingot thickness
- pl at e theeke ™ H $2. A cylindrically-shaped target having a
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powders were bl énded to achi eve honpbgeneous mixing, encapsul ated,

evacuat edachimed from- theoas-cast ingot.eavkethinis bhepbmestioablopracicn femuhamifecturia@@0C at
a pressure t ween about. 12 and or hold.ti s bet ut 2
ro” about aezel R G BFfeHeriGaliEh ot foofipe &2 aar oo ORIy S gR) T B o
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locations (one measurement per quadrant) and at a radial position halfway between the center .
{
of the target and the outer diameter using the previously-described ASTM measurement

technique.

Target Formed by Process According to the Inventio

[65] The manufacturing of the Fe-30.5Co-11B target with the process according to the
invention involved using elemental Fe, Co and B powders, each having an average diameter
less than 150 micrometers. The powders were blended to achieve homogeneous mixing,
encapsulated, evacuated, and hot-isostatic-pressed at between about 700 and about 1200°C at
a pressure between about 12 and about 25 ksi for hold times between about 2 to about 6
hours. After hot-isostatic-pressing, the fully consolidated or fully dense material was
machined to yield a cylindrically-shaped target having a thickness of 5 mm and a diameter of
180mm.

[66] The manufacture of the Ni-19Fe target using the process according to the invention

involved using elemental N{ and Fe powders, each having an average diameter less than 150



WO 03/104521 PCT/ US03/ 15183 17 m cronmeters. The powders were bl ended to
achi eve honbgeneous m xi ng, encapsul ated, evacuated, and

hot -i sostati c-pressed at between about 700 and about 1200C at a pressure
bet ween sapod/10ds1and about 25 ksi for hold tinmes between ab@iisozqsigs about 6
hours. After hot-isostatic-pressing, the fully consolidated or fully dense
material was machined to yield a cylingdrically-shaped target having a

t hi ckness of 5 nmand a dianmeter of 180 mm [67] The manufacture of the

Fe-9. 7Al - 16. 55t arget i.n h rocess_aeccording tao the. inventio
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nachi nedcﬂiﬂdri&’élgl-%aged?b&édﬁ(ﬂﬁi'iﬁ laltNcRARP 665 hdh dRd a RIRMhé&ter &f 190 kness of 5 mm
and a dianmeter of 180 mm [68] The PTF of the target was neasured at four

equal | y [$phceltihg swanfashse Obrike FedadAl-bordbit tapgat usingd thenpyocessdacgording s thel

ot o nBV el 6d 80 EncilaR AT and ST nliie® ook Muind aolitlefiee YRS
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targets. [69] Table 1 bel ow shows the significant increase in PTE fromthe
convent i esapiwated enachatedaanibhai-isastatisrnyesssd hhetweenghong 306 eng alowe 660°4caiar di ng

to the i tion. Tabl Chenj st i ¢, 9% PT. Co ti ) PT. Ne
Fo- 30, SCIFETLBSHER ! FAFNE G0a Hoheh BRI HOPR Do NPN S90SV APYOR BONS1 b
PCT/ USO3A kel Bt-ibds@dticAsres¥ing 1tR&Ifl1)y SdrRbRéhted oERARPE&GsE matetiA W& mheHiA&Dtof  om

the process according to the invention and having a higher PTF value will
reduce tYield-& ¢limdreallyf-shaped tanget boving alshickness ofif mim@ndatdiameter of 180imet i on of

the tar gﬁ%} TJPEe llglsf-'s SEEWE Efar%fato S“i/a%n ngeragtg'\ég ﬁs?o%%i galgeaquws%gced locations (one
measurement per quadrant) and at a radial position halfway between the center of the target
and the outer diameter using the previously-described ASTM measurement technique, which
was identical to the method used to measure the PTF of conventionally formed targets. _
[69] Table 1 below shows the significant increase in PTF from the conventionally formed

targets to targets formed using the process according to the invention.

Table 1

Chemistry (atomic %) PTF (Conventional) | PTF (New)

Fe-30.5Co-11B 2% . 20%

Fe-9.7Al-16.5Si 4% "49%

Ni-19Fe 1% 22%




hi gher - PTF val ues pronotes greater utilization of available material, and
the greater possible thickness of the target pronotes |onger target
utilization and, therefore, less frequent target changes in the sputter
tool . FurWOeBm®sse, the | ess severe erosion groove geonetrycsssasisied wth
t he hi gh-PTF targets enhances the uniformty of deposited filmthickness.

[ 71] The Fe-9.7Al-16.5Si alloy is an exa&nple of why targets forned with the
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for example, as-at om zati on, , or crushing. Simlarly, the
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for Ni and Fe are higher than that of the Ni-19Fe compound phase. Thus, targets with

multiple phases formed by the process according to the invention have a higher aggregate

PTF than the conventionally formed single-phase targets.

Example 3

[73] The targets formed discussed in previous examples using the process according to the
invention were all manufactured using elemental powder phases. However, these targets can
also be formed with a blend of elemental/alloy or alloy/alloy phases. For example, the Fe-
30.5Co-11B alloy of Example 2 can be manufactured using individual Fe, Co and B
elemental phases, or alternatively, by using an elemental Fe phase in conjunction with a Co-
B alloy phase. The Co-B alloy phase can be formed, for example, by gas-atomization,
melting, or crushing. Similarly, the Fe-9.7Al-16.5Si target formed using the process
according to the invention can comprise of individual Fe, Al and Si elemental phases or a

combination of an elemental-Al and a Fe-Si phase.



conposition provides an inproved ability to mcrostructurally design
specific target inpurity profiles to enhance thin-film performnce
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[771 For example, the formation of a Fe-9.7A1-16.5S1 target using the process according to
the invention can use an elemental Al phase in combination with a Fe-Si phase. This
combination can result in thin-film yield improvement during the PVD fabrication process.
For this particular chemistry, the Si is distributed in a Fe matrix in a much more refined
format (substitutionally, interstitially or precipitately) and is, the;efore, less likely to exhibit
micro-arching and spitting characteristics during a magnetron PVD pr'ocess.

[78] A SEM micrograph of a Fe-9.7Al-16.5Si target manufactured by the process
according to the invention using Fe, Al and Si elemental phases is shown in Fig. 3A. Fig. 3B
is a SEM micrograph of a Fe-9.7A1-16.5Si target manufactured by the process according to
the invention using an Fe elemental-phase blended with gas-atomized Fe-Al and Fe-Si alloy-
phases. For both processes, the powders were blended to achieve homogeneous mixing,

encapsulated, evacuated, and hot-isostatic-pressed at between about 300 and about 600°C at a



The PTF of the targets were neasured at four equally spaced | ocations (one
measurenent per quadrant) and at a radial position hal fway between the
center of the target and the outer dianmeter using the previously-described
ASTM neaswo esmmas21t echni que. The PTF of the el enental/all egrhisesntsiss 35% and
is slightly lower than that of the PTF of 49% for the pure elenental blend.
ExamIn e 4 [79] For conparative purpoQ@s, targets using a Co-4Nb-5Zr all oy
(in atomc %9 were nanufactured using both conventional processing and

process Lﬁ?@ssﬁf&%’tﬂédﬁgﬁoﬁt 86 2A® Bk 30%si fop ﬁoudrﬂfrﬁ&l b@Reed hbdiit 4kt'30aWButt $Aburs.
Co- based soft-magnetic alloys, with no Fe or N alloying additions, exhibit

the hi ghifer tmrﬁsqs@plamrcssmg, i ﬁ@lyeth@rdamdmrefmﬂlwcﬁmbe majczeaisuasgmechmed to

processin acc | nv tion. rmed b nvent i Process
50 The Qg ERTRHRAD Shapay Hsae Bavik & HEFEST of Submanhg Qavegh! ﬂ%ﬁmon
el ting pfe P’PF‘of t'HG%rg@t% \ﬁel?@nﬁsﬁﬁﬁéd htetgmaéiuﬁb{ y SPREH IbEationd (¥he MERLrefRs:
roll-processed to forma plate at tenperatures between 950 and 1200 The

rol | i ng puadeedsandast z catlalcpesitisrohafisay betavetn ke ceytenwif dhé Itgrgctemrdyﬁteadutexzed
grainrm 0 and full. ria fication. The net reduction_ratio
exceede %%\ﬂéf‘%qgﬁé’r?vé@f@fﬁ L‘éfme PEASHEFHICTE HEmaNSs %ﬂ%ﬁ);[{FQOf the

thi Cknese‘iérﬁ APh10Y GRS, abdi sl i Ehar? R of & totT40k

t her no- an?‘gcg}’ l'y proces/%g 1 sg(rﬁlgge aé §f l%%)ggt()fr@/tg&lt%ﬁ%% to
Bart hol os‘mnemalhémdal ., incorpor at ed herein by reference. A
cylindrically-shaped target having a thickness of 5 nm and a dianmeter of
180 mm was theg machi ned fromthe therno- rfechani cally processed plate. [81]
The PTF conventional ly forned target was neasured at four equally
spaced | ocations (one measurenent per quadrant&band at a radial position
hal fway [B8} weftar tomepasatiteepurposest rbpégfetamg@ag akep-#Nb-ut elfoy(iantomic e wgret he
previ ous| r| bed t.echni,que. WD 03/ 104521 21 Targe

o med BB URRER TSP RE T RGASE G e S5805 LS TRNY K40 e ot
nmanuf actg envehtibhe It isCRAWL Fat CRbALE shhirhadnRfic RIIBGESWitRGfPFEiodNit Aldyiey

i nvention invol ved using elenental Co, Nb and Zr powders each having an
aver age afidifiomg,c exhibit the highest PTF capability using either conventional processing or

processing according to the invention.

larget Formed by Conventional Process

[80] The conventionally formed targets were formed using vacuum induction melting of
an ingot of the specified alloy chemistry. The ingot was then roll-processed to form a plate at
temperatures between 950 and 1200°C. The rolling process was conducted to ensure a fine
dynamically recrystallized grain morphology and full material densification. The net
reduction ratio exceeded 60% where the reduction ration = ((ingot thickness — plate
thickness)/ingot thickness). In a subsequent step, the hot-tolled plate was thermo-
mechanically processed as described in U.S. Patent No. 6,123,783, t6 Bartholomeusz, et al.,
incorporated herein by reference. A cylindrically-shaped target having a thickness of 5 mm
and a diameter of 180 mm was then machined from the thermo-mechanically processed plate.
[81] The PTF of the conventiénally formed target was measured at four equally spaced
locations (one measurement per quadrant) and at a radial position halfway between the center
of the target and the outer diameter using the previously-described ASTM measurement

technique.



| ess than 150 micronmeters. The powders were bl ended to achi eve honobgeneous
m xi ng, encapsul ated, evacuated, and hot-isostatic-pressed at between about
800 and abowskd4fl0OC at a pressure between about 5 and abgigrddsAsiss f or hol d
ti mes between about 1 to about 4 hours. After hot-isostatic-pressing, the
fully consolidated or fully dense materjjal was therno- nechanically
processed as described in U S. Patent No. 6,123,783, to Barthol oneusz, et

al. A cY qugtqforﬁl@h Wﬁ&aegﬁgg&ﬁ'ﬁgﬁtto?ﬁevfnggnt?ont hi ckness of 5 mm and a di aneter

of 180 S tnen - nmacn Tromttie tier mo- mechani cally processed pl ate.
[83] The. PTF of the target' S e red at four equally spaced | ocations
(one me@gir eﬁ%entmaﬁ’é' ac Sd?%\é\ﬁl‘),: (g)n‘%%%ﬁtﬁé fangft a‘l""%o@?t P&‘feﬁglaW%QmSef%él@n t he
center ofvifi®ntiatded e r \fli N j - i bed
ASTM meacty SeniGIE] udht cRRpAY CS! N aATEx Rortsls! hch IRy SHmeY Stk
measur e lebsetheil H 56f moometets. offae Ippwidersnwelret biegdsd. to BeHieviehhodgenealisiasxiag, t he

conventi onal Iu¥ %{)rmed tesr%ﬁg and the target manufactured by the process
accor di ngfregpsuiaied: exirdatedotndhol-1aesiaticressgd at betwaen abqus 800 apd abentd 4097t of
39% i ndi ' j

mat or | al PEag DaeR AnE3MAILAY Lf ol linkO bRREH BN [ IPARGH S Boue.

r easonabAftehhghisusthtitepresding) Tthe fithywewsolid@tsd wrefullyudénsedaiaenial rvedsetherthes m ng
the targets with the prqocess according to the invention still results _in
si gni fi caRehapicaliy prresepepps %é‘il’fb@ﬁlriﬁﬂég- Batento.o,1 33, 7 hcter Barthplemenszagti 3n.
Thi s exa . T [ hg: I RPJ.I to
& and Ny Eual Shaf TR ARLGE, iacky ot SRRERR RelREINIBTRARAS i,
el enent aaékineiflom the thenfit-nidchaticalheprosessanplaiened within a target forned
usi ng the ir ocess_accor di ng to.the invention. [85] In the. exanples

di scusseld3dbote Rlfe ofTthe dygetywpsgamamired eaf frur peuallyr gaeeedn derationse fone

scus: . . |
ot 1 - maghats e pe Efteint) A5 0P laPh Do RER AR R) s M Sl oL el

bet ween #mi thebundianmeraisiriie ptdvioushridretibeéd ASTY Mmeaturehenteghsifud)whidtz ed.
Therefore, although the absolute values of PTF for targets forned using the

convent i WARIeREGE fsthe meghqdyesed to measurg thedt B pigcany ertienallyfermedbiarash 03/ 104521
PCT/ USO3 1 r j il re
oI tar s EGPTE ARG B0 clmle6d 0 iofhed B dlde thioe] ARMAGRANE
hi gher vihleymscess attbrdihpaon thetigehtond are3I,usidnis%, epédtivaly. ailThe PTFowdludyf

conventi onal ., processi ng. . . .
39% indicates that ‘even conventionally formed Co-based soft-magnetic materials (not

containing-Fe or Ni as alloying additions) can exhibit reasonably high values of PTF.
However, as previously demonstrated, forming the targets with the process according to the
invention -still results in significantly enhanced PTF performance of the alloy under
consideration. This example further demonstrates that PTF enhancing techniques applied to
Co and Ni based materials are also effective in enhancing the PTF of the elemental Co and
Ni constituent phases contained within a target formed using the process according to the
invention.

[85] Inthe examples discussed above, the PTF test and geometries of the targets have been
maintained as consistently as possible because the absolute PTF value of soft-magnetic
materials can exhibit a dependency on the relative geometry between target and magnet and
the nominal strength of the magnet utilized. Therefore, although the absolute values of PTF

for targets formed using the conventional process and the process according to the invention



[86] As an exanple, two targets of N -19Fe were manufactured using identical
processes wth the first target being 6 mmthick with a 76 mm di aneter and
the second target also being 6 mmthick but with a 152 nun di aneter. For

bot h t ar &) 63/108524. 4 ki | ogauss nmagnet, possessing a 6.5 nprhysgHigizsr oss
section, was placed in contact wth the center of one face of each target.
An axial Hall probe was then placed at 2ehe center of the opposite face. The
PTF neasured values for the 76 nmand 152 nm di aneter targets were

respect 'c‘éﬁ W¥ry 200880601 6fhe TRod ﬁthiz%? tt<§ g#eaQﬁgP'TFt {ars &S ndalffacRird AL EES th(e76

mM with a smaller relative anount o magneti c target material- can
sat ur at exdodsys appoa@pgltedthmgmmou {avk dughep \yauluadsdof HTFntganertangeIts fefifed [uBizl | n

anot her he gb hb 152 mnt t he target was placed on an actual PVD
magnet r ¢f° r@‘&?ﬁ%h’é{ Wt OY Gmygptgrg! B‘g’lcﬁﬁﬂhg di stances of 10 and 15 nm the
maxi NUMRFF Ok art Eﬁrﬂﬂﬁoﬁéd‘ﬂrée@é?@f Ri- 198 wlpZmAth st Bt u hs\eﬁ? idERAsa gﬂgcé‘&esfso %

and 20% respectlvel y. Thus, “this test denonstrates npact of applied
magnet i ovith élledirstttalgngbmng)ﬁ mmehlnleW1tlﬁ'ﬂ17&Imrsdlﬁmetenagd1étel secorat ergehhlso bB@] The

resent Jnven n, can r ct ce oy| conventional, materi al
Iron=3t ?\Od0| oé‘%/f“ H: B r‘ﬁgn? g I d1d ‘?’fﬁ%lt?r npéh)éyl g a'i"qg:‘?ysofa I&u@%ﬂﬁﬁﬂﬁﬁlllﬁiﬁ%’fﬂ
equi pmenfos@léng A8, lﬁ%iﬂl 6392'61ﬁfnec1‘39§ se%ﬁ&?l Cﬁst @t gﬁ & Eorltdbt ARk ort?'lén Rert d¥€one

previ ous descrlptlons AunMer ous speci s are set such as
speci f i daceatfesachitargetst Anakial #knll prbbemmltlsen placedest sk certercof theiappositteface.o

provi de t h unders di .ng t he present .jnvention, Howeve

Shoul d e ?ﬁ‘é&@%ﬁ%@ Gijigs o ?éggﬂtanflM@mﬂlae&wraéraﬂsaefﬂec@apwwﬁlaut
resor ti ngof Qnd hSogerail StmsseﬁCde‘nacﬁﬁ{rms #ek of QfdeR- (Z)é gmﬂi faﬁfh b 51 ABC ffati

known processing struct'ures have not been destri etail, 1 n order not
t 0 unnecassat of goftaimagnntr.e taifget matesiehdani be\sentratediby pf @ppliad magnetie fdedptoayiyld

aspect of .the pr I nvention and but a few exarrpl es of its wversatility
are shoﬁplémnﬁégi ibed in the present disclosure. is to be understood

i Farpr it 15, 90 v, o e i, GO )
scope ofmagnetrommthbd&eAd:Mgﬁﬂb cathodz disesmsedlof heawd hS niif, theahadimubl BTFed | s:
LA ditlsula< ogpgc;s\llneg face gP {he ﬁ mm targ ggv%g irrfeaglilrgclf ;at %\@’%a%idrko%, respectively. Thus,
this test demonstrates the impact of applied magnetic field strength on the net PTF of soft-
magnetic materials.
[88] The present invention can be practiced by employing conventional materials,
methodology and equipment. Accordingly, the details of such materials, equipment and
methodology are not set forth herein in detail. In the previous descriptions, numerous
specific details are set forth, such as specific materials, structures, chemicals, processes, etc.,
in order to provide a thorough understanding of the present invention. However, it should be
recognized that the present invention can be practiced without resorting to the details
specifically set forth. In other instances, well known processing structures have not been
described in detail, in order not to unnecessarily obscure the present invention.
[89] Only an exemplary aspect of the present invention and but a few examples of its
versatility are shown and described in the present disclosure. It is to be understood that the
present invention is capable of use in various other combinations and environments and is

capable of changes or modifications within the scope of the inventive concept as expressed

herein.



the magnetic disk is fornmed by depositing material froma target onto a
substrate of the magnetic disk, the target includes a first nmaterial phase
having a first PTF and a second naterial phase having a second PTF, the
second PTF higher than the first PTF. 2. The disk drive according to claim
1, wherein the target has a chem stry differing fromchem stries of both
the first and second material phases. 23. The disk drive according to claim
1, wherein a chemstry of the target is that for a soft nagnetic nmaterial

4. The nethod. Qorging to claim1, wherein the target is formed by powder
met al | ur g,y__at 1s Claimed Is:

1. A disk drive, comprising:
a magnetic disk; wherein

the magnetic disk is formed by depositing material from a target onto a substrate
of the magnetic disk, the target includes a first material phase having a first PTF and a
second material phase having a second PTF, the second PTF higher than the first PTF.

2. The disk drive according to claim 1, wherein the target has a chemistry

differing from chemistries of both the first and second material phases.

3. The disk drive according to claim 1, wherein a chemistry of the target is

that for a soft magnetic material.

4. The method according to claim 1, wherein the target is formed by powder

metallurgy.



