WD 03/ 104521 PCT/ US03/ 15183 TARCGETS W TH HI GH PASS- THROUGH FLUX MAGNETI C
MATERI AL SPUTTERI NG METHOD OF MANUFACTURE AND HARD DI SK OBTAI NABLE THEREOF
Field of tNeOPHYWEML on [01] The invention rel ates general | yPEEUSHELS183

manuf acturing of magnetic disks for hard disk drives and, nore
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/wite/erase cycles. ThEHEREOK 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 aer odyieadiofalhd nvelegingned head to "fly" in very close proximty to nedia
surfaces of the disks to access different |ocations. [03] The HDD uses the

head on eggfy MefhAnselfRCR]kaQ %%é{aﬁ&%&ﬁ@m%ﬁﬁa&udﬁé%?%@g?ﬁtié Qadls fhURed dRRS
on the di sk.” The head has two basic” active conponents, and these conponents

are the wrives and,enemtspacifictlhe to eputtes dargots haTing anighe? & frerse o amanvésihuviag| y
be described as gn ,.el ectro-nmagnet that includes a coil wapped around a
pol e structg‘hfr’@.gn%kcdéF ctrical current is passed through the coil, the
current induces a magnetic field into the pole structure. The pole

structure E&Q%g o@-tlﬁqﬂv&ﬁ]@nﬁ physically presents itself to the nedia
sur(((_ace- of the disk. When the nagnetic field is induced into the pole
stfucture, UX, en ' i 0 I Q: ' held
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field causBm arfiechf eschambgiiendislobret  GaniiBgiRefiuetude RBinpsised of bevena dii ferent
surface called a transition. Through el aborate encodi ng schenes, the HDD
wi |1 "wri tlayersiaf mepagticeridnosniasicis materla caaied ae a8 Adrorigiessdiogiposijgpubsirate.

03/104521 -RET/ sk Irdd3 Iiay%r 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
acrodynamically 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
C ~ clectro-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
layers of 4eygsappgpetic and anti- ferromagnetic materials. .%T/hﬁ@&/l%%d .
sensor is positioned over a witten transition on the nedia, the sensor's
MR effect creates a change in resistance jproportional to the "sensed" field
strength of the transition on. the nedia surfaces. This change in resistance
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ext ensi veisya usaedetorretibigve (R tdeeider thaofnclided seveed i layandftfeadmegngpio nmdt mitief a
HDD. Magnetic material s exhibit a hysteri¢ behaviqgr, and the magneti za&li on
of a ferr STIGRAEOPLEC materialal AnBEdsae sSSPt B PoRiIed WG fppritted fﬁ*ﬁ%ﬁ@lﬁ jog the
field untj a j i i L {8V, the
magnet i za%dlegﬁd’ o] gﬁ%‘ﬁgpﬁal\ti%rl a C?\régér;rléﬁsﬁgsar?%lgg? %\%ﬁ%thg%n@ﬁ?@\gle?\&s&et hS%ﬁised
addi t i onakicidntieagthed thatragyificrecn fHeahetlia Aitfares. Fhiswhahgoim, rekiotansess eleatrically
decrease (n the applied field to %&does not reduce the erial

er t
magnet i zatl'RATY! 3% ¢Ata Pindatroughsishemie irodineaehemeals Fanyalesd Huo aatﬁermant
fieldt haéod]s Hafi'ehd tsB?tnmtaEﬁ&ﬁi‘é UerQls Ex%téﬂéﬂsh%g/ B & WfehicRflecture of both
Ferromagnetic materials can“thus be nade 1nto pernmanent magnets. Eor {hese
reasons, frediacnEdreat icompatetis af o HIDP. dagenicinaatetiaingxhibitm hydtdr sheviagend
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storage applications, |Iow and high values of pagnetic¢ coercivity are |
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several hun rsteds, ereas magnetic materi a ave values o
magnet i ¢ tovesrchan thy viabievedfentigevar ahghdimaisan dF¢reothenetic afiatéds santhuObe sdaeds .
(For exanple, soft magneti C maé]eri al s rr%y have a, coercivity rangi.n from
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2000- 100, : DOt of nmedia and head conponents are

manuf act u?@gsﬁglg%?pgﬁ?/%t?%%l?l'&i/g?g%ndeposi tion (PVD) or sputtering processes,
speci fi ca[06l nmEgmetagmetspnstesalsdepbsidesaribed aPiidghsticallpsofies hatd dlypieilysfars
thin fil mé'of material. onto girgiubs g)(rate. The substrate is.pl.aced in cl olse
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material jegociated 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 maguetic coercivity
C, are associated with éoft and hard magnetic materials. Soft magnetic materials tend to have
values of magnetic coercivity between several Oersteds to several hundred Oersteds, whereas
hard magnetic materials have values of magnetic coercivity between several thousand to tens
of thousand QOersteds. (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



WO 03/104521 PCT/US03/15183 3 source is biased with a negative voltage
(cathode) while the substrate is positively biased (anode). Predom nantly

neut r al (UW@’QQQ% Ar gas is introduced into the sputter Cpm‘?{)snﬂ d the
accel eration 01[ a few incidental charged Ar ions and el ectrons towards the

cathode and anode, respectively, results in collisions with the prevailing
Ar gas cloud resulting in an escalation (aval anching) of the Ar ionization

henonena. The.agccelerating Ar.ions, collid WL he rget. sur.f.ace ,wit
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traverse thRdepareISRINRaN rte@frgle@namﬁ@;b@ﬂ patie ianekdenasiot thekptifté@ chamber,
substrate. This process results in the atomby-atomcreation of thin filns
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t hrough the target, acts 1n conjunction with the prevailing electric field
to focus welhebe fasges sirface withisaficired enarae iq eipgfderesiusuntee atonay. sThegjgtted target

mor oves, EREORpATe i oPa bebieihdfiset Sud ShEER b Reeit n SRy Thie

to the rragfv@&s'scremts_uﬁ eheddtofiEgnafonCoreaticGess thinl Mk, onhBYEMSratd. here i s
considerable shunting of the applied nagnetic field in the bulk of the

target. THIY r & araggeitan spaierans, tabigets tip pradpiina medod crpleyed imdhofatehe
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shunt i ng an nupper on “oper abl'e ‘magnet’c Ta t he

r ec@ i r enepfagpéticsartdyi wohent theasgan eTief maggeietietd, fvtioh fnsoBOB! §uTBciend dredfthttoe
target to initiate the sputtering process. Both these effects are
exacer bat gansii fhgegh dbe targetpasls-iThsoniigrtiorvish teTReveilipamieetay ficldhéo foous
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sputtering phenomena can T és in T'ess than opti

t hi cknessiortttiba bfidatirohd dF ATAenRTindinpro R ghetépsitangele dftatkef aoed cato thee
ratio of transmtted nagnetic field to applied nagnetic field. A PTF val ue
of 100% i §:hsHa@iecat i ve of a non- magnetic material in which none of the

SRR oL T R T e e o
wi th the sRjmingtof the applied magnetic field in the bulk of the target. This results in reduced target
utiiization 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-
C Flux (PTF) capability. The presence of severe target erosion pi'oﬁles also promotes a point
source sputtering phenomena that can result in less than optimum 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%.



of commercially produced materials exhibiting values between 1 to 80% WO
03/ 104521 PCT/US03/ 15153 4 [12] There are several different techniques for

measur i ng W eshekPTF. One technique involves placing a 4.p¢1(tkedhsiés | ogauss
bar magnet in contact with one side of the target nmaterial and nonitoring

the transmtted field using an axial Hallg probe in contact with the other
side of the target material. The maxi mum val ue of the magnetic field

transmtt t t t Cyi ol j .
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is defined as the PTF. PTF can be expressed as either a fraction or a
percent . mAfssehepd mekierigs dhe srnsmitisd el upmE anrpxéal idell paibegnearontact asiholhe
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appl i cat i giough e balkdsitthé tegktdesdsd 1?; ilenpplied hEdREREMhENRIY absendeostié tiliget
itself can be found in ASTM Standard F 1761. [13] The PTF neasurenent
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duri ng magnethes Pechpidit dor AgasurMaIPTER igvolkedsalsirg a Ablscalist prEn®@addl 4 tindeenot
mutual |y exclusive. Rather, an inverse _correlation typically exists between
PTF and niRllmrabedhismchnigye.oimiprsptbenvdsenpipiedi hes beenvasadetn obtaiping theaPTF
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vi br ati ng- sanpl e-nmagne echni'ques i n accordance

St €ndard #chiifde 8811 £ fophd GNASTM Sanwdrd FgEmTRt ry and cal cul ation of the
appropri ate _denmagnetization factors for perneability determ nation are al so
wel | knowhl3ln the Bl megsurgment fashuiqnes amosanstractegder isatigfivatly sipproximaigethe C,
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har d- magneti c nmateri al s t}ﬁpi cally used in the data storage 1ndustry, there
i s a not ablagngls awteal £l end megneapility gire oy Howinelly exebsiyen gRatbeh g iverse or
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magnet r onVajpues t 6f nmagerisd pnag@dticopamieabilife qdAtle very precisely determined by using
vibrating-sample-magnetometer (VSM) techniques in accordance with ASTM Standard A
894-89. Descriptions 0f" 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.

C, [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.  Although 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.



storage and el ectronics industry can broadly be described as conprising
three alloy famlies: Co-based, N -based and Fe-based. WO 03/104521

PCT/ USO3/ 1wbhd/1048521[ 15] CoA - (Fe, Ta, Nb, Zr, B)B [16] Ni APCT/ﬁgt%ﬂsFﬁ’ Cu,
vV, &, M) B[17] FeA- (A, Si, Ta, B, C, Co, C, N, Ir, 18] For
each of these famlies, one or nore of alsl oyi ng addi ti ons (shown in

parent heses) can be added up to a total concentration not to exceed 60

atom ¢ %yiFhus, thecgubseeipl Np A-a8ges between O to 60 atomic % of one or
nor e of t[neﬁ]al | oyi ng ad?intl ons desrcrﬁed, and the subscript A constitutes

the remaiddér such NbAt- (BeaWd, GrdddCypid)@B a total of 100 atonmic % [19]
Thr ough t use of gopventi onal Vi echni.que fi-magnetic materials are
formed h \?J ng mcr g‘gtip(ir‘l‘é’ %n%a'n%’c&oé% i’@(ﬂgﬁjﬁ‘ﬁ’str es (or conpositions)
that are identical. VIMC processing involves the casting of material inside

a vacuum chanber. The starting materials, which are fornulated to achieve
desired a[lBiby Etbreﬁmcbtqf)thesarfmﬁl&ac%b drinoresofoalloyirtg gldsioonsolshawvn af pmﬁﬂlambr y

mat eri al . rt|n rials typica n tes ers
alloy ret ar‘?e 4 \/aanf‘ttagdgnﬁ?m# k @cgﬁiﬁb ?ltlorﬁm Jé*r Iahé F@uﬁ@&’%
cruci bl e, raﬁgéé &rﬂw@éﬁ @180 hitkhic 8% BEbA 6%0%&%9%11&;(19@%&1@{0% aeSchIBed %ﬂ'thé‘t a
controlled frequency to create a voltage otenti he materi al

cruci bl e aibecmpta% cmtmseatﬂ'tbsemmnéWMh tlathd dnsl Badd epto 2 totalas wﬂlmmc%atl ng
via curre t he rial 1s poured (cast) .nto tallic
or cer ani @b] f}ﬂfoﬁ%%lﬂ qsg%g&opxé IE‘SP%@}(’ N teghgIaug ISOﬁfH@é%egils'réatE’é%l? F‘g

I's refer rgditPmido@opld 8L madfdcof@Bhdgis@ib)( &Cécﬁﬁpc;sﬁlcfﬂéf tHi® are identical. VIM

t her no- mechani cal processes, if necessary, to achi eve nateri al

densi f | caprioogssing lsyrde the cmtmoﬁtmuemdnaﬁld@a upewm elsambfre rihe-staziih@miateadals,

processin pi c u vari nat i ons of, hot re I|n rm
rol |ing, \%’Fﬁﬁﬁe %ﬁélaﬁfﬁg’ %”r?é’ %y@eﬂﬂ%r &od ?/cegll ‘@LPS%‘@ V\g
with VI M greeasshnsathiapOfThe @ﬁﬁﬂﬁg nGtefBlsalbidhisy chstitad ﬂ@céée?awhﬁﬁ\faﬂa' Blloy
material is produced. The PTF values typically range from between 1%t o

10% PTF seanelesf tjxeem@ns corsitudvelsmentisotA scihiseveibids theerucileyend pataleinatisg
o LSSOEE kTR BRI R e BRI bl
sof t - mag rfitbxﬁw@' ey Sndtéydliif ahd Yrudle skd@nbidbuis B sYert] 8hid N sidhdcPYd Reistive
addi tions it is, however possible to achieve values of PTF

gating via current flow. Once liquid, the material is poured (cast) into a metallic or ceramic
méld 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 vartous 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 fange from between
1% to 10%. PTF values greater than 10% are not achievable for target materials with
thickness values between 3mm to 7mumn. This is f)articularly true for the Ni and Fe-based
soft-magnetic materials. For a select mumber 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.



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

sof t - magnewaommusni al and a nethod of manufacturing the sapgyu 03/ 104521
PCT/ US03/ 15183 6 Summary of the Invention [21] These and other needs are
met by the present invention, which in agcord with one aspect provides a
target for use in a deposition apparatus. The target includes a first

mat eri al ¢ RPYASS RV RYedidd 'St PTF and a second material phase having a

second PTF wfa‘%er than the first PTF. The second PTF is also higher than a

PTF of a ypterd,al hayi t he,same chem.str s. the target.. The chem, stry of
the tar gdeTh riers SRy oitinsrrs A me B i bl doerioh "hiFhu o e RN
phases, aggkct pRovedeer taiey forfusé Pa Hagd@ion dpphfaads, e tAresOiHc[URE AG rbCmaterial
material. The target is forned by powder netall urgy. [Zéigln certain

e

aspect s @hagenkaving @AirstdhlF ene atsgeqst mptgsiakbphase bkvivg & B ATt igherahamthea

di aneter gr r an b . d.a,.PTE of arget. j reater than 5% The
ore of 1 e AL RRoRd PEE i 88 Bt haf o2t o eHal Bndid Bierms Beme
target i ngkitafredt TheakmidRy of ¥l tefediffeRs ffm bherdRtHd OFHoliOthel fit6l didQsebsnd The
PTF of the target can be greater than 50% when the chem stry of the target

i ncl udes raateriad gwases) and dhe ebsraistryidhe tatgelsisribat fon@ safe nrgnghel nMterial] JBje | n
ot her as&grct s.S?f tetaeni nve tri oerélgq t he average grain-size of the target is
less t har &80 onsP DF T & e 200 microns. Also, the first and second

phases ag@z]el gHRRiain MPese DfAhe idlehyn, M IaFet Wist £LHIAkNCEE IgYeat@NBa® T MmAf a
first and second phases is an el enental ghase and another of the first and

second pleéareefes greaier fano30 prmsand TRAT ofr i§e tareetnis igasaterathgr #§p+ her B of thet han
onbodi mend B P el 2% Wil sl Bhsct GIRE - ER ot a B B0 e Bent

by bl endigiFeak Ni@asdotsotdhdlhés €61 Thy PEF offth £ beogiRhite thaalidY% when the
consolidating the powmders C wth a powder neta Iuray process to forma
8

billet. Them@Esystheimrssmadpdesaélep emickmobeo pyd Peessnciindugs Begndhlyi.or |

uni axi al Ssi.ng. -1 .n 0 fr he Qi ll .Th ar get
i ncl udes [gﬁfi ﬁétogln%}g&f%ﬁa&gﬁgé e‘ﬁeﬁ{é\‘@/‘?@né‘l‘ eai\gfq%gtgr %@ézgnoﬁ eéagré%tnla leﬁ%tt TR
phase havhidehng or $&€Msh BImldrgher Aldaathetfivet drdr eboddlfhasdd eresste@BttaPilasésonl so

hi gher than a PTF of a naterial having the sane chem stry as the target.
The cheniadlpy phasest haltemativelyi eng phther Brst and gpqond 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
C | 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 2
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



magnetic material. [25] In other aspects of the invention, the powders

consi st of elenental powders or alloy powlers. Alternatively one of the
powder s i swasabgsyent al powder and another of the WO 03/ 104p@/usos/15183

PCT/ US03/ 15183 7 powders is an all oy powder. The aggregate dianeter of each
of the powders is less than 500 mcrons Dr less than 200 mcrons. [26] In
still another enbodi nent of the invention, a nethod of formng a nmagnetic
disk is Ebﬁ&ér@@éjan sy pekaad THadd srclaRastt bﬁ&cﬁ%tf%é ﬁéwﬁér@"@ Rsd BA%00
onto a substrate of the magnetic disk. The target includes a first material
phase havﬂn@foasfJHGSthF!TﬁOamC@n&econd mat eri al phase having a second PTF

hi gher th S ch the t differs fr

chgm' stri @5] ?%01%11?]3 %LEE{?IF 1%8&? t@ %veﬁé?lbr% %Fﬁﬁﬁéﬁgg Had lpﬁ%neglﬁélﬁkslfry
of the tgaf@eded SThORcthed icisdktddpBatiE ngatéd] ¥ la tal® dib Iebybstafosimd by
povvder metal lurgy. [27] In yet another enbodi nent of the invention, a disk

drive is prra@wahdlsk THehediaeget drglydes 3 At @@pé@naé phagmnbkavisg @i et PEFnand @yecond

The v ar getheatel aille R §pb QR RleBaluBt 15K i) B1% | 1Y perel B el
nmaterial pitaserbavihetigrisesObsth ikt SMBiecbiBmatehial pidsss, abdhe JHteniStREoT Gkry

of the target differs fromchemstries of both the first and secon

mat eri al fﬂﬁg&te%thabﬁa atspé r@mﬁlg prajergfl. The targei rlag@ms@ by pawdepmetel eyt

magneti c s .formed tallu

Add 1 onab2 v i sRer Y o fryehficho n Wi PR e e TP cigs v
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embodiment of the present invention is shown and described, simply by way of illustration of

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

C 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;



[30] .Figure 1 is a flow chart of a process flowto forma high-PTF target in
accordance wth one aspect of the invention; [31] Figure 2a illustrates the
m crost ructwar /104528 conventional |y nmanufactured N FeNb al | pgrpé3/ 13343104521

1' CT/US03/ 15153 8 [32] Figure 2b illustrates the mcrostructure of a

hi gh- PTF Ni FeNb al |l oy manufactured in acgordance wth one aspect of the

i nvention; [33] Figure 3a illustrates the mcrostructure of a high-PTF
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materials are al so provided. Such sputtering targets can be used in PVD
manuf actur]j)étgﬂedjpggﬁgﬁ oPtheleBaIRlchs di sk. Furthernore, the sputtering
targets can also be used to forma Isk in a HDD. [36] A high-PTF materi al
accordi ng as of . t ' | on i S twwg, g fexent .
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aggregate conposition of the high- PTF material. The individual grains, .
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PTF char agh§ldssls' §i% mEpMAREGNP" ParthdMhofe! the PAMBGAE trsdtk CaRbisBle! R88E o form a
disk in a HDD.
[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-
C 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 folr 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



one of the material phases (or type of grains) can be higher than the
aggregate PTF characteristic of a conventionally-forned material for use in
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powder netallurgy. Powder netallurgy and powder netallurgy derivatives are
wel | knowdililevikg- art of nateri al processing, and the invention is not
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at condi tiofige high-PTF material is provided as described herein. For example, this structure can

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
C- 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 is 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



that pronpte densification of the resultant product. This process is
acconplished without conplete interdiffusion and reaction of the el enental
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| sostatic-Pressing (HHP). A HP unit is typically a cylindrical pressure

vessel | asapebeetnmgghdated virousiaxigher ispstaide pressing.aiAdthosgh Tlot linmited rin Wik nsanpér, t he
vessel ca e lined with resistange eati ng el enen d the pressure can
be cont ro'i%f’g?fn%egyatflﬁeé ‘ﬁaﬂtr?%%ﬁj%?lpc?ﬁlctﬁ?nt?%ﬁra 5%t°vﬁbPH% ﬁsoq% e container. The
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i sostatic pressing. Miulti st ?-f[ uni axi al /isoStatic pressing at different
t enper at ulses$ati¢-Reeissing AGLP). A HIP unit is typically a cylindrical pressure vessel large enough to
hoﬁse 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 specifics under consideration.
[44] Depending upon the complexity of the cycle, total hold times during 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
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[471 Some soft-magnetic materials are optimally manufactured using blended elementat

powders, while others use alloy powders. Although not limited in this manner, alloy
powders are typicélly 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
C stream of inert gas. The atomized material spheroidizes and rapidly coolé 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
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an assenbl enment ases ases, or sone
of target constitutes an assembly of elemental phases, an assembly of alloy phases, or some

combination 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 than 95% of theoretical.

[50] By increasing the PTF of the target, a less severe erosion profile can be provided

during spuitering of the target. lT his 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
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(one neasurenent per quadran osiIt way between the
center diameter of 180 mm was machined from the rolled plate

(53] The PTF of the conventionally formed target was measured at four equalily 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
technigue. 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
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during manufacturing to account for a reduced anount of material avail abl e

for sputt d. Tayg For pd by Process According to the Invention [56]
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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 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 (SEM) 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 muiti-
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
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N and FelhywheBriad sagnaticdiald Wil fiad mese gwglable Prghartldt hex patbntirongh the - Fe
.SOf t- 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-
m;agnetic 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
C value than a conventionally formed tar'gef having a single Ni-15.6Fe-3.2Nb soft-magnetic
phase.

Example 2
[61]1 For comparative purposes, targets using Fe-30.5Co-11B, Fe-9.7Al1-16.55i and Ni-

19Fe alloys (in atomic %) were manufactured using both conventional processing and

processing according to an aspect of the invention.
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[64] The PTF of the conventionélly formed target was measured at four equally spaced
locations (one measurement per quadrant) and at a radial position halfway between the center

f
~ of the target and the outer diameter using the previously-described ASTM measurement

technique.

Target Formed by Process According to the Invention

- [65] The manufactu_ring of the Fe-30.5Co-11B target with the process according to the
C 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 Ni and Fe powders, each having an average diameter less than 150



Target Forned by Process According to the Invention [65] The manufacturing
of the Fe-30.5Co0-11B target with the process according to the invention
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[69] Tablel below shows the significant increase in PTF from the conventlonally 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-0.7A1-16.5Si 4% ~49%

Ni-19Fe 1% 22%




targets to targets fornmed using the process according to the invention.
Table 1 Chem stry (atomc % PTF (Conventional) PTF (New) Fe-30.5C0-11B 2%
20% Fe-9. WO o483 4% 49% Ni - 19Fe 1% 22% WO 03/ 104521 PCTrUsaRbi/bsies 18
[70] As previously stated in Exanple 1, a target formed fromthe process
according to the invention and having aiRi gher PTF value will reduce
thin-filmmnufacturing costs by maxim zing material utilization of the

target. Theyle i if@ﬂﬁéﬁ ] ' 5 :
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manuf act ured usi ng el enental powder phases. However, these targets can

16.551 soft-magnetic compound phase.
[72] The same rationale applies to the other two alloys found in Table 1. With Ni-19Fe,

both Ni and Fe are soft-maguetic elemental phases; however, the individual values of PTF
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 térgets.

Example 3

C. [73] The targets formed discussed in previous examples using the process according to the
invention were all manufactured ﬁsing elemental powder phases. However, these targets can
also be formed with a blend of elemental/alloy or alloy/alloy phases. For example, the Fe-
30.5Co0-11B 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 St elemental phases or a

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



al so be formed with a blend of elenental/alloy or alloy/alloy phases. For
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film devices. However, alloying of the insulating phases can mitigate the phenomenon of
spitting during PVD processing.
[771 For example, the formation of a Fe-9.7A1-16.5Si target using the process according to
the invention can use an elemental Al phase in combination with a Fe-Si phase. This
combination can resuit in thin-film yield improvement during the PVD fabrication process.
C For this particular chemistry, the Si is distributed in a Fe matrix in a much more refined
format (substitutionally, interstitially or precipitately) and is, therefore, less likely to exhibit
rriicro—a:rching and spitting characteristics during a magnetron PVD process.
[781 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-0.7A1-16.551 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



For this particular chemstry, the Si is distributed in a Fe matrix in a
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bet ween about 4 to about 8 hours. After hot-isostatic-pressing, the fu
consol i dageirant) tud lay adradisé positioni kel fiwagsheteedn thedcdanter ¢f gledtaaget and the outer
cylindrically:shaped,tar get ving.a .thi ess of 5 nd a dia r.of 180
O it R P e AN 53 i Tl LA PR
(one measyeRRRAlNGS blefd 3618 89 ndal GlightlAIoRd kil BeSbE RPTRLEYeY, RetNesRet he
center of the target and the outer i ameter using the previously-described
ASTM neaséicewetal bleedhni que. The PTF of the elenental/alloy blend is 35% and
is slightly lower than that of the PTF of 49% for the pure elenental blend.
Exanpl e 4§L79!1 Iior conparati ve purposes, targets using a Co-4Nb-5Zr all oy
(in atom e manufactured using both conventional processing and

processing according to an aspect of the invention. It _is known that
Co{based Bt - halARNPRralVe Gpaposeh.t lrgels Fengre Ne-BYt-64r miloyadaiatemsivs 7o) eXerebi t
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[ 80] The genwesitionnaltliy knowiethat Godebal ver-tabnstice allonss, ety a6 WyTol N Wwiibiee
melting of _an ingot .of the specified alloy chem stry. The jngot was then

rol | - pr ocaddienss Fxhiftiin the phighest R TF tcapplilit wsiag Biéb%%éﬁn*gﬂmioa PIORGERDE Tie
rollin .ensure a fine dynamcally recrystallized
o BRERSR SRR et e e e

grai n nor rial ‘densification. The net

Target 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
C reduction ratio exceeded 60% where the reductioﬁ ration = ((ingot thickness - plate
thickness)/ingot thickness). In a subsequent step, the hot-rolled plate was thermo-
mechanically processed as described in U.S. Patent No. 6,123,783, to Bartholomeusz, et al.,
incorporated herein by reference. A cylindrically-shaped target having a thickness of 5 mm
and a diameter of 180 mn 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.



C reduction rati o exceeded 60% where the reduction ration = ((ingot

t hi ckness - plate thickness)/ingot thickness). In a subsequent step, the
hot -rol | edwb as/eqssxs t herno- nmechanically processed as descrddyggsosisiss S.
Patent No. 6,123,783, to Barthol oneusz, et al., incorporated herein by
reference. A cylindrically-shaped target fyaving a thickness of 5 mm and a
di aneter of 180 mm was then machi ned fromthe therno-nechanically processed

pl at e. [SLELJII ygélsigg)ggégbgfprg,&gs ﬁ&%’rﬁﬁl .tBQl?éllrMeﬁt?or med target was measured at.

four equa 10cat1 ons (O per quadrant) and at a
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I nvention [82] The manufacture of the Co-4Nb-5Zr target wt e process
accor di ng legs thae 150nwisnemoters. nToe \pewdess wereeblendadt t adigvd\bomngeoup ovidiegs,

h havi dj | ess. th 50, mi T
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bet ween about 5 and about 15 ksi for hold times between about 1 to about
hours. AfAfer hotrispstatsr-pressingr desfilly, cotselifiated yorc fillyo enkst suiterial fwas thedeose

i al her jo- hani cal | : d as. d ] in US. P .
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t her no- mechani cal | y” processed plate. [83] The PTF of the target' was
measur ed anadhined feepuahe thepparerathhwically posessahplateneasur enent per quadr ant)

d( at i al it | f bet th t f the t t .and th
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formed target. [84] Thé PTF values of the conventionally formed target an
t he t ar getandetheibaler dagbtdnyusingibe prodesty-descobetl AGTM mdasuremeahtechmiqes, evidgo

d 56% t.l The, PTE I f .39%.i i cat t hat
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the process according to the invention are 39% and 56%, respectively. The PTF value of

'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 thé 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

C 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 sofi-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



However, .as previously denonstrated, formng the targets with the process
according to the invention still results in significantly enhanced PTF

per f or mancgo@b/1hdey al | oy under c consideration. This exanpl gefpgshgiss
denonstrates that PTF enhancing techniques applied to Co and NI based

materials are also effective in enhancinggthe PTF of the elenental Co and
Ni constituent phases contained wthin a target forned using the process
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test and geonetries of the targets have been naintaine S consistently as
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exhi bit a. dependenc the relatjve geonetry between target and nagnet and
t he nom n%ﬂgng‘?a}ﬁ]@ﬁa#@%ﬁcﬁ@vﬂﬁﬁ%{prﬂ?%fs]inﬁed. Therefore, although the
absol ute pgdjueasah &hfpié Awoltaig8lsy Npr%a@lrﬂﬂldfs@u&a%gg deRE¢al PERGERS

and the process according to the invention WO 03/104521 PCI/US03/15183 22
can vary withahg {irst target hsing hamthtidlowithei76imadlizoetepaslihe sBRmd tugehdssbeing
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manuf actured using identical processes with'the first target being 6 inn
t hi ck wi t fiice of Gachriaggeimeie axiahtall peoteevanthen plaged ah fheocdpéérf the oppesitei fade. but

ith a 15 ' t E th t t 4 Ki.l t, .
bossessi noa arshts xifes Rtole BLER B ool LrBBRY TEadRiEr wanertvale
center of 30nend 9%, Ofmeaehs et deondrhtéXinat a gkt PTORMMRSht N eaéractivat
the.center of the opposite face. The PTF neasured values for the 76 mm and

15( nm di amewmrofisafiguagneiie targetenptenalicar by sataoteddrtian gyplicthuagnetip fited togield
dermnstratﬁs thatt 1starget (76 M) with a smaller relative anount of
soft-magn% 1@‘3{1&? ‘material can be saturated by an applied magnetic filed

to yield Eﬁ] hi ghehothet td3f ising&ié 150 @ROCHLGN, 1R@Sthrges il flBCdlSy aiMachal J8ID

the target was placed on an actual PVD nagnetron cathode. At
t ar get - t omegndivecaiherdeandilorgst-ta-oathede distanens afid anslxi vowm, e noximimeP TF on
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field strengtdt eenbhtrabatth€Tinpadt oFebbhiedRABAdticClidNatsgeh@hSon 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.



[ 88] The present invention can be practiced by enpl oyi ng conventi o_ha’l
mat eri als, nethodol ogy and equi pnent. Accordingly, the details of such

mat eri al s, equi pment and nethodol ogy are not set forth herein in detail. In
t he previous descriptions, numerous specific details are set forth, such as
specific materials, structures, chemcals, processes, etc., 1in order to

provi de a thorough understanding of thé3present invention. However, it
shoul d be recognized that the present invention can be practiced w thout .

resorting WﬂattipEIa éd’ﬁisl s specifically set forth. In other instances, well
known pr oces-srng—g-ﬁmtt' ures have not been described in detail, in order not
to unnecessarily obscure th resent_invention. [[89] Only an exenplary
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are shown ggpdogescribed in the present disclosure. It is to be understood
that the present invention is capable of use in various other conbinations

and environnents and i's capable of changes or nodifications within the
scope of the i ileadingwélegsitve differentdynss of sletenthkoersillny pa@dery\begethes adirsti ned | s:
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powder s t agétahfirst cherhicilséommniioaf atsbeondtorleedtSthe tandeadi T defifdredtypps 6ff
elenental or allo owder aving a fir PTF and fi.rst chem, cal
o oot et

conposi ti GiEmental @ HE L1ecP F 3 3peprdshsiical gpmpossion, eerent al

or alloy pewiaTaFRM Mgk itadndaiTPTand a second chem cal conposition, the
second PTF being higher than the first PTF, consolidating the powders with a

powder netallurgy process to forma billet, the billet including first
mat eri al gr ai nsowdolitlitngfthe powdsre wath a prevdet nleedlatgyt wocads td forerd billytpés of

The at 1 edate: gt L Fiafer A oS G kSl & 08 IR P iR SR or m ng

t he tar geteldnicpal oh@lldy pdwders bl sdoahd elaterial bidfhis g tide fdcbiid ofi@beiheak lqakase of
the first one of the at |least two different types of elenental or alloy

powder s arifyo&iffaens fpes phelementpl ¢idler pevdesiandecond one of the at |east two
different types of elenental or alloy powlers, the second material phase

being distrib Utf&%ihé'thte qgrg&taﬁ(gﬁ‘ ttheslﬁllé’t,sth% Qargétif’i‘cql!)d.iﬁg a $irst material phase of the

- first one of the at least two different types of elemental or alloy powders and a second
material phase of the second one of the at least two different types of elemental or alloy
powders, the second material phase being distributed in the target so as to establish a

plurality of uninterrupted high PTF pathways through the target

wherein the first material phase and the second material phase are combined in
the target so that an amount of an alloy formed between the first material grains and the

second material grains is limited to a maximum of ten percent of the target, and

wherein the target has a nominal target chemical composition of a soft magnetic
material, the target chemical composition being different than the first chemical
composition and the second chemical composition, and the target chemical composition

having a target PTF that is less than the second PTF.

2. The method according to claim 1, wherein the at least two powders consist

essentially of elemental powders.



plurality of uninterrupted high PTF pathways through the target wherein the
first material phase and the second material phase are conbined in the
target so that an anount of an alloy fornmed between the first materi al
grains and the second material grains is limted to a maxi mum of ten
percent of the target, and wherein the target has a nom nal target chem cal
conposition of a soft nmagnetic materi &t, the target chem cal conposition
being different than the first chem cal conposition and the second chem cal
conposi tion, and th t, ch o] a targe PTFthat
is less than t% se?cl)lﬁgﬁ%%g a grml”%% C%?Iﬂgd‘ﬂé%‘glgﬁ eQ@] SPQN?%OW&% é()\/\,fiull@r ein the
at | east taseenfiaNwefdlog@osiseis. essentially of el errent al powders. 24 3. The
met hod according to claim1, wherein the at |east two powders consi st
essentially of alloy powders. 4. The pethod accordi to claiml, wher ein
one of the at I‘deasty‘i %rdlqgstoé}?l@lleﬁ‘éﬁleﬁ’io%d%ﬁg@at deast BroRaYElerof t he
at | east t; to claim1,
her e LS e D et g R T 3P " 6. e
met hod according to claiml, wherel n the consolidation of the powders is by
uni axi al pr essiSng WheTmethnéthrdhtgcw adlang t.owbb@mirmtie codeelidationt be tlggr egat e
di anet er of the powders is less than 500 mcrons. 8. The nethod
accor di ng ROBV‘%S&F ’fOS%%Ergf’SH’gt he aggregate diameter of each of the powders
is less than 200 microns. 9. The nmethod according to claim 1, wherein the
target has a thj ckng$g m@heat KcoldidnNtod i & AhaRBl e bRdligkidnhan g0 MM
and a PTF of the target is greater than 5% 10. The nethod according to
claim9, viweydersis By priexigfpresséng arget is greater than 20% 11. The nethod
according to claim 10, wherein the chem stry of the target includes at
least 40 atom C7% of ’Ilile methol\cll according to claim 1, wherein the aggregate diameter of each

of the powders is less than 500 microns.

8. The method according to claim 7, wherein the aggregate diameter of each

of the powders is less than 200 microns.

0. The method according to claim 1, wherein the target has a thickness
greater than 3 mm, a diameter greater than 50 mm, and a PTF of the target is greater than
5%.

10.  The method according to claim 9, wherein a PTF of the target is greater
than 20%.

11. The method according to claim 10, wherein the chemistry of the target

includes at least 40 atomic% of Fe or Ni.

12.  The method according to claim 11, wherein the chemistry of the target

does not include Co.

13.  The method according to claim 9, wherein a PTF of the target is greater
than 50%.



12. The method according to claim11l, wherein the chem stry of the target
does not include Co. 13. The nethod according to claim9, wherein a PTF of
the target is greater than 50% 25 14. The method according to claim 13,
wherein the chem stry of the target includes at |east 40 atom c% of Co and
does not include Fe and Ni. 15. The nethod according to claim11, wherein the
target has a density greater than 809%df theoretical. 16. The method
according to claim 15, wherein the target has a density greater than 95% of

theoretical. 14.  The method according to claim 13, wherein the chemistry of the target

includes at least 40 atomic% of Co and does not include Fe and Ni.

15.  The method according to claim 1, wherein the target has a density greater

than 80% of theoretical.

16.  The method according to claim 15, wherein the target has a density greater

than 95% of theoretical.



