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MATERI AL SPUTTERI NG METHOD OF MANUFACTURE AND HARD DI SK OBTAI NABLE THEREOF
Field of tweosnwseti on [01] The invention rel ates general | pCrasniiesis3

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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current induces a magnetic field into the pole structure. The pole
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T% resultant media layer provides the magnetic medium for read/write/erase cycles. The

disk or disks are fixed to 2 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 s a magneto-resistive (MR) device that includes several
| ayers of wigéy@agnetic and anti- ferromagnetic materials ééﬁU%
sensor is positioned over a witten transition on the dP e sensor S
MR effect creates a change in resistance proportional to the "sensed" field
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[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 Oersteds 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) Ax gas is

i ntroduced into the sputter chanber, and the acceleration of a few

i nci dent aVE44¥4 Ar i ons and el ectrons towards the cat ho¥fel/UsRHSHIode,
respectively, results in collisions with the prevailing Ar gas cloud
resulting in an escal ation (aval anchi ng”) of the Ar ionization phenonena.
The accelerating Ar ions collide wth the target surface with sufficient
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uti.lization 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 optimum deposited film thickness
uniformity.

[11] The PTF of a magnetic target is defined as the ratio of transmi'tted 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 matenals 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 side ﬁfgqgn&stzﬁrget material and nmonitoring the transgdteshsfis@bd using

an axi al | 1" probe in contact with the other side of the target naterial.

The maxi num val ue of the magnetic field jransmtted through the bulk of the
target divided by the applied field strength in the absence of the target
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the appr offtwestdesdibed dn dhe prssenb Applicatienr & mefe rbplad deserintiondiths measre@ptar e
al so wel | | I cgeﬁﬁr' zarth, Ferromagnetism p.
846. [14]te@g§%\ﬁt}rﬁk8|@lnf{ Eﬁtb?cfé\unr?gﬁﬁ ng (S‘\t/%]1 r&;ﬁr{ézggses have been used in the

prior art[18p fTDherPTPombasupemeratecimidues fage consgieedd o palisticAlysagppoxintee the
targets. Although the prior art, describes techniques for raising PTF in
har d- nagni@plied megasticaflex pocyang injan actenl magnpiortspuitesing ragding. nHegefore, PlFer e
IS a not ' h ri 1NJ, Q3= r S| hpi for
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magnetron sputtering applications in the data storage and electronics

i ndust ry ecfelasionaupigalie exisls etweea BEF eethpraximwg pemmeebility of mpgpstici rmaterials.

Co- based: yMyeb 4ot Fisdie8e herdBty 4% 053 YRReh> Wamminea 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. 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.



5[15] CoA - (Fe, Ta, Nb, Zr, B)B[16] NA - (Fe, Nb, Cu, V, C, M) B [17]
FeA - (A, Si, Ta, B, C, Co, C, N, Ir, Rh, V) B[18] For each of these
fam |ies, wonR,0fs2por € of alloying additions (shown in parw can be
added up to a total concentration not to exceed 60 atom c uégls%
subscript B ranges between O to 60 atogic % of one or nore of the al I oyi ng
addi tions described, and the subscript A constitutes the remai nder such

that A a B add u o] t.ot f 1 D atomc % [19] Through the use of
convent i Q%A VI M t§8hﬁi(§ﬁ’e’g %b’o 2! gnetic materials are formed having
m'croscoplsq and mMaRiRSqPR) Gbaheny i My B or conpositions) that are

i dentica VIM processing i nvol ves thé casti ng of material inside a vacuum

chanber . [fle st art Fedy —rfdtleFii 3,58, C.viba, €h, Mi,dr,Rdx M)Bat ed to achi eve desired
all oy chem stry, are placed into a cruci ble conposed of refractory
material. The starting materials typically constitutes flakes, powders and
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is referred to as an ingot, and can be subjected to further
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VI M processi ng of soft-magnetic materials 1is that a very | ow PTF materi al
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| t t han,k 10% t bl f t t
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mold 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 soft-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 ﬁmicularly 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.



6 Summary of the Invention PCT/US03115183 [21] These and ot her needs are net
by the present invention, which in accord with one aspect provides a target
for use in a deposition apparatus. The target includes a first nmaterial
phase havwwmozoisyist PTF and a second nmaterial phase havi ngﬂﬁUg@ﬁgi% PTF
hi gher than the first PTF. The second PTF is also higher than a PTF of a
material having the sane chem stry as ghe target. The chem stry of the
target differs fromchem stries of both the first and second nmateri al

phases, 5 &% ] tli of the target is that for a soft magnetic

mat eri al . ar ge or med by povvder rret allurgy. [22] In certain
aspects nve t|on e tar i.ckness ter
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i ncludes at least 40 atomc% of Fe or and does not include Co. The PTF
of the tphagehavng alfusigPEhned atshmdaoatﬁm@hasmhavmgemesomq/PEF Higleer ttharg e
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phases are el errent al phases or oy phases. Alternatively, one of

first anmiasaabpiwsmaadsthe shamsmyleahe adrgethizsthatafod a sofoniegnetod ntaberial.i r"E-he and
second phases tj allo S The target can have a density greater than
80% of t WERSF BPHY P‘g‘?’ée&tr’é?taﬁ{&)’r 95% of theoretlcal [24] In anot her
enbodi ne of 1t : I t ' or,med
by bl endrgh an f*ﬂé‘{"xﬁ%ﬂﬁﬁr‘%‘%&ﬂ?f;péﬁ e R e Mt BRAIE i Bmi
consol i ddiamntg;r gheatqrdimte 6@ mmj ard a PAdwicthe tagetl is \greptempthan 884 fl“(hefRTEmﬁthe

billet. The consol i dati.on t he ers can. pe by.i tatic ssi ng or
uni axi al {FEEY nﬁ@greﬁ?éthaﬁrzgfe/f wihen ﬁ}?\é\fﬁ‘ F’Eﬁt%‘gf tg? Eﬂ‘?g%ﬂ’éaﬁa‘?sl 3ileas atograg"é
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phase having a second PTF higher ‘than the first The second PTF |s al so
hi gher td:iw:mstr;Pd’ﬂ:thetarget moeluéasmlleam aigmidde ofGoend ﬂeen itripclade Fehxmd]’a{r get.
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anot her o
alloy phases. A]tematlvely, 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



7 powders is an alloy powder. The aggregate di aneter of each of the powders
Is less than 500 mcrons or less than 200 mcrons. [26] In still another
enbodi menygf3/1bd¥ey i nvention, a nmethod of formng a nmagnetige@i§ds/ ks

provi ded. The nethod i ncl udes depositing material froma target onto a
substrate of the magnetic disk. The target includes a first material phase
having a first PTF and a second naterial phase having a second PTF higher

bot n ¢ no PPYHEE ISR B b s ienl Wb ALY o M Sord TR B pOFE 11
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si nply by2%ay IBfye anotlgrembodiment of thesinyention, diskdsivedmpraides. f bhe digk ﬁlwﬁg
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process flow to forma hi TF target in accordance wth one aspect of the
i nvent i orl28} 314dditienal @dyantages @f thepresent wentien will beromp readily appasertdathesaal | y

manuf act y kﬁfiedNI F?ﬂ\lg) ar@lﬁlo%}/ ’thé/\?ol(l)é%l%g‘lg’&%ledcgésgsgéénlﬁ\jvﬁgrem only an exemplary

embodiment of the present invention is shown and described, simply by way of illustration of

the 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.
cripti Drawi

[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;



8 [32] Figure 2b illustrates the mcrostructure of a high-PTF N FeNb al | oy
manuf actured in accordance with one aspect of the invention; [33] Figure 3a
i1 lustrat } crostructure of a high-PTF FeAl Si aIonl;Haf}?]g ed in
accor dancgﬁv(\nfs{lﬁﬁglne aspect of the invention using elenmental p ao?ei?;%and [ 34]
Figure 3b illustrates the mcrostructuregof a high-PTF FeAl' Si all oy
manuf actured in accordance with one aspect of the invention using alloy
phases. i 1.ed cription. of the Enbodirent . ording to . the .
P onti ortd2 e Al eY e TR e Rt eyt Naks e oy e inftifed g
provi ded. acé@ahdeeith bR adpecttd fiRe ARBAtion@bl e to the manufacture of high-PTF
hard magnetic materials. The invention is especially applicable to the
manuf act UB8é] of Figetey3arlustrates theamitrontiyotwte of ahughrPEF & dlayTRanufhctnredrimnt
by use of_standard. wought processi is. difficult or inpossible. In
addi ti on,acﬁ%@ Cegith PRE ?‘ﬁ’ Cf%ﬁﬁ%wef%ww%e@ﬂ&a#ﬁ‘&ﬁ%? materials are
al so pr ovnzdfd- Fig@ B Niistrites B MRTSRRSneaBf B RigSPUF IFeARYDaly HhhAtthétatdddn
processes of a magnetic disk. Furthernore, the sputtering targets can al so
be used tascémlangeawitlypak aspecteofHiDINVERBIN uairy ajloyPhasasat eri al according to
aspects of the invention includes at least two different material phases
(or types~Of..qf ALNS. .At agt ope of the material phases has a first PTF

e e Pt P PSR he ot her nateri al phases has a PTF
characteristic lower than the first PTF characteristic. ' The high-PTF

material Bl aAprordingutoathe; yentign, ;3 mesthod; g raamudaqiuaming digh-BEF gfi-magnetis

bei ng macr.o- . L CL Q- . O ri i ) - I As
dot i ned.  ARaLBAFEVENE, ThETHR OuRS apyiicaleh: B inlhEhi o Ml BMEfA 5
mat eri al magneticmhgterigsb Tha iiventiby isf dsFéeiatlt}eapphieﬁﬁls té Yheohatufectagos Brittle
conposition of the high- PTF material. The individual grains, besides having
di f f er ent hard apagsetic mpteriads, whersP i gehansement Dyt ysg 9fystagidprd peprghpprocessing is
char act er .54 i F r . PTE cha I stic.O | eas, t he
mat eri al %‘ﬁ%ds“g‘i D{ d}r{{p:o%gﬁelggf ?%ratg?ﬁls ’ ggﬁgbgé)%rﬁt%gﬁ%rt%g%ésnff?%}eedag rtselﬁa}ﬁgﬁ ﬁ%

char act erinaferialsOdre aale0 prosidedon8hdly spudteARg tambRrdanl bd abed it PVD mhmubetiingf a
sputtering target., [37]. By providing at |east tw material phases with at

| east onePropessefe@icd magngicadisls Rurthangore, the spaiterineriargsia cat else Bst‘lﬁ‘zd, to fleEm a

hi gh- PTF g Eﬁ{% hase provides higher PTF flux paths for magnetic fields
to pass throug € body of the target. This effect is increased as the WD
03/104521[38FT/ WSRighIBB Inaterial 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



9 percentage of higher PTF phase(s) within the body increases. The effect is
al so increased when the distribution of higher PTF phase or phases within

t he body igg’.ogiilﬁlegzﬁhat an uninterrupted high PTF flux pat f}%@g&gﬁg{?{.’he body

Is provid i gh PTF characteristics of the material be
expl ai ned by the reduction or elimnatign of |ow PTF conpound or solid
sol ution phases in the mcrostructure of the body. [38] The high-PTF
material, therefore, macroscopically possesses the desired soft- magnetic
phase ch@sicgntage ophighai Bﬂ“Bsxd@m(e)antgmi the bodpnnereapesf Thecefifdst imelso inag¢ased

di sti .al.. an | hat d : he,l
char act e 1HER; e iRipRh 3 REndY RPERES bf pe R BAIE IR R m B dhilem o,
nagnet r oMnfitdrhipedd Kigh PTFMw btk tHrb@zh the 86d Y Eprovided.! The Gigh PEF bisesbteristican

at om by- at om depositi on process, the thin-filmphase bein dggosi ted

regai ns tohéheamateripbean alsosbg explaigad by sheteduetionhemglningtion of F cemppund

r epr esent b e taraget. terial. Thergfore, the high-PTF naterial allows
for opti r%?g%&c?'sgalﬂlo&pi}a @ ! %ﬁ?%m\g%‘? 9@:11311?'8%f acturing process via target
PTF maxi m3gjat ithe, hithiPEF BaREST, Vihefdrse makerebpiemiPf pdshesséLane Sdeked soft-

sof t -magneti c phase chenmistry on the resultant thin- filmdevice. [39] The

i nvent i ormagaetiephasengheatstas hu mistospepieatly isncompridedt ¢fea sombinationtafodisficer i al

phases aqf the.high-PTE material, is,provided as, described . herein. For
bxanp e, emeital fflor, Alod Jkds? nt Yo BB oS e HRBFER CHATCGNR, OB he
di ff er entagpleaseToniposifion. BeécBudcNBe FVIProcels Ritema@iEdds, spRRerinBC iawhichl thy
enbed chi pg)gﬂgf tﬁg{pg'?lhglr] phasltla inet he %a?risxga.} A?]Ot her Sr?gt hof(lpfor

provi di ndigh-REF majeriaboan et used ais ansatemepratam depasidionmroedsk.uthg yhinFfdwophase

tall . tall . derivati 1, k inth f
ot or a1 D deRHET Sheris e ShABRERORCH-maBe PhiSee aheBRHY BAchRePEANSr
vari at i ofeprbéntddthyt t:li@ tﬁgwmlgateﬁst. ai"ﬂéé'éf%é, HOGER-PTF mARriaP fliows for QptiRzatish N9

el emental and/or alloy powders, which are processed at conditions that
pronot e déntief megnétem sputtéremapufactusing prooekscvia Trget FYIdC amaximizationowpile shed

i t hout l.ete interdiffusi nd tion th A t al / |1
pouder s JeRriRmmedoTatam o 5 FwRER spfEagmate Brase SPatitiEton s e inth: 5
| ow PTF mlas@sides reduced. [40] One exenplary nmethod of using powder

metal lurgy is illustrated in Fig.. 1. In step 10, the powder paraneters of
t he raw r@®kr iHlesnwnsionas nettluitedasto dinpmanties i ydiehothe ableasidimagnateral phases

e, crental Rkl B S BIETRoRAch L2aBEhEl Al P BeSHEL B ABRAIE S

purity. Aliddwuigldvitel by mkétadlical 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 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



WO 03/ 104521 PCT/ US03/ 15183 10 in this manner, in certain aspects of the
I nvention, the aggregate dianeters of the powders are |ess than 200

M cronet ey o3ABskai N Ot her aspects, the aggregate di anet er sp@fyéd3fsfpgwder s
are less than 500 mcroneters. [41] After the powders are received in step

20, the powders are bl ended together in;step 30. Nunerous techniques exi st
that can be used to efficiently bl end and honobgeni ze el enent al pomders I n
sonme cases, . mechani.cal can.al so be used.

C ot o RS R SRR GOt B I et Sl Shar it HamSEaTy Of e PPHgers are
v- bl endi ngs tHadP00ahicrdth&edl REd 1@8@e@£§p@ét§%e?‘§%ﬂe§% -didrftéibrs! 8 thE §Bwibks are

follow ng the bl endi ng process, the povvders e canned in preparation
for consddss timmﬁﬁmmm@wanpl e, acontainer is filled wi t h t he powder,
evacuat e

n a ensure th eV, of an rmls or t e
gasses pf‘gge ﬂeé P%"éﬁi.e%é‘é“-} Ee&ewﬁ‘i?t“hégoﬁ%t fhe Py dnt!?g ‘E}ﬁ‘{){i‘l & is
not |im tgd Nﬂn@fﬁﬁsnﬁf}l&ﬁﬁuest BistC ek @af e w8 P@%?ﬁﬁént‘?y 'E?é%fd‘ B hoffogefize
geonetry with respect to the final material configuration. The encapsul ated

mat eri al eleggntabpowdersollh samedtasssamenhani¢adiproalloyins tat also peased.nGxamplesofigh

not |im int t he. t eratures can fr | ent

Fenper at S 3Rl 88 dorpagdfice {HE PR U8s el bRl TadiPS JRREREnEatioYer
subj ect bRpaRERSHld gg{tbpﬁmhﬁgr exanple, via Hot- Isostatic-Pressing (HP). A
HIP unit 1s typically a cyltndrical pressure vessel |arge enough to house

one or m#H cdmstap 46y followheg therdendiag pmoceds, thegporatesetancecdnmed impxtpaviation
resi st ance '

hetln el.enents, and the pr re can be controll
i nt roducg‘?rcﬁ‘? -angg i‘afa?amp?%aﬁonfaﬁ&ré%ﬁﬁﬁwgh thel?@”%n%véf:?a&%ff\‘“ﬁﬁ}/e?attt%e _
bl ended RAWFEHR reABvall oTny$Roitld 8\6&%8' e@preént, &ﬁ?&%ﬁ%éﬁe@rﬁﬁﬁ&%ﬂ th/ll T

step uniaxial/i1sostatic pre55| ng at rent tenperatures (Includi room
and at digedreetenof theewataing i§ wot limitadie am)t maoner} thel cohtaindraiah possepea aea.rmct and
pressure) be utilized di n on th S m and wder .

ot 11 o SRR oYt P TD Do TErEBIsHa PG i B Bretarinl
cycl e, ! Qbibelashdbiihi@a il iniatfl Bplauaal blsifb A fouh 538 liftoll R AR nlanial v
fromabout 1 to about 12 hours. For data storage so t magnetic materi als,
pressuresha)tienmbmmre&aruaag@frbnmﬁasmt téqnperhmratd abol101 2MD°Ksi ) at terrperatures

bet 500 500 600- t |
erGrp\IAﬁsgd ?ﬁouﬁgaﬁe@ d@ﬁgﬁ ¢nded Py é@n ﬁa 69.90@5@836%0%?&%*@%% C?"aaﬁf?tnough
in other Ié’o%Pa%i‘é §]@HP) nm@fp nsq éalysffylgfdﬁesﬁfregsn?eﬁve%&mge ERRASS T cal

can be prOV|de density a vant
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 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



ensures that material mcro arching and defect generation does not

conprom se data storage WO 03/104521 PCT/US03/ 15183 11 nedia yields during a
PVD manuf #Fhb process. In at |east one aspect of the igvepd t he

hol d ti rre?%tarye1 e%vveen about 2 to about 6 hours at tenperatur egsd:’ glts\’;’veen
about 400C and about 1000C and at preswres bet ween about 10 and about 20
ksi. [45] Consolidation can also be facilitated by roll conpaction of the
previously described. container or can, or by sintering of the al|oy and/or
el enent a|ﬂ¥eﬁwm dpring Gub V Phaanufgeiuing PrasAssof Inaft 163 10nE @sprck o8 theenvaRtien,
consol | dgld fld thil® &elbeBleciaiboliP2 tiabbf 6 hiGs M rerbeRBRk O borP OSR SRBC L ©
achi eve further optimzation of properties, such a . For exanpl e,

strai ght andiabout dD00YYarad ateresamgs betwebn bbait,10and apbutridrkst.al target section at
tenmperatures | ess than 800C for reduction ratios in excess of 2% preferably
bet ween §431t o Coze@)aJ]aeaﬂ AR Ghot ke Tastlitated By éoﬁﬁﬁmaﬁ‘ék%‘n? &FrPfF‘ﬁP\jﬂY deseribed 46
In step GQfntaf sg! ndat:l t |\ | ' (ERTESIN g ved
fromt heQ %t%@fg{)?al gét}{l]oﬁj Iggn,lhfa%ﬁggagglﬂ?éggh% t erbﬁerl{g?{a(q:naél&%#éﬁ léﬁo}ént"tﬁg?o
be t est edpplication \wdranoappliedrppssatd. eAfiet cohmlidatidrgtthe Aslleni daln B4 Flrpirepckaniong,
the billet ﬁan he subjected to optjopal thenno-nmechani cal processing to
further meEshaUFalvepIasesssdl dp Achiayet fyrther %W%B?fbggﬂﬁ?i&m?ﬁ, Heperiites Br t he

t arget. i S B and hnal sh ! | :
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subjected to a final inspection. [47] Sone soft-magnetic materials are
opt i mal | YO¥asa8 Bomate goticsahls Impeonraents i iegetl TF . powder s, while others use

al l oy po rs. h 3L £ ' . : is RANES R;?ﬁne
typical | abrhllége&)egy’g‘%eg%ngslﬁg{‘%tégts{ﬂgun. all?ér?lﬁggén%g%l}r@ at Pon, {%S the
processi rgcapsalatibe canphnd edslice ¢f tier billet eax ttheh betseht thdk tested aasr dvarfousugh
a nozzle and atonjzed by a k6 streamof inert gas. .The atom zed materi
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desirable to mnimze defect generation during the PVD process. The scale
and cr ysttangetsican befpenest, fomexapipd dydprpeassssueh as gandovatguet, a1l spshlathegin

medi a pr %'?e%rltdO?ﬁleQXrgie%G&ei &&n%@%n@&%jgct&{ toaz{[ f?ﬁgl(i:nsﬁis&ﬁ)tﬂ..on during the

[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



PVD process. Material design paradigns can be devel oped on an individual
basis for specific applications. For exanple, with N -Fe soft-nmagnetic
alloys in read sensor WO 03/104521 PCT/ US03/ 15183 -conponent
of data spgygﬁ% dad devi ce), oxygen inpurity content can %%”5§§@§H§a9e0u3|y
mnimzed to mtigate adverse conpronisq of the GWR effect. In contrast,
oxygen content in the range of several t!Rousand ppm may be beneficial in the
same Ni-Fe alloy that is used as a part of a data-storage nedia device. In
the medi dreadmomponerin ofodatie rstoragg uhsady deyivelntoXiESN sERRUEILY o CRBISAE | Gax \be
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ef fects assgen adbmtentvintthe garmenofSseneral tHouswwdepim nhalObe Behdfiviginrihé shheiNigd t o
t he characterjstics descri begabel ow, a target forned fromthe  inventive

met hodol c\PYdhs 1pysedeass pHEO |dp§§vﬁt9rggwgﬁ%tdeeiogndn the misdia appligatign, oxygen

char act er; s CLi j o Ladri Lar.get '
i cines P contdf 8 riERRER Srrdll el LifeokALRS tRaibyine sof-
t he genermbgrmepplfilmedid debg-layfer (e TR, PtSetcl)ab peomsier inefdiabyhedaesaformaged

di nrensi onal. ranges. The PTE can exceed 5% as neasured using the ASTM
t echni quectfegtpssocipted with@mipsiggachnenent i s bet ween 20% and 70% For Co-

can e { PP Ror R o KBfitcH o Qe PR e b6 2 Tafll el hrd B

parti cl e-iavegivandnghaddslogy Zea aposseyPi thel | fBllbwingesmaghétit SHY NMri¢rostsucthanld
preferably | ess than 200 m crons. The m crostructure of target constitutes
an assenbihprasteristiesre Rhe daigrlesenbedyis far eyinginigabtergats sjthpthickasss atweemg to 7
conbi nat i S Typih,ca [ I i - ween
t he di ffe@gln@{d%l ag};egg %W?gl‘ggalﬁdeg 0 B‘%gaﬁ%wﬁyﬁrgmet %él%aé%ac%iagbﬁé%ﬂft&tb%@?g%g%

t he equi | hdardorserdigstt BT theso tdrgetdigiefdional Raaes. THRVETE can ieRcéedr3%)] s fchshaéd on,
limted interdiffusion can be engineered to inprove phase cohesion (such as

for r eafs owsingthechTtM| tE@fw'queo and » preferaed ratlg@ofhlﬁgpésmng@m 80%pqmp7&”/p~: lEQT 0 t he
dong; t 1 eobPEARBN wANEL B S IND AR aRyfiBhs, e oflFmbdEAY i ey phBYLS,

of theor eincfeated [GOE BotweiC 5026 1a8@ 90%. PThe Qlveidge pafigRlsized ah® HaifQ¥ £y €an
erosion profile can be provided duri ng sputtering of the target. This

i ng r easestypisali be hess dranai00unicrensagndopre blé lass &qm«;?lﬂol picTensn tTheH?iCéffﬁﬂlémae
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t hi n-fi | ntéifingteon 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 sputtering of the target. IThis 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



manuf acture, and the reduction in apparatus downtinme caused by frequent
target changes can reduce conponent manufacturing costs. Al so, increasing
target meggydsAbagziF has the added WO 03/104521 13 PCT/ USO3 15483, bgpefit of
i ncreasi ng deposited filmthickness uniformty by reduci ng polrnt source
sputtering phenonena. Exanple | [51] Fpy conparative purposes, targets
using a N -15. 6Fe-3.2Nb all oy were manufactured using both conventi onal

pr ocessi nd_processing according to aspects of the invention, as |

previ ousg%%it of incusasine flspa%tpﬁ ﬁ}mﬁgwkwss EFHOBRIEY By &pdusingcRaigt joysge spyitering
conventi gpalohnformed targets were fornmed using vacuuminduction nelting of
an ingot of the specified alloy chem stry. The ingot was then roll-processed
to forma plate at tenperatures between 900 and 1200C. The rolling process
was condExampletlo ensure a fine dynanmically recrystallized grain norphol ogy
and full material densification. The net reduction ratio exceeded 60% where
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ASTM neagufRiBstned Raltiv@HEonal Pistegd Crostructure of the conventionally
fornmed target, as characterized by crystallite grain-size, was measured
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deposite
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



macr o- magnetic PTF is very |low. Under achi evabl e cathode-voltage and
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yield a cylindrically-shaped target having a thickness of 5 mm and a diameter of 180 mm.

d

[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 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



WO 03/104521 PCT/ US03/ 15183 15 [59] The process according to the invention
formed a target having a very fine grain-size, which can be inportant for
obt ai ni ng good deposited filmthickness uniformty, and the grain-size of

t he targekofgnemsh by the process according to the inventi @grigesess derably
finer than that of the target formed by conventionally processing.

Furthernore, in contrast to the conventjisonally formed target, which had a
PTF of 1% the PTF of the target formed by the process according to the
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an aspect of the invention. 03/ 104521 16
Thus, an applied magnetic field will find more 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-
magnetic 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-9.7A1-16.5Si and Ni-
19Fe alloys (in atomic %) were manufactured using both conventional processing and

processing according to an aspect of the invention.



Target Fornmed by Conventional Process PCT/US03/ 15183 [62] For the
Fe-30.5Co-11B and Ni -19Fe alloys, targets were fornmed using vacuum

i nduction nelting of an ingot of the specified alloy chem stry. The ingot
was then wadsrop@cessed to forma plate at tenperatures bgéwgen 3 and
1200C. The rolling process was conducted to ensure a fine dynam cally
recrystal lized grain norphology and ful fcmaterial densification. The net
reduction ratio exceeded 60% where the reduction ration = ((ingot thickness

- plate rél}_gi c%gess%if n&ot t hi cklgssg A cylindrically-shaped target having a
t hi cknes € 2180 nm was machined fromthe rolled
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a pr essur@a%%@wﬂa@@uﬁs'%zt ingat, a@du'thlSZB k spnveptiond| ma@mmbrmm@qmmt 2

b he full
oy derSgeh AP Ve baeRRt e SoRhe e 3Ben foientond s MR R RR R P
having a tg4Silpredifet afas@d%myadaeltrauéh RATRESE tik thelA0H3} n{geﬁhldTm caﬁm&pah@daupe of

the N -19Fe target using the process according to the invention involved
usi ng el dmofiiral Ni and Fe powders, each having an average dianeter |ess than

150 Vo 03[/6%?4512111 Eﬁﬂo gg’ /c%g\}e8§1onally 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.

orme Proce ccording to the Inpventio

[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 Ni and Fe powders, each having an average diameter less than 150



17 mcronmeters. The powders were bl ended to achi eve honogeneous m xi ng,
encapsul ated, evacuated, and hot-isostatic-pressed at between about 700 and
about 12 ressure between about 12 and about 25 ' d tines
bet ween gg@uﬂt%h%%gg about 6 hours. After hot-isostatic-pr g@sTifIr]lég}},rM?ﬁé fully
consolidated or fully dense materi al wa? machined to yield a
cylindrically-shaped target having a th'zkness of 5 mmand a dianeter of 180
mm [67] The manufacture of the Fe-9. 7Al-16.5Si target using the process
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material utilization of the target. The | ess severe erosion groove
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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 conventionaily 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-9.7A1-16.5Si 4% 49%

Ni-19Fe 1% 22%
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nom nal g 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-9.7A1-16.5Si 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
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[77] 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 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, therefore, less likely to exhibit
micro-arching and spitting characteristics during a magnetron PVD process.

[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
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ASTM neasur enen echni que. The PTF of the elenental/all 'S 35% and
is slightly lower than that of the PTF gf 49%for the pure elenental blend.
[ 79] For conparative purposes, targets using a Co-4Nb-5Zr alloy (in atomc
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180 nun vExample4 nachi ned fromthe therno-nechanically processed plate.
[ 81] The PTF of the conventionally formed target was neasured at four
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[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-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 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.



encapsul at ed, evacuated, and hot-isostatic-pressed at between about 800 and
about 1400C at a pressure between about 5 and about 15 ksi for hold tines
bet ween af@dsibefrp about 4 hours. After hot-isostatic-pr bi&hsakfys fully
consolidated or fully dense material was therno- nechanically processed as
described in U S. Patent No. 6,123,783,,f{0 Bartholoneusz, et al. A
cylindrically-shaped target having a thickness of 5 nmand a dianeter of 180
mmwas then  aachined,fromthe therm-mechanically processed plate. [83] The
PTF of tH&Etatget—mas e x etttatt y spaced | ocations (one
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significantly enhanced PTF performance of the all oy under consideration.
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di scussed _above, the PTF test and geonetries of the targets have been
mai nt ai nd83ks TA8nEITE ehtthy tesgeiowes bneasyeasaat founeequply | sragedTipcaions e(ope
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conventional process and the process according to the invention 031104521
PCTI US03 Mastidantizal tedhe ngthpdaseditof measuredthe BT Fioi sonventionally farmed darget. measur e
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manuf act ured using identical processes ) i
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



with the first target being 6 mfmmthick with a 76 nmm di aneter and the second
target also being 6 mmthick but wth a 152 mmdi aneter. For both targets,
a 4.4 ki lywgayasssspgnet, possessing a 6.5 nun by 26mm cro | was

pl aced in contact with the center of one face of each taFcPS:e . %rllﬁgii al Hall
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val ues for the 76 mmand 152 nm di aneter targets were respectively 30% and

15% Th ' . i [
TN TRy e T T
appl i ed prgestaccofdih®do tige jtivehtion Bavd Bipaer valueP SF PTIFSHan! fargefo Fditiedt @srig

using the 152 nun tar%gt, the target was placed on an actual PVD nagnetron
cat hode. dentigal allays b by soppentiogalarasrseing.of 10 and 15 nm the maxi mum PTF on

t he opposidig f t grget %.and. 209

respecti @gefﬂy. A%ﬁagls&famyg%sf‘% ?é%rgmgeo%obﬁgtg ateact eﬂl&grr:glarg{l ug'?'éalpﬁg)kﬂ}cégﬁr?ﬁasﬁeest I C
field stmthghé fitsn tdrbet beftig Fthin thiickswith a 76ReH idntetefdndrthé kécond $het Hiw tuigs ent

i nvention can be practijiced by enploying conventional materials, rmethodol ogy

and equi Bnt thigk it gvitlya, 152 remgdiametes. oF ok heth faigels. al44 kipgiapsee magastd
met hodol : { 1.0 Wl gl [

doscri pt PoskeRiff s B o) Jortn 5565 Pt ihy VEbPiaced iR shitficP bt b Tentsr of pre
mat er i al $acesdfredeli tirget. ANEXiRCHRE prdbe0sfSthes plaetd at thel dent @€thd Oppusity ifsbR. a
t hor ough _under st andi ng of thentgresent i nvention. However, it should be
recogni zdhedHdt meaaired ¥alups forrihe 76 wm anth 1 Hd npp Aiameter taggetn ovare respeetively t o
t he det ai ,fi . f r.J nstan , . .

pr ocessi ?8%5?1?‘132 l/ff e’gﬂ#a@e@ E%stt d%@éﬁsnagée}s@wgé#g?tn{@eﬁgnﬁl W}Qﬁr? %ﬁ%ge\rpﬁ}ﬁlgyv? o]
unnecessafrojit ¢I¥diLinsgrietie teﬁ%&&ﬁitériail RYL BE bAtiratdddB] ariQpplied Magxetigfi Rt o FiedeCt
of the present invention and but a few exanples of its versatility are
shown an@ higheg petdF.i n t he present disclosure. It is to be understood that
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met hod of formng a tarx%gt or a deposition apparatus, conprising the steps
of . bl endhhepresingdacs of the 152 mmartaget wgpmeasyredeatidnend 2080, sespestivebidEhus,

toget Nerpis 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.



consolidating the powders with a powder netal lurgy process to forma billet;
and formng the target fromthe billet. 2. The nmethod according to claim1l,
wherein the at | east two powders consist essentially of elenmental powders.
3. The method according to claim1, wherein the at | east two powders consi st
essentially of alloy powders. 4. The nethod according to claim1l1, wherein
one of the at least two powders is aR3el enental powder and another of the
at |east two powders is an alloy powder. 5. The nmethod according to claim1,

wherein t consolidation of the powders is by isostatic pressing. 6. The
met hod acggﬂéﬁg%ﬂgﬁ—g¥ain1l, wherein the consolidation of the powders is by
uni axi al pressing. 7. The method according to claim1, wherein the aggregate
di aneter of eakh ok mateodoefnieaming;astargss fortahdgposition @pparaids . cogipriving theet hod

accordingﬁé%(glain17, wherein the aggregate dianeter of each of the powders
n

is less t 00 microns. 9. The nethod according to claim1, wherein the

target includes a first material phase having a first PTF and a second

mat eri al phaseblb@ngg leasswoddifferlediftypaand eleinbriabefadiod pbWers Sogethgher than the
first PTF. 24 10. The nethod according to claim9, wherein the target has a

chem stry differing fromchem stries of both the first and second nmateri al
phases. 11. THonslidabes te pevders ¥ithe rowermgta!lurgy grasess to famsabilplgamrE j s
hi gher than a PTF of a material having a sane chem stry as the target. 12.

The net hod accgrdi ng t im.l..wherein a chemstry of the target is that
for a soft nag§8ﬁ¥‘g%%$%¥%§?WtH%P‘ he nmet hod according to claim 12, wherein

the target has a thickness greater than 3 mm a dianmeter greater than 50

nm and a PTF pf t NEnelAétB&t adcsrdigadtcRiimtindMerehhe dleast Bigo g@w@dccﬁﬁﬁor ding to
claim 13, wherein a PTF of the target is greater than 20%
essentially of elemental powders.

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

essentially of alloy powders.

4, The method according to claim 1, wherein one of the at least two powders

is an elemental powder and another of the at least two powders is an alloy powder.

5. The method according to claim 1, wherein the consolidation of the

powders is by isostatic pressing.

6. The method according to claim 1, wherein the consolidation of the

powders is by uniaxial pressing.

7. The method 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.

9. The method according to claim 1, wherein the target includes a first
material phase having a first PTF and a second material phase having a second PTF, and

the second PTF is higher than the first PTF.



15. The method according to claim 14, wherein the chem stry of the target

I ncl udes at | east 40 atom c%of Fe or Ni. 16. The nethod according to claim
15, wherein the chem stry of the target does not include Co. 17. The net hod
according to claim 13, wherein a PTF of the target is greater than 50% 18.
The nethod according to claim 17, wherein the chem stry of the target

i ncludes at |east 40 atom c% of Co and4does not include Fe and Ni. 19. The
met hod according to claim1l, wherein the target has a density greater than
80% of theoretical. 20. The nmethod according to claim19, wherein the target
has a density b‘?-eat Ehe method 2asopdipe 1 elgimetd Qgperein the target has a chemistry

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

11.  The method according to claim 10, wherein the second PTF is higher than

a PTF of a material having a same chemistry as the target.

12.  The method according to claim 1, wherein a chemistry of the target is that

for a soft magnetic material.

13.  The method according to claim 12, 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%.

14.  The method according to claim 13, wherein a PTF of the target is greater
than 20%.

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

includes at least 40 atomic% of Fe or Ni.

16.  The method according to claim 15, wherein the chemistry of the target

does not include Co.

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

18.  The method according to claim 17, wherein the chemistry of the target

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

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

than 80% of theoretical.

20.  The method according to claim 19, wherein the target has a density greater

than 95% of theoretical.



