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MAGNETI C RI AL SPUTTERI NG, METHOD OF MANUFACTURE AND HARD D

OBTAI NABLF B Field of the Invention [01] The inventi B?lepéﬁ)3é]t°é’§’
generally to the manuf acturing of magnetic disks for hard disk drives and,
nore specifically, to sputter targets having a high-PTF for use in

manuf acturing the magnetic disks. Background of the Invention [02] A hard
disk drive (HDD) stores and retrieves data on magnetic di sks within the HDD.
The surfaces of each nagnetic disk are a |am nate structure conprised of
several differ erfARGEV®MWTHHIGhGHE!S-CHROU GIBRL IE (MveGNE TIMANTIERIIAL coat ed on
an Al or gl asSPUOTERENG.METHODICGH MANUHMC THSUANHARPOISK IG/BXINABIFE des t he
magnetic medium for read/wite/erase TNERESF 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 aer ogynapt tallhyentiesi gned head to "fly" in very close proximty to nedia
surfaces of the disks to access different |ocations. [03] The HDD uses the
head on h b f th f ns
on the dfDh. e Rualibh 26 2epaNe e o Bing LP 3R AR IRECHMREETS
are theded ende hesre @f)ecﬁlﬁl@hllyh&) §Radr ERB&9havinhe MEhiPg refenestn fanufiestegl |y
be descri bed as an ectro-magnet that includes a coil wapped around a

pol e strthampietingdisksectrical current is _ passed through the coil, the
current induces a magnetic field into the pole structure. The pole
structure.ipely hat physically presents itself to the nmedia
surface %ﬂ ame éfﬁegﬁp % he magnetic field is induced into the pole

structurEf fl ux ener. the gap in the pole structure creating a field
that proj(@dt s fobardgks %VBEHBDHS}QT%@%@F“@WS@&%@ magnelicdisksawihinthy EDDy j t e
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The resultant media layer provides the magnetic medium for read/write/erase cycles. The

disk or disks are fixed to a rotating spindle and can spin at speeds sufficient to create a
cushton 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
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 surfzces of the disk.




2 PCT/US03/ 15183 [04] The read sensor in the head acconbi B0Es)
retrieval, or reading. The read sensor is a nagnheto-resistive ( ) deV|ce
that i ncMfieX104&8eral | ayers of ferromagnetic and anti- f&CTORMEHELT c
materials. As the read sensor is positioned over a witten transition on the
medi a, the sensor's MR effect creates azchange I n resistance proportional to
the "sensed" field strength of the transition on the nedia surfaces. This
change i[04} esitgtread sersér & mtﬂeaaabwnphshéseda‘m eettaelvza,sotareddmg fihe readtisensér ough
el abor at e decodi ng schene is translated into d %8? Har d and of t
magnet i ds franegTick-Eesiptive éM%%ﬁ"%ﬂ thag decdndeg SFH%Ta'a ﬁTSt cHoSagReH N 2L a
and hea t H e |
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saturation has been achieved, the magnetlzatlon of the material renai
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magneti zatlon. Ferronmagnetic materials can thus be made into %ermanent
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data storage applicati é Lﬂ?yi; Ferromagneti c. rrate : ‘? gggtnc be
descri bt ARERBGFAIONC F BIF‘Pg%ernch%‘taﬁn FASFS V/I0F P ge P 8 ES

appl i Catﬁeg&]%n Eé A0 it Q%YM LCR ARt sﬁtﬁrrﬁﬂﬁﬂthaﬁg&?hétﬁ@’&édo'i‘haaﬁlagﬁétﬁﬁﬁéﬂ vely
associ at soft and hard fagnetic naterials. Ferromagneti ¢ materials
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Typically for data storage applications, and hi gh val ue etic
coer i V|aa91ratm hoseyen, %FfWSFHnsngtaPHh‘%ﬁ ﬁawdt%fg”ﬂ cg I}?étfa‘f‘icaﬁée f’%’g’f‘?als

nmagneti c_, t AnRR! £ irhhoht TRINGRN is
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tens of thousand Cersteds. g&;r exanpl e, soft nmagnetic micilfﬁi‘? may have a
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coer ci vi 0 000 [08] A large portion of nedia and
head con%%%getﬁ{}ge%g%ﬂ‘%%%%gﬁ%%e using physical vapor deposition (PVD) or
sput t er i [9g)] pr Peresiagmetio peatefiale ahn Ye degribed enmagniticelty defbos hardorl yplcﬂll@ 5 a
process that deposits thin films of material onto a substrate. The sub rate
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chamber, as%cr:](gated it lu'ﬁi hard magnetic materials. Ferromagnetic materials will alternatwely

be referred to as soft or hard magnetic materials.

[07] Typically for data storage applications, low and high values of magnetic coercivity
are associated with soft and hard magnetic materials. Soft magnetic materials tend to have
values of magnetic coercivity between several Qersteds to several hundred Oersteds, whereas -
hard magnetic materials have values of magnetic coercivity between several thousand to tens
of thousand Qersteds. (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
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vol tage (cathode) while the substrate is positively biased (anode).

Predom n¥P¥104&t ral (uncharged) Ar gas is introduced intPETIUSE3/883 1t er
chanmber, and the acceleration of a few incidental charged Ar ions and

el ectrons towards the cathode and anodg, respectively, results in
collisions with the prevailing Ar gas cloud resulting in an escal ation
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deposi t ggnibitldn tyhélekipdsof Aitb@E hd Ymploddd théhe &Tﬁomfataofra@gatatmsi mtgehe i's
defined as the ratio of transmtted nagnetic flel d to applied magnetic

field. AubPHRtgal ue of 100%is indicative of a non-magnetic rrat erial in
The PTr0 i PR paue e ol Rl Bl el o s IR RRAE o
0 to 10GHunid JSY thB@ppRddPmagdetic field in the bulk of the target. This resuits 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-
Flux (PTF) capability. The presence of severe target erosion profiles also promotes a point
source sputtering phenomena that can result in less than optirnuﬁ1 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%.
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t echni qu¥0 $35¥04%dasuri ng product PTF. One techni que invoP¢ESSBYEdShg a 4.4
(0.4) kil ogauss. bar magnet in contact wth one side of the target nmaterial
and nonitoring the transnitted field usf#ng an axial Hall probe in contact
with the other side of the target material. The maxi num val ue of the

nmagnet i c[12] el Thdré ans sevtelrsiddiffetono t@hnignes e fe@furingeprodi@epTEl \Omste cechyiqubie
applied field strength in the absence of the target between the nmagnet and
probe (n@velves plaging: a tie (hfekdosauanbey aparet ascontash wille oneysiylst ofnkhs targst ween

them is_def.i the PTF.. PTF can _be ex d i ther a fracti
per obnt - MRS 7, MBI OGRS P e Rees R AbE ALCPOSF i canie SuBbe

magnet  afiferasilit ARIHEiHBer Hkdrial! OBR- mItinSuch %hfy'ugg%&egi(}';ﬁ@gc dﬁtetaefr hsPiitted

stated, has been used i'n obtail ning tﬁe PTF va in the present
appl i catthomighAhaoulk of dtestiat get! d védodrbiypthe applodd fidié shrergghiie therdbsertoe off thegpasget
itself can be found in %ST Standard F 1761. [13] The PTF mﬁas renent
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magnet i ! I u t - tenr all
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during ragehkér eehsgud fer magunnyRiReinvelveaueiniged hbrEEstmrdmpateraatyiad irinsverse not
nmut ual 'y _excl usive, Rather, an_inverse correlation typically exists between
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hard-magnetic materials typical used in the data storage industry, there
i s a not Mageetigomaterial PAT ped peiregabiity ao¢ nat ghutpally sxelveigsi ndathers 198i igHerse f or
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i ndustry can broadly be described as conprising three alloy fanlies:
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. Altl'Iough 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.




Co- based, Ni -based and Fe-based. 1 9 OCT 2005 WD 03/ 1045?]3 @C[[lﬂ]l]SCoA - (Fe,
Ta, Nbo, Zr, B)B[16] NA - (Fe, Nb, Cu, V, C, M) B [17] FeA - (A, Si, Ta,
B, C, CoW®310a§21 |y, Rh, V) B PCT/ US03/ 15183 [ 18] For e REW/USP3/ IRk e
famlies, one or nore of alloying additions (shown in parentheses) can be
added up to a total concentration not to exceed 60 atomic % Thus, the
subscript B ranges between 0 to 60 atom c % of one or nore of the al | oyi ng
addi ti ofis]descri bebA a(Re, THENbSUHBIBI pt A constitutes the remai nder such
that A and B add up to a total of 100 atomic % [19] Through the use of
convent [lddal vIM kg d®, Cyo¥t CrliolBi c naterials are formed having

m cr oscepj,c and 0SEQPLEC itions) that are
i denti cgllpf.] VI M g?%ées@ﬂng Tr%vgnyeg él\gg@tlﬁﬁ?gg mat eri al inside a vacuum
chanmber. The starting materials, which are fornulated to achieve desired

alloy chem stry, are placed into a crucible conposed of refractory
mat er i a[lB}Thﬁos@@hmf eseafapniiies, one ppimoat b aldeinrg iadditiens fIhara@sin ResRRAEses)and

cr uc b 5 Bratdst i 157 YER] RirRePURi sl 37 are TR i udhé SHBERRT P2

control .gdef bQAALEN0Y%o 160 LERRIB & ohelot ad8e opﬂieemdgﬁ{g adtGor¥edeBeritRl, ot the
crucible short circuits this potential and is subject to resistive heating

vi a cur sebscript Awonditetes tieqemdindehsuoiebarA and Bsadpomrte@ totehef 100 atomic’sret al | i ¢
or cera allo d to.so and cool., The soli ter,i al
°L ret ol MBrdiehde R ot conymational Y Tt befiu: Gift-myeheis maferif e FEHHRG

t her mo- ﬂ?ﬁﬂ%%ﬁﬂsccﬁj’ %&mroﬁgple%@ﬁ%‘iéﬁ (of 8o gﬁélﬁbfﬁs)rfﬁﬁteirb"i‘dlenncal VIM
densification or specific mcro structural properties.” Therno-nechani cal

process Ipl'(g:e$3jﬁ'[§ 'mablvycs t}moamhng of matemr melds acawimahambsr. oT hdstertingImhaterals,war m
rolling, rgi nne revi ousl ssed robl e vvi th
VI M pr o oidh a?%m@%tﬁ bt esiiag SIS EmFG iR blaged B & COls B BORRPER

is prod al 7 haldersldalid F
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and Fe-based soft-nmagnetic naterials. For a select nunmber of Co-base

sof t - na@lff'éfﬂcél SITERS %wprf@@raly thiocotl it FoRirpkled fTrapencr IiCcregts Gy
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10% ess r a ges speci above using
VI M heatlng via current flow. Once liquid, the matenal 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 various combinations of hot rolling, warm rolling, forging and annealing.

[20] As previously discussed, a problem with VIM processing of sofi-magnetic materials
is that a very low-PTF material is produced. The PTF values typically fange 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 ;')articularly true for the Ni and Fe-based
sofi-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.
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material _and a nethod of manufacturing the same. 1 9 OCT 2005 WD 03/ 104521
6 Sunmar YWOPtHE2 nventi on PCT/ US03/ 15183 [21] These and SCTEISO3EHEE are met
by the present invention, which in accord with one aspect provides a target
for use in a deposition apparatus. Thebtarget includes a first materi al
phase having a first PTF and a second material phase having a second PTF

hi gher Siliamatynsf thé invehtiffF. The second PTF is also higher than a PTF of a
mat eri al having the sane chem stry as the target. The chemi stry of the

target @ ot Al RAGTHARL RS ol bhD phddent! ihlédich) WREE AN docoi@ A Bhe

phases, chem'stry o e target“is that for a soft magnetic
mat er i adspectipeovitley gakgdt Soif werird dapoginomwlgppanartsal The gyzet f@2ddsra ewst matomal

ts of the i tion, the t t h t hi ck f 3
G hrvot cohage BaCBE % BEhPED b SEan B ahP SR oy R a0 1 biehet A 1B “The
PTF of th t ' t
el el EPTFSTBF SofRl FAT: S5RR kN B L8 WERTAGif BRCRISRE ol clienflat L 97

of the iahgeirggaThbehampat/air thdaredafffenhfomtdhemistiiendShotly tiof fitshand sacged
i ncludes at |east 40 atom c% of Co and does not include Fe and N.. %3] In
ot her amptetiakphises, rad; the chemaniey, of the tasest iythapfon & seft ABagieticHaateHplye{D§ 5

| ess t han &[300f m'(féons gr |et8ﬁm'_[ han 200 mi crons. Also, the first and second
phases BF& L 'QRERT BY PBAEEL 8184l | oy phases. Alternatively, one of the

first apd)sepppgrnasnsetd of R BbaiRn! dle @RRS Baaadhicknedshaeatef tHahe3 himsa and
second phases is an all oy phase. The target can have a deonsitﬁlpgreat e[_] t han
80% of diamstestererdér than §Penme and BB TIOS4lsf taras by rertealthan 9% The BAE1¢dpe

enbodi nent _of the inventi t t f.or a-de 1] | med
by bl entifees S bF elriten Apr b Fhrusing B BEATeL e RPREIeA D dibmic3:
consol i gagd NG AR RRYHET Mclilfeldh, ATIRAMTIEST M8 Ll bepfeashat 50%0vimmhe
billet. The consolidation of the powders can be by isostatic pressing or

uni axi athqmietsp dfithe tafget naluges atilsast e atotm'c%_s:d Gor angh dags npt inclde Feraad Nla.r get.
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alloy phases. Alternatively, one of the first and second phases is an elemental phase and
another of the first and second phases is an alloy phase. The target can have a density greater
than 80% of theoretical or greater than 95% of theoretical.
[24] In another embodiment of the invention, a target for a deposition apparatus is formed
by blending at least two different types of powders together and consolidating the powders
with a powder metallurgy process to form a billet. The consolidation of the powders can be
by isostatic pressing or uniaxial pressing. The target is then formed from the billet. The
target includes a first material phase having a first PTF and a second material phase having a
second PTF higher than the first PTF. The second PTF is also higher than a PTF of 2
material having the same chemistry as the target. The chemistry of the target is that for a soft
magnetic matenal.
[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




[25] In other aspects of the invention, the powders consi sl 800CE| Aant al
powders or all O%é powders. Alternatlvely one of the powders is an el enental
r
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powders is an alloy powder. The aggregate dianeter of each of the powders is
| ess than 500 nicrons or |ess than 200’ mi crons. [26] In still another
enbodi nent of the invention, a nethod of formng a magnetic disk is

provi degowilhes isren hboy powtlerd eEhedagenegatd digmett of eath dfitberpawtensgeiess than W0
substrat e of th&fv?:glgﬂ&%hl c. disk. The target includes a first material phase
havi ng &F90SPT TEEPid material phase having a second PTF higher
than th ir Beh f r | r es of
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i s that ptendad. sGht metoétindudest @arpoalltmgTrhetehalr fetn a sarbetr omtd d)yulpﬁmtbeof the
metal lurgy. [27] In_yet another enbodiment of th |nve lon, a disk drive is
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mat eri al f n et
et uded bl ohiihs 3R6CuREH HARE Bl et JTRTRHE Enlinihy o e BBHT

phase hawfferg firons eepiictried bf bomhﬁé fitshand bé‘b@n& ia8driaPphased ndahe shahisyty of thehe
target differs fromchemstries of both the first and second materi al

phases, t%ﬂﬁ@lt 113 Iﬂtﬂt Erransodt mpgefticohaeriglaripetarget is hametdyy I&W@%@Héﬁf ic

mat eri al s f.ormed b owder ..ret a [.2 d
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process flow to forma high-PTF target in accordance
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 tl?e
invention. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

escriptio the Wi

[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;




with one aspect of the invention; [31] Figure 2a illustrate§ OOF 2005

m crostructure of a conventi onal I y manufactured NiFeNb alloy; 1 9 OCT 2005
WO 03/ 10W82#/1M3F) US03/ 15183 8 [32] Figure 2b illustrates PEEUN¥IA8ructure
of a high-PTF N FeNb alloy manufactured in accordance with one aspect of
the invention; [33] Figure 3a illustrat8s the microstructure of a high-PTF
FeAl Si all oy manufactured in accordance with one aspect of the invention

usi ng el[8BEntEbulelEisdkistrates! tHedd]crédtgotuee SPa highVBTF aliBeNb hflopingdmagdchied i e of
a high-PTF FeAl Si, alloy manufactured in accordance with one aspect of the
|nvent|c?W°‘EF§1P‘f‘F§‘ﬁlﬂil893§$9§§b%f thewtvgntied Des tin of the Enbodi ment [35]
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the manufacture of very brittle hard magnetic materials where PTF
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besi des having different chem stries, can also have substanfially d| fferent
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{36] A high-PTF material according to aspects of the invention includes at least two
different material phases (or types of grains). At least one of the material phases has a first
PTF characteristic, and at least one of the other material phases has a PTF characteristic
lower than the first PTF characteristic. The high-PTF material for a particular type of alloy
can alternatively be defined as being macro-alloyed and micro-unalloyed (or partially micro-
unalloyed). As defined, the chemistry (or composition) of individual grains of the high-PTF
material can differ substantially from the chemistry of the aggregate composition of the high- -
PTF material. The individual grains, besides having different chemistries, can also have
substantially different PTF characteristics. Furthermore, the PTF characteristic of at least
one of the material phases (or type of grains) can be higher than the aggregate PTF
characteristic of a conventionally-formed material fc;r 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




[37] By providing at |east two material phases with at Ieaqt%qgﬁztmﬂfl
mat eri al phases having a higher PTF characteristic, the high- mat eri al

phase pr¥WA $&94Rilgher PTF flux paths for rmagnetic fi el dsPCE/$¥8518hr ough
the body of the target. This effect is increased as the 1 9 OCT 2005 WO

03/ 104521 9 PCTI US031 15183 percentage ®f hi gher PTF phase(s) within the
body increases. The effect is also increased when the distribution of
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magnetron sputter manufacturing process via target PTF nmaxim zation, while

pr eser viaggregale coomeattionn Bécauswe thedViDsirpesss ¢ot maggeteon spyheaing),chevhiish the on
the resylt thin- filmdevice. [39] The invention is not limted as to the
mnner - PGB ARl o R Red, fcah oy PYrcoph SERSIHREY PRSES i e Bmabers o
i's provipg asdass epads NRE &lghilivl 3R Sictit mg%sétaﬂéﬁﬁ en%?ﬁbgﬁiﬂi?ﬁlgbe

provi ded by nechani cal joining of the different ases, (1I.
t ar get atpreseatedghathe, targatimateciabnThbakfoye, eld bigthelil I snavéri4l dlows Her opginziggtiinn t he

matri x). ot her t hod for roviding .the high-PTF erial .is.kno as
pourder Et D1 BBy ARul St P BaRP oS o tife et o i T OEF P (B ar o
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limted as to a particular variation. During the powder tal lurgy process,

t he bodyilinsdefvmened usi ng el enental and/or alloy powders, which are processed

at conditjon t.hat pranote.densification of. the resultant product, This
o1 ocess [P ackHBYieREdS P WBLES a5t BBNSTIR SYIPH st OFhP alrEel BRSES ¢ he

el ement ‘%Jf RO A ALP B OMeRAVIE §rSviasf s BBRELAE hbRAS! 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 metailurgy. 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 bare 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



one hi gh-PTF phase is provided and the anmount of | ow PTF @hBETSZUﬂﬁ reduced.
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1. In st¥® WY he powder paraneters of the raw naterial SCAAUSIHHI8Eted to
pronot e honobgeneous bl ending of the elenental and/or alloy powders and to
optim ze final product properties. Exariples of powder paraneters include
size, distribution, norphology and purity. Although not limted 1 9 OCT 2005
WO 03/ 104k Im&GEet, iBQ3rtain18EectOof the ik entiBRNAL hegicBaie QidrdtErs 3 PRCp SR hrde

i nvention, the aggregate dianeters of the powders are |ess than 200

m cr onelesy than 298 misranefers. aspacother atpectsgtragatezatt diapetrs obdfhet fravdemsater s
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t enper atnsuee the réhovdl of209 Groibthad or thapile@ Rakids pidientbhendRd spavale Astheddh e
subject to consolidation, for exanple, via Hot- |sostatic-Pressing (HP). A
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bl ended powders can al so use hot/warm uni axiral or 7isostatic pressing. Milti
st ep unthaerapyrplynest caniTangepiremainhyenittempérabre tit aloatrp0®Cur es (i ncl udi ng

room apgd.at.dj I ures (withr -rate control for both .
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the cycle, total hold tinmes during uniaxial/isostatic

house one or more containers. The wuner 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
1sostatic 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 speciﬁr:s under consideration.

[44] Depending upon the complexity of the cycle, total hold times cfuring 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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usi ng bl ended el enent al owders, while others use alloy powders. Although

not i mPrapgriss afiihe targenetlsoqny Ségps THoeeans Yt dhe ﬁpalosaap@/ am%ﬁf: ehthesnylieng
t I t

g 2 OTERL Kol o IR ) SR ol LPLARSSUNG, WARRPS TRLRYAAC ! B

st ream @fepil9o] the gaget ﬁmaaeaﬂ@meaeﬂd @ﬁij&t’ttcﬁto 5ﬂhﬂrxﬁspébms and rapidly cool s to
form an [é?’fl’ ! OySome 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
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of target consntutes 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 [:)roﬁle 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
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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
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yield a cylindrically-shaped target having a thickness of 5 mm and a diameter of 180 mm.

[57] The PTF of the target was measured at four equally spaced locations (one
measurement per quadrant) and at a radial position halfway between the center of the target
and the outer diameter using the previously-described ASTM measurement technique, which
was identical to the method used to measure the PTF of the conventionally formed target.
The microstructure of the conventionally formed target, as characterized by crystallite grain- -
size, was measured using scanning electron microscopy (SEM) techniques. The
microstructure of the conventional formed target using a Ni-1 5.6Fe-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
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el ement conbi nation and consol.idation of Ni. Fe and Np to form an
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possess gehdé@emBHtilalloy 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-

mégnetic 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.

ample 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.
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[64] 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 AS’fl‘M measurement

technique.

Target Formed by Process According to the Invention

{65] The manufacturing of the Fe-30.5Co-11B target with the process according to the
invention involved usiﬁg 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
1B0mm.

[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
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was identical to the method used to measure the PTF of conventionally formed targets.
[69] Table 1 below shows the significant increase in PTF from the conventionally formed

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

Table 1

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

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

Fe-9.7A1-16.551 4% '49%

Ni-19Fe 1% 22%
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both Ni and Fe are soft-magnetic 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
muitiple 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.
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[77] For example, the formation of a Fe-9.7A1-16.581 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.
For this particular chemistry, the Si is distributed in a Fe matrix in a much more refined

format (substitutionally, interstitially or precipitately) and is, ther'efore, less likely to exhibit

micro-arching and spitting characteristics during a magnetron PVD pr'ocess.

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

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



is a SEM m crograph of a Fe-9.7A1-16.5Si target manufactur eg @@-\t@ﬁ process
according to the invention using an Fe el enental - phase bl kAd ] 51
gas-atom%%?f”ﬂ—’és-zl\l and Fe-Si alloy- phases. For both proc®&IES034HE powder s
wer e bl ended to achi eve honbgeneous m xi ng, encapsul ated, evacuated, and
hot-i sostatic-pressed at between about 2800 ahd about 600C at a WO 03/ 104521
20 1 9 OCT 2005 PCT/ US03/ 15183 pressure between about 15 and about 30 ksi

f or hol Presswedeberenaahoubbdand 4baus 3@keiifor Sohivtimss betdfeermbout 4 to about 8 hours.
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convent ieten@ntaifatioe SIendgis B3¢ pid Gesiphily |a0eoheh fitht loF the PFFRSICS999 ffor theSure
invention. It is known that Co-based soft-magnetic alloys, with no Fé or Ni
al | oyi n§lemeaalole®ds, exhibit the hi ghest PTF capability using either
conventional processing or processing according to the invention. Target

For nmed %Q%E%nti onal Process [80] The cohventionally forned targets were

formed OSi vacuum i nduction nelting of an ingot of the specified alloy
chem str%? Tf%,e ingot was then roll-processed to forma plate at
t enper att(Hles 198t 5§ BWHROSSS o SRECT N0t |GHENBr e alondin dlondedrbwers

ensure andehfRrurtly 18R LohRAENALIAbEEEH, 8! o tBLBNOL g ANE, Lyl ARLET T

densi ficati on. reduction ratli o exXcee ere e€re

ration =he {riventidn. t B skivesen that (fabsed tsbitaknara) /dlgot withi fk Fe$$)Ni dlbyang
subsequegé. step, .the hot-Tolled gl ate was thernmo- nechanically processed as
descri b&ddfigngy exhipits g highests PTH 3 camghility qusmag (qithiep nenmyentienal gprocessing or

i ncor por%c%?si:??ﬁ@cbfﬁiﬁ%té ﬁfg%\?&'{fﬁn A cylindrically-shaped target having a
a

t hi ckness o mm an ianeter of 180 mmwas then machi ned fromthe

t her no- mechani cal |y processed pl ate.
Targe ed venti Pr
{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 thickmess - plate
thickness)/ingot thickness). In a subsequent step, the hot-tolled plate was thermo- -
mechanically processed as described in U.S. Patent No. 6,123,783, t6 Bartholomeusz, et al.,
incorporated herein by reference. A cylindrically-shaped target having a thickness of 5 mm
and a diameter of 180 mm was then machined from the thermo-mechanically processed plate,
[81] The PTF of the conventibnally 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.




[81] The PTF of the conventionally fornmed target was neasured at _four
equal | y spaced | ocations (one measurement per quadrant) ahd &CTaZﬂ@di al
posi ti onWRIB{IE}! bet ween the center of the target and t hBCHUSEY1d$hnet er
usi ng the previously-descri bed ASTM neasurenent technique. WO 03/104521 1 9
OCT 2005 PCT/ US03/15183 21 Target For@gd by Process According to the
I nvention [82] The manufacture of the Co-4Nb-5Zr target with the process
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mat er i allesfdban h& FHCTOMRLANi Jghﬁ PoWaens ceers drlensisd e saahigyedhqmogsneousPEEERE: No.
6, 123, 783
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target manufacturie e process according to the invention are 39% and
56% r espashined dtoyn thiEtbeid-meahamcably pré@¥sddmlateat es t hat even conventional |y

f d - d t- [ rat i al t tai ni F i,
LT oyt ngeikid EoRTF Ol HrBst WsaLaraty A GRovertly spcssiocligfofane 4
previ Ou%éﬁs%fﬂéﬁﬁg&_ ul%ﬁranft)om % LB h 1164 Ratbvhi behfcchrae @esteA6CMedhrpst t O

the invention.. sti results in significantly enhanced PTF perfornmance of

t he al | apdumdester demsied ewsiaigi the previnuslyedesopbe ASTM oreasizamast teatrague, dicPTF
enhanci ng t.echni ques applied to Co an | ed terials are al so

ef fecti \}’gasi 13‘3%5&%&?}5{) Yse i mepHEe gﬁ%‘@%‘?ﬁ‘?on@ﬁ%@hy@“ﬁfﬁ@f% ‘uent
phases gg&f ai R LhiuRs Af 1 SfilvehQ6ARY #HahaDidb& ROKEIrgBChRhGBMrddDbyt he
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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 the targets with the process according to the
invention “still resuits 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




[85] In the exanpl es discussed above, the PTF test and qe®r(T i7gg5 of the
targets have bheen naintained as consistently as possible because the

absol ut WO E¥M%ke of soft-nagnetic materials can exhi bi PCAUSEHENBENcy on
the relative geonetry between target a 2 magnet and the nom nal strength of
the magnet utilized. Therefore, althoug t he absol ute values of PTF for
targets formed using the conventional process and the process according to
t he i nvEmt Ve a8 aduogiopeiibe wotins) udirsd 1o pepsuwosdIF1 6183s arnuftuved ysing the

function of th h ti.lized to nmeasure PTF, ets nuf act ured usi ng
the  pr oiler’ ARaTRhEE B6 pHton B Ay ynerP ki daegs orRed haire
tar get s id<phi6achlass Bt by REhEdHal plocBimgbut by conventional processing. [86]
As an exanple, two targets of Ni-19Fe were nanufactured using identical

processée¥0] wilshart exanipleswo argpst obBi-hgF S wera mhinafacturadhusing dembicali roetsess and

t he secogn ar.get al so.bein 6 mm.t hi but. wwth a, 152 mm di aneter. For

bot h tak"a@’[t@? TSt jergedreinit 128 (gl Hath & féﬁm@%ﬁ% and .eéeﬁ?ﬁfgﬁ?f%ﬁﬁf’@%’és
secti ong Was tRicRCHBH WihCONI5BCH W 4 ‘ t f4a€ & get.
An axi al Hall Sr obe was t[}eb-% %’Ir%\ngé%n%?et Cﬁ?c@ﬁ&%@&t%fﬁ%ﬁ@é?‘%’g gi e.” The
PTF neagossesbivgh fe$ niorbyt Demmbenoss seetiod, 5S2aqplackdainet@rtadt avigietise vente of one

ti | 30% and 15% . , thi test d trat t hat tar, 76
esoect ety Ao and A0 T e Lsat e ates (he e (7o
sat ur at fle BT M ARREY SAERIGEHC7d Hn?(%%l{%gf%l b diathellirS %té’%rep ;lé'gpec[ti%zlkl In

anot her test using the 152 nmtarget, arget was p ed on an actu PVD
magnet r 30%catd08%. Rhud, ahigetsttdenoaktiade tidit st @rgee 7O MY wdthda khatltes rdlitére

maxi mum PTF on 3{}5 opposi ng face of the 152 nmtarget was neasured at. 60%
and 209@mosBhRiseftBpgnctieharest maknal aade sgewwied by ar arplisdempgapistiled toappidi ed
magnet i %hfri]é,/l-i%ﬁ-ﬂetsﬁ'fle.”gth on the net PTF of soft- magnetic materials. [88] The
present invention can be practiced by enploying conventional materials,

met hodol[&%y dmdinether pese nisingAteorsdi med Yar%éthﬂledﬁik@éthfﬁasof)laswl lbn et egthdl BYD
equi prent and nethodol ogy are not set torth herein in detail. In the
previ oudnagasiEen pathedes | Ahlmestdawathepe distansegel Hi prd 45 mmethemmutimums BER ons

speci fi ¢, rsfn%'giﬁce Sf fHdalsyr ’taf%?%aﬁ gle%sur% ‘O‘f §5%hd ﬁ"/ﬁ, reﬁ%é;?\gyl@&g q'irhtug,o
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shoul d Iids tesedegongteded thetinipaet f Gpéisd mdpvend tiol singlheoPiachdtFRF vi sdfout
resorting to the details specifically set forth. In other instances, well
known preAEBSYS Mgled@iSuct ur es have not been

[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.




described in detail, in order not to unnecessarily obscure the present
invention. [89] Only an exenplary aspect of the present ih8e0CTo2008nd but a
few exanples 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 conbinations and environnents and is capable of
changes or nodifications within the scope of the inventive concept as
expressed herein. 1 9 OCT 2005 23 Wiat is Cained Is: 1. Atarget for a

deposi ti O%@Pﬁ%’lﬁg Ug.conprising: a first material phase having a first PTF

and a fir and a second nmaterial phase having a second PTF and a
second chem styy, :;tfle sgco?r:& PTE bei ng hi gher .than the first PTF, wherein
the target has'a tardEECIAhTROPYORPPRITAL o ‘ic material, the target
chem stry is different than the first chem stry and the second chem stry,

and the target Ch%é&ﬁﬁteﬁgﬁf@f’ig‘%ﬁta FLP A d Hrst g@&igt}%gﬁ he second PTF,

and wherein the average grai the target 1s |l ess tthan 500 m crons.
2. The target according to claiml1l, wherein the target has a thickness
greater than 3 nma secdhdmateeial phiasaheving i astobd Piffhandndecon@ Themfstryhibe t ar get

is greater th %. 3,. The target ording to claim2, wherein a PTF of the
target i sseﬁPWQPEEb?‘H%h‘ B"’)ﬂ‘a’ht.hg%‘iﬁﬁgrget according to claim3, wherein the
chem stry of the target includes at least 40 atomc%of Fe or Ni. 5. The

target according tOwﬁér@in%étar%@}ﬁ{a?iaﬂ?rggteﬁh%ﬂﬁs’@f&%s&{ m%ﬁ%ti%%ﬂ%ﬁai,dtﬂés not

include Co. 6. The target acc ng claim erein a PTF the target
i S great etargeh@herbiBfty i</ diffehent timgibt fastadeciistry and thé¢ atoond chevhistrgi andt the

chem stry, of the target in s, at |least 40 atqm.c% pf Co and does not
i ncl ude F@rﬁﬁﬁhq@'?“%gas?ﬁérg?%ﬁgﬁa%féiﬁf ﬁiaﬂbhet%c‘?ﬂdgﬁrﬁ? i?é)wher ein the average
grain-size of the target is less than 200 mcrons. 1 9 OCT 2005

wherein the average grain-size of the target is less than 500 microns.

2. The target 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%.

3. The target according to claim 2, wherein a PTF of the target is greater than
20%.

4. The target according to claim 3, wherein the chemistry of the target

includes at least 40 atomic% of Fe or Ni.

5. The target according to claim 4, wherein the chemistry of the target does

not include Co.

6. The target according to claim 2, wherein a PTF of the target is greater than
50%.

7. The target according to claim 6, wherein the chemistry of the target

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

8. The target according to claim 1, wherein the average grain-size of the

target is less than 200 microns.



24 9. The target according to claim1, wherein the first and second phases
consi st essentially of elenental phases. 10. The target gc i o claim
g T s,

1, wherein the first and second phases consist essentia y phases.
11. The target according to claim1, wherein one of the first and second
phases is an elenental phase and anotlher of the first and second phases is
an alloy phase. 12. The target accordi’hg to claim1l1l, wherein the target has
a density greater than 80% of theoretical. 13. The target according to

claim 12, whergin thg tapge] 1o €A LY MLk Ghe 3004 gretical.
14. The target accordingétocgpgﬁﬁﬁl, mﬁ%réin tﬂe t%rgeta}s ?;rnéﬁa%y powder
met al | ur gyonsist essentially of elemental phases.

10.  The target according to claim 1, wherein the first and second phases

consist essentially of alloy phases.

11.  The target according to claim 1, wherein one of the first and second phases

is an elemental phase and another of the first and second phases is an alloy phase.

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

than 80% of theoretical.

13.  The target according to claim 12, wherein the target has a density greater
than 95% of theoretical.

14.  The target according to claim 1, wherein the target is formed by powder
metallurgy.




