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Atty. Docket No.: 050346-0293 SOFT MAGNETI C UNDERLAYER | N MAGNETI C MEDI A
AND SOFT MAGNETI C ALLOY BASED SPUTTER TARGET FI ELD OF THE | NVENTI ON 100011
The present invention generally relates to sputter targets and nagnetic
recording nedia. In particular, the invention relates to

corrosion-resi stant soft nmagnetic alloy based sputter targets, and the
use of S ﬁo@ﬁ&%é'éﬁlﬂ% ht a soft magnetic filmfor application in
perpendmé{%—n@mﬁTrF%' i ng media, and on nagnetic recordi ng heads.
BACKGROUND OF THE | NVENTI ON 10002] To satisfy the continual demand for
even greater data storage capacities, higher density magnetic recording
nmedia are required. O the approaches to achieve this high data density,

per pendi cul ar magneti c record| ng appears to_be the nost
prom sing. |In cdigkd (C MEDI 2

i oct d per pendall) SOTLNAGNEHR: 35
di rected perpen ; H 8

per pendi cul ar magnetic recording. Al so, in perpendicular magnetic
recording, a higher witing field can be obtained by using a soft
magneti c under-layer (SUL) beneath the magnetic data recording |ayer.
100031 For exanple, a single-pole recording head and a correspondi ng
magnet i (FIFETPOHI THE INWBENTTOAYi ng a soft underl ayer enables wite fields in
excess of double of that which is available for conventional | ongitudinal

recordin Accordi ngly, acting as ?netl c mrror, a SUL effectiyvely
doubl es I%ﬂ@llr ec"Bh@pwgemary@nnpmgemr@é%re Fteeiol SPuRen 1h@e§ta|néﬁwe$“é5&$f’fﬂ]?g

| h f l.]
honat .Scmﬁﬁaﬁi?e ot e v Bl fSipERrpS o sy B hmdelleliP allbP Paser
al | oys, ﬁ?gde?% LAy %&Ise%q’»su(m 1afdek foliep&iith b&ft maBRARSIhE fr |aid?l$&ftﬁ)n limyers

based on thes oys are al so used as conponents In witer e and
reader spapaidiallanmagetic vetonding dnédma, rmad wetmagnekc tcdidmg headd. deS| gns.
(00041 Although higher witing fields and perfornmnce can be achieved in

PMR appllcatlons usi n Tﬂﬁ%ﬁﬁ%@ﬁ?@Bﬁ soft alloys as described above, such
al |l oys cBAGK or corrosion, thereby potentially
causi ng severe rellablllty i ssues in both the

[0002]  To satisfy the continual demand for even greater data storage capacities, higher

density magnetic recording media are required. Of the approaches to achieve this high data
density, perpendicular magnetic recording (PMR) by far appears to be the most promising.
In contrast to longitudinal magnetic recording, the magnetic data recording layer of the
recoding media has its magnetic lines directed perpendicular to the axis of the recording
media in perpendicular magnetic recording. Also, in perpendicular magnetic recording, a
higher writing field can be obtained by using a soft magnetic under-layer (SUL) beneath the

magnetic data recording layer.

[0003]  For example, a single-pole recording head and a corresponding magnetic recording
media having a soft underlayer enables write fields in excess of double of that which 1s
available for conventional longitudinal recording. Accordingly, acting as a magnetic mirror,
a SUL effectively doubles the recording layer thickness, facilitating stronger read-out signals.
These soft under layers are magnetically soft (with High magnetic induction (Bs), high
permeability (), low coercivity (Hc)) alloys, such as alloys of Co, N1 and Fe. Similar
magnetically soft layers based on these alloys are also used as components in wniter pole and

reader sensor elements contained in magnetic recording head designs.



magnetic recording nmedia and in the recording head during hard di sk drive
operations. SUVMARY OF THE | NVENTI ON 100051 The present invention solves

t he foregoing problens by providing corrosion- resistant soft magnetic

al l oy based sputter targets for use to deposit a corrosion-resistant soft
magneti c underlayer in nmagnetic recording nedia, and soft magnetic |ayers

on magnghy re | : 4 | | f
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a corrosion-resistant soft magnetic underlayer is provided. Specifically,
a magngropensgy derdiomysiendthgrablypotentralivl eaksingsseveneathahekityassgp in bethghe an

under | ayer deposited above the substrate, .the underl.ayer. being.conprised
oS o Haieta rreprGge et ayt Bghe Haenrdine Btad'dEint Bagt G Give Pofifiret | o
el ement and at | east one corrosion inhibitor elenent that is selected

fromth | St mum (Cr), tungsten (W, nolybdenum
(M), é.sar on Q%c’%%%gg ,Iﬁickel (Ni), manganese (M), nitrogen
(N), titanium (Ti), niobium (Nb), silicon (Si), tantalum (Ta), and

al um nuno0ds) , Thelprsém dMaintion delvas ﬂl@qﬁfe@biﬁ% préblens by ppe&dingdoabsivs- t he
under |l ayer. 100071 In anot her enbodi nent, the present invention is a

magnet i cresistant shifhmpageets dleatbassdrputigetargetsifor use toplspesibadomosieniksistant sefor |
wherein the witer .pole and the reader sensor, (nclude an soft nagnetic
il m di SHEBUICHIgHAYEr Ty BRgpeirecarinetprdiaag selPeagnelic st CaEmdE
magneti c . I t i ni RUEBAIES i €
el enent %hl&eﬁéﬁf'%gg’t&gﬁcéﬁggbﬁfrgg# gﬁ%ﬁ%ﬁ%ﬁ%@@"‘?ﬁ%@ fa %t I's sel ected
fromthe group consisting of chromum (Cr), tungsten (W, nolybdenum
(M), cajioos] ( Cln acopp@ce (4il)oncrintodiméiof thepreganiasentidd) a, magietic egerding
(N), titanium f,Ti')’ ni obi.um (Nb), silicon (Si), tantalum (Tg, and
al um nunmedium haipg 8 comesion-gesiyant 508 mﬁﬁfl?h‘é\m‘gﬁl@ﬁ%ﬁ 1rpravideds Spsedisally. a
invention.is directed to.a nethod anuf.act Ukl a ' i ng
rect um * PREneth TG e ey BaR PR s e BN L o PR AP,
above a gheithebgbstraRMR dnidediye? Beinb@ompRis&Psf 4 MafmdtitalP o hBSfcaitaiding at
magnetically -2 soft alloy containing at |east oné soft ferronmagnetic
el enent keast aite so@dstromagnatisralopémand ahleassione corpsiom itthibitnateldraend éhat it ed
fromt hes cracotg&) fr%tonn Iesgtrtl)urll)gcocl)lfsisggé gﬂhurtr)nmgucr:lrl)((?r)f Hj?lggtgr? r\)s/(),\/g]blybdenum {Mo),
carbon (C), copper (Cu), nickel (Ni), manganese (Mn), mtrogen (N), titanium (T1), niobium
(Nb), silicon (Si), tantalum (Ta), and aluminum (Al), and a magnetic data recording layer

deposited above the underlayer.

{0007] In another embodiment, the present invention is a magnetic recording head that
mcludes a writer pole and a reader sensor, wherein the writer pole and the reader sensor
include an soft magnetic film disposed above a substrate, the soft magnetic film compnsed of
a magnetically soft alloy containing at least one soft ferromagnetic element and at Jeast one
corrosion inhibitor element that is selected from the group consisting of chromium {Cr),
tungsten (W), molybdenum (Mo), carbon (C), copper (Cu), nickel (N1), manganese {Mn),
nitrogen (N), titanium (T1), niobium (Nb}, stlicon (S1), tantalum (Ta), and aluminum (Al).

[0008]  According to a further embodiment, the present invention 1s directed to a method
of manufacturing a magnetic recording medium, including a first sputtering step of sputtenng

an underlayer above a substrate from a first sputter target that 1s compnsed of a magnetically



nol ybdenum (M), carbon (C), copper (Cu), nickel (N), nmanganese (),
nitrogen (N), titanium(Ti), niobium (Nb), silicon (Si), tantalum (Ta),
and al um num (Al'), and a second sputtering step of sputtering a magnetic
data recording | ayer above the underlayer froma second sputter target.
100091 According to yet another enbodinent, the present invention is

di r ect edof gy SMHGIz atI@lsfGhe doPChldniin i BANER ot Yeg e BlbG¥n

cont ai ning at- [ east e so erromagnétic e at | east one

cor r osi Gihibittd diérhert thatagenéctédhfrbmi the gRIvPoasi s dhiemping (Or) clangstat (WY, of
chromum (Cr), tungsten (W, nolybdenum (M), carbon (C), copper é§h),
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nmet hod uttering step of sputterrng a magnetically soft film
above a sstdisdgpatter degeosi ted on at | east one of the witer pole and the
reader sensor, the magnetically soft filmbeing sputtered froma sputter

target that is conprised of a magnetically soft alloy containing at | east
one sof tI008Yr r ofverpiding do yetanether embodimeangihe pesent dvvanden srdirastadgp agputter

Cungst ert ey iR ARRERT RN wo EposehBipfics Jerl o, B ek RRlalc(fent
manganesg d(idast sl dop@Ridn(Mibitdy él@.%%&rlf}lléﬁlk Seledtb® BOHMME MRup ctinbis@fof Si ) .

tantalum (Ta), and al um num (Al). n the above enbodi nents, the at

| east onehrsmium {€r)y mnpsiae (W), mblybdatunt &MoprcefbendB),ycopperd g chicked N i)he
group consisting_of cobalt (Co), .iron.(Fe).and nickeéwai), and the at
| east on@apgnewssiNGm, nitragsn (1), tisaniwa (1), Biobrne (el sHicend 3).deHalsm dr)tand

above-|i of inhibitor elenents depending on the sel ected
ferronag%é&ﬁggéﬁgﬁént In addition, the anount of the inhibitor elenment

included in the magnetically soft alloy is limted up to a predetermn ned
limt of joaiemm Cid &hirther ¥AB6EniAE the REehRT s HRdctRl @'h enetllRid of tharlifictindng a

determ ned according to which soft ferromagnetic elenent(s) is selected

and on wmagketicTa¢dsilingrhead bawng a wrilespole gndd readsr sensor, the method including a
sputtering step of sputtering a magnetically soft film above a substrate deposited on at least
one of the wnter pole and the reader sensor, the magnetically soft film being sputtered from a
sputter target that is comprised of a magnetically soft alloy containing at least one soft
ferromagnetic element and at least one corrosion inhibitor element that 1s selected from the
group consisting of chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), copper
(Cu), mickel (Ni), manganese (Mn), nitrogen (N), titanium (T1), mobium (Nb), silicon (S1),

tantalum (Ta), and aluminum (Al).

[0011] In the above embodiments, the at least one sofl ferromagnetic element 1s
preferably selected from the group consisting of cobalt (Co), iron (Fe) and nickel (N1}, and
the at least one corrosion inhibitor element is selected from a subset of the above-hsted group
of inhibitor elements depending on the selected ferromagnetic element. In addition, the
amount of the inhibitor element included in the magnetically soft alloy 1s limited up to a
predetermined limit of atomic ratio, where the predetermined atomic ratio limit is determined
according to which soft ferromagnetic element(s) is selected and on which inhibitor element

is selected.



100121 In this manner, a-magnetically soft alloy is provided that has a

hi gh saturation magnetic induction (Bs) greater than 0.5 Testa, a high
perneability (,) of greater than 10.0 at | KHz, .and a | ow coercivity (Hc)
of | ess than 8000 oestead. 100131 Additional features and advantages of
the invention will be set forth in the description below, and in part
wll be re : 1.4 he { Dl ihce of
the i nvARHRE, Ttk BEhhcty HERRE by BE oy ke A B B R o 1
be reakiaghéicindu@iondiBay grebter tHaa 063 Testh W ligh pednhaablinny ()y.) pbrdard tlantl 001 t he
witten description and clains hereof as well as the appended draw ngs.
[0014] Bt 1IKHz;: andselonnensravisy tHe)eddess than 3009 desteedioi ng general description
and the followi ng detailed description are exenplary and expl anatory and
are int to, py.ovi furthe expl anatjon of..the.inpventd on. cl ai med.
BRI EF DE@%%S PTI ‘%ﬁﬁ‘#&ét%ma{%é‘i%‘i t é‘“’ﬁB‘éW&L@?ﬁ faf?%ﬁas, whi ch
are incl : L& j . } L re
ncor pora o bBIeR e i birt BEN bUSHIRSIHY IR deB dfeh, bR bt R o
enbodi mpRictice bf tHednvenven! The objedtitesgmdlvtiierwdvintiges of dscinvatticonvidldreve t o
explain the principles of the invention. [00161 FIGJRE 1 depicts a thin
film st aedized and pégnedibnthersturiurs particwarly peted %gh&tei%nﬂm&éﬁmﬁmand
according.to onefenboﬂi nt of %ﬁeﬂgresent i nvention. [0017] FI GURES 2A-2E
depi ct LA dergt AL el a5 s Arert Y§Sa soft magnetic film |ayer
according to one enbodi nent of the present invention. (00181 FI GURE 3

depi cts sp i tei i i

e um (e e e R B el G R e Vine
present detdiledrliesariptioh QB &dentplByRRd 4xplanatofy aulchrarterided te ppivadenfuntdet he

met hod of making a recording nedium or recording head conponents, having
a soft rexgiasatien of thgpvpptien azelaiieg to one enbodi nent of the present

i nvention. -4 DETAILED DESCRI PTI ON OF THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  The accompanying drawings, which are included to provide further understanding
of the invention and are incorporated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the

principles of the invention.

[0016] FIGURE 1 depicts a thin film stack of a recording medium having a soft magnetic

underlayer according to one embodiment of the present invention.

[0017]) FIGURES 2A-2E depict recording head components having a soft magnetic film

layer according to one embodiment of the present invention.

[0018] FIGURE 3 depicts the sputtering of a soft magnetic film layer onto a recording
medium (or recording head component) according to one embodiment of the present

mvention.

[0019] FIGURE 4 is a flowchart for explaining the method of making a recording
medium, or recording head components, having a soft magnetic film layer according to one

embodiment of the present invention.



(00201 In the follow ng .detail ed description, numerous specific details
are set forth to provide a full understanding of the present invention.
It will be apparent, however, to one ordinarily skilled in the art that
the present invention may be practiced w thout some of these specific
details. In other instances, well-known structures and techni ques have not
been s | ' | ' obscuring the present
inventiEﬁ%ﬁﬁhg%giﬁﬁkéu&ﬁyﬁﬁﬁﬁgHﬂﬁgﬁggﬁﬁﬁjp#g directed to providing
corrosion-resistant soft nmagnetic alloy based sputter targets for use to
deposi t [gog 'tﬂé‘fcfll%%diﬁ% 8851 &PAdscARSEIE hefdul BpecifiCletdss ard RetBHRtH ay er

I n a perpendi cul ar magnetTc recording nedi um stack, and as a magnetically
soft fi lprobidy afuld ondagaeding of theqrelenginvemis,. If will behppaiodre, hdweykr, to one
performance magnetic recording. In this manner, magnetjc, recordi ng nmedi a,
and ragresdingnyeskalied i ghearh that ermsesrahinyentignamay Beiprasicedawithept some of these

corrosi on-r.esistant._soft netic underl ayer,. I ' ' i ite
rel de. ARECTR dEllr o S RAnes He ReP b B ARl kBt R Bherll ' ¢
depi ct's @oWRARAkiaf 16 866 HnAeccTBETY BbsAAng the fiBseRl fiveMior. Nvent i on whi ch
has a thin filmstack including a corrosron-resistant soft nagnetic
under | ayer 104 which was forned during a sputter process using a sputter
target ajoRrdi nfhe mveidorpis gsnerally directed trnprodslingsaerosion-resigiantsofi magngtist i ¢
recordi nq medi um 100 i ncl udes substrate 101 and corrosjon- resistant soft
magnet | callackaseraten Gagets foy dse Lleposk A CATPYOBEES AR SO BRGNP RIRIEVERE or

nore underl ayers, .anti-fer LG - ; I ch
s depostit UREEY B PeutrBRIRI Huhbhc <Rb ne Mpahi Vel ¥RFaP: medalcall
aspect s gift ﬁﬁﬁ]@%ﬁ&?ﬂ{aghéﬁ&@_&:dn@m% Heais forlRBable, hiphpeiféiehanCe Fiaghetiey,
optional layer(s) 105 i's optionally provided in the thin filmstack in
order t recopting nialthis manmer,deagadtic récording mggies and wagietiggecordagdieader or

ot her underl ayers, betywee under | %er 104 tar&d ecordi.ng | ayer 1061t-nl Mo
al t or nat EOARMLS: Hi5iPrOdHECH PRYER A SOROSIPTEHSEN SO TBREEF Hpdshfavy Tguing

om t ted. h@gﬁ%te“ﬁem%&&d RANERD VbfrosivhdesisanglerbBftaice. deposi ted above the
substrate 1, or above intervening optional |owlevel |ayers 102.

Under | ayer 104 is conprised of a corrosion-resistant soft magnetic all oy,
as di scu$@o2ad]i n Figure 1 depiais a inegmeitic. recxsdmgemedium R0Q of the presemtipyentiien which

recordi ng nedium 100 jncludes magnetic data recordi ng | r posi t ed
above un eﬂlﬁv@ﬁ}m@t@.ckm'ﬁg@sew 88?@1‘??@51%&?6ﬁ%ﬁ“‘fgﬁ‘i“f%ﬁyeﬁlﬁ%‘g@, was
opt i onal f&l}rpetdecﬁﬁ-i'ng% sputter process using a sputter target according to the present invention. As

|t g]

seen in Figure 1, magnetic recording medium 100 includes substrate 101 and corrosion-
resistant soft magnetic underlayer 104. Layer 102, which is optional, can include one or
more underlayers, anti-ferromagnetic layer, or other type of layer which is deposited between
substrate 101 and underlayer 104. In alternate aspects of the present invention, layer 102 is
omitted. Similarly, optional layer(s) 105 is optionally provided in the thin film stack in order
to optionaltly provide additional layers, such as a seedlayer or other underlayers, between
underlayer 104 and recording layer 106. In alternate aspects of the present invention,

optional layer(s) 105 is omitted.

[0023]  As mentioned above, underlayer 104 is deposited above the substrate 101, or
above intervening optional Jow-level layers 102. Underlayer 104 i1s compnsed of a
corrosion-resistant soft magnetic alloy, as discussed in more detail herein. As seen in Figure
1, magnetic recording medium 100 includes magnetic data recording layer 106 deposited

above underlayer 104. Magnetic recording medium 100 further includes optional protective

-5



-5 layer 107, which can be optionally provided and which can include one
or nore |ayers such as a carbon (C) overcoat or a lubricant |ayer

al though in alternate aspects protective layer 107 is omtted. Magnetic
data recording layer 106 has nmagnetic |ines that are perpendicular to the
pl ane of substrate 101. In contrast, underlayer 104 has magnetic |ines

h [ f b 101 ! by. [ [
with magatii0 quhieh 28T Y apRer s idqbiia YREh S nhERicnd e ek BoEesieh oy or
104 of t&g BHEREEY ovBNBH draTuBHARh B ef BURGIdGn AREMAR difectiBididtive (et O

achieve reliable, "high perfornmance perpendicul ar nmagnetic recording (PWR)
during oprigiohminedf Magastietdaca reecrdirdy lagert®dihasnmb@ieticUinbs that pey perfendaatiar as
a magnetic  mnor _and effectively doubles the thickness of neti c data
recor di n§ thaplape obsnbsirate 08 dpycontrpst ppderiyer }(B’a%d’t‘aﬁﬁegﬁg‘%sn&gbﬁ? et i c

cor rosi oftepeet PR a0 T RRE K ERble  ROGRECIRH widlifabrR e QP BRI lafr

more sof jgd erromagnetic el ement, and at | east one corrosion inhibitor
elenment. In this regard, the soft ferromagnetic elenent(s) in the soft
magnetic alloy is preferably one of, or any conbination of, cobalt (Co),

i ron (Fej0024H nircthéd mandier, ursletthyardif4 of Herprewit inventiomenphlss magnetierasardng an

Coft  maEpeanee |0 IiphiEve s, BEPeaETaRCa s Rend s Ao BB (MR)
I ts whi ch f |
Sel oot oa AR R B cARRRE BahiSF 106, DndFIAeLRONE & FBBRTIS 0L on

i nhi bi t OhiﬁbﬁMfﬁecﬁwaTy%hsﬁg theahicnéss if flaghelio did ARotdinglayad 108y rdsaltingg
certain selected soft ferromagnetic el enents but not others. 100251 Tabl e

1, bel owjn grangedeesdeut|signalsdiorn magpstiorecordingoned nmel Wneipesi fically, undarlaxer ysed
in the Qrgssent i ns\éﬁnﬁ.i on ta formthe orrostior]-res' sgl?nt S Of t”rgagneé%rc

al | oy usd@¥iscomniserof p SATORtPRFeskNt SpH masRctss alloyy Phich Sopall e 4 i efent s
cobal t (Gdre ﬁb%%&l‘f eBOdlefenK Ghd bfNedst oA€ coBiién RRAAI0R RRYfent ! hfthadegarl,
corrosion Inhibitor elenents that can be effectively used with each of

t he soft thesofofergmapheticodlement(s) imthe softfrhagneti¢ alldpeis poeferabbnencoef; onariyon

Ut not PrRAB L coBlt (50), Fon (S aha WA RATRldn S SIPRRSHaEnSI ™
elements can also be included in the soft magnetic alloy. In the present invention, the soft
magnetic alloy also contains one or more corrosion inhibitor elements which are selected
based on the soft ferromagnetic element(s) selected to be in the soft magnetic alloy. Thisis
because some corrosion inhibitor elements are effective to resist corrosion in an alloy having

certain selected soft ferromagnetic elements but not others.

{0025] Table 1, below, provides a list of corrosion inhibitor elements that can be used in
the present invention to form the corrosion-resistant soft magnetic alloy used in conjunction
with one or more of soft ferromagnetic elements cobalt (Co), iron (Fe) and mickel (Ni). As
mentioned above, the set of corrosion inhibitor elements that can be effectively used with
each of the soft ferromagnetic elements are different, because some corrosion inhibitor

elements work effectively with some soft ferromagnetic elements but not with others.



COBALT (Co) ALLOYI RON (Fe) ALLOYNICKEL (Ni) ALLOY
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sofup th 574 AERGORLIY €l
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iron (Fe)[and n'(ﬁﬁ?ﬂ The PrEegdsh (Chnvention, thQ:arbon C)
fcg; ; 8?};82 r ?SI E\t ,q,g;grmc,rgt;\ rJet pﬁe %l(f °r?tél.}3]c\rg§®ér € o 2%, IC lfl
more of the  copper(Cu) " Nickel (Ni)’ Copp ( u
(up to 2% atomic ratio) (up to 30% atomic ratio) (up to 3% atomic ratio)
Nickel (N1} Manganese (Mn) Aluminum (Al)
(up to 20% atomic ratio) (up to 15% atomic ratio) {up to 2% atomic ratio)
- Nitrogen (N) Tantalum (Ta)
(up to 0.4% atomic ratio) (up to 10% atomic ratio)
- Titanium (T1) Titanium (T1)
{up to 2% atomic ratio) (up to 2% atomic ratio)
- Niobium (Nb) Niobium (Nb)
(up to 2% atomic ratio) (up to 10% atomic ratio)
- Silicon (S1) Silicon (S1)

(up to 1% atomic ratio)

(up to 11% atomic ratio)

[0026]

Table 1: Corrosion inhibitors for each soft ferromagnetic element

As seen in Table 1, a list of corrosion inhibitor elements is provided for each one

of the soft ferromagnetic elements cobalt (Co), iron (Fe) and nickel (N1). In the present

invention, the corrosion-resistant soft magnetic alioy includes one or more of soft

ferromagnetic elements cobalt (Co), iron (Fe) and nickel (Ni) and one or more of the

corrosion inhibitor elements from the list in Table 1 corresponding to each ferromagnetic

element included in the alloy.

[0027]

For example, if the alloy contains cobait (Co), then one or more of corrosion

inhibitor elements chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), copper

(Cu), and nickel (Ni) is selected to include in the alloy to provide corrosion resistant

properties for the cobalt (Co) in the alloy. As seen in Table 1, each one of the listed



corrosion inhibitor elenents fromthe list in Table I corresponding to
each ferromagnetic elenent included in the alloy. (0027] For exanple, if
the alloy contains cobalt (Co), then one or nore of corrosion inhibitor
el ements chromum (Cr), tungsten (W, nolybdenum (M), carbon (C), copper
(Cu), and nickel (Ni) is selected to include in the alloy to provide

corrosiQn_resi i ty (- | . seen
cor 05! 88ba5h HiMlor RARARLSF el it oF SRRk iR pes Pkl il i
associ atyag x‘@Rie@erﬁﬁltHéRmér_ litnflof a®mib eatheRitR e@pedt t@tHebogrespnding  Thi s
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because the addition of the corrosion inhibitor el enent beyond the upper
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seen in Table 1, the corrgsion_ inhibitor elenmenfs listed inh Table 1 are
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cobal t (a%i)ct‘He-rsgggﬁﬁ)ﬁgﬁﬂgbp?h%%'f}hegzlg@f In this manner, the present

I nvention provi ons o magnetic alloys that can be used
i n underl ayer 104 of magnetic recordi ng nmedium 100, and for making

sputter poagget sAsRedhindlableulsale é@rosidaeinhibiter ¢élamerits 1i8ted il Mablerigare diffdrent
other colums of Table 1, it can be seen that, if the all og cont ai ns
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properties for the cobalt (Fe) in the alloy. )
sputter targets which are used to make underlayer 104. Tuming to the other columns of
Table 1, it can be seen that, if the alloy contains iron (Fe), then one or more of corroston
inhibitor elements chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), nickel (Ni),
manganese (Mn), nitrogen (N), titanium (Ti), niobium (Nb), and silicon (Si) is selected to

include in the alloy to provide corrosion resistant properties for the cobalt (Fe) in the alloy.

[0029]  Similarly, if the alloy contains nickel (Ni), then one or more of corrosion inhibitor
elements chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), copper (Cu).
aluminum (Al), tantalum (Ta), titanium (Ti), niobium (Nb), and silicon (S1) 1s selected to
include in the alloy to provide corrosion resistant properties for the cobalt (N1) in the alloy.
As mentioned above, the corrosion-resistant soft magnetic alloy of the present invention can
also be comprised of two or more of soft ferromagnetic elements cobalt (Co), iron {Fe) and
nickel (Ni). For example the corrosion-resistant soft magnetic alloy can be a Co-Fe alloy, a
Co-Ni alloy or a Co-Fe-Ni alloy, or any other possible combination of soft ferromagnetic

elements cobalt {Co), iron (Fe) and nickel (Ni). In such a case, one or more of the corrosion



100291 Simlarly, if the alloy contains nickel (Ni), then one or nore of
corrosion inhibitor elenments chromum (Cr), tungsten (W, nolybdenum
(Mo), carbon (C), copper (Cu). alumnum (A), tantalum (Ta), titanium
(Ti), niobium (Nb), and silicon (Si) is selected to include in the alloy
to provide corrosion resistant properties for the cobalt (Ni) in the

al | oy. ifRibtBNEIERRAE caR BY SeledtE® 1oAY the $ésphcthRToRInANSS Fabild 1 0BREPbhdingitd OY
of the present invention can also be conprised of two or noré of sSoft

f er r omagpach of thel seftefatremegrietic telqn@aits inchuded {RbY aoyl The akeunt ofithe sefested

exanpl e the corrosion-resistant, soft . tic allgy can _.be a Co-Fe . all oy,
a  Co- NiCORIOBop lsbliaowmsuww@mcay, e&ﬁi’fﬁ@ uprin efﬁé@gﬁ i31ig DEUHORMER SR of
soft fer ' ' (E ' '

such o caoSaRBELEn rEpelBlR, £ARR br bigtbwopalbok cfindforthd CElupirintiudc?
sel ect ednfth@aliéhe respective colum of Table | corresponding to each of
the soft ferromagnetic elenents included in the alloy. The anmpbunt of the
sel ected corrosion inhibitor elenments could can be included up to the
atoni c rEOB0] | i Hican be apprgeigtedmpon meviewof fablgiltthatrasamecqormosionpghibM@funt  of

the f ti I t t hat I j,ncl uded in.t || Qv 0

[ can bRPBER S EdIEBOH P b sPbr bR L e izPmastdiceTenths S €0

i nhi bi t ; YN b f

ot o) PR BRSO REpLRBNITCL PN, O Hihn Afmpl R o
case of amgsterréWiinadudedyin thealkiyodoukhinelodaplseparath ammmuof tandstert (Wpsp tnthe VWY

I ncluded in the alloy could include a separate anount of tHng t . up

to the aEBH EaloHMY Provided 1p/lablegk fprieachrafgabalt (€o): ran (he)gn ﬁéf&l@g)

. Fe) .and ni L (N I . ‘ . ; g

o omet e biE el Eseb ol Aol BoRANE of BB RBSE HE) brRAGIA,

appropri aﬁ@t}@r?ﬁmpr@fe HAGUTR S EdtTdshsH fekidfaBe isindlidddud ekk allbyl Bpedilficalty, the
e
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[0031]  The comosion resistant soft magnetic alloy of underlayer 104 can also include
other elements in addition to one or more of the soft ferromagnetic elements cobalt (Co), iron
(Fe) and nickel (N1), and one or more of the corrosion inhibitor elements listed 1n Table 1.
The underlayer 104 of the present invention is either in a nanocrystalline form or an
amorphous form. Accordingly, it may be desirable to include one or more nucleating agent
to the corrosion resistant soft magnetic alloy in order to obtain nanocrystalline form in the
soft magnetic alloy film of underlayer 104. In this regard, such nucleating agents can include
one or more of the noble metals, such as copper {Cu), silver (Ag), and gold (Au), for

example.

[0032] In the altemative, it may be desirable to include one or more glass-forming
additives to the corrosion resistant soft magnetic alioy in order to obtain an amorphous form
in the soft magnetic alloy film of underlayer 104. 1n this manner, it is possible for underlayer

104 to be comprised of a single magnetic domain. Such glass-forming additives can include



(Fe) and nickel (N), and one or nore of the corrosion inhibitor elenents
listed in Table 1. The underlayer 104 of the present invention is either
in a nanocrystalline formor an anorphous form Accordingly, it may be
desirable to include one or nore nucleating agent to the corrosion
resistant soft nmagnetic alloy in order to obtain nanocrystalline formin

the sofgnerRangt bf thl dadly tfankitiof lelcnitah®y, kdokeds Zniut(Zr)) hafnhes THE, vansdium
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al | oy di scussed above with respect to underlayer 104 of magnetic

r ecor di nperpentlicoraripagraie re¢adingdPMIhend. f orm a soft magnetic filmlayer
I n the conponents of a recording head for increased performance in a

di cul ti di PMR) head...100341 In this,. Fi
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I nventi on. seen I1n Figure 2, witer pole 210 1 ncludes several |ayers
211 to 23ekn ifFegire 2cwhilter, pote 2 Henclndeesevedl ldyas 24 libs 214t 8p&ificalllyj whter pole

pr ef er abl baked phqto-resjst |ayer. soft magnefic fjl | ayer 213 is
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| ayers slimMdes @oppericleanennoiel hye H2enydl adloy layendl4, which is preferably an aluminum
oxide layer. It should be appreciated that the layers shown for writer pole are exemplary, and

that layers 211, 212 and 214 can be comprised of other elements and/or alloys.

[0035]  As mentioned above, soft magnetic film layer 213 is deposited above the substrate
211, and is comprised of a corrosion-resistant soft magnetic alloy, as descnibed above with
respect to the corrosion-resistant soft magnetic alloy of underlayer 104 of magnetic recording
medium 100 shown in Figure 1. Accordingly, the reader is referred to the above discussion
of Figure 1, and Table 1, for a description of the corrosion-resistant soft magnetic alloy that

15 also used for soft magnetic film layer 213 of wrniter pole 210.

[0036]  Figures 2B iltustrates reader sensor 220 as a component of recording head 200,
although reader sensor 220 can be separately provided in other alternative embodiments. As
shown in Figure 2B, reader sensor 220 has a sensor unit 221 which has current applied to it
in operation in order to read the magpetic segments of medium 230. Figure 2C shows the
layer stack of sensor unit 221 shown in Figure 2B. In this regard, sensor umt 221 1s seen to

include antiferromagnetic layer 222, free ferromagnet layer 223, spacer layer 224, and soft
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that |layers 211, 212 and 214 can be conprised of other elenents and/or
all oys. 100351 As nentioned above, soft nagnetic filmlayer 213 is
deposited above the substrate 211, and is conprised of a :
corrosion-resistant soft nmagnetic alloy, as described above with respect
to the corrosion-resistant soft magnetic alloy of underlayer 104 of

magnet i Cadja%e&rﬂ%é}@zsmmmég%, 28QMnk o HigemBodimeNCAAnEin@htion, ifee eader

is referred to the above discussion of Figure 1, and Table 1, for a
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enbodi nent's. shown I n reader sensor as a sensor unit
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magneti c segnents of medium 230. Figure 2C shows the |ayer stack of
sensor wPHeratEMl shown in Figure 2B. In this regard, sensor unit 221 is
seen to include antiferronmagnetic |ayer 222, free ferromagnet |ayer 223,
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conprised of a corrosion-résistant soft nmagnetic all'oy, as described above
wi t h respleshative enihediments.odischown s Eigand 213 afeaderaenset 220 basl aosensdr umidd?l| ayer

104 of magnetic recordi medi um 100 sho in Figure 1..1n this nner,
sensor uhfichhes CP’ére%fr?pQQg‘i‘lﬂ 'él‘ﬂ°%ﬁ’i€f“l§‘df‘r°6‘i\‘l?{}d‘i’ir‘?"@éﬁ%’?’éﬁ‘!etﬁcﬁeg’ﬂﬁlgﬁ Sﬂi on.

[00371 Fi FloLWHSHE & UL 2 PN nitO0 1 s860R in FRASOID22PuAs 2
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separ at elegafit, eemisde dnit 22 bisszen tainchide ahiifeeroardgneticieydr 222 A ees feoomagnetHiagarr e
2D, reader sensor 220 has a.sensor unit 221 whic as current a ied to

: : | i
it in opédhtparerisveseddrandpipnedderrpmagnrtisdayes 24 glnthissegard, ancar t@égts
Figure 2 I [ | IO n
this reg??’gé,m@eg?]gg%ﬂcﬁﬁﬁn@ggﬁ%&sﬁbggﬁl@% l?%gglzzéﬁﬂtﬁ@%ﬁ)dn?%f giﬁ%y ay2e5|r
222, freardescfonagneic filayRiyer WhHidh isqmgised @Y @ coR@sion-resittanit sole chagnetic alloy,
ferromagnetic | ga/er 225. In this regard, according to this_ enbodi ment of
the i nvedt Pesgnbed akoveav i Frsperd to thererrosion-resisiangisaf appanelic @Wq@rﬂeﬂ?ﬁyer

225 104 of magnetic recording medium 100 shown in Figure 1. In this manner, sensor umt 221 is
an efficient and corrosion resistant in operation. In the embodiments of reader sensor 220
described above in Figures 2B to 2E, sensor unit 221 can also optionally include a protective
fayer (not shown), which can be one or more layers such as a carbon (C) overcoat or a

lubricant layer.

[0038]  Figure 3 is a graphic diagram that depicts the sputtering of a corrosion resistant
soft magnetic alloy film onto a recording medium (or onto a recording head component)
according to the present invention. Turning to Figure 3, substrate 300 is shown which can be
the substrate of a magnetic medium, such as magnetic recording medium 100, or the
substrate of a recording head component, such as writer pole 210 or reader sensor 220 of
recording head 200. In this regard, a corrosion resistant soft magnetic alloy film is being
applied as an underlayer 301 onto substrate 300 of a recording medium by a sputtering
process. It should be appreciated that known types of sputtering processes and equipment

can be used in order to apply the corrosion resistant soft magnetic alloy film of the invention
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are a soft magnetic filmlayer which is conprised of a corrosion-resistant
soft magnetic alloy, as described above with respect to the
corrosion-resi stant soft nagnetic alloy of underlayer 104 of magnetic
recordi ng nmedi um 100 shown in Figure 1. In this manner, sensor unit 221 is
an efficient and corrosion resistant in operation. In the enbodi nents of

reader $§RfQfe W¥derlaftgSoN | R sphevRed depfchioH 084 spittdrihgProces©sown irFigurd 3l
can al so optionally include a protective layer (not shown), which can be
one or nefa dxplasatorsparposes, andeethtroputaingpHmeresses andrequipmend carcbguseddger .

100381 Figure 3 is a.qgraphic diagramthat,depicts the ttering of a
COrr oSi dﬂg‘?ll%iﬂ%‘? E’ant“gbwﬁg?fﬁ&qg?a@g?m"&?r PW&’% 5“?%@3%‘? WY edi um (or
onto a recordi ng head conponent) according to the present invention.
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a magnetic di um suc magnet’| ¢ Tecordi'ng medi um 100, or the
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sensor 220 of recording head 200, In this regard, a,corrqsion 6esi st ant
soft ragiasiast wfl meengticalioy obandeglayenHi4 @lmagnels reqording mipdum 40 shavg in
substr at o] ' ' Ik . I d be
appr eci aﬁgg%?lﬁa‘é‘c ﬁ%@g% @fggadﬁq%%l%fégrt?ﬁg@%gréggggseg%s@{n e ﬁrlep]r'r%?f?ﬁgggn be

used in priges deRriphbh Bf HRoHOsLATEONaNS RThAktic alléy Matmekésupipuayr tafdem of
the invention 11 to create underlayer 301. The sinplified depiction of a

sput t er i hP. ppiies targtt GIA cam bereundes@iarg, sectangulst ity mympepok ¢ibereshapesnd

ot her sputterin r sses,. and ui nt c be us Q r h €
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100391 Age$8RBsioR-rEdifufitoft maRihit Gloy 8f BElpradtht inSertiof \icelidingh afifi of S
conprised of a corrosion-resistant soft magnetic all oy, as described
above wi sdveral&pewh pracesses, sioh ap giduntion msltogaimgosgdsimelitingend ponideny of
under | ayer J[04 of  na neﬁi c recording nedium 100 shown in Figure 1.
Accor di ngigR ]“f%f?re%‘gﬂ’rp‘?'s referred to the above discussion of Figure 1,
and Table 1, for a description of the corrosion-resistant soft nagnetic

alloy t hfﬁﬂét'ﬁgke?n He SEpIEEhowa 88 gurd B0spudldkiar St 316! @Riprizéd of 8 cBfrokiNd,

square, rectangular, or any nunber of other shapes, such as solid or
hol | ow cydsistaintisofdimagnetinaliny desanlyedottoze wsthapspecBpuiigwe ltandgiaable3h,os i s

}c g\r/gt:? i g%leg{g%g}lg%%gggg%ceo%#r%gﬁg tpossig‘]:ret: elgg%ggltcih%rgaelils ggpl%:l tctJ rs‘t?bs?rragsa%t A
cloud of ionized Argon gas 305 is shown in Figure 3 disposed between sputter target 310 and
substrate 300. lIonized Argon gas 305, having a positive charge, has a velocity vector
directed toward the surface of sputter target 310, partially due to the electrical ground applied
to sputter target 310. The ionized gas bombards the surface of sputter target 310 and
dislodges, or sputters, particles of the corrosion-resistant soft magnetic alloy from sputter
target 310. These particles of the sputtered corrosion-resistant soft magnetic alloy are ejected
away from sputter target 310 and onto the surface of substrate 300, partially due to the
positive charge applied to substrate 300. This process is continued until a thin film of the
corrosion-resistant soft magnetic alloy having the desired thickness is applied above the
surface of substrate 300, thereby forming underlayer 301 above substrate 300. Of course,
other intervening layers can be placed between substrate 300 and underlayer 301, as
described above with respect to Figure 1. Other known types of sputter targets can be used to
sputter other types of layers onto substrate 300, such as a magnetic recording layer in the

case of a magnetic data recording medium.
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several known processes, such as induction nelting, ingot gas nelting,
and powder netallurgy, for exanple. 100401 In the exanple shown in
Figure 3, sputter target 310, conprised of the corrosion- resistant soft
magnetic all oy described above with respect to Figure 1 and Table 1, is
electrically grounded. In contrast, a positive electrical charge is

appl i ed gomuqs ubsigiat @ 3@ Plowbhart férskphiinih @ MezstehsAITINB eganplaBberbodimentrofi n
Figure 3 disposed between sputter target 310 and substrate 300. |onized
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oround Qpprreton Tt e maearler RS and i ARG e Biete BSerife et o
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are ejected away fromsputter target 310 and onto the surface of.
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appl i ed smhqyemhti®l. surface of substrate 300, thereby form ng underl ayer
301 above substrate 300. OF course, other intervening |ayers can be

pl aced between substrate 300 and under| ayer 301, as described above with
respect [0843i gulNextia caroson tesisiant sfpasgndtiosyloytunderiaes éx sputiersd sbovesthe t o
sputter other types of | rs onto substrate 300, such as a _.magnet. c
ecor d ioREeorERoYalew BERUE A iRt rE ik FOM ST RRGREOR. 12
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enbodi ment” of the 1 nvention I ch a nmagnetic recording nmediumis
manuf act targedishawiprigedof anceodicyegsistait saib nragaeionaliegsissiesaribed abovearsghet i ¢
eneral |y depict the eation of a.

all oy, and can al so be u to C
cor r osi ofspeskiaskighte kand f‘gﬁgﬁeﬁe SBYIESIFIBMTPRSS FArLDE @ebﬁs‘z&%ﬂdﬁ@a&e with

componenfoc, TG, FRLACESS oA BE Lomé e} BRd0ouiRAtle pldkedd ep 402, cer tain

| ow- | eve ayers,” such as an anti- ferronagneti ayer, other types of
under| ayers, are deposited above the substrate using sputtering from one
or nore H4B] er Affier getcdrrobionatdianmabé asgrett allof undeelaperas epplicdnw siep 408,
step 402 is omtted. ) . .
other underlayers or a seed layer may optionally be sputtered above the corrosion resistant
soft magnetic altoy underlayer (step 404). At least one magnetic data recording layer is then
sputtered above the corrosion resistant soft magnetic alloy underlayer (or above mtervening
underlayers or seed layer) from a different sputter target. (step 405). An additional protective
layer or layers, such as a carbon (C) overcoat and/or a lubricant layer, are sputtered above the
magnetic data recording layer in step 406, and the process ends (step 407). In alternate
aspects, step 406 1s omitted and no protective layer is sputtered onto the magnetic data
recording layer. Of course, other steps can be added or omitted from the foregoing

exemplary process to manufacture a magnetic recording medium without departing from the

scope of the invention.

[0044])  While the present invention has been particularly descnibed with reference to the
various figures and embodiments, it should be understood that these are for iflustration
purposes only and should not be taken as limting the scope of the invention in any way. For

example, although sputter targets implementing the present invention may be round, square,
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[ 00421 Next, a corrosion resistant soft magnetic alloy underlayer is
sputtered above the substrate, or above low |l evel layers if any were
applied, froma corrosion resistant soft magnetic alloy sputter target
(step 403). The corrosion resistant soft magnetic alloy sputter target
is conprised of a corrosion-resistant soft magnetic alloy as described
above WirgdianguP&iCiny ifuribed ¥ Sthbr ﬂ%eﬁ%kﬁ aé—rectﬁ?ﬁea? RBBH er h@lgovp cPntdrical; 0
be that described above with respect to Figure 3, can be sone ot her
known s pmmtlya am:ngthpr sh:apss It 1iﬁﬂh1t8@ppké¢medulm cbmrgemamcbmodd'&‘aemmnna)sbé made
nagnetlc und IS a n step 403, other derl ayers or a
seed | a9% r@ﬁe}ww@ %rgﬁla 5@9 i st VIO EPEENBHFomUYe SPigk and
soft magp &}é&tﬂé rRr3én &gerl ayer (step 404). At |east one nmagnetic data
recording Tayer iIs t sputtered above the corrosion resistant soft
magnetic all oy underlayer (or above intervening underlayers or seed

| ayer) froma different sputter target. (step 405). An additional
protective |ayer or layers, such as a carbon (C) overcoat and/or a

| ubricant |ayer, are sputtered above the nagnetic data recording |ayer
in step 406, and the process ends (step 407). In alternate aspects, step
406 is omtted and no protective layer is sputtered onto the magnetic
data recording layer. O course, other steps can be added or ontted
fromthe foregoing exenplary process to nmanufacture a magnetic recording
medi um wi t hout departing fromthe scope of the invention. 100441 Wile
the present invention has been particularly described with reference to
the wvarious figures and enbodi nments, it should be understood that these

are for illustration purposes only and should not be taken as limting
the scope of the invention in any way. For exanple, although sputter
targets inplenenting the present invention may be round, square, - 13

rectangul ar, or any nunber of other shapes, such as rectilinear, solid or
hol l ow cylindrical, or nearly any other shape. It is to be appreciated

t hat changes and nodifications may be nmade to the invention by one
having ordinary skill in the art without departing fromthe spirit and
scope of the invention. WHAT IS CLAIMED IS: 1. A nmgnetic recording

medi um conpri si ng:

- 14 -



a substrate; an underl ayer deposited above the substrate, the underl ayer
conprised of a nmagnetically soft alloy containing at |east one soft
ferromagnetic el enent and at | east one corrosion inhibitor el enent that
is selected fromthe group consisting of chromum (Cr), tungsten (W,

nol ybdenum (M), carbon (C), copper (Cu), nickel (N), nmanganese (),
nitrogenvEHNT IS CLATMED @F4 ), niobium (Nb), silicon (Si), tantalum (Ta),
and alum num (Al'); and a nagnetic data recording |ayer deposited above

t he underl ayer. 2. The magnetic recordi ng mediumof claim21, wherein the
at |east one koft Afeagnstratgretding aledivemtcomprisigect ed from t he group

consi sting of cobalt (SCO'Z?T iron (Fe) and nickel (N). 3. The magnetic
recording medi um of ‘E!:I 1, wherein the at | east one soft ferromagnetic
el enent is a conbination of at |east two el enments selected fromthe group

consi sting of cobalf ur((ﬁ? n;yeﬂ Je%ﬁsn(éﬁ%o@@%e@uﬁl‘t?ﬂte G ﬁndeflla?r%pgﬁﬁa?w 5

recordi ng medi um of cl ai erein the at [east one so romagneti c
el ement magretibally sdfCalloy enthihing adteabtametsofiferrarongresic efemenb aind stdeasebaerent
is selected. fromthe group_caonsisting of chromum (Cr), tungsten (W

nol ybden‘iﬂﬁ‘{ﬂﬂﬂ)‘ ibrgr %‘61’4‘308!)"3"@@ 5@? %@mtheﬁwnﬁw@\m& af Shfoﬁﬂurfnﬁgr)

t d
"o bi t o nEREhEN T EB B ) TofBel (R aTPHIGH 8 B9 faf C°;é§éeo¢*’£f=%g to
the fol | goBéh gmpma@uurﬁ@’n)ombbmﬂ @b)U§iliEéh Vg/OIzﬁﬁﬂ{ﬁnC(Thﬁtah@aﬁnfmlﬁﬁth{ml}lm
(Cr), up to 15% atomc ratio of tungsten , up to 10% atomic ratio of

nol ybden%nd(l\/b) up to 2% atomc ratio of carbon (C, up to 2% atomc
rati o of copper (Cu), and up to 20% atom c ratio of nickel (Ni). 6. The
magneti c recordi ng nedi u ein east, one soft
ferronagnetic el enﬂﬁ‘ﬂag“'gmf 3%‘?1 r‘fcﬁéén“ggf’rmr ?féosﬁf‘l ft'}?a\?t‘heo?ﬂéfgay‘? Tosi on
inhibitor elenent is selected -15 fromthe group consisting of chrom um

(Cr), tungsten (thma\gheﬁ@w&bfd}@gmeaﬁhbmlﬁﬁl whtr&i§he 4theasy of@giFRNESE
(M), nitrogen (N), titanium (Ti), niobium (Nb), and silicon (Si).

ferromagnetic element is selected from the group consisting of cobalt {(Co), iron (Fe) and

nickel (Ni).

3. The magnetic recording medium of claim 1, wherein the at least one soft
ferromagnetic element is a combination of at least two elements selected from the group

consisting of cobalt (Co), iron (Fe) and nicke! (Ni).

4. The magnetic recording medium of claim 1, wherein the at least one soft
ferromagnetic element 1s cobalt (Co), and the at least one corrosion inhibitor element is
selected from the group consisting of chromium (Cr), tungsten (W), molybdenum (Mo),
carbon (C), copper {Cu), and nicke] (Ni1).

5. The magnetic recording medium of claim 4, wherein the selected corrosion
inhibitor element is included in the magnetically soft alloy according to the following atomic
ratio limits: up to 25% atomic ratio of chromium (Cr), up to 15% atomic ratio of tungsten
(W), up to 10% atomic ratio of molybdenum (Mo), up to 2% atomic ratio of carbon {C), up

to 2% atomic ratio of copper (Cu), and up to 20% atomic ratio of nickel (Ni).

6. The magnetic recording medium of claim 1, wherein the at least one soft

ferromagnetic element is iron (Fe), and the at least one corrosion inhibitor element is selected

- 15 -



7. The magnetic recordi ng nmedium of claim®6, wherein the selected
corrosion inhibitor elenent is included in the magnetically soft all oy
according to the following atomc ratio limts: up to 30%atonmc ratio
of chromum (Cr), up to 5% atomc ratio of tungsten (W, up to 5% atomc
ratio of nolybdenum (M), up to 0.3%atomc ratio of carbon (C), up to

30% at Otfcen il gréupPtoriisting lof chfolnium(Cr}) ndizXeeat foly@defurff NGRS
(M), up to O. gAf%rpatom cgratlo of ﬁlt)r)o%;e%n (|{l)w§‘ up )?Jg 2%6@4(%10 rath of

titani umiqkel {IN)upanganess Mmpngrogan (9), dtanividi)umobiv) (Nt andiglican (3.
atomc ratio of si licon (Si). 8. The magnetic recordi ng medi um of cI ai m

1, wherein t ast one sof tic elenen kel

and the at ast o-hép TRAFIHETETPT ‘ﬁ‘ﬁl’%"r ‘HP gF@l‘le@b |h§rel%&1°é’51(°8'&81cf”6 1f”f\e
group c on
(0. COBE'Z'P?‘ t §6imht i€ MHTIcdTh U hagiodd Rt ) Sy acEBIRAGIHET  ing pfoBfic
(Ta), amdtio &mitt apita 3086 Jatonic rﬁ'ﬂit%ﬁﬁgmidrﬁ (Cocap ti 57 aramiic sau®61 whgsten BV),
wherein the selected corrosion inhibitor elenent is included in the

magnet i B o5 %a gtomig ratyoizpelybdemign (ol we te S13% alomyc stsrelcarbon (C3 wp i t s:

ot ybderiire gy 4 oihe 0GR WLESplon P GelBAAERF GaPTH B 2tm

rati o ofatémidrafo of Mtrogef ENP up%o 2LP Alofnié PdtioLIAari MRRET), (0 2%Worhie rdddof
atomic ratio of silicon (Si), up to 10% atomic ratio of niobium(No), up

to 10% eniobium ()i andoip toak¥b atamic (&) of sibcano(S2 atomic ratio  of al um num
(Al'), and up to 2% atomc ratio of titani um (Ti). 10. The magneti c

recordi ng medjum of, claim1, vvh rein net allo as

i gh satar ati Bn nmGRGTRENTHRASEORUNE TRUNAIATE: | orerein 18 #defhotd ol The
nmagnet | CrohQh gﬂéti&el@i‘ﬁ@hﬂ&‘hﬁfi{e qu‘ﬂl %&‘i‘he é(i'*]é‘a[s?bﬁb éd}?osm?ﬁﬂﬁibhﬁﬁéllsﬁﬁcﬁﬂfst

all oy also ha hi gh per neabi y (pe) of greater than 10.0 at

and a | oseltmbmfromnhg/gro@bkc)mmtlxigasfsctﬂrdﬂamnﬁ(mo tonmaa@v) lﬂ)]deamgr(Mm)c
recordi nég ea(dC) ggprlr:)%; I(élll)n?tanll?m\ﬁ"ll)tnelgblu?nl &b) 51hcon (Sl) tantzﬁglg'ne([ra)s,grrll or

aluminum (Al).

. The magnetic recording medium of claim 8, wherein the selected corrosion
inhibitor element is included in the magnetically soft alloy according to the following atomic
ratio Iimits: up to 30% atomic ratio of chromium (Cr), up to 28% atomic ratio of
molybdenum (Mo), up to 4% atomic ratio of tungsten (W), up to 2% atomic ratio of carbon
(C), up to 3% atomic ratio of copper (Cu), up to 11% atomic ratio of silicon (Si), up to 10%
atomic ratio of niobium (Nb), up to 10% atomic ratio of tantalum (Ta), up to 2% atomic ratio

of aluminum (Al), and up to 2% atomic ratio of ttanium (T1).

10.  The magnetic recording medium of claim 1, wherein the magnetically soft

atloy has a high saturation magnetic induction (Bs) greater than 0.5 Tesla.

11.  The magnetic recording medium of claim 10, wherein the magnetically soft
alloy also has a high permeability (p.) of greater than 10.0 at 1KHz, and a low coercivity
(Hc) of less than 8000 oestead.

12. A magnetic recording head, comprnising:

a writer pole; and
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wherein the witer pole and the reader sensor include a magnetically soft
film deposited above a substrate, the magnetically soft film being
conprised of a magnetically soft alloy containing at | east one soft
ferromagnetic el enent and at | east one corrosion inhibitor elenment that
is selected fromthe group consisting of chromum (Cr), tungsten (W,

nmol ybdenum (M), cafdager defdor. COpper (Cu), nickel (N ), manganese (M),
nitrogen (N), titanium (Ti), niobium (Nb), silicon (Si), tantalum(Ta),
and al um num (Al'). 13. The nmagnetic recording head of claim 12, wherein
the at |east one swherenfthe moitagmde and tegnader sérsos michde @dndgnehvallyesofir folop

consistipg aof cobalt (Co iron (Fe) and jckel (Ni).. 14. The nagnetic
recor di rfB*PHEéFd' Vg Péﬁhﬁt@% thTsrgnecalisof H|r%§§lpg&ﬂ@v§6ﬂ of %@?M&éﬁét i

el enent j {nat i Eﬁ.{& e group
consi st isl'r(f'gt %“0@%%@5%3%6,%iof%ﬁ&?%m{i eﬁlhg e fﬁﬁf%tq%af%ée&{r?gg%eti C

r ecor di nighibétat cleinent thatiskelectel) dromh thet gréumtorstiag of Biroamihmh (ChHe tungs®Re (@) C

el ement is cobalt (Co), and the at | east one corrosion inhibitor elenment

i sI E gl eapbf@dﬁmwm(mb@rw@m@pgft (&g, wrekd NNgmnﬁ%nleﬁq (Mn), mjEQgsn rENW ,
VD )rre . . ' . (N )\ 16. T
maghot  coupt O g REGH Db iseASS: it A% B ERinADor ot on

inhibitor element is included in the magnetically soft alloy according to

the follow ngjgt omyge niaahb: febfidirfe hdsR Jfelafm2alvPeietn halal RaQfongRbAM UM
(Cr), up to 15% atomc ratio of tungsten (W, up to 10%atomc ratio of
nmol y bdenfemofidgheticplemenCi¥selectril fromatheqgrodp aasisbng 0CygbaltdCo),oradFe) amd ¢
rati o of copper. (Cu), and up to 20% atomic ratio of nickel (N ). 17. The
magnet i c“’FE@(ﬂ\{!}-ng head of claim 12, wherein the at |east one soft
ferromagnetic elenent is iron (Fe), and the at | east one corrosion

i nhi bitor el eggnt | : : 1St | kum
(Cr), tungste 22'( W ﬁﬁoﬁﬁyggl g{éﬁﬁt’%{‘f&}g@,‘é@%ﬁfﬁ?& qHll%lrrlel%lci: LHe%Igit ?Jlelfﬁ]{e%agﬁg anese
(M), ni ferogeapnehil eletrienaisiawon(bingtionrofabiaasn tidelemeanssdediedfrom(tbe Eroup8.
The magnetic recordjing head of claim17, wherein the selected corrosion

i nhi bi toFOlﬁF%WBrﬂfCPEBIP@)uH%(Eeﬁ at’ﬁ@'cﬂfﬁb‘mﬁ-i cally soft alloy according to
the following atomic ratio limts: up to 30% atomc ratio of chrom um

(Cr), up to S%xat ongf rﬁ?énieﬂc Pécco}d'mgﬁgﬁﬁof(c\aim 12, wherein the at least one soft

ferromagnetic element is cobalt {Co), and the at least one corrosion inhibitor element is
selected from the group consisting of chromium (Cr), tungsten (W), molybdenum (Mo),
carbon (C), copper (Cu), and nickel (Ni).

16.  The magnetic recording head of claim 15, wherein the selected corrosion
inhibitor element 1s included in the magnetically sofl alloy according to the following atomic
rat1o limits: up !6 25% atomic ratio of chromium (Cr), up to 15% atomic ratio of tungsten
(W), up to 10% atomic ratio of molybdenum (Mo}, up to 2% atomic ratio of carbon (C), up

to 2% atomic ratio of copper (Cu}, and up to 20% atomic ratio of nickel (Ni).

17.  The magnetic recording head of claim 12, wherein the at least one soft
ferromagnetic element is iron (Fe), and the at least one corrosion inhibitor element is selected
from the group consisting of chromium (Cr), tungsten { W}, molybdenum {(Mo), carbon (C),
nickel {N1), manganese (Mn), mtrogen (N), titanium (T1), niobium (Nb), and silicon (S1).
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up to 5% atomc ratio of nol ybdenum (M), up to 0.3% atomc ratio of
carbon (C), up to 30%atomc ratio of nickel (N), up to 15% atom c
rati o of nmanganese (M), up to 0.4% atomc ratio of nitrogen (N), up to
2% atomc ratio of titanium (Ti), up to 2% atomc ratio of niobium (Nb),
and up to 1% atomc ratio of silicon (Si). 19. The magnetic recording
head of clai gl2, Tiwamegmetichecoatingd@sd obeleins b7 twhdrenthboredevied consismment i s

ni ckel (Ni and the at |east one corrosion inhibitor el epent is .
sel ect ednhli%% %lﬁ’@e’g‘r‘é thsledsqdn dhe masusticalhy o V(*@F?rd"tamg}g'sgﬂlomg atomic

nol ybden . , ,

si | ?lcon %‘é"; ¥ %?anﬁd?ﬁw r%tr?]chP ﬂﬁ%@ﬁ@%ﬂ] Q-'H!ue r%ﬁ@w@éM%
recor di Ng 1Be34 aimie raidwflBolybbeiuh (Mb?w 1Q1p261063%% arbntio r4tivsofavarbonn(@) pig wer
element is included in the magnetically soft alloy according to the

f ol | owi rit)%aatemiic ratieef rickel iNtsup tp13% agowa@wtmmanesedﬂvl@hnmﬁ Q}Pn/w( Cr),
at 0

28% f
et ors S o SR e ¥ 20 Bt g L S b Bl o
of Copp%o&% rLdJuJHo f%aat&mcqaﬁ@bfgm@én &i). | con (Si), up to 10%

atomc ratio o , up to 10% atom'c ratio of tantalum (Ta), up
to 2% atom ¢ ratlo of aI um num (Al), and up to 2% atomc ratio of
titanium (Ti)19.21. Tﬁbmagagﬁretebcrdﬂ@baradidfglahadd whereirathmat Rastwineseftn t he
magnetically soft allo has a _high saturation nagnetic JndUCtIOI’l (Bs)

gr eat er feﬁammstwr@smam is pickeh@eapddhe at least eRGFoTEPsHRhibitoE Flemepbis

uher oL LAEIORA0G A Boh AR bAoA A WO i 6B,

oest ead. caaBon CCyrespnd (Oh), MeHdragTH] hdBiuen (RYNSiticeh (SI); earntalog (Tayiand
conprising: a first sputtering step of sputtering an underlayer above a
subst r at lufmoemdAd).rst  sputter target that is conprised of a
magnetically soft alloy containing at |east one soft ferromagnetic

el emrent and a

| east, .one_corrosion inh Q

fromthe _|I 8_58r ou Edﬂ%gngf eco c?“%h? dn?ql :lﬁ'fr’(%'%‘[%retm h{%astemfw%%sg&ﬁdenum
(M), capfbitdrem&n ﬁlspﬁauudem thethagsRticd soft AMBYaaaRdme(tdhe follbivirgdsmic
(N), titanium (Ti), niobium (Nb), silicon (Si),

ratio limits: up to 30% atomic ratio of chromium (Cr), up to 28% atomic ratio of

molybdenum (Mo), up to 4% atomic ratio of tungsten (W), up to 2% atomic ratio of carbon

(C), up to 3% atomic ratio of copper (Cu), up to 11% atomic ratio of silicon (S1), up to 10%

atomic ratio of niobium (Nb), up to 10% atomic ratio of tantalum (Ta), up 10 2% atomic ratio

of aluminum (Al), and up to 2% atomic ratio of titamum (Tt).

21.  The magnetic recording head of claim 12, wherein the magnetically soft alloy

has a high saturation magnetic induction (Bs) greater than 0.5 Tesla.

22. The magnetic recording head of claim 21, wherein the magnetically sofi alloy
also has a high permeability (ji) of greater than 10.0 at 1KHz, and a low coercivity (Hc) of
less than 8000 oestead.

23. A method of manufacturing a magnetic recording medium, comprising:

a first sputtering step of sputtering an underlayer above a substrate from a first
sputter target that is comprised of a magnetically soft alloy containing at least one soft

ferromagnetic element and at least one corrosion inhibitor element that is selected from the
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tantalum (Ta), and alum num (Al); and a second sputtering step of
sputtering a nmagnetic data recording | ayer above the underlayer froma
second sputter target. 24. The method of claim 23, wherein the at |east
one soft ferromagnetic elenment is selected fromthe group consisting of
cobalt (Co), iron (Fe) and nickel (N ). 25. The nethod of claim 23,

wher ei n gring ainsistiag bf crensohi(Che tungetea (W) mobfbaemith (Ms), cagdal (C)(depper and
the at | east one corrosion inhibitor elenment is selected fromthe Ps(loup

consi st i(kY).@rckehthbi mangaoese (Mungitogan (N, titsrormiEonuebumbiNb)esitipem
26., Th thod of cl 25, wh th
P2 o A ™ S T e

sel ecte n 1 n i ncluded in the magnetically
soft alloy according to the follow ng atom c ratio limts: up to 25%

atom c ratio of CM%mﬁﬁehng@&ptdi éﬂf eﬁt:'dﬁtaqfecéruﬁg%f‘é? abfle UP
to 10% atomc ratio of nolybdénum ( up to A)atomc ratio of carbon

(O, up thounderkayenirom asecomd spfutieniapgst. (Cu) and up to 20% atomic rati o of
nickel (Ni). 27. The nmethod of claim 23, wherein the at |east one soft

f t t d th t | t

i b1 tor el cHont T4 wstodat§libo bhera bt eaeispﬂ?f%%%‘a’é#?éﬁ’wnt s
C), t

(V)| i rsaihe R ORI e Y en Rl Rore) BUGRE O (S %28,

The net hod of cl ai m 27, wherein the sel ected corr05| on | nh| bi tor el ement

is included 2% th@hmﬁ@diufandlm 230 wthesdin the 2 40T slienofitforromaghiaicletmhé is
atomc ratio limts: upt 30% atomc ratio of chromum (Cr), up to 5%

at oni ¢ reabel (60). and s %!rle%v\yne %qsrqswnav)m!teﬁﬂ@memas sefegspd ﬁanylbde:mn ( I\/E)
0. 300
Ry 0 s RHRELE B3 rS indSien (0. midB it (80 2/ o P8

of nltrolgiemel(ﬁll\}) up to 2% atomc ratio of titanium (Ti), up to 2% atom c
ratio of niobium (Nb), and up to 1%atomc ratio of silicon (Si). -19
29. The method of claim 23, wherein the at | east one soft ferromagnetic
element is n2ékel Thamethagwef claim 2%, whesein tsraslastadreomiosian ipibiton demestasrent

I's sel ecltn((a:ﬂld]:’:& i hthr(laagci']e?ca[hy soft alloy according to the following atomic ratio limits: up to

25% atomic ratio of chromium (Cr), up to 15% atomic ratio of tungsten (W), up to 10%
atomic ratio of molybdenum (Mo}, up to 2% atomic ratio of carbon (C), up to 2% atomic

ratio of copper (Cu), and up to 20% atomic ratio of nickel (Ni).

27. The method of claim 23, wherein the at least one soft ferromagnetic element is
iron (Fe), and the at least one corrosion inhibitor element is selected from the group
consisting of chromium (Cr), tungsten (W), molybdenum (Mo), carbon {C), nickel {Ni),
manganese (Mn), nitrogen (N), titamum (T1), niobium (Nb), and silicon (St1).

28. The method of claim 27, wherein the selected corrosion inhibitor element is
included in the magnetically soft alloy according to the following atomic ratio limits: up to
30% atomic ratio of chromium (Cr), up to 5% atomic ratio of tungsten (W), up to 5% atomic
ratio of molybdenum (Mo), up to 0.3% atomic ratio of carbon (C), up to 30% atomic ratio of
nickel (N1}, up to 15% atomic ratio of manganese {(Mn), up to 0.4% atomic ratio of nitrogen
(N), up to 2% atomic ratio of titantum (T1), up to 2% atomic ratio of niobium (Nb), and up to

1% atomic ratio of silicon (S1).
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consisting of chromum (Cr), tungsten (W, nolybdenum (M), carbon (C),
copper (Cu), titanium (Ti), niobium (Nb), silicon (Si), tantalum (Ta),
and al um num (Al'). 30. The nethod of claim?29, wherein the selected

corrosion inhibitor element is included in the nagnetically soft alloy
according to the followng atomc ratio limts: up to 30%atomc ratio

of chrom um Q@r), The mehd8% clbipn8, whdrkin thé anlkehyt bele sefrfepidmagnetic éleméfib is
atomc ratio of tunﬁ;sten (W, up to 2% atomic ratio of carbon (C, up to

3% at onnickeh@ip and theatdpast 0{‘@9“‘3&}1’5‘ mgibitpr %eateamsCse}eg&ed dros theigroumn (Si),

up to lo%atom atloo I.0bi

R A R S AN T A L e T M
at oni ¢ rtﬁédleﬂanmt hfoBﬁin‘t'[NlS)Tbﬂ)coﬁ'ﬂ-Sl)AmﬁﬂlﬁH @ra)tzaardgmsmmﬂmuyl ng: a
magnetical |y soft alloy contai ni ng at |east one soft ferromagnetic
elenent and at |east one corrosion inhibitor elenent that is selected
f rom t he gr ou®. con’ﬂiesmbiﬂlgdof claoh28nwhene(tGhg selectad somosigninhibvor gledwentis

N ¢ § ok i 2 ?}lﬁaﬂw%%ﬁm’)? &5aordin o §8;Pﬁ$\gnwg§§ ¥hig Rinifs oo
A1 U UL 37T s EE (o0 AGPB259% oyl Aot T8 i (Mo P L84

one soft ferroma netic ecte romthe group c I ng ‘of

cobal t (A&nic ratie bf fungitea (W) e t6e1% (@bdnmic raGo ofl@bap(@); ey to Igedmiefraid af m
31, wherein the at | east one soft ferromagnetic elenent is caobalt q%g)o),
and t he <@pperdhan, uprie 1d6p plomnie ratiandisiaonr(So wprint 0% gtosuir saticeef miplipm

(0" coptiie Topedeie el elhi 1o S0 SRl e BPOaGEM fA e 8"

wher ei n goqutosﬁllcqsgtti@gfﬁ@ﬁfu%nqy inhibitor elenent is included in the
magnetically soft alloy according to the followng atomc ratio limts:

up to 25%atomc ratio of chromum (Cr), up to 15%atomc ratio of
tungsten (W,3up HAcpudestatgshiempasing of nol ybdenum (M), up to 2% atonic
rati o of carbon (

2% aomcratlo f copper. {Cu and to 20%
atomic ratio of ni %mgg?tﬁlajly 5096‘ ok coq‘ﬁ’é“%ﬂﬁ?aé’fO‘E‘)'g?o&ém{?%a?%ﬁﬁqg’?em
wher ei n e dast 63SEorRROMSIARDItLLEIAREROMEL s Gelected from the group consisting of
chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), copper (Cu), nickel {Ni),
manganese (Mn), nitrogen (N), titanium (Ti), mobium (Nb), silicon (S1), tantalum (Ta), and

aluminum (Al).

32. The sputter target of claim 31, wherein the at least one soft ferromagnetic

element is selected from the group consisting of cobalt (Co), iron (Fe) and nickel (Ni).

33.  The sputter target of claim 31, wherein the at least one soft ferromagnetic
element is cobalt (Co), and the at least one corrosion inhibitor element 1s selected from the
group consisting of chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), copper
(Cu), and nickel (Ni).

34.  The sputter target of claim 33, wherein the selected corrosion inhibitor
element is included in the magnetically sofl alloy according to the following atomic ratio
limits: up to 25% atomic ratio of chromium (Cr), up to 15% atomic ratio of tungsten (W), up
to 10% atomic ratio of molybdenum (Mo), up to 2% atomic ratio of carbon (C), up to 2%

atomic ratio of copper (Cu), and up to 20% atomic ratio of nicke! (N1).
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element is iron (Fe), and the at |east one corrosion inhibitor elenment is
sel ected fromthe group consisting of chromum (Cr), tungsten (W,

nol ybdenum (M), carbon (C), nickel (N ), manganese (M), nitrogen (N),
titanium (Ti), niobium (Nb), and silicon (Si). 36. The sputter target of
claim 35, wherein the selected corrosion inhibitor elenent is included

i n the magneBbcal Ihesphtterdbngeyofadaor 81 ,neheran theeatfledst ond sudt fetromagnetat | o

R P S e 5T By kB 1 ©
2t o ©_LAklfcalistaE BRnblu o) R0 (FAORLELAENEP96), ARl Mid UP Lo

15% atomc rati o of nanganes Yoatom'c “rati o of nitrogen
(N), up(ND, 2mginese (Mnphiteogeh (N, tetahium (IT), hiobiym (NbF, nd sidicoe (Sipt i 0 of

ni obi um (Nb), and up to 1% atomc ratio of silicon (Si). 37. The sputter
target of claim3l, wherein the at |east one soft ferromagnetic el enent
i s nickel (N3f. anthespattertargshef clame 35ovhaeinghe saletes] esrosanapbibitor s

| d,f h ' ' f .ch ] , )
ol ybdeimes meludeh i e B AiANRoR afey e e ohiP R Simtathting)
si i con Jfasits: upteBOR ddhic@sio of BRFoRTIM (THTup A 3% a3§micTr:ﬂﬁo P HirfpSten (W of

claim 37, wherein the sel ected corrosion inhibitor element i's included
i n the ragliestound taposdimolzbdenpmaddo), dp g 0300 stomid mitiomficarpoat(Ciup to 300
limts: up to 30%atpomic . ratio chrom um (Cr), u 28% atonic ratio
of moly lsrFpte R/%?‘,Cﬁ%}]ﬁﬁt’b R ég‘%’rﬁtemi“‘a‘@}'ﬁ ngm%’ﬂfﬁﬁg? éﬁ“l’\ﬂ?,‘o ﬁq)f gtonyg
atom c rati X no 0 O ¢ Lt fro up to
T1% at onio BLecESl B2 up 8 o4 fofe e b fim (Ehy G L IRAE cufarge
(Nb) , umidlEium0Rd] o «p oS atomic raiyd of dilizdn(8)), up to 2% atomic rati o of
alumnum (Al), and up to 2% atomic ratio of titanium (Ti). 39. The
sputter target_ of claim31l, wherein the magnetically soft _alloy has a

hi gh saturation nhbhatuter tangri of o Gis Whercerthe at leadtpng soft fersergagngic The
tt t | Q- ' ' fi al h

o hi gt 1 7) O an n 4a , and a T ow ) =

P dahdf 1%8{01(?1 }W(lfnaj?ig ghevm Eféat%{ Qneg %0%0 1§ﬁlb§8ﬁlﬂéﬂ§9{ i s%eét(g% fr%l’n B

a high péernea greater

coer Ci Vi grgup tensistinglof Shromiiam (CﬁrQQ@n%ﬁéﬁ[(&\a}J moiﬁidenéﬂ;.(l\db),rrﬁrllwd(@t copper
e

manuf acturing a magnetic recording head having a witer po

(Cu), titanium (T1), niobium (Nb), silicon (S1), tantalum (Ta), and aluminum (Al).

38.  The sputter target of claim 37, wherein the selected corrosion inhibitor
element 1s included in the magnetically soft alloy according to the following atomic ratio
limits: up to 30% atomic ratio of chromium (Cr), up to 28% atomic ratio of molybdenum
{Mo), up to 4% atomic ratio of tungsten (W), up to 2% atomic ratio of carbon (C), up to 3%
atomic ratio of copper (Cu), up to 11% atomic ratio of silicon (Si), up to 10% atomic ratio of
nicbium (Nb), up to 10% atomtc ratio of tantalum (Ta), up to 2% atomic ratio of aluminum

(Al), and up to 2% atomic ratio of titanium (T1).

39.  The sputter target of claim 31, wherein the magnetically soft alloy has a high

saturation magnetic induction (Bs) greater than 0.5 Tesla.

40. The sputter target of claim 39, wherein the magnetically soft alloy also has a
high permeability {y..) of greater than 10.0 at 1KHz, and a low coercivity (Hc) of less than
8000 oestead.
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and a reader sensor, conprising: a sputtering step of sputtering a
magnetically soft filmabove a substrate deposited on at |east one of
the witer pole and the reader sensor, the nagnetically soft film being
sputtered froma sputter target that is conprised of a magnetically soft
alloy containing at |east one soft ferromagnetic el enent and at | east
one cor r osi ortti nhidimethodedfenenwfaqtinang & mageellcscerdinglivad hawng aovrper pole
consi stin hr om um tungsten (W, nolybdenum (Md), carbon (C),
copper (“@E)are CERESL Iﬁf’*‘pﬂ figanese (M), nitrogen (N), titanium (Ti),

ni obium (Nb), silicon (Si), tantalum (Ta), and alum num (Al). 42. The

met hod of cl ai m 41, syieFiRs Step B?sﬂttehﬁg%tm%ﬁm%}fytsofﬁ%]h%&@'@%tshﬁstﬁi't@”ent
is selected fromthe group consisting of cobalt (Co), Iron (Fe

ni ckel (ddpysiteddn aThashaichafdhovritdrgiohs Al thenerder sensdnetl’e:tmzhmhcalbnwﬂsﬁim
ferromagnetic ele cobalt (Co), and the. at |east on éﬂ{rom on

i nhi bi t d©MR %’HEHEGHE fgor%'éﬁ@@f%aargﬁd iR compPRs of agnagnetically YHOPtARing
Cr kel
(N e T a e s R ind Sl bSO @&%ﬂ@%‘.ﬁ%a‘m e

l nhl bi t aseleetedfisih thégrouﬁebmﬁhgldfchmlmﬁg(r&y itedstey (30, modydeymmd™Mu)di ng
to the followwng atomc ratio limts: upto 25%atomc ratio of chromum

(Cr), uprarkem(Ed, carpsr CwarickeldMi), magsmease (Mp), nigsoges (N)ogtaruanTe), niignof
| ybd t f b C to 2% at
ratio ﬁﬂ*@apsgp%dw@&‘maaﬁ 3??8"‘36@"@3‘6‘%}1@&% Tn i opel "N 25 The

nmet hod of claim4l, wherein the at | east one soft ferromagnetic el enent

is iron (Fe)42.andThogediod FRFimANE whefdi® Hiedt 1dabt b Mrfeﬁbﬂﬁgﬁﬁllcle?emem is
sel ected fromthe group consisting of chromium (Cr), sten (W,

mol ybdensshectadolyomdhe promp copsistigoctaiobgiNi(o), lrnalﬂﬁ%)rﬁeéalqklk’.’hl)l\?l) ni trogen (N),
titanium (Ti), n| obi um (Nb), and si I icon (Si). 46. The nethod of claim

45, wherein th cte SIO hi bi IS~ 1 ncluded,in the
ot eal Ty 35 © C TRE BRI RO, e b a el eft"&#&“’?‘é‘ﬂ‘%“|eﬂ?ﬂ‘?%‘ 2
up to 389%aRYCB) Gnidhd R 184st 6HE @cmds;mr( fahibito¥ BletrRnbiXosale el Frondithe Gy

tungsten (W, up to 5% atomc ratio of nolybdenum (M) C;;too %

at oni ¢ reQrisstiog Oéalmbonum@}i‘r) wngseniVp ambyhdcnmrat(m)marbm copper (Cu), and
nickel (N1).

44, The method of claim 43, wherein the selected corrosion inhibitor element 1s
included in the magnetically soft alloy according to the following atomic ratio limits: up to
25% atomic ratio of chromium {Cr), up to 15% atomic ratio of tungsten (W), up to 10%
atomic ratio of molybdenum (Mo), up to 2% atomic ratio of carbon (C), up to 2% atomic

ratio of copper (Cu), and up to 20% atomic ratio of nickel (Ni1).

45.  The method of claim 41, wherein the at least one sofi ferromagnetic element 1s
iron (Fe), and the at least one corrosion inhibitor element is selected from the group
consisting of chromium (Cr), tungsten (W), molybdenum (Mo), carbon (C), nickel (Ni},

manganese (Mn}, nitrogen (N), titanium (T1), niobium (Nb), and silicon {(S1).

46. The method of claim 45, wherein the selected comrosion inhibitor element s
included in the magnetically sofi alloy according to the following atomic ratio limits: up to
30% atomic ratio of chromium (Cr), up to 5% atomic ratio of tungsten (W), up to 5% atomic

ratio of molybdenum (Mo), up to 0.3% atomic ratio of carbon (C), up to 30% atomic ratio of
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nickel (Ni), up to 15% atomc ratio of manganese (M), up to 0.4% atom c
ratio of nitrogen (N), up to 2% atomc ratio of titanium (Ti), up to 2%
atomc ratio of niobium (Nb), and up to 1%atonmc ratio of silicon (Si).
47. The nmethod of claim4l, wherein the at | east one soft ferronmagnetic

element is nickel (Ni), and the at |east one corrosion inhibitor elenent

i's sel eqgidkel {NPaptoe 584 Mafhic eI Thanpgnék (MNP 160.4% tomictads bEMtro¥¥n
nmol ybdenum ( , carbon (C), caopper (Cu), titanium (Ti), . niobium(Nb),
si | i con (N&iup tot23m awmigratpsgf titamamd(Tip ter? Yeratymicqatio phaiobiiy Qibh Ang PR fan
47, V\,her?' n the s{el efcted gsrrosi on inhibitor element is included in the
magnet i d&P PPTEEFINORSIREORARHr ding to the following atomic ratio linits:
up to 30%atomc ratio of chromum (Cr), up to 28% atonic ratio of

mol ybdenum (Mg) ., Uphd Reth¥d ofERIFh 31T FhéRirPthe bHRASIAB sbRWerrdtRagrtid UeieainisC
ratio of carbon (C), up to 3% atomc ratio of copper (Cu), up to 11%

at omi ¢ rmtked (N6f), @rid the aniegSione caposion idibitr ehdnrent & setected frorobhegnogplb) ,  up
to 10% atonmi¢ ratio of t alum (T up 2% gt om c . .ratjo of al yun num
(AL kim0 BBy F W, makbso fyto), cérbon (L5, coppé L),

titanium (Ti), niobium (Nb), silicon (Si), tantatum (Ta), and aluminum (Al).

48.  The method of claim 47, wherein the selected corrosion inhibitor element is
included in the magnetically soft alloy according to the following atomic ratio himits: up to
30% atomic ratio of chromium (Cr), up to 28% atomic ratio of molybdenum (Mo), up to 4%
atomic ratio of tungsten (W), up to 2% atomic ratio of carbon (C), up to 3% atomic ratio of
copper (Cu), up to 11% atomic ratio of silicon (Si), up to 10% atomic ratio of niobium (Nb),
up to 10% atomic ratio of tantalum (Ta), up to 2% atomic ratio of aluminum (Al), and up to

2% atomic ratio of titamum (T1).
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