;e3eli| @B64TEO 5WO 02/ 15172 PCT/ US01/ 41567 A MAGNETI C HEAD BACKGROUND
OF THE I NVENTION Priority based on provisional patent application, Serial
No. 60/ 225w82%/1fi7ked 5 August 15, 2000 entitled, "H gh ResiPSIIVNS0dAIS6H gh
Monment Sputtered FeCoZrTa Film' is claimed. This invention relates to a
magneti c head. More particularly, the invention relates to fabricating a
magnetic head that includes a high magnetic nonent and a high resistYvity
magneti c se jjacent to a magnetic core to inprove the 10

per for mnce‘mm‘n@m\“m@ﬂ‘mﬂ| ¢ head. Al\Mg*ﬁNiﬁ‘cTIﬁeﬁﬂléDare used for magnetically
witing and readin data on a magnetic storage nmedium such as a disc,

whi ch noves relative to the head. A magneti ¢ head i ncludes an upper and

‘| ower yoke and pol e which fgr d@q i i head. El ectri cal
conductors (or coils) pass ?ﬁ‘?&%ﬁﬁt eﬁ?%gg%ilgtﬁgrgﬁ&ged 15 for both
[reading and wri bling) of BRbIONIAAE G RGpPRORGH] Sridl Qb B0R8RGD iR A Fi Tt
seed | ayer is i nterpose el ow the Tower yoke and a second seed |ayer is

i nt er pos ed Aghkws] PEoousmtided,ydligh Rexistivity, Highr MomeopSyuteredrieColleba Filmdl
current is caused to flow through the coils generating a magnetic field in
the core. ﬁ%ﬁlef‘iegi on occupies a small space between 20 the two pole tips
of the magnetic core. The current flow rf% #h]&féqgh t.ﬂg &:oi | s. causes magnetic
flux to span t h&hisdpvensignselatesine? magrrbicingad. Morg partigiCarly, dRmVetidtor ess a
magneti ¢ fi'e%tgs W@a’rﬁ%ﬂrﬁgﬁeﬂ@q{ehﬁmﬁf AAHRILOY hiEhTRAIABGE Mohfeff@idd on, whi ch
is then recorded. ere”is & constant and ever 1 ncreasing demand to process
data i n cohplitresistvify mygtetioseedtlayen adieemit tgh magieftrerore tatigprovethe denand

pl aces a correspondi bur den og magneti c storage subsystens, including
magnet ¢ h@%\‘iﬁ%“%egfg#eé’@"‘énﬁ%‘dhe&'to store data at a higher r ate and over

a higher density surface area. a consequence, the npterials used in the
fabrication of M@ﬂéﬁl? Be%affglsaﬁorr%@%wg@s‘m%@%ﬁﬁg ﬁfﬁganf‘o handl e t he
i ncr eased ié}%t@%g@?{eﬁhﬁﬂlsgﬂbaestg(?sd?%ﬂi&f B0&ERiiveRAREheAL. heads can

WO 02/ 1al7 ( 11 sl fected by the magnetic properties of

t he mat eri atagnetiehkadindlhdeseongperandiiatr yokd and pelzorhicefodm| thy magnetis t he dat a
rate increases,. the etic materjals experience t negative effects of
eddy currefP¥ %fr‘ilée h?g?gﬂ%@i‘%a.l CG\*H‘S‘C@foé’éfglﬁ)s‘;fpa?(r}ﬁﬂpugﬁﬁ}ee ? W!ilrcg TAlEEd by
the cujsenig,f ﬂo?l‘{‘&éaﬂﬂgca%q vitideNBoeRhSorPdnt8 thd MBgneRE ¥iokdbe rhddum Tl Srst
undesirabl e effect causes the heating of the core and a subsequent

degr adat i omeddnlaydrds it¢raosedtbelost the hewereplic andha seqad sead lpyatitidteapepeds f set t he
negative eﬁ’fE’Ct‘iﬁ of eddy currents, the magnetic material used in the seed

| ayers that™® CtRBS pol e of the upper core should exhibit a high
resisitivity. ver, current. magnet. | \f er. | ' he seed
layer 10 portio GingA WH noé%e}ailoﬂ’eeg%&}é?ag C}qlﬁéarge%giélté %& Q@i)orvgg]\?/%l@e[ﬁ %éér;&(lasti s al so

an i ncr easigBferd@BRA thabfet RIS EStheRsR. IA§4 eplonatcupies a smahedabebetsiged ace
area of a magnetic storage nedium hi_order tq process Wore data over the

smal | e20surtheew polesips phide magnetioeese-of be sraTeps Jawimedthrough theesodls C3uSeHst

i ncrease over. the.d ria [ j : a magnetic
flux 15 de %%gcnf/&? gag?d’r %’?ﬁﬁ ﬁea alﬁtlhglgﬁhgﬁg?}agﬁﬁéaﬂ% %Fﬁe@;ﬁ?ﬁ?{‘ﬂgﬁﬁsgah magneti c
moment . | n paadghetic 6Bld Upoe arsegae medimatpeodwing s edgnatictthesitesdviiicy srthaf t he
magneti c head shoul d exhi bit high anisotropic properties. For exanple, the
seed | ayer re40888% exhi bit soft magneti c characteristics such as the ability
to be easily and quickly magnetized and.de gneti zed. ng{trent na\;te_ri al s
enpl oyed in se_edrl}e'&%/’érascoéﬂa%f‘tnfléﬁfﬂi1B?rteasé‘&%g% i“]éi ARG B i Bper ti es.
For thesf oreael0g: [RAIGASTy 1ifhet FRELVEHs SRAARE lGcel 8 RiredpdndidE bufdéh@dn an

magnetic storage subsystems, including magnetic heads and storage media, to store

data at a higher rate and over a higher density surface area. As a consequence, the
materials used in the fabrication of magnetic heads and magnetic storage media need

to handle the increased demand. In particular, the performance of magnetic heads can
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i nproved magnetic seed layer, with high resistivity, high magnetic nonent,
and desirabl e anisotropic properties would be a significant inprovenent in
the art. W6 oSUMYRARY OF THE | NVENTI ON I n general, accordi ngGTdi®hdidspect ,
the present invention features a magnetic head. The head includes a
substrate, a non-magnetic seed | ayer deposited on the substrate, a bottom
magneti c core piece positioned over and contacting the nonmagnetic seed

| ayer, a magnetic seed |ayer, a to netic.core piece positi.oned .over

V5 Oof 151758 plviEi b s TR BroperIes O TG 4 Hi isrgh P ccBeRe{ebgBRe Brg
gap sandw n at least a portion of the bottom core piece and at
| east a po%?‘?gsir?gﬂ%ﬁe magnetic seed layer . Various aspects of the .

‘invention may ingl}dg.on e(i)lllfcr L gl mﬁéh%ti& ﬂa&&ﬂs&g&ﬁéﬁc@&l@@ne&l@% magnet | c
seed | ayer may be a single [ayer conprising au alloy of Fe, Co, Zr, and
Ta. Fe may elfectpoésdiitcunrentshadhgsigesisf THO effect806f diidyrunents nvesusedtyy they be

‘present _in the range of 20 to 50 Atonmi c percent, .Zr o) resent in the
range of 1 PBeRGIoR B’ﬁ‘f‘&edsé‘rlﬁeeﬁ‘{l? bﬁﬁ&‘%"ﬁwgElé]xpﬂﬁ?e‘ﬁgf%%ﬁ%gﬁfgnge of 1to
10 Atom ¢ RGHESMe heafife YNBE bR dnie BRIt depaastidnaN eie ddih eineSBe MBY be in

the range of 500 to 5000 Angstrons. 10 The magnetic seed | ayer may be a
dual | ayer head.uooudee tcxspes anidngfsat thasegativg effecip af eddyopriestpethe npagactase

| ayer may be an.all oy .chos fro e _group. cpnsi.sti of N ,

Ni FeCr, Ta,n1aomr6al-]a§§@¥1fﬁ%s gg@'ellsa 3§ E’EPI%?) tOBré)?Pehoi\}lze WE?I@Iggle@gd F%%E ﬁe range
of 5 to 500Q ApYRlsfiFy. Hirvdven chavamdpaytidfariiaRlthawrd metuglthegedtlay&o, Zr,
and Ta. Fe may be preSent in the range of 50 to 80 Atom c percent, Co may

be predént poricibofiatpagnetigbeat aip@nadgq®te- At oni ¢ per cent, Zr may be present
inthe range of 1 to 10 Atomi c percent, and Ta nmay be present in the range
of 1 to 10 At oniMoperaethere iFhaksomadnsedstesisang &g piocessyneigyiogmatifnckness in

h f 500 50 . : | I
Foat ur oS a GHEL ROBDY SHate B e Renetl B AR B bl IERbNERRT | e

deposi ti ng @td@rr REARlEsEERE aleayde neignauddfthe mhgnetR@likatemtiygmastbot t om
portion of a magnetic core on the non-magnetic seed | ayer, depositing a
non- magnet i iscraggedventhe gacrgpsef sadaceargior Hipieher demand 6ot HMABHICIHTYR of t he

macert 40, CQBpOERM RS IR thaed A RO P B RO RAE et ¢
seed |ayer, the Iﬁ%@%@@ﬁﬁl}l‘g?@%ﬁi&% 1'113‘16{151%5@31 ot sgeﬁqa%éérofkﬁ‘éelrl%ﬁgc hési | N one

i npl enment ati on, magnet c seed layer y inc e depositing a
si ngl e | ayeghoald ex¥iteiaiigh siikateopid ploperti€in, Fofrexaiapld, ia sedeblapayshbed pxkibent i n
the range of 5 0 to 80 Atom ¢ percent, Co rra}é be. reaent 'in t he .rapge of 20
to 50 At omieftiesnstie charpctarisfiop suchrasdhamability tp he easily qud gpickly Ragtizgdh i ¢
percent, angT; pe hBri iPdeed ldyersldd MVt eRrhibit R@Ef@RL . The
t hi ckness g%dt(%g M%[%g?'i gﬁ%gﬂilgggrl%lggg?%ug{: (iinztyt@ﬁé&)r ange of 500 to 5000
Angst r @t6. aniddRoPR/H6AFResPCT/ USO1L115G7 Depositing the magnetic seed | ayer
may include depositing a dual |ayer structure conprising a base |ayer and a
top | ayer. The bBmehafdregoimpseaescavisgmovedonagnhec headuin praheilatanng of N Fe,
CoFe, NiFeCr, Ta, and TaN. The basge,allo have a thickness in the range
of & to SoommgE BT At Ry R Ry T Mo et SEREE i e oo
Zr, and Ta. 4ds6ab1B ¥nid6ttHie pRIpertied wodd B @gnifitad OmpyvBReAt i@hearper cent, Co
may be present I1n the range of 20 to 50 Atom c percent, Zr may be present
in the range of 1 to 10 Atonmic percent, and Ta nay be present in the range
of 1 to 10 Atomic percent. The magnetic seed 10 | ayer may have a thickness

in the yange of 500 to 5000 AngSVM@ARY OFPORLINVENTROREgnetic seed |ayer
may i nclude using Dc-nmagnetron sputtering. The sputtering may be perforned

at a power of aty] ﬁ% a1, 2800 UfHottS oné afRet, HeGISHAEInOEntRh fhRaRE a Mhgfibhd i - Torr,
-and a nmagnetic fie ased on a current, and may further include applying a

magneti c fi kéad. iThethead inahges afulBiatepa ROOMEENG icesged Ipgeimtgpesitad aaghe he

magneti c seed | ayer al so include post.:- ai | .te iture in the
.range from FBRSUE %W%%P’éﬁﬁ%@c PRePEr Osglfpgiﬁr?géﬁ ag&g °§‘tét§ g%@gﬁ{ngg, which is
a function gf-fdR eAR9ERE W neli®el HISE aftdPMagietividows piscd positedousrs. The

post-ai ui eal 1 ng process may be perfornmed after depositing the nagnetic



seed | ayer onto the magnetic head. 20 In yet another aspect, the invention
features a nagnetic head that includes a non-magnetic seed | ayer deposited
on the suweteasE? a bottom nagnetic core piece positioned REIAISOAHES6T
contacting the non-magnetic seed |ayer, a nmeans for increasing the nagnetic
nonent and the resistivity of the magnetic head, and a top magnetic core

pi ece positioned over and contacting the neans. 25 In one inplenentation,

the means for increasing the nmagpetic ment and. t he. resi stjvi of the
magnet i ¢ hé‘é‘gic‘&‘ﬁ??“inﬁé]? g‘?f%é@%&ai"%r’ ?jg?pa%?B?W{?j}ﬁ%P?@feﬁ@ a{ale%sﬁ égl e layer
of an all Oéoﬁfon':o?fthe%ttoéf cor@ptcd @nd hiSledSRY pbRioRIE SR thadilRtibReed lapge of 50 to
80 Atom c per cent, Co may be present in the range of 20 to 5 0 Atom c per

‘cent, Zr may be - presenbedtd of i i RREEn Blay Inditicldhe A Br€ oPRIcGBMéwingnd Ta may
be present in tt}gﬁr ang © \9\0 Oél/ 1517% P%‘If/ US01/~i S(7 of 1 to 10 Atomi c per
cent. The rfagumes.i Thesmeghdtiayesd lapgr thaywlee asingle dkisesemprisingen phewgef K. 500 to

5000 Angst | her j pl tati s faor | ing th
et 5 bR B o e TP i OF FPRe ohag LR g ek Rfl ERehihe o
magneti ¢ s@gqydsaah (1eAREd S 700 00A RASE pdrodit! ZANEy Be pieBerltdly tie-raftofbase

| ayer may be"an alloy chosen fromthe group consisti ngz of N Fe, CoFe,
Ni FeCr, Ta,l t7dRLAtTmEC praeent, aagdre mey bhpresenhin the sa0ge 98 1ite 19 Mdomigyscedt 5 to

500 Angstrons. .The top | ayer be..an a . F I . Fe may
be present afqa wheretn Wé’éagé’gﬁ%ﬁe%?é%%ﬂ% %)nreng Jclgxe?%:lennt ?ra%er?@o%gdqgordggent in
the range Qfngdfloth® 50 Atomi c percent, Zr may be present in the range of 1
to 10 Atom c 10 percent, and Ta nay be present in the range of 1 to 10

At omi cjgercent . TIRendpReEided IHRechdyayerduabliydraviachnd tiniissa basetldyer r ange
of 500 to 5000 Ang;troms. The invention may provide one or nore of the

p .
fol | owi ng addarepiee. Thedase byerimay be amaligygghopasiremitls g5puR SENATEE Honent

magneti c erial.if. ) td Yo ic core
struct ur enﬁ@?’h OFﬁéfaQI(IJIE egy@%ggygg_fﬁge%fg@%gé eag%g]gﬁggag% et%{egn%gqgglgy
currents. Agnge dfetl500 AnpetriraadThasophayed herylbeghellodaichudiag s, Cdyliireander , t he
hi gh nonent property of the seed | ayer mag enapl e thed;)ead 0 process data
over a hi ghler keanay %/ﬁypl?}ﬁ%ll’f Hyfhe pange Aho 0 1hel Adenicinsreesh G2 1HBY% Pe BRAEUIT ng

procesy stPifle Hrl}ge W&técﬁAgﬁﬁg ylm%xﬁt;]cz{mﬁ%;fog aneigﬁ{t ih R EASE N 1rgnet i ¢

nmonment gneti ¢ see er a ow the maghetic head to handl e
au even hi ghtemi@percait sandafamajl beprbstmiin theadngsrd 1dp 1firvtemenmbodimeibes of the

invention are set fqorth in the acconpanyi draw t he description
bel ow. Ot hePagnele sheddayes graydeye aélﬁalgfgca%éﬁﬁ%&@&e\EA}%?@'@%@QA%SE%?P% Il be
apparent fromthe description and draw ngs, and fr the.clains. 25 BRIEF
DESCRI PTI ON OF DRApPHeispeg e llivqllg?%%&@g‘?%? WF@W&? Qﬁ’“&%‘h%?ﬂ”i"‘%‘_?%‘lc magnet i c
head. FI G 2.4 STRisGERE B8 h!.c‘ﬂﬂfé'de)ébﬁi%%ﬁ n&-ﬁﬁ%’i&fc‘s@e&& 6 sepgleubstrate,
accordance wth the present invention. WO 02/ 15172 PCT/ USO1/-41SG7 FI G

3 is a20r osbrmimgta bottain pdrtion of a whgnatispaes drcths sermagpetic sagddayen accor dance

with the present. invention. .FIG 4 1S aph_.show LS curve
of a nagnet‘fe@‘)%‘é%aPﬁ\}'&’ragﬁﬁtbcemf%?lIﬁlc%lb?tg%a%{(’:%g%n? H%m%%ﬁbggle]%ﬁélﬁégnf ion. 5
FIG 5 is anghdRb ceRniaioksititg bhifagdetié sdedanee onthenomi-magietic ayaérialpgdet i ¢ seed
| ayer with a dual |ayer nmagnetic seed | ayer and the ef L?grcts of

post - anneal forrgingra tep Pertios oA thr wpenedinsafel thaBagrdticcred BPeh &t 1%nneal i ng on
the magnetig %{Peﬁeq]iatﬁ-ﬂxl?&%ﬁn@h%&f@%@ﬁéa& moment materials. FIG 7 is a
f g the magnetic p

t abl e conpar erties of various high nagnetic.- 10 nonent
mat erl aiSS - DETA n%%e%%%eﬁ@ti%, depositing the magnetic seed layer may include

depositing a single layer alloy consisting of Fe, Co, Zr, and Ta. Fe may be present in

the range of 50 to 80 Atomic percent, Co may be present in the range of 20 to 50
Atomic percent, Zr may be present in the range of 1 to 10 Atomic percent, and Ta
may be present in the range of 1 to 10 Atomic percent. The thickness of the magnetic

30  seed layer may be in the range of 500 to 5000 Angstroms.



FIG 1 is a plain view of a typical head 12 conprising a core 13, including
an upper core piece |4 and a | ower core piece 16. Coil turns 18 extend

t hrough tweokaay215 12 and are sandwi ched between the uppdCTébYd/4piodce 14
and the | ower core piece 16. The upper core piece 14 includes an upper core
tip 20, while the Iower core piece 16 includes a |ower core tip 22. A gap
24 is formed between the upper pole tip 20 and the | ower pole tip 22.

Typically, alumna fillg the . A.magneti.c storage nedi.u not shown) may
be pl aced near Boﬁgﬁgﬁﬁxgﬂﬁﬁggﬁﬁp1@%%8?%%?@8%”%%@“88“ﬁPquéﬁlon or 20
read from theRdbifishkG bade -lat?ieﬁalﬁr@l%ﬁ 1SRE! TRBdse ll6ynRl belRBodadbdd2 i n an

i npl enentation of the present fabrication process. The process begins with
-a basecoat tlferogpoiststidg ofiNoFa GolesNifst e L5 andrhedN bdbe bagtallop nmhayeag

non- conduct.i.ve al um na mat eri al d that is _typical i i

sput t eri ng THEIEIFHT HBE FAngg P?rq §or R@ﬁflg%uroll%satlﬁlgﬁx 1rag§1e@slo,yq8n%% fﬁegqngélis eads
si m | arsto,hpads, 72, ARYTHEFSRRPSE pRIe1RGH MR Targie oE150itd 80 Sushacr@ht, (e
substrate 25. For the purposes of this exanple, however, only the

fabricati omayf a single head 12 is shown. A non-magnetic seed | ayer 37 can
serve as the foundation for the bottomof the core 13. A thin filmlayer of
magneti c mat eri &k presertrinske rageal 2bip, SOndipnHe Pepeti GUMAL PoBLSeHE BiGr f ace of
t he non- magnet i e l.ayer 37..Thi.s-filmlayer forns 30 the bottom of the
nmagneti c cOfEC lﬁﬂiﬁéﬁPﬁlcgpf%ﬁﬁgﬁégke 10, a lower rear portion 28, 6 WD

02/ 1al72 PCT/USOL /.-41 s67.and t ~of t T - ti d
Iaye? 37 may ben&@ﬂﬁ@??%ﬁzﬂggﬁr¥ﬁéoégﬁ?z%?glnﬁrgﬁggpe %ﬁﬂﬁgpﬁgggﬁ'lc >ee

phot ol ijhhogsRPHa¢ hhes hnliakess MK tangt Be58Midl 5000rAagst8mar e deposi ted upon
the insulati'ng layer 3 8 and are wound around the center 3 0. The

i nsul ati ng | ayemeBsitifig B mhgndic seedclay@mdyigcladd hsihg Dasmddhetrén magneti c seed
| ayer 39 is 5 then deposited onto |ayer 3S and an additional set of |ayers
of magnet i spwitarimgi dhesnpettering pay h@pqréymﬁﬁyt o i &f teast 590V attsha ehnayer ~ 39.

Thi s additional | I Hclude . nper pi ece 14,
ar ear upﬁ%$“ﬁ%f$¥§%a§g¥Igﬁgjggb%@¥?§ﬁgé%wt éfgéégggg§%ﬂgﬁhg§§h§%ditional
|l ayers may fhgh&ioRIedd Hlyas AGnntlieficldin tleesigead&pas 200 Orrsted. a sputtering
technique. 10 FIG 3 shows an inplenentation of an inproved magnetic seed
l'ayer 3§ which iﬁep%ﬁﬁﬂgﬁtmdgmwemaymnamw atiudg pbeymne3ing aand t he t op
of the magnetic core 13 . In one enbodi nent, the seed |ayer 39 includes a
base seed |teyperaoninghe rapgedions @Qito WPrelson Thefime dustierabipeshyer 39a may
be conprised of. an al - . 1 58:h 76 8l FeerogCoFe,

N Fea o gl FAREEE of R RS R BAR A 10 b 00O i
the range afoubs. tThe}o6t-Augaling®pmcest heayt iepesioaded ajeedefHitingsthd epgseticed upon

t he base seed | ayer 39a and nax be an alloy consisting of Fe, Co, Zr, and
Ta. In an eRHHEYFHNO Hic PAZRCHCEI- Fe nay be present in the range of 50 to
80 Atom c percent, Co may be present in the range of 20 to 50 Atom c
percent?0 zr may B¢ eb‘?“@é‘éqﬁtasi"??etth%lnly S fIS?tme PARHCRE ﬁ‘?ﬁdéﬁ?fé?%‘é‘#f 4 and 20
Ta may be S 1P st elay@NBBoGled bnliRe MBsitOH BotRAl £@Betic-colRedgRONEt i C
seed Iayerqggﬁﬁé%wgesdepggltegooﬁtonthe cg(e 38 using % spupﬁgﬁing process.
A sui t abl e mpitioned vy apd cortestingiibe ndesnagsetingsead PEeragNRIMNE &7 IBHEASIEE | ng

technique at a power of at |east 500. Watts, a rLessur f - | east 10
11 Tor r ohe FHERS et e PereaBRcen r metet st A Bp Rlacbiic,

properti es, ofalpRRed@posiRoicdvePsHEddntacibiBRimesdl. t he magnetic seed layer 39
may be inproved by applying a post-annealing process. For exanple, the seed
| ayer 3f may be ﬁ%@%@ﬁhn@ém@iohﬁm@ﬁ@hym indledshig theAgendiicandvmed aho ttR00

Cel sius and for a duration that depends on the tenperature which can be in
the range fresitivity ofi theimagnetes heaad cainchide pnaesees scefl eyeraRBITRE ABREISt of
sthe material can be,further~inproyv ' : net kgl d in the
range from B64% aE@HO&KFEF’e%%’ u?l}dﬁga' f‘yhe.@%Bié%?‘-@gﬁr%%é‘gﬁ‘?ﬁ?éﬁ%ofggé‘g.867 WO
02/ 15172 PCA{ddSt p&lcedtSC6 thiy Bapreker iretlib edigrefiR( td Hie Atemiogeicents Eechayayer 39
-can be conprised of only a single | ayer forned éron1t e sane. all oy, Fe, Co,
Zr, and Ta, bexpresiing Butbs aengsiudo 10cWeinas pereehl A 412 ey, R PRIt the 18Ed | ayer
39 may exhibit a higher nmagnetic nonent conpared to the single |ayer
magneti c seed | ayer. A magnetic head with a higher nagnetic nonent seed

| ayer may be able to process data at a higher data rate than a head with a
| ower magnetic nonment seed | ayer. The nébnetic properties exhibited by the
present magnetic seed | ayer nmay enable a nmagnetic head to operate in high
data rate arid high-density applications, such as in a tel econmuni cati ons
or a network environment where data nay need to be 10 accessed qui ckly and
data storage nmay be at a premum As shown in FIG 4, the hysteresis curve
graph 40 reveals the inproved ani sotropic properties of a FeCoZr Ta nagnetic

S N e " o - ~ ]



magnetic force H As shown by the narrow wi dth 41 between the | egs of the
hysteresis | oop 42, the nagnetic seed | ayer may al so exhibit a | ow

coerci vi two othet7kow coercivity is characteristic of a nmagrR&l/eSomdiseii al
with "soft" nmagnetic properties which enable the magnetic material to be
easily magneti zed and demagneti zed. As a 20 result, the nmagnetic seed | ayer
is able to process data at a high data rate. FIG 5 depicts a performance

graph 5 0t £l i t : o may be
i mpr oved bﬁ%’dﬁé@nlﬁ@%\g?&#ghgng%ggﬁc%eéae)feég% E elrl{.Ne lel{n&tg%gtulﬁglg Egltﬁlé c seed
|l ayer is depsmithsd0omMmpsiRogsibstrate, such as Silicon, w thout post

anneal i ng, the magnetic nonent Bs 52 is about 20.53 kG The magnetic 25
-monent Bs 54 i sy spieste@pRiieatatipShe armealt NGrasing tismagyeticheoment nedised
magneti c nmonment Bs val ue of about 21.02 kG In order to dranmatically

i ncrease t the resgivetyi of thomagietipdest may kg ianpgncha peadi layer camgisiPe Aagnet i ¢
‘seed | ayer, may be use di ) . i's
fabrica edb?fg ?f?‘?'ge ran 32%‘3 ‘sgieeld %;/%?eelg%%q%%&am% %lgoygégg%jenlsfg@g rt ﬂ%g{}p As a
result of géhsidhiagdBaliFe,ade, Nife@e T, EaNt Mherbagniayéronapireeta tBekass irs t hen

increased to 21. 75 kG _The base seed | ayer 39a, as discussed _earligr, can
be conpri sB§ rangeriy @éQOMstrwnfs.h%ge tOP%eG?}af qg@l‘l"%%@’l Qﬁéﬁ?‘ldt’ﬁq‘ckness
of about 4j, ég@%%[@&%nt MILEPNEBE of §0® STPARGL per¥BIE0b S KeahedRft inlké eased
even further by s I h

jecting t seed |l ayer to post-azuiéaling. As shown, the
magneti ¢ nengabf Be td80 axgeici pereeat Zamalyrbe peessat Hrthamange 761 G 0 Atomieposi t ed,
to 22.24 kG after e post-am ealing process.. 5 FIG 6 i comnpari son
graph &9 tﬁ%l'felgh%wts{]‘f H’é‘yiFﬁ’é%'“FmdF ﬂ_}?gé"?gea‘}tﬁi AN %G“Bﬁ??fﬁ%“s‘ngr&_ﬁ&} gBeth:o_rre_rlt Bs
of sone tr@%ﬁﬁhﬁﬁ%ﬁﬁﬁ@%&h&m&@&ﬁ{ﬂl@ka’i}geshs@@tmm@%hgmm@erl al s exhi bi t
about a 2% decrease’in nmagnetic nonent Bs when a post-azu-zealing process
i s applied. For 1gxanfon hii§ RGBS eCor TR BE tRSrofiewRiz H0SASR40THECT eases

from23.19 kG to a nmagnetic Bs 64 22. 72kG after the application.of the post
10 anneal i pesaiecEahigh resistinity ast high efoseant inagnetts iFteialgn theaagigtitiet i ¢

monment Bs (52, 54, and 56,58) of .the FeCozr T tic I rial increases

after the g‘ifé!1P¥%Wme%t°gledéggn_-egﬁﬁ%rglsﬁ%%r%éggg&%a@’ liréﬁé(%etgge in magnetic
nonent 18s  exiRibRre s BB@NQlrtehtsS @8th lediie th ReMhS) IR@dfeaighes dataenabl es a
magneti c head to generate a higher flux density. 15 The table 70 of FIG 7

conpar es s oates. Melgreewvies therligle momest popesy piohe saddarer mayienabledit hesdder i al s

used in the fabrication .of net i . ot t] d

conpri si ng péocﬁl%gc%% ?Yamr?&'@%lée{lr?lgnssﬂgesg rggef}ggduel@?“'%?% \sﬁﬁgl\g)gro g? I%lg[rf%]rﬁgzggl

magneti c praResd ifh thE elagha e laybnay fiethet ncganehanegaeti gbmehtod density,
a magneti c head shoul d 28 have a hi gh magnetic rmrrei‘ngwgs. As s[hciwn in the
tabl e, the theagagagtic saefianer aud w3y gtoPpthe rireneticingad;io hanke PuRYE N8t he | st ed
magnet |2§ m%% rr' ls. It is slightly | ower than Fe60Co40, but slightly higher
t han Ni"f45Fe55. But as shown in FIG 5, FeCoZrTa exhibits an increase in the
magneti c monment g5 WaeA o?oﬁ@&t ARSI e RE OE@S SniehtidPReis8Corth in @fNE r ast,
the other magnetic matertals in table 7 experience a 25 reduction in
magnet i ¢ nopEsthpdyinf drawines shd drerdesdriptign below. eQtepfeafureseblieets.igdt o FI G 6,
t he magnetic nmonent Bs of CoNi F decre_asgs_ frﬂon% 22_,p§0kG E%.ZZ. 59I§§dafter
post - anneal&Htages of dhrainyerfionyvilbe ARG tifgesriRton;and SEh T Ated by
Hc_e. For EolaifgCoZr Ta has a value of 4.2 Cersted which is
significantly lower than the other 30 traditional magnetic materials such
as CoNijke with a value of 34.1 Cersted. A magnetic seed layer with a |ow
coercivity Hc_e exhibits high soft magnetic properties 9 WO 02/ 15172

PCT/ USQL/ - 115G7 enabling a bﬁsm@ﬂgmmmgl demagneti ze
qui ckly, which is essential 1n high data rate applications. The magnetic

material used iy 9ad pROVd, @ SenbeBRANASIREE Red by @ high resistivity

Rho which tends to mnimze ﬂthe generation of eddy currents due to a
timevarying fl uxpialhe, FREREEIRoNRLEN 8F a nRgndRAWA hihdE BfadcBRIagee Wih
.characterized by a

the present invention.




significantly high resistivity Rho of 123 Ohm cm conpared to the ot her
materials listed in the table. Unlike conventional nagnetic seed | ayers,

t he FeCoAvDazssice | ayer is characterized by high resistiviPGI/USdftS6fragneti c
properties, good thermal stability, as 10 well as high saturation nagnetic
nonent. These properties make the seed | ayer attractive for high data rate
and hi gh density applications. A nunber of enbodinments of the invention
have been descr] g Nevert hel ess,. it ﬁ/ill be .understood (that various

nodi fi cati ons n‘%ﬁf oS RS REGHRBRL Vicks 85 ’teilﬂag%nﬂ‘%ﬁ‘?egﬁ@leé BaAP i 455 0denGhe of
the invent QR 4 FeseBX fRhGon.t e Magnetic nmaterial FeCoZrTa 15 used in the
magneti c seed Iali'c/ler 39 can al so be used as a substitute for the non
‘magnetic seed | aygery 34.o; i B odh wRiphsticde8d MykhinAdd he scope
of the follow ngxgl4a]|§rzrlsglé%gg{ow\%%gﬂgg}l}iég%ggg S@at [ sn%éai med i s:y 1. A magnetic
head conprinsicogrdtne® ity Hterpesent IRGMLIOB01/ . 11517 a non- magneti c seed | ayer
“deposited on the substrate; 5 a bottom rmagnetic core piece positioned over
and cond acti ng Fig Ten-gragnempmrisg de jeafpenance afagmeld kyseveRnctiyesed and a
top magnetic core piece positioned. over and cgntacting the..mgnetic seed

| ayer 210, ByerTih RGNS Gy RaRaS I SR FOET P e SHBRS! PETSbE Pyer | o o

single | ayer corr&[éi sing an allqy of 1Ffe, Cg Zr, %‘?d Ta.. 3. The head of
claim 2 whereinF q is agraRipHIOWIRE IR E PethgEPSt 250 Ingﬂ)ﬂﬁtlBﬁg“@tlf)erc_ent, Co
I's present 11%0%13&1%5’1}\5%9ﬁigﬂfmgg(ﬁeﬁ@méﬁleﬁttﬁﬂ@eﬁal@.er cent, Zr is present in the

range of 1 tomc percent, and Ta is present in the range of 1 to 10
Atom c 15 percepir . L i : Wher e ] I | ayer
has a t hi cknessiﬁ(ﬁf F{lsea trgglﬁggﬂlg?l%%%ht%(;@%%t(l)é(jﬁg%%g?sr %%Tlgggﬂ%hgﬁﬁggﬁdof claim
1 wher &) n inoemenagattials. seed | ayer is a dual |ayer conprising a base | ayer
and a top layer. 20 6. The head of claim5 wherein the base layer is an

all oy chosen fromthe group consisting of NiFe, CoFe, N FeCr, Ta, TaN. 7.
The head of claim6 wherein the base | ayer has a thickness in the range of
5 to 500 Angstroms. S. The head DETAIZAZBDNDESECRIETYONhe top | ayer is an
alloy of Fe, Co, Zr, and 25 Ta. 9. The head of claim®8 wherein Fe is
present in the FaBgEisaf plaid tiew 80a Alpival hegdel2cmnipristy 4 @rpil 2secioding ahhe range
of 20 to SO Atom c percent, Zr is presegt iq V\S 02/ 1‘?%}7_2 PCT/ hJSOl/ . 11517
the range ©PDer cpes pieceatbMda [9aieE ee Presh dO-T&oH duims 48 gxiend Hrpyah the of 1to
10 Atogsc pe raﬁ? Q]Le' sandwithed DEwWRERfhe bp&! Rt hicceMBLRI the IdWeer BN SECCI 65 €ed

| ayer has a thickness iIn _
The upper core piece 14 includes an upper core tip 20, while the lower core piece 16

includes a lower core tip 22. A gap 24 is formed between the upper pole tip 20 and
the lower pole tip 22. Typically, alumina fills the gap. A magnetic storage medium
(not shown) may be placed near the gap 24 such that information may be written on or

20 read from the medium.

FIG. 2 is a cross sectional view of the head 12 in an implementation of the
present fabrication process. The process begins with a basecoat 36 deposited onto a
substrate 25. The basecoat 36 may be a non-conductive alumina material and that is
typically applied with sputtering techniques. During the fabrication process, mﬁltiple
25  heads similar to heads 12 may be deposited across an entire surface of the substrate
25. For the purposes of this example, however, only the fabrication of a single head
12 is shown. A non-magnetic seed layer 3% can serve as the foundation for the
bottom of the core 13. A thin film layer of magnetic material, such as permalloy, may
be applied across the surface of the non-magnetic seed layer 37. This film layer forms

30 the bottom of the magnetic core 13 including a lower yoke 10, a lower rear portion 28,
6



the range of 500 to 5000 Angstrons. 5 11. A nethod of fabricating a
magneti ¢ head conprising; depositing a non-magnetic seed | ayer on a

subst r at ewofoensi7ag a bottom portion of a magnetic core on PATEUSOHIS¢RQgNet i C
seed | ayer ; depositing a non-magnetic material on at |east a portion of
the bottom portion of the nmagnetic core; 10 depositing a magnetic seed

| ayer on the non-magnetic material; and formng a top portion of the

ti th i d | .12, thod of .claim.11
Wharel 't Hehdmgh senbaal T apr el et BSesy oL Bk Arr ek o Bei oy o
Fe, Co, Zr %?t?ogl‘g o%r gresf%ﬁe 1BusiddehoiBithedatic ¢dcBhifuds? N@Bé BoilRinissl aresent in

t he range Atom c percent, Co is present in the range of 20 to
50 Atom c @epositeit updfrthe snsplatisghiye 38 atdeare avogad afound thy cengr APoie per cent,

and Ta is present_in e.r e, of 1 1to 10 Atomc,percent, The . et hod of
claim 12, Wﬁ‘élﬁﬁpgllatyﬁ’égé:’ég}’ﬁ‘g?g%mscé’gﬁl 1}11&98 t‘ﬁﬁ%%ﬁ édn%gr??@i%egéga}feh 3? Hsger ange
of 500 40 HANQANGSH LRFlayek38 akllan HBAIHORHI @bt Tli@jere dfmadietie nfatdriaésuthgnet |
seed | ayer conprises a base |ayer upon which a top | a)(er is d,ega(iscited. 16.
The net hodaoperniallpymnies heisepesited per thalpwer 3 eFhip addiHongl 1aygr BRY H5U9S om t he

group consisting.o | Fe, Fe i v LB ok od of
ol aim 16 WABHER: YPIi% l}liya e“H%gly%drle ﬁiggeeg taﬁ%-%kur@s@gpéqﬁ% %é%Pg%Jg %‘?} gﬁihg 500
Angst r ons. cdider 300erHERE haditiefal blyaismasboendeposited ushey dithpr dreglectradspesitial | oy  of
Fe, Co, Zr, and Ta. 12 WD 02/1A72 PCT/US(I1/.11567 19. The net hod of

cl ai m 18 whez spuiteHagitechpid¥gent in the range of 50 to 80 Atomic percent, Co
is present in the range of 20 to 50 Atom c percent, Zr is Presg t i[11 t he
range o 1 to 161Gt dshavguyimplementation of animppved BRENSHS sepd %‘n{g&e‘”&i@ 11 to 10
Atom c per.cent. . T . af.cl.ai rel tihc 1seed

| ayer has ¥ ﬁaﬁi%‘é’ffilgégeﬁwr? gﬁﬁgqégﬁ%g%c%?ﬁéggr%%%ﬁ)@g oiﬂfé;ﬁkﬁlﬁ@@ &g?.m#\‘z met hod
of cl ai m 13hMBabedimentehd®ga tlybr3Smethdeny basei ssedlepasif%add agomspeddayesgnet r on
sputtering. 22. The method of claim 21 wherein the sputteri i s perforned
at a power 38b. The heseseedlayeptaviay ke compyised Bi’r%‘%%lg)rye‘i%?e OIP@g%%TOEB
mlli-Torr . and; JRGRetEord Nt PRS add 9ANE TYagMeed 2der 30dBayBiitodl Of
claim 22 further “conprising applying a magnetic field in the range from 50
t 0 200 16er stiekhes@#ithihére natghofl 5 06 560 Angsttoms. ur t her conpri si ng anneal i ng t he
magnetic 15 seed | ayer. 25. The nethod of claim24 wherein annealing occurs
at a tenper at ur hientop beedriayeg @94 isalepd @ diupos G Be¢ sdeddarisn s Lalanshinay b ne

duration. 26. The nethod of cla m rein.anneal.i occurs after
deposi t i ng 2RREOYRYRELHIE Oég:éd&?’ _e?n%‘ﬂ%vm@ﬂn eﬂlq?aﬁﬂ%rftioggﬁeaglayt%n% 2 E’an: a

substrate; present in the range of 50 to 80 Atomic percent, Co may be present in the range of 20

to 50 Atomic percent, Zr may be present in the range of 1 to 10 Atomic percent, and

20 Tamay be present in the range of 1 to 10 Atomic percent.

The magnetic seed layer 39 may be deposited onto the core 38 using a
sputtering process. A suitable sputtering process includes using a DC-magnetron
sputtering technique at a power of at least 500 Watts, a gas pressure of at least 10
milli-Torrs, and a magnetic field based on a current. The magnetic properties, such as

25  the magnetic moment, of the magnetic seed layer 39 may be improved by applying a
post-annealing process. For example, the seed layer 39 may be annealed at a
temperature in the range from 100 to 500 Celsius and for a duration that depends on
the temperature which can be in the range from 10 minutes to 100 hours. Moreover,
the magnetic moment of the material can be further improved by applying a magnetic

30 field in the range from 50 to 200 Oersteds during this post-annealing process.



a non-magnetic seed | ayer deposited on the substrate; a bottom magnetic
core piece positioned over and contacting the non-nmagnetic seed |ayer; 25 a
means forwiomeneeRi ng the magneti c noment and the resi sti viRGI/G§01HS7
magneti ¢ head; and a top magnetic core piece positioned over and contacting
t he neans. 13 WO 02/ 15172 PCT/ USQL/ -41a67 28. The head of claim 27
wherein the neans for increasing the magnetic nonent and the resistivity of
t he magnetic head incl udes

a maghetic seed er..conprising a,single | ayer
of an alloy of Heanqtere Pd’é]?Fd“’%E? 1112151_1&113}198(34]%&81- %(‘fca&ll Sicﬂ}n?gls%%ﬁoéﬁ “Fe iys
present inaﬁlgﬁ 1%%&%@11% £38n bR SRR OM, ©oDEF,GRAT,, 45QliéchsRARSEW. i N the

o)

range of 2 omc percent, Zr'is present in the range of 1 to 10
‘At ormi ¢ per Elorteyventie: diml lagepnagetit s¢ad layes 30 angeexdibitia highargnagnstt ¢ per cent.

30. The head of claim erein the nmagpeti ¢ .seed,| [ i ckness in
the range BIOP&EH cf‘lﬂ’@ﬁ%g) tﬁ%d’é’@l‘%ﬁ%@ v %’ ScFﬁéaﬂ%aé 1%%’5181%3?%&;\5}&1? erein the
‘means for h%g&?ﬁﬁ?ﬁ@ictlﬂ@m&ﬁg% laGer TRIERY aAO b pro€esk Bgta ot 4 Mighyr &ta e
magneti c he I ncludes a magnetic seed Layer conprising a base |ayer and a
top | ayer. ti8®.a fdad witheallowfer olagnetic3nomprtrse¢hlayete base | ayer is an all oy

chosen fromthe group consisting of NiFe, CoFe, N FeC, Ta, TaN. 15 33. The
head of cl ai m 3Thatmeagakiic piopeitias extiibijask bytthe peesertinedenetisseed laygemagnge of 5

to 500 Angstrqns. 34. .The head of .clai 1_wher.ei. . is an
al | oy of F&naklpamagnetichead o operatep A1 1@3 ! %@@F%’é&ﬁ%}%%@cﬁ%&&i s present

in the ranggcPis ia@ ttRcRRmARicAIME aRRIVER Envitéhnheht pheeelata mly héwel tbdage of
20 to 50 Atomc percent, Zr is present in the range of 1 to 10 Atomc

percenll( amdcePsed anigile sechdaty profage magripeat §fPTMUE- 10 At omi ¢ percent. 36. The
head of claim 31 wherein the nmagnetic seed |ayer has a thjckness in the
range of 500 to A000warigEiGohihe Ipsterpgis curve graph 40 reveals the improved

. A 9. Af a. ASN&. ASNr . A9. Al N&. A - A = "3~
PD} xsni S_zﬁ}&f@‘aﬂ]"%&’}%’ éeg]ogg%‘gﬁ%gﬁﬁ%aﬂﬁgg?%@%é] gﬂl{%fc@ﬁ%f}?ié% Ilclztg ca] ca] ca]
ca] ca] ca] cyhHakaafaad, sabenlaihajfiealkieh RelyBé@rt2heil|the naplexkcedclajeal)] ca] cal ¢

a] ca] ca] ca] ca) ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ¢a] cal] caU] ca] ca] ca] ca] ca
c!a] c!a] c!a! 7]pq;@ ce!l by]the ow ]of CL]uTen]t thrc])ugtg the ]core! Th]e B z]xx(is 1]'epre]sentHhe 1!1ag etlc] Jeal

bl 11" #OESSSIRIBRE * *artdt P g, hgh : ].cal,

2] ca] o3 oo K e S e b A Rl e o ©

@Ji - ] O ]~ .lljlaga]/eﬁé)T&-X?W%&Bﬁéﬁﬁwithéﬁaﬁwm@b]él)l(]bcaz]'aea]thtal]egw]) TaBJ% cal cab]c a] ?3]7

ca] ca] ca]ca]ca] calca ca] cal ca] ca] ca] ca] ca] cal,cal] cal ca] cal ca cay ca!

48, 9a99: >>'hygteresis; B & | J%g‘{ P@Lf‘%%(é%e&‘él}’@)é] ﬁﬁ% ca] ca] caU

g]c ggf a]J ¢ ﬁ{ﬁmcal‘l%]efc?diﬁﬁ]s chlsabsalk@hsalgrlic abtaheals abdteahsakaabapbark cal cal ¢
4 which enable the magnetic material to be easily magnetized and demagnetized. Asa

20  result, the magnetic seed layer is able to process data at a high data rate.

FIG. 5 depicts a performance graph 50 that shows how the magnetic moment
Bs of a magnetic head may be improved by adding a FeCoZrTa magnetic seed layer.
When the magnetic seed layer is deposited onto a substrate, such as Silicon, without
post annealing, the magnetic moment Bs 52 is about 20.53 kG. The magnetic
25  moment Bs 54 is improved after post annealing as shown by the increased magnetic

moment Bs value of about 21.02 kG.

In order to dramatically increase the magnetic moment Bs of the magnetic
material, a dual magnetic seed layer may be used. As discussed before, the dual seed
layer is fabricated using a base seed layer 39a and a top seed layer 39b. Asa 1'e§ult of

30  the dual layer structure, the magnetic moment Bs 56 is then increased to 21.75 kG.

The base seed layer 39a, as discussed earlier, can be comprised of a NiFe layer with a
8
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post-annealmg process. The increase in magnetlc momenl Bs exhibited by a magnetic
seed layer comprising FeCoZrTa enables a magnetic head to generate a higher flux

density.

The table 70 of FIG. 7 compares some magnetic properties of various known
high moment materials used in the fabrication of magnetic heads. As shown, a
magnetic head comprising a FeCoZrTa magnetic seed layer exhibits overall improved

magnetic properties.

For example, in order to generate a high flux density, a magnetic head should
have a high magnetic moment Bs. As shown in the table, the magnetic moment Bs of
FeCoZrTa is within the range of the listed magnetic materials. It is slightly lower
than Fe60Co40, but slightly higher than Ni45Fe55. But as shown in FIG. 5,
FeCoZrTa exhibits an increase in the magnetic moment Bs when a post-annealing
process is applied. In contrast, the other magnetic materials in table 7 experience a
reduction in magnetic moment Bs after post-annealing. For example, referring to
FIG. 6, the magnetic moment Bs of CoNiFe decreases from 22.90 kG to 22.59 kG

after post-annealing.

The coercivity of a magnetic material is represented by Hc_e. For example, -
FeCoZrTa has a value of 4.2 Oersted which is significantly lower than the other
traditional magnetic materials such as CoNiFe with a value of 34.1 Oersted. A

magnetic seed layer with a low coercivity He_e exhibits high soft magnetic properties
9
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5  varying flux. The FeCoZrTa material, as shown in the table, is characterized by a
significantly high resistivity Rho of 123 Ohm.cm compared to the other materials

listed in the table.

Unlike conventional magnetic seed layers, the FeCoZrTa seed layer is
characterized by high resistivity, soft magnetic properties, good thermal stability, as
10  well as high saturation magnetic moment. These properties make the seed layer

attractive for high data rate and high density applications.

A number of embodiments of the invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. For example, the magnetic material FeCoZrTa

15  used in the magnetic seed layer 39 can also be used as a substitute for the non-
magnetic seed layer 37. Accordingly, other embodiments are within the scope of the

following claims.

10
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seed layer;
a magnetic seed layer; and

a top magnetic core piece positioned over and contacting the magnetic seed
layer.
10 2. The head of claim 1 wherein the magnetic seed layer is a single layer

comprising an alloy of Fe, Co, Zr, and Ta.

3. The head of claim 2 wherein Fe is present in the range of 50 to 80
Atomic percent, Co is present in the range of 20 to 50 Atomic percent, Zr is present in
the range of 1 to 10 Atomic percent, and Ta is present in the range of 1 to 10 Atomic

15  percent.

4. The head of claim 2 wherein the magnetic seed layer has a thickness in

the range of 500 to 5000 Angstroms.

5. The head of claim 1 wherein the magnetic seed layer is a dual layer

comprising a base layer and a top layer.

20 6. The head of claim 5 wherein the base layer is an alloy chosen from the

group consisting of NiFe, CoFe, NiFeCr, Ta, TaN.

7. The head of claim 6 wherein the base layer has a thickness in the range

of 5 to 500 Angstroms.

8. The head of claim 5 wherein the top layer is an alloy of Fe, Co, Zr, and

25  Ta.

9. The head of claim 8 wherein Fe is present in the range of 50 to 80

Atomic percent, Co is present in the range of 20 to 50 Atomic percent, Zr is present in

11
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10. The head of claim 5 wherein the magnetic seed layer has a thickness in

the range of 500 to 5000 Angstroms.
5 11. A method of fabricating a magnetic head comprising:
depositing a non-magupetic seed layer on a substrate;
forming a bottom portion of a magnetic core on the non-magnetic seed layer;

depositing a non-magnetic material on at least a portion of the bottom portion

of the magnetic core;
10 depositing a magnetic seed layer on the non-magnetic material; and
forming a top portion of the magnetic core on the
magnetic seed layer.

12. The method of claim 11 wherein the magnetic seed layer is a single

layer comprising an alloy of Fe, Co, Zr, and Ta.

15 13. The method of claim 12 wherein Fe is present in the range of 50 to 80
Atomic percent, Co is present in the range of 20 to 50 Atomic percent, Zr is present in
the range of 1 to 10 Atomic percent, and Ta is present in the range of 1 to 10 Atomic

percent.

14, The method of claim 12, wherein the magnetic seed layer has a

20 thickness in the range of 500 to 5000 Angstroms.

15. The method of claim 11 wherein the magnetic seed layer comprises a

base layer upon which a top layer is deposited.

16. The method of claim 15 wherein the base layer is an alloy chosen from

the group consisting of NiFe, CoFe, NiFeCr, Ta, and TaN.

25 17. The method of claim 16 wherein the base layer has a thickness in the

range of 5 to 500 Angstroms.

18. The method of claim 15 wherein the top layer is an alloy of Fe, Co, Zr,

and Ta.
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5 20. The method of claim 15 wherein the magnetic seed layer has a

thickness in the range of 500 to 5000 Angstroms.

21.  The method of claim 11 wherein the magnetic seed layer is deposited

using Dc-magnetron sputtering.

22. The method of claim 21 wherein the sputtering is performed at a power of
10 at least 500 Watts, a gas pressure of at least 10 milli-Torr, and a magnetic field based

on a current.

23. The method of claim 22 further comprising applying a magnetic field
in the range from 50 to 200 Oersted.

24. The method of claim 11 further comprising annealing the magnetic

15  seed layer.

25.  The method of claim 24 wherein annealing occurs at a temperature in

the range from 100 to 500 Celsius based on a time duration.

26.  The method of claim 25 wherein annealing occurs after depositing the

magnetic seed layer.
20 27. A magnetic head comprising:
a substrate;
a non-magnetic seed layer deposited on the substrate;

a bottom magnetic core piece positioned over and contacting the non-magnetic

seed layer;

25 a means for increasing the magnetic moment and the resistivity of the

magnetic head; and

a top magnetic core piece positioned over and contacting the means.



% 109& ()-#ml0%& ()- !'109%& ()-@ L10%& ()-eeeFf RfffdEYNC

AMLO%&' ()-S2Y109&' ()- 0 109%&' ()- ,/10% ()- 9-109&' ()-

Y+F109&' (Wofoehfigg[ gbC F 109&' ()- "9109&' ()-L10%& ()- 10 PXO/UDIACHE () -
“6109%&' ()- [ggg/ hh2i Yi }7?bC “109& ()-Y 109%&' ()-! 9% &L0%& ()-!f&10%t nt & () -
109&' ()-&10%& ()-VYiiijcjjjdEbC @ 10%& ()-&LO%& ()-1

MLO9%&' () - 10%& ()-10%& ()-, S! 109&' ()-jj | KQkkSI | ~?2bC |

3.-10% ()-'t, »olO%&: ()=t o 51094 () - % 0% : Y& () =) .

100& () - I(I) 1] A2 %& I i‘hé ilﬁ%%ﬁ)f@lgl&x?l%ﬁ%ﬁlﬁ}éﬁ% S{f_%?l{s)fo{ uf%lze]aglﬁﬁ‘tl(f} magnetic

109&' () - | 6'mbA%ht dd DERSIABRY Of tHe AIRHEELEIT inbladerad hagideadeadladd] ¢ " Headi ng
23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" " Heaé@lﬁgrlﬂ%é'ﬂﬂ'glqelalfﬁfr@g ag glley pf Fpéioadf-tanpdragr aph Font 1! k) 1;

DMTRWEA Ci nprt vxz| ~1, 7qIVU[ ] dQkl EFGHI JKLIMNQ | _ \

"PUV>7h! $&&* P, , @Y/ 24Fhe h xS OhSeReExorse iR thegargs el tpIB0OPQRSTUVWK

YZLD s Aok A IR SL AL SN RTRRAA 2 BBl e
<=>7? G\BCDE{gHhsl ¢ MNABQRSTIMNKYZL bt andathoid ef g itk trenangy oft Lnovbyiphic-

percent.

30.  The head of claim 28 wherein the magnetic seed layer has a thickness

in the range of 500 to 5000 Angstroms.

10 31.  The head of claim 27 wherein the means for increasing the magnetic
moment and the resistivity of the magnetic head includes a magnetic seed layer

comprising a base layer and a top layer.

32.  The head of claim 31 wherein the base layer is an alloy chosen from

the group consisting of NiFe, CoFe, NiFeCr, Ta, TaN.

15 33.  The head of claim 31 wherein the base layer has a thickness in the

range of 5 to 500 Angstroms.

34.  The head of claim 31 wherein the top layer is an alloy of Fe, Co, Zr,
and Ta.

35. The head of claim 34 wherein Fe is present in the range of 50 to 80
20  Atomic percent, Co is present in the range of 20 to 50 Atomic percent, Zr is present in
the range of 1 to 10 Atomic percent, and Ta is present in the range of 1 to 10 Atomic

percent.
36.  The head of claim 31 wherein the magnetic seed layer
has a thickness in the range of 500 to 5000 Angstroms.

25
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