;yze3dentj|.6T*DK+ PERPENDI CULAR WRI TER POLE HAVI NG A NONMAGNETI C SEEDLAYER
BACKGROUND OF THE | NVENTI ON The present invention relates generally to the
field of electronic data 5 storage and retrieval systens. In particular,
the present invention relates to a perpendicular wite pole of a

transduci ng he ing a nonmagnetic seedlayer. In an electronic data

st or age \ﬂmﬁ“\‘%mml system a transducing head 10 15 typj i ncl udes a
witer f magnet i cal | y-encoded i nformati on on a Bﬂ IWMWWWC and
a reader for+epe®tieving that magnetical |l y-encoded i nforna e
magnetic disc. The reader typically copsists of two shields amdisa

magnet oresi stive (MR) sensor positioned between the shields. Magnetic flux
fromthe surface of the disc causes rotation of the nagnetization vector of
a sensing | PERPENDICULAYRWRATER'POLEHANING Al NORVAGSEFIGSERBIWEER N
electrical resistivity of the MR sensor. This change in resistivity of the
MR sensor can be detected by passing a current through the MR sensor and
measuring a voltage acr 0SBACRKGRMRNIEOB@HE IRVENMTIGN circuitry then converts

the voltage informati i nto .an appropriate for a ni pul at es that

i nformation as necessSBWTesfﬂtén‘(ﬁP‘i“g'éFla @W?QFWV‘%@@?@% 1 magneti c

pol es, r a storgoeid retriewal gyste@. Is pyradubir,akk freésehimantionodlitesrtoat an air bearing
surface (ABS) of, the it ead .a. Wwd.te gap an ted to each ot her
at a region Qﬁ%‘iﬁ‘?g{)mrvﬁef?g%ﬂgggarﬁ%}séfnlgih?)ar?ehawgg &%‘gﬁg?eﬁ‘g&tg (\?/%'egol es are one or
nore conductive coil [eansistremcdarstirageeod tetricval systeat, 2 rapsthaingthsad The wri ter
and the reaqer I i - i i in. which a
shared pol eq ewra\%gwglrsi&%&r ﬁéré@r%%?n& }89?1 %l{lﬁ{ggﬁgcg gﬁ%%kgﬁdnﬁgﬁg?}cc pole in
the witer. diskendangadst focreprisving thebmagpeticddspensoded dhfbrpation fhoar themegngtic er i ng-t ype
process;aor 258.b e i bl | B

el ect rislgal I 32}1?580?: u8‘#5@@3@5&%@%&%6%&*ﬁ%ﬁgtﬂgaﬁﬁ pf:}ﬁ)psg Sé’r can be

pl at ed t hr owgsitiench hesweandhs shieldseagnetis fhie Hemshersyrface obthe dige sapsesnet al i on
reducti on ang,fane te nla@heiBitioR Dectt of N\@ndY 18yer ARYPRLERBA Wi infdig Seed| ayer
is formed of a materiall that is also magnetical|ly-conductive, such that the
seedl| ayer béé@ﬁ%%cmnm’gﬂé‘ttrﬂ@hfle#li}wﬁb?ﬁth‘@gfﬁé?&smoﬂlf phangsdn Esistiili ofyr i t er can be

arranged as (g m%énsaréamg&e&ééféhB@ﬁasym%at%e&rtmaugﬁ%m@@a&iaﬁwl ar witer. In
either case, the general structure of the witer. is S|mlar,e§tglbéhou h the
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bottom pole and a to . .
P P T%e wgfcr typically consists of two magnetic poles, or a magnetic core,

separated from each other at an air bearing surface (ABS) of the write head by a write gap
and connected to each other at a region away from the ABS. Positioned between the two
20 poles are one or more conductive coil layers encapsulated by insulating layers. The
writer and the reader are often arranged in a merged configuration in which a shared pole
serves as both a shield in the reader and a magnetic pole in the writer.
The magnetic poles can be deposited by either a sputtering-type process or
by electrodeposition. In the latter case, an electrically-conductive seedlayer upon which
25 the magnetic pole can be plated through a photoresist mask is necessary to allow for
metal ion reduction and hence, formation of the pole. Conventionally, the seedlayer is
formed of a material that is also magnetically-conductive, such that the seedlayer
becomes a magnetically-active part of the pole.
The writer can be arranged as either a longitudinal writer or a
30 perpendicular writer. In either case, the general structure of the writer is similar, although

the actual operation and dimensions of its elements will differ substantially. In a



while in a perpendicular witer, the poles are commonly referred to as a
‘return pole and a main pole. To wite data to a |ongitudi nal magnetic
media, a tine-varying electrical 5 current, or wite current, is caused to
fl ow t hrough the conductive coil. The wite current produces a tine-varying
magnetic field through the top and bottom poles that bridges the wite gap
between the two poles at the ABS of the transduci ng head. The | ongitudi nal
magnetic nedia is passed near the ABS of the transducing head at a

predet erm ned di stance such that a magnetic surface of the nedia passes
through the magnetic field. As 10 the ywite current changes direction, the
magnetic field changes in intensity and direction. This type of witer is
referred to as a longitudinal witer because the generated nmagnetic field
causes bits 15 0iRfnavifef, A2 Bfés $r9€orﬁlﬁ&%feﬁed%% @bétﬂ»mtﬂb?e aﬁhﬁﬂﬁ pefe, the
magnetic nedia. A per pend| cul ar (I:Jnetl c media differs froma |ongitudinal
magneti ¢ nedyhie if’rﬁﬁeﬁ’é“‘ﬂ?‘ﬁlaé(‘}?‘Feﬁﬁth‘?WGGWH‘HYW&‘QWQNQ&F?WHPNHW% recor di ng
surface is hglifpold-or a 15 I ongitudinal nedia, the magnetization is held in
a direction substantlall parall el taq the surface of the nedia, while for a
per pendi cul ar nedi a, ﬁ%ﬁé‘f?&’g@}%ﬁa&agﬁ@%@ﬁ airgg-Yanying eptricabst ant i al | y
nor mStLI sfj ot men@u(rj cfra\ﬁxf?te Q‘furréﬂg Lis r’ﬁiﬂde& to mwemﬁmglf tl%aécgdlﬁo?v%)@mpeﬂﬂe\ﬂﬁkb Cdu}ri;‘drt:c %/
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pol es of thelnakiydh ‘Meh o%e Euérl&‘e%a%ﬂ%%r laﬁéfsfffthé)&a%n & d@gnetic media
in essence acts as a t ewrlter , e magnetic field
bridges the gap from ﬁmeme Uéﬂrmglteh@m%d@lﬂbrafremalmkﬂllﬁﬁgmm%gh the nedi a
| ayer, and faﬁh&@a@&u&nﬁll“mmmm%gﬁﬁmﬁnwe&@& gm&qs HAg gt Aver and

return 30 pole, again passing t di a To ensure that the
magnet i1& f i dongitertieasmedia, the magnetiaationd ebinn@Hﬁr@tlwbwhsmtlplbtmrallﬁlnethﬁet urn pol e

I's substant isglelcy Afadhgerﬁediaha%xfehﬁr r@'pé}p&{alcﬁlatatmehﬂe th%BﬁlaéiéﬁfhnBﬁ‘% Hel€in a
magnetic field through t hée nedia layer will not econcentrate

suf fi ci ent | Wirggsiop Hbstansiaty per@alitp the s %ofr%t-’gﬂ@ﬁ Faetiabls dafp tate nedi a.
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| ongi tudinal witer incre n eal bit dens magneti c nedia. As
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formed 20y plpadpemidicular smgnepy. ¢ materi al t hrough a photoresi st mask, which in
turn requires the depqsitio ,an ctrically-canductive seed] ayer.
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writer,

then passed near the ABS of the writer at a predetermined distance such that the media
25 passes through the magnetic field. With a perpendicular writer, the main and return poles
are spaced further apart than the top and bottom poles of the longitudinal writer, and the
underlayer of the magnetic media in essence acts as a third pole of the writer; that is, the
magnetic field bridges the gap from main pole to the underlayer, passing through the
media layer, and then subsequently bridges the gap between the underlayer and return

30 pole, again passing through the media layer. To ensure that the magnetic field does not



main pole at the ABS is preferably mnimzed to dimnish off track witing
“at skew. Additionally, only a trailing edge of the main pole of a

per pendi cular witer contributes to the witing process. Thus, a thicker
main pole will not inprove the quality of the witten 1 S data.
Conventionally, a longitudinal witer wll have a thickness in a range of
about one mcroneter to about two mcroneters, while a perpendicular witer
wi Il have a thickness of |ess than about one microneters. The conventi onal
magneti c seedl ayers upon which the nain pole is plated, however, make it
difficult to mnimze the thickness of the main pole. Al so, because the
witer leaves an inprint of a shape of the main pole at the ABS 20 on the
medi a, a square-shaped main pole is preferred. Again, the conventional
rragget ic S?ﬁﬂlt@&ﬁ@d&ltﬁl@f&t{thpﬂﬁ %etrétuﬁlfﬁele@sssﬂ%atntxﬁl t%er@ﬁsa&tm¢ d%@?ﬂ:ze
renderi ng e e less s
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pr esent invention alr ear e and a nmin
pol e seedl ayknt is@iso Blamecatllwmsidetwp,rsgclhbadlecséedlib@beqpmem @&neecaeyar e

cross-sgctig j dd ustrating a nmethod for formng the main pole of
t he transduc?‘ﬁjé E‘lég‘ﬁﬁ‘? FIG 1. FIGS. 7A-7D are B-H graphs illustrating a

magneti c coercivity ofmpprieglyaveensiesigrang 4 nemendigidas pritar athighngssefthon a

respective mme@mewﬂm@bﬁmaﬁgﬁqhﬁmatocﬁmﬂaﬁhlaffqlla@ﬂwmm@imw seed| ayer, a
titaniumtungsten seedl ayer a prior _art cobalt-iron seedl ayer. FIGS.

8A-8D are ed'Sitignally, quta Eailnigsdgens e anagr ol of @ BePendicriakwiites GoptbesHo Ur e pl at ed

and patter negk wing pf&@s@%m ¥ ehickBEmAh pale Wit foeRiprde ﬂﬁ%dil@y&fthe writithckel
vanadi um seedl| ayer, a[nl ym tungsten seed| rior art

a
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cobﬁl t - ni ckehicromersr tb @efutiine® nibraierels; aﬁlﬁhe RPtrbeHdtakr WiteAwill@eReOhicMRssone of a
r ut heni um se

EI ayer, a ni ckel van di um seed{ dig: t ani umtgngst en
seedl ayer, SSaP Pravot ot PICEIs T | er°8ﬁve§‘é9é‘6 %%}BF“C Spatayers Bpangvhie
Cross-secti @Hibahalwpdyuscpfatearhoarh'tee,rmme&de‘ﬁdmdm nivivhizothe shidknanstibecmaig head in
accord w th t Aroor %gc%{,‘;[e tlllen“\r/r Qtléa(\)/cr:]s anlmanIt:'TfA s'hape o%%%in%gle at the ABS
20 on the media, a square-shaped main pole is preferred. Again, the conventional magnetic
seedlayers contribute to the aspect ratio of the main pole, rendering the main pole less

square in shape.

BRIEF SUMMARY OF THE INVENTION
25 A perpendicular write head includes a main pole, a return pole, and
conductive coils. The main pole includes a seedlayer and a magnetic layer that is plated
upon the seedlayer. The seedlayer is nonmagnetic, electrically conductive, and
corrosion-resistant. The return pole is separated from the main pole by a gap at an air
bearing surface of the write head and is coupled to the main pole opposite the air bearing
30 surface. The conductive coils are positioned at least in part between the main pole and

the return pole.



FIG 1 is a cross-sectional view of transducing head 10 and magnetic disc
in accord with the present invention. The cross-section of FIG 1 is taken
substantially normal to an air bearing surface (ABS) of transducing head
10. FIG 1 illustrates 25 transducing head 10 and its placenent relative to
magnetic disc 12. The ABS of transducing head 10 faces disc surface 14 of
magnetic disc 12. Magnetic disc 12 travels or rotates in a direction
relative to transduci ng head 10 i ndicated by arrow A. The spaci ng between
the ABS of transduci ng head 10 and disc surface 14 is preferably m nim zed
whi | e avoi di ng contact between transdugi ng head 10 and magnetic disc 12. In
30 nost cases, contact between transduci ng head 10 and magnetic disc 12
woul d destroy both magnetic transduci ng head 10 and nmagnetic disc 12. 5

Transduci ng head 10 i ncBr&®SD NETIONSSE SHE DRAWMRIGS eader 16 and
per pendi cular witer 1

VR reader, 16 i ncludes, bottom shield. 20, MR read
el enent 22, insulatin&ﬁiéy%ﬁ“?ﬁfaﬁﬂﬂfY%%°%%W@ﬁﬁ?W§%ﬁ$h’%ﬁ@ﬁ“@éngR read
el ement 22 ipges@iosivéitioned Wi thin insulating |ayer 24 adjacent to the ABS
bet ween term nating egﬂgzof boh%onlshield 5. 20 ang toH shieh /[return pole
26. Bottom shield 20 (O AiheRIng VP OLP M HOls 38%2 PEARRPIE SHIBET 8hsur e t hat
MR read el enmntaniicinghedsd oDFIGy1.t he i nformati on stored directly beneath it on
a specific track of i.c_disc 12 by .abserbing an r magnetic fields
emanating from adj ac gﬁ%?'g@ TR °ﬁ?“§%‘§f‘¥% 'g?fgr?tlr%ﬂ r?e)eﬁggtfoerl%e/nrrr“enr#ﬁl?Z may be
any of a vamnadtpoladf tigitfahslogng head ofF3Goll. read el enents, such as an
ani sotropic MR read e ) i : | StJ.) g?ﬁa r ead
elenent. In operation%ﬁﬁgg%e i%??%hgﬁ%?éﬁ$§ﬁggf%§%§ﬁg§&h%g%ét|c disc 12
causes r ot atcoleatt-nidkelairamshestfilnypiatedom arespeative orfe ofia suhresiumgeddiayen; a of MR r ead
el ement 422, 51C Dl ULDISRHSES; reYefel-WN ctrical pdoeSdstbnalilisgn 0f MR
read eﬂgnen§ §.0¥%§m%h%%%§éﬁn ?g§$§$ﬁb t? %?&b%’readgéfghzﬁf zzhbéﬁ be
det ect ed by sprd#8¢tng a current through MR read el ement 22 and neasuring a
vol tage across MR reagi® §ARM ardedsy akis KenSsthalntdges Jra¥&taltAftkiiiy! ates MR read
el ement 22 from each of bottom shi'eld 20 and top shield/retum pol e 26.
Per pendi cul deatip pleted anrlpattesead op @ sespesiivesar ef apnthenivip aecpigres axdckel nsul at i ng
layer 28, mahghdpe] Redfedh %ﬂpm?:&hgste%emﬁ@}, %nd?»zpﬁoamc&&nﬂb&pgebm?eﬁm | 34. Top
shield/return pole 26 _and main pol e seedl ayer 30 are separated from each
other af the ABS by i A& d819Rgreksrd apjpdierseope impgesnt a copalimicksd®eon| y connect ed
to each ot hggn@ppasd iRl patienedBRa rdvidctivetat 6f a3dthesiurh 8dedRgbr W hidkBI N pol e seed
| ayer 30 opposite insulati

.ng layer 28. Electricall onductiye coil 34 is
posi ti oned: SEmAtiEEedaYer A AR et sebdiryg A Aarion & gebRlaar spder
shield/return pol e 26Fund0 isai dfospedctormabeell afiaraltdflate édtbodinehi of@ coi |l 34 wr aps
around at I%aas;tduong]el%eg‘;intaoc%rdsmthetlhd/rr eturn tnl)ol e 26 and main pole 32, such
that a flow 6F €f et &df curren?pf%rougﬁ P5 conductive coil 34 generates a
magneti2® field in top shield/retumpole 26 and main pole 32. Wile FIG 1
shows a single layer of con | ' it is understood in the art
that several |ayers of condﬁgﬁégéﬁg@ﬁ¥gaﬁg§»%e used separated by several
insul ating | ayers. Tr &K$ducs ergssisectidnal View of manpdicige HeaklR0 hehdagnetiodisicch t op
shi el d/retur : ~ b ' . peader 16 and
as a returnlggﬂﬁgd??laggrpg%%gygﬂﬁgg @8&*\%;5?5?3%&%@9{0?? lls? lr“%%é‘%ﬁ%@r?gyhead 10 were
a pi ggyback nomahiozg airbegsing prdBra(ABS) eftrenpsivriag ad W &i¢ I5Bustreiesred of separate

| ayers.25 6 transducing head 10 and its placement relative to magnetic disc 12. The ABS of

transducing head 10 faces disc surface 14 of magnetic disc 12. Magnetic disc 12 travels

or rotates in a direction relative to transducing head 10 indicated by arrow A. The

spacing between the ABS of transducing head 10 and disc surface 14 is preferably

minimized while avoiding contact between transducing head 10 and magnetic disc 12. In
30 most cases, contact between transducing head 10 and magnetic disc 12 would destroy

both magnetic transducing head 10 and magnetic disc 12,



During fabrication of transducing head 10, nmagnetic main pole 32 is

+ deposited by el ectrodeposition in which main pole seedlayer 30 is forned of
an electrically-conductive nmaterial upon which nain pole 32 can be plated

t hrough a photoresi st mask. Conventionally, main pole seedlayer 30 is
formed of a material that is 5 also magnetically-conductive, such as

ni ckel -iron, such that main pole seedl ayer 30 becones a magnetically-active
part of main pole 32, resulting in main pole 32 having an effective

t hi ckness greater than its actual thickness. As described above in the
background section, however, the effectiwe thickness of main pole 32 is
preferably mnimzed to dimnish off track witing at skew. 10 The present
i nvention recogni zes that the effective thickness of nain pole 32 an be

m nimzed by sel ecti ngr@sdiRhg" hak fl@rm@iﬁﬂe@ Hﬁbﬁt&éﬁ%@%ﬁga&éﬂa% dggs not
beconme a magnetic part of marn pole 32; th by sel ecting a nonnagnetic
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ani sotropy. dQuiM ik feal Afefekt22 Ex‘ﬂﬁn&%rﬂ?'&%l?a‘é& rosTRANRE erftnBs2, 12, 2

time-varying wite current is caused t hrough conductive coil 34,
whi ch i 1 t urlpsuipting dryers 24 insplpies BIR (ead yleﬁ’gmn%?gﬁ@wéchf plebattomnshisidy RO e top

shi el d/ r et urgpieRB:@m461e28d nMai n pole 32. Magnetic disc is then passed over
the ABS of witer 18 at a predeterm ned. di stance such that disc 12 passes
through the nagnetic fE@riculanialer L8 iagludes togshigldsiun pple 4p.dpsulptng layepssence
acts as a t gl flaip@bie selilayvr BY exfauﬂp%le 32had cbramcttvbeom:agmai dhieldiegtbdy | dges the

gap fromma le 32 to Iayer media | ayer 36 of
magnetic di s{% ggma’éh?aletgﬁ’g §r§dfi’§ﬁ‘feﬁ)ﬁ'°g‘r é /Slg%b%‘@f Walise Under ! ayer
38 and 20op slhyeet&i/aﬁﬁrumuzgrﬁ@daﬁy aﬁneo&rgm fachtpasaspdsge mhmsghalﬁpdbazisayer 36.

To ensure that the t S. nat. Wit |s feturn pat h,
Lo et eyl 1t 38 s DR b s onh g Pl 2s Bkl bRk 5" 0 PR
ABS such t hatil3khé magmd atdealstl ie patt inwrsolatylg lamdmibekvebpﬂtop?;ﬁelvurétlhm pat be

concentr at edzgsaﬁgk%@ipgﬁ%%g‘dlr&% 39 \CohG Ve éoh%4%£ hﬂ%ﬁﬁ:ft[é@sg@r?tdf% tion of media

| ayer 36. FI earing vie e seedl ayer 30 and main
pol e 32 10 cshictd/ratmdalsi 26gndvesia pale 32)fsutht1®tamow Pfté:ﬁcmcalmuyent ﬂmugh pol e

seedl aygy 30.,aafiEol 3R Qén%ra’%ga magnetic field in top shield/retum pole 26 and main pole
32. While FIG. 1 shows a single layer of conductive coils 34, it is understood in the art
that several layers of conductive coils may be used separated by several insulating layers.
Transducing head 10 is a merged MR head in which top shield/return pole 26 1s
employed both as a top shield in MR reader 16 and as a return pole in perpendicular
30 writer 18. If transducing head 10 were a piggyback MR head, top shield/return pole 26

would be formed of separate layers.



each have a wwdth WWP in a range of about 0.05 microneters to about 1
“mcroneter, nost preferably in a range of about 0.1 mcroneters to about
0.3 micronmeters, while nmain pole seed |ayer 30 has a thickness Ts in a
range of about 0.025 micronmeters to about 0.1 microneters and nmain pole 32
has a thickness TMP such that an overall thickness of both 15 main pole
seedl ayer 30 and nmain pole 32 is in a range of about 0.1 mcroneters to
about 1 mcroneter. Additionally, nmain pole 32 preferably has a
substantially rectangul ar shape along the ABS; that is, width WW of nain
pole 32 is preferably substantially equg to thickness TMP of main pole 32.
Thus, a width-to-thickness aspect ratio of main pole 32 is preferably in a
range of about 0.95 to about 1.05, and nost preferably about 1. 20 FIGS.

3-6 are cross-secti Onﬁll.lrlcgﬁ%aﬁdnlo@ﬁﬁﬂs@klnggeﬁ 10EhiReticRdin fo¥ 099 mai n pol e
32 of transducing head 10 of FIG 1. mai n pol e seedl ayer 30 is

deposi t ed oNeRoRss DY eleptEpdpresitipn i whish ma&’rﬂi’lcrﬁﬁ%‘“ay@tﬁoll% fogssd o€ P ed onto main

pol e seed| axéfeamamy-cbmubwé%%bﬁdpemmaeﬂnﬁig Yk 32 @mvgra&uqﬁaigh geans. Mask 40
functions to_ define aégmgeof nai n g main pole 32 is

pl at ed ont o PAPIOTH#ER GRIMEl B‘Fmr?ﬁlie ﬁceﬂlﬁy‘?é 395’ farmed Pta%/‘@?ter%thﬁﬁf covered by
mask 4G. | n akb frageticalfpeéndd&live Ssué}ﬁﬁméﬁél-lrorﬁ%dch thdd nfain(oleBeedtabé 30

previously-nasked portion of. nain pole ayer .30 is r ved via a

BTV g pr o BECSS n Rty Ry Bt os Bl B refliads ol B8 & The

i nvent ors ofeffediiee thicksassgredterviantts anuaptaickeassrad desorite pove irthé t o i nvestigate
the effect @f ,a no net | oles ed|l ayer. o rties of a main
30 pole pl at(:% %(gfoﬁm{]ggtﬁ) e}ﬁ fl/'e ctIvlwﬁcfla ey?%lgﬁ‘ﬂf Bplsppetf%%g' experinment. In
t he experi nmmmmmdmainainishnffaﬂaéiwmtmgratsida'eet filmhaving a nmagnetic nonment of
about L8 Tesla was p f I rials;
namnel y P a) ruthenium wgseml %’g%co%l{ 255 ﬂfa{tilgtfe@tﬁvgﬁfiﬁﬁ%} )éﬁé]glgg&g and (d)
prior art cdéRah bemmbmzed'bh@els&egiamytemai foxmmain potecshedipypradithag does 00t1000 Angst r ons
thick on Al i i Jhe f )

cobal t ni ckeIE- f&r\g’% eegtcgﬁ? 5@? _fﬁ%ﬁp’ﬁgg%%rﬁ%%i%nc %regﬁ]aet&na&si ng a B-H

| ooper. NextPrefﬁatrlmhesnatqnatsyleetn(ﬂformengmnlewdbferﬁmlscf promotesrblaw tmagietikel - i r on

sheet filns cx@&emrm%wp%ﬁ 32Fﬁ1&@Lﬂe¥1ﬁcﬁl§CtHe ﬁ%‘?ah aeefer;abworﬁ&&aal t-ni ckel -iron
sheet film sanpl € was Blatterne fofrma |large feature that was anal yzed

with alRen wewéwmrqlﬁ &qaregﬁ%ah%trﬁeﬁeﬁt%@vd eyt pigferably, SFBFIghapabRt t he easy

and hard axijseRfed!ARweAIRER. coé:rlsl%' allbfs ?opqﬁf:l@r %ﬂ%fhﬁtﬂb% dirkdtigs b at i ng a
magnetic coercivity of the 10 cobalt-nickel-iron eet filnms plated on a

respective difenagpets felgerpamtedaydhsstyrtensan by peresquighly reverseg; Tﬁsémat%h adi um
seedl ayer (fti6ateddB)maipdlé deadlhydi3d pHEYRIEHIS BlsS R sAMAD cdrfokion. AdditionaRd a pri or

art cobalt-iron se wn.in thes ures, the prior
art magneti éhe(fﬁaé?ﬂafse’ ly‘ﬁgoéé‘é‘&lp%‘ié?e)dg??'él%&Bﬁ?éabg'h‘@glnmflpcf“ﬁ? h%v“}“ﬁg an easy axis
magnet i20 COQb@(bs\Untuythefnat%nﬁﬁhaO&)hﬁshﬁdﬁ peamiz shub afifedti ecty emnmﬂglhe fiokdeer ci vity of
1. 30 oersteds, while etlc i el ded | ower
magneti c coerg’Ilsvsuf’h asg elv?r glpla)}mmf ﬁ% mﬁIn es?%g r%éSM%/rg(?ﬁIted in a
sheet film Ianat@aImleeta¢yr raaii mlm@a&rlﬂmcferabiypnomtes)ﬂesﬁcdiﬁugheesst eds and a
hard axi s r i e e I

seedl ayer ;:%g{'gés&ﬁwf}pﬁl ff FFOF, Q%alg?%ér%%@g ﬂ?m On Se@&@gﬁsg ‘Coerci \rla:ft y of

1. 20 oer st edwheniun, anchdwmaéwmomm-tuogsmerm Vi ty of 0 38 oersteds, and the
titani tungsten see asy axis
magnet .Lt? coercivity O?Egﬁ/gfoe d%t%}%’l%e?g% %la?l?ﬁéaéérggd &%&&%ﬁ&e&?i&getgoer civity of
1. 50 oer st edisc 17 pasrallgisfgmed pldwe taygrs: aiszﬁ mamﬁw@erﬂﬁefer%@gesg@gh a patterned
large 1.8 T%@ﬁ&a&ﬁ[?"aﬁ@m@(ﬁ@faﬂ'r% Mvﬂ%%?éh%@rp&d’ic%ﬁpﬁﬁsfohkf one of a ruthenium

seedl ayer ( , a nickel -vanadi um seedl ayer (F 8B), a
titani umtungsten seedpditsdafaty the pespandiculafmagnétis diseil & tiglerVapisigaYTite i r on

seed| ayer (Eh@m&@useﬁmbmmbagh cbildtStive Ik ﬂDwarcEmﬂmr@msamer scope inages

of the patterned | ar | Fe feature Ia d.o pective one
of ar henlvﬁﬁéﬁ@é‘@é?‘%ﬁgéd%ﬁ"@ﬁ t‘@ﬂ?‘du/éet?ﬁ"é’ﬂlétz B@ ﬁ‘s‘( FIG 9B),
a titani um timesiacsed 5 the ABSIof (vitet18 ﬂ@)predaadm&dﬂrstaﬁcre sa&ithﬂai@ali -iron

seedl ayer (FIG 9D). In both cases, features fornmed on a nonmagnetic
seedl ayer had fewer, nore stable domains

—~-)




30 than the feature fornmed on the nmagnetic, cobalt-iron seedlayer, with the
' fewest and nost stable feature resulting fromthe rutheni um sanple. 9
FIG 10 is a cross-sectional view of transducing head 50 and magnetic disc
52 in accord with an alternate enbodi mrent of the present invention. The
cross-section of FIG 10 is taken substantially normal to the ABS of
transduci ng head 50. FIG 10 illustrates transducing head 50 and its

pl acenent relative to nmagnetic disc 52. The ABS 5 of transduci ng head 50
faces disc surface 54 of magnetic disc 52. Magnetic disc 52. travels or
rotates in a direction relative to trangducing head 50 indicated by arrow
A. The spaci ng between the ABS of transducing head 50 and disc surface 54
is preferably m nimzed while avoiding contact between transduci ng head 50

and magnet i %aédés&ﬁror?x thd rﬂagﬂaﬁtﬁeﬁaﬁﬁ&rlaﬁﬁﬁ aqﬁagh&km@mz ﬁl%@d@ﬁt@%@thﬂ@& head 50
and magnetic disc destroy 10 bot neti¢ trans @%cr ng head 50 and

oot Lo o derdipste ofREIE : henis HUBRENSS (oRLITdm Sheip o
per pendi cul ahdedkyet 8¢, pﬁxngaﬁargaheaiawerrslwmgnbngméoayerndﬂ@n MR reader 56

i ncl udes bottom sh read e atin yer, 64, and top
Shiel'd oo, BRI Br Sara e SbvsCoen BRI B R P aB R R TP PR eF B o 04
adj acerst tOpEdaﬁgAB&gb&temmeﬂ%rm@atre thet tReElsgneric flvhd doedmos tielddtabh 60 and top

shield 66. ottoms ndto shi.e 6, function to e that MR
Pond of owentsil B Shiededt pie gs RavFsfiady e b PRepfs SRR S 1 ot on
speci fic tradssaéh thﬂg'meﬂagnettdlﬁskd tlﬁ&rg{hyneaiaS@mtﬁmllaawesbrrcagtramHgnetr c fields

emenating f oM aHAS Slcoll 38R A0l ARSI PR3 MRGRC €l ement 62 may be
any of a varlef (yf aver ere fl pes Bf ea ? such as an

ani sotropi ¢ MR read eFE}rémancarrbaarggamw Oﬁ'agme)bbrswlasttn?@em(r@mpolem read

el ementyy In I r di sc 52
causes rot ato?{(i))%1 0 lngﬂearréﬂﬁg? ﬁzdat? |%énf&§%1 tn%gﬂl?ofles EJ@E?O%M g)gfeo MR read

el enent 62, egdhi keme rarwmmr\wlbause@ga of abaut) 6.0 mneﬂoerettersitearboutelsm@mnwer,ymw MR
read el ementy oG il BeBobd. I fiot el oD MickRRelrLLRIER) an be
detected bytpga'%?sbr};rlrg arr urre?rtt th roS v re)ac?je@lgrrentrf’iz an nEasurr ng a
vol t age acr ¢epd layrr 30dwgia tickprsnis lezrangmf@battpﬁaS migyaspetesyto 2Bpuf Eul at es MR r ead

el ement 62 fﬂl&%&@z@ Qnd)rﬁarpf%]@ m&ﬁkr@élﬂe&@m% nDPérdl @icRss Sebmendi cul ar
witer 58 includes rrarnﬁ e seed er 68, main pole 70, insulating |ayer
Gh

72, retlfrn prsinpoieseediayer élﬁ’é‘PrW]é3 i§iin a rgge ‘ﬁé?‘ﬁ‘ﬁ B 1 guigresneters @980%mi n pol e 70

are separ at agnifiomeiee AaditialiR madt pold B2 p%%adryhasraawsahﬁdngrécaﬁgnar72 and are
magneti cal |y connected_to, each, other posite the Aags Mai n oI e 70 is

formed on mihape piongthe ABS; thy iy, srgﬂ@rwré'gofdwb%qlw is preferagly;s lzjtarna%} eaupd

El ectri cal | Yo GQREHICTMPVSE nfali ;Jole736 Tius mﬁﬂthrt@meﬂhmai asb@aatlo bﬂnzﬂﬁlfadle 3N

referably in a range o abou o about 1.05 most prefer: about
|C(r;ls|ul at |18g Ia e 7% betvréee {(%ﬂ Qﬁ) e 84 and ngrparggg (i) Conducti ve

20 FIGS. 3-6 are cross-sectional views illustrating a method for forming main

pole 32 of transducing head 10 of FIG. 1. In FIG. 3, main pole seedlayer 30 is deposited
on insulating material 28, and mask 40 is deposited onto main pole seedlayer 30, both
depositions being via conventional means. Mask 40 functions to define a shape of main
pole 32. In FIG. 4, main pole 32 is plated onto an unmasked portion of main pole
25 seedlayer 30 not covered by mask 40. In FIG. 5, mask 40 is removed. And, in FIG. 6, the
previously-masked portion of main pole seedlayer 30 is removed via a milling process,
which milling process also thins main pole 32.
The inventors of the present invention performed an experiment to
investigate the effect of a nonmagnetic main pole seedlayer on the properties of a main
30 pole plated thereon. FIGS. 7-9 illustrate results of this experiment. In the experiment, a

cobalt-nickel-iron sheet film having a magnetic moment of about 1.8 Tesla was plated



76 .wraps around at |east one of return pole 74 and main pole 70, such that
a flow of electrical current through conductive coil 76 generates a
magnetic field in return pole 74 and nain pole 70. Wiile FIG 10 shows a
single |l ayer of conductive coils 76, it is understood in the art that
several |ayers of conductive coils may be used separated by 5 severa

insul ating layers. Transducing head 50 is a piggyback MR head in which
separate |l ayers are enployed as nain pole 70 and top shield 66. To enable
data to be perpendicul arly recorded, perpendicul ar nmagnetic disc 52
generally is fornmed of two |ayers: soft gnetic underl ayer 80 having high
pernmeability and nedia | ayer 78 having high perpendi cul ar ani sotropy. 10
Per pendi cul ar writer 58 of FIG 10 differs from perpendicular witer 18 of
FIG 1int h i pol e
70 and ret u?%top?)éﬁ1 : rh“gé?én? sZ?dla‘}EreYi%lrehBE Fﬁnélf (%f l%\tAlfreﬁtalgr BR?%?E, %Bdlpgagb )

pol e of mai rtltwr@tuggst@n@d;(@tmpmb@t-lm Thersprsifayprs wereteprh dgpasitedite | es of each
el ement of tlroa@ﬁﬂdgéﬁbﬂgthnﬁ%fﬁ@ﬁc %Ferssm dm?gaetrcqu&pmsseofq{e fBurcosaliespondi ng

el ement of transducin . hough thé present 1nvention has been
descri bed wrthkelrléqnéh@hékyswrﬁﬁh@fww A Blotrdsing 3 B-RdorarNexski | | ed in the

art wil§ recegeavie atnhaléouglhx@ﬂg%ﬁ tH@yfer cBl?aﬂQudk@l ifoar BhednNdilpiet érk Mbdsiiout
departing fromthe spirit and scope of the invention. 10 CLAIMS: 1. A

per pendi cul arinay; peyseediayprand Fepglt élcb%lr“ﬁé H&F‘cfﬂ‘i“é?mw VESRAUERIAO RSy i si ng a

nonmagnet i c,lagt Rafifclthadivhy/angi9ied wathia\KRn scdPe foABicSipate Aomsih fall feaadhayer and a
magnetic 5 | t he seedl 2. The perpendicular witer of

e | at ed uppn
claim1 V\herai‘%l“ﬁli’?‘ﬁéhescésé’&f“g%‘? axigofihss gsof a material selected fromthe
group consi sting of ruﬂldi@rmumarﬂBQ{(ghph«an@wbnugranﬁgtduétdglftmityﬁfmungsten. 10
3. The perpendi.cul.ar. wit laim1 rein.t see er S a
Uhi cknelte. | aREEHiR g heet Bir mfes Rt B% Ghe 364 AR PRGHANET AR i cer o
claim3 vvher7&°1)rn itkel-tdnadikn esdlayef (H@d&,@ﬂd&m@mngﬁemissed@yﬁﬁﬂ 7€han about
0,025 m or OUMRh Ehiar ot solISRSLARAT ] A5, NCLLGH e BN A HgTS! N 2

t hi ckness of® about 0.1
m croneters ngnab@ubaltﬂromsmdbmwetdcd 2 the@. fili heviygeanpesydiis magnetlwrl ter of claim

1 wh . |
about 0,1 miresy roberkifl ShREN BRlc pichRl oPfpdestabafle Ll ar

m croneters e perp enlcular writer
of claith 1 viagh of rthen ngprasheticoseedipysksn eigksled Jpear t mpgnetio codrcivine Spesificalini thal ar

witer pole S edifin &eﬁl@#&g?esﬁ{ed ﬂpﬁy\ﬁet QinpRaving AR bxidmBheticcderdivity be

per pendl cular witer claim1l ereln an eas axl s mnma netic’ coercivi ty of
t he magnet i O-§0:8pesteds andjadard axip maengtioenerclyity of @24epssteds, the nickel-vanadium

seedlayer yielded a sheet film having an easy axis magnetic coercivity of 1.20 oersteds
and a hard axis magnetic coercivity of 0.38 oersteds, and the titanium-tungsten seedlayer
20 yielded a sheet film having an easy axis magnetic coercivity of 2.60 oersteds and a hard
axis magnetic coercivity of 1.50 oersteds.
FIGS. 8A-8D are easy axis Kerrscope images of a patterned large 1.8
Tesla CoNiFe feature plated on a respective one of a ruthenium seedlayer (FIG. 8A), a
nickel-vanadium seedlayer (FIG. 8B), a titanium-tungsten seedlayer (FIG. SC), and a
25 prior art cobalt-iron seedlayer (FIG. 8D). Similarly, FIGS. 9A-9D are hard axis
Kerrscope images of the patterned large 1.8 Tesla CoNiFe feature plated on a respective
one of a ruthenium seedlayer (FIG. 9A), a nickel-vanadium seedlayer (FIG. 9B), a
titanium-tungsten seedlayer (FIG. 9C), and a prior art cobalt-iron seedlayer (FIG. 9D). In
both cases, features formed on a nonmagnetic seedlayer had fewer, more stable domains
30 than the feature formed on the magnetic, cobalt-iron seedlayer, with the fewest and most

stable feature resulting from the ruthenium sample.



9. .-The perpendicular witer of claim1l wherein an easy axis magnetic 30
*coercivity of the magnetic layer is |less than about 1 oersted. 12 10. A
per pendi cular wite head conprising: a main pole having a nonmagneti c,

el ectrically conductive, corrosion-resistant seedl ayer and a magnetic | ayer
pl ated upon the seedlayer; 5 a return pole, the return pole being separated
fromthe main pole by a gap at an air bearing surface of the wite head and
coupled to the main pole opposite the air bearing surface; and conductive
coils positioned at least in part between the main 10 pole and the return
pole. 11. The perpendicular wite head claim 10 wherein the seedlayer is
formed of a material selected fromthe group consisting of ruthenium

ni ckel -vanadium and titaniumtungsten. 15 12. The perpendicular wite head
of claim 10 wherein t b 0.1

m croneters. 13. The hgiqgﬁg‘ %?h§?}?g$ﬁ? gﬁﬁﬁﬁg%gﬁﬁg%g ergﬁhcthe

t hi ckness of52t“h‘i§°(29W$t eml&ey@tc err@ocgmerapfethe pisseAt invsatien. Bheoresswecienefet ers. 14.

The perpend'lii@'1®r1st\ﬂl&dnfs@osﬂﬁt@éﬂls%mﬁlt%'m@p@sc\ﬂﬁiﬁﬁs‘ahéing’ﬂheﬁé‘s(?m’ﬁ?t@ of the main
pole is in a range of about 1 mcroneters to about m croneter. 25 15.

The per pendiiBusiraifs tRpsduaingead Sdanddss alepsment falkYed? megretinitddiethe ARS t he mai n

pole i s in aftaARGRINEheAPOWceOdid stFfsce G8BE R V%etfc%m@@@w{ag@ctﬁ dsceponmeters. 16.
The perpendicular wite head of claim 10

f& redsgld wi dt h-t o-t hj ckness
aspect rati ¢ra¥¥s Yrigiatrsin A dpeAnen jelatiyqfo fansdyring hgpd d0jadieated bygmew Aafsut 1. 05. 30
17. The per ppadigbivdén tMABSoneaaghua‘hgﬁdaalsmﬂinwa@faeema@re&a@yy axi s magnetic
coercivity of, thed&/ﬁﬁne“ C S 3 oersé eds. 13 18.

is less tha ut
The. per pendiTiETe MG GOUERSOHe RS R AR A FH neti o
coercivity @,ﬁostda&s,rmgaabetc/ednagaesfduaﬁg head SO irldaagrdtiodisc 12 wallddedoy 19. In a
per pendi.cul ar .write. he in pole and a magnetic 5
returndlgol e%m ? f“ﬁg (golaggaf'% h?ﬁégﬁof a seedl ayer and a magnetic
| ayer pl ated upon t he Tm&tﬂbxag/éaead Hnohchntissr R veddee S6raind) pprpdndiculer sepasat ed

from the ety Aol o 8052 MVt So BAALL BEPHELAT®, g tdie wite head

and is in cé urn pol e eafing surface, an
i npr ovenent etﬁmwptr(iZsmn@tlflgﬂamr nsg, anéhtopskeld I66.\MR readl elament H2rsgostianed
el ectricall Xmﬁl%ﬁ%%h%fg er%@gcﬁ Cﬁt(?&'thé ﬁ%b%&t%%] t@?ﬂ'&rﬁﬂh@énﬁgijb%ﬁ&n‘?gp%lg reduce

both 10 an easy a oercrvit axl s naghe
coer ci visty @b andhiep ﬁn@}ﬁé@ Bottora shigld 6(banldé@§htewaﬁ6 faristien to Snsyeerthat é’ﬂ@eadlg The

per pendi cul afenthi h5cdieat ot m%r@)htmnjs%réﬁmﬂ%&fy%eée% i8Rl YRS Or Med of 2

materi al selected fromt roup consistin heni u nic -vanadi um
and 15 titarfnaghsticdisgsd @habsor 9&91‘9' spghhrgagnetic fields emanating from adjacent tracks

and transitions. MR read element 62 may be any of a variety of different types of read

elements, such as an anisotropic MR read element or a giant magnetoresistive (GMR)

20 read element. In operation, magnetic flux from a surface of magnetic disc 52 causes
rotation of a magnetization vector of a sensing layer of MR read element 62, which in
turn causes a change in electrical resistivity of MR read element 62. The change in
resistivity of MR read element 62 can be detected by passing a current through MR read
element 62 and measuring a voltage across MR read element 62. Insulating layer 64

25 insulates MR read element 62 from each of bottom shield 60 and top shield 66.

Perpendicular writer 58 includes main pole seedlayer 68, main pole 70,
insulating layer 72, return pole 74, and conductive coil 76. Return pole 74 and main pole
70 are separated from each other at the ABS by insulating layer 72, and are magnetically
connected to each other opposite the ABS. Main pole 70 is formed on main pole seed

30 layer 68 opposite insulating layer 59. Electrically conductive coil 76 is positioned at least

in part in insulating layer 72 between return pole 74 and main pole 70. Conductive coil
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pole 26. Otherwise, the properties of each element of transducing head 50 are similar to

those of a corresponding element of transducing head 10.
15 Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may be

made in form and detail without departing from the spirit and scope of the invention.
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2, The perpendicular writer of claim 1 wherein the seedlayer is formed of a
material selected from the group consisting of ruthenium, nickel-vanadium, and titanium-
tungsten.
10
3 The perpendicular writer of claim 1 wherein the seedlayer has a thickness

less than about 0.1 micrometers.

4, The perpendicular writer of claim 3 wherein the thickness of the seedlayer

15 is greater than about 0.025 micrometers.

5. The perpendicular writer of claim 1 wherein a thickness of the

perpendicular writer pole is in a range of about 0.1 micrometers to about 1 micrometer.

20 6. The perpendicular writer of claim 1 wherein a thickness of the

perpendicular writer pole is in a range of about 0.1 micrometers to about 0.5 micrometers.

7. The perpendicular writer of claim 1 wherein a width-to-thickness aspect
ratio of the perpendicular writer pole is in a range of about 0.95 to about 1.05.

25
8. The perpendicular writer of claim 1 wherein an easy axis magnetic

coercivity of the magnetic layer is less than about 3 oersteds.

9. The perpendicular writer of claim 1 wherein an easy axis magnetic

30 coercivity of the magnetic layer is less than about 1 oersted.
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10 pole and the return pole.
11. The perpendicular write head of claim 10 wherein the seedlayer is formed

of a material selected from the group consisting of ruthenium, nickel-vanadium, and
titanium-tungsten.

15
12. The perpendicular write head of claim 10 wherein the seedlayer has a

thickness less than about 0.1 micrometers.

13. The perpendicular write head of claim 12 wherein the thickness of the

20 seedlayer is greater than about 0.025 micrometers.

14. The perpendicular write head of claim 10 wherein a thickness of the main

pole is in a range of about 0.1 micrometers to about 1 micrometer.

25 15. The perpendicular write head of claim 10 wherein a thickness of the main

pole is in a range of about 0.1 micrometers to about 0.5 micrometers.

16. The perpendicular write head of claim 10 wherein a width-to-thickness
aspect ratio of the main pole is in a range of about 0.95 to about 1.05.
30
17. The perpendicular write head of claim 10 wherein an easy axis magnetic

coercivity of the magnetic layer is less than about 3 oersteds.
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19. In a perpendicular write head having a magnetic main pole and a magnetic
5 return pole, wherein the main pole is formed of a seedlayer and a magnetic layer plated

upon the seedlayer, and wherein the main pole is separated from the return pole by a gap

at an air bearing surface of the write head and is in contact with the return pole opposite

the air bearing surface, an improvement comprising forming the seedlayer of a

nonmagnetic, electrically-conductive, corrosion-resistant material selected to reduce both
10 an easy axis magnetic coercivity and a hard axis magnetic coercivity of the magnetic

layer to less than about 3 oersteds.

19. The perpendicular write head of claim 19 wherein the seedlayer is formed
of a material selected from the group consisting of ruthenium, nickel-vanadium, and

15 titanium-tungsten.



