, €3e~yz~v$(6&TzQU, 1 PERPENDI CULAR V\RI TER W TH MAGNETI CALLY SOFT AND
STABLE H GH MAGNETI C MOMVENT MAIN POLE FI ELD OF THE | NVENTI ON The present
invention relates generally to the field of electronic data sm“"ﬁEWHIWHWMH
retrieval, and nore particularly to a perpendi cul ar magnetic

magnetically soft and stable high nmagnetic nonent main pol e. BACKGROWND OF
THE | NVENTI ON 10 Per pendi cul ar recording potentially can support nuch

hi gher |inear density than |ongitudinal recording due to | ower

demagneti zing fields in recorded bits, which dimnish with | |1mem "

i ncrease. To provide decent witeability, double |ayer nedia WMMe
doubl e I'ayer perpendicul ar nedia consist of a high coercivity, tRjssstorage
| ayer with perpendi cul ar to-plane afi sotropy and a soft 1 S nagnetic keeper

(underl ayer) having in-plane anisottropy and relatively high perneability. A
magneti c head for perpendicul ar recording generally consists of two

portions, a WERPENPICUDAR WRITER WITHRCNETICALINSOFIUANDI or mat i on on

a mgnetic media (STaHLRRIGH VURETIONOMENT MAIN POLENY that -
magneti cal | y-encoded 20 information fromthe nedia. The reader portion

typically consists of a bottomshield, a top shield, and a sensor, often
conposed of a magnet or esi stF%D(%?WI& I,Olf)osi ti oned between the bottom
and top shi el ds. Lo E X , f t LS G di a) causes
rotati od of the ngﬁggﬁsgrgt]{%é#ﬁsﬁe@%% %@ea getﬁg?engglpa%}é%@&tc (ﬁiga MR sensor,
whi ch i n t storage andretriexal; mahmerepartioblerdy folapetpendisulat magreyic otitdrisdth 2 MR
sensor. The change,in resj s#iév'.t of the MR sensor can be detected by

passi ng a BHAee ca’(b‘l?%ﬂ]@‘}d%t ewg’é‘ﬁ%"(ﬂc’%‘i’fﬁeq%l’?lﬁg a vol tage across the
MR sensor. External circuitry then converts the voltage information into an
appropriate format and mani pul ates that informati on as necessary to recover
the data that was encodBACKG@ROUND QF JHE INMEENMII@Nr portion of the magnetic

head for perpendi gul ar..recordi typically consists of .a.min pole and a
returnilpol e whi chﬁgPﬁn%LgﬂeEef%rgﬁﬁgyﬁl@%‘g‘ébﬁtcéﬂ SPPM gu¢ Higher Jin {)r an air
beari ng Suﬂéﬁﬁ?tﬂaﬁﬁiﬁ)giﬂﬁinhh@cdwﬂngﬁﬁe RMoRe RMBARSANL&IAPinlradbeded and Wwhi ch
are magnetically connected to each other at a region distal from 10 the ABS

by a back bup whidhsdiménistpwigh lineas density incsease. Papravide decesd wudeabilithe mai n and

return pol [ I Jy3 I | at ed by

| nsul at | ngorufe el ied aiihe’ PHEGSR 160 ISt e BREBRTY T 20 2
adj acent t pighleerpiitpahiiistuigelayereithiperpehdeculdr td-planpatitotopy amth dofte r eader
portion are often arranged . in a nmerged configuration in which a shared pole
serves 1as BagRetichkeepe (Fdepyietlohgving ¥nplang apiooRy F‘é‘aé@?‘“ﬁ’&f fiigsn and the
return pol serg{ealgih@_writer portion. To wite data to the nmagnetic nmedi um an
electrical "current” is caused to flow through the conductive coil, thereby

i nduci ng a magnet Aandgneticlheadrfospendndicutar teeogting geewy tondisds oftve and return
pol es. By reversing the larity of the current through the coil, the

pol arity oPO’ft‘HBS’o%\t%VaY“% P‘F‘ﬁ@’h tJ?roXtPﬂ’ég Hﬁﬁﬂ‘étf‘ﬁagy'ﬁ’é‘iﬂdﬁdilgi%ml%t&mz@“ Pever sed.
Data on dOHﬁb@edcamﬁa@ﬁs&f@aqy&uﬁbnm%ﬁ_e%ﬁngaﬁ%g tibMlylerkbdd i ng edge of
the main pole. Accordingly, it is the main pole that defines the track

wi dt h @ t infommation drorel theamedir dbe praderf pastipn yypically consietk ofiadioloms def i ned by

the wi dth qgf. t.he mai.n npole, at_the ABS The in and return. are made of
ol t  magRueic i el aRuSbert oBEvenRedH el P eee it B M &' T The
nedi a duri Ratdrial Positibged¥tbRechge WtiohParUtbp Siik1ds.S Magheticetlx forh iR Ccoi | .
However, the main pole produces nuch stronger wite field than the return

pol e by hasurfage af thadisc émedinkaausss catational thermeegnetieatiopediorpfBsensipgnade of
ragnetic n?a;[ygrr 8 leWs@nsmr,gwk%Eh m%gﬁs%s Q&%%Eé in eféc%gpr%gilst(i:vi%%%t of




.3 the main pole should be oriented along an easy axis parallel to the ABS
mhen the nmain pole is in a quiescent state, nanely without a wite current
field fromthe wite coil. Wien the magnetic nonment does not return to an
orientation parallel to the ABS after being subjected to nultiple instances
of the wite current field, the main 5 pole is not stable. In an unstable
pole, the orientation of the magnetic nmonent m ght remain nonparallel to
the ABS position even after current tg the wite coil is turned off. Thus,
the main pole may forma magnetic flux and nmay deteriorate or even erase

data fromthe difRGenshy'mhbelang@in resBEViRIfEhe MR QerlsbiSddh beddidttdang basingd
switching tine when a current is applied. In a perpendi cular head for

ul tra-hi gh 10 traErntdarush the MR3snsar apd measuring3 yol38¢ a1oss the MRSeRsAs nant
source of i nst adyedrhd ¥irdhitey théeh Rndrds ARG oHARRERRatiZh b dniaBhdpBfd Bt t he pol e
width at the ABS and the 'necessity of using magnetic naterials with the

hi ghest possi blaad wahipelatesthatinpfgrieation asnsaeseary acogvelthesiata thaywas anpesigdh t hese
materi al s hglve o%%édi&ni sotropy and relatively high coercivity. 15 A factor
beari ng upon the nmagnetic stability of the main pole and the return of its
magneti ¢ nonment to anTbe weikdr pbiton of deahhgpktid beatl Her piiBnisulat scordingxi al

ani sotropy. Uniaxi al anisotropy is a, nmeasur f. .an amount of appl.ied
magnetic fiel d YRS F%‘lflsfsé’ ?@?é?géfﬂ%arﬁéﬂmgﬁ@l%%W?g%Ec#lﬁéepﬁggﬂ pol e from
the orientati orfrga@éazh bbr dt an diftRad@Sutfeced ABSY dfetitivaiterby apehmameticdapar to the
ABS. |f the uniaxial Zohgni sotropy is too |ow and the coercjvity is high
enough, the mad¥t:iaed i ﬁ’Ee”P?‘ﬁnf’tWéuYT‘éﬂ"ﬁ?WIt%e tl??éf"“a‘leﬂﬁ?g‘s'ia{e@?]?n to a
posi tion papal Il ABSbY B8acRBH Abusd. FRsiibcdat 1Ak pRHMIly bEtWEATY 8fdin a2hAUS, the
erasure of recorded data on perpendicular nedia is |likely. Strength of the
wite field in refye naiagiaee ang opmeisdaversof sandugiive seilseaeapaulated Boingiatinat of t he
mai n pol e mater 5% das f IR nthSHetid hEBRL iffdedlateld Idhcanthd G magneti c
nonent saturati (%fleks(o]thtekﬁ]gashl ?ﬁljx e_ns}:ty gg?turatil% }a(t)e\ri\& c(@ar?stt%glti on of the
mai n pol e i n hamdwndioylanmedivmn. Tihgwriter paskordod therapderportionm gftensoengedi ngl vy,
when t he magnet, i 0 [ | al. j.s increased,
A track wdin g iy donRbEly Rl crkidd oA BTl By 10" RS

st orage capébi |shiejd affthd sesdedpartordand\tie reiim mtaofshewdter portimt eri al with a hi gh
magnetic nonent is an.,all f.i.ron and cabalt (FeCo). The CoFe-alloy wll
conduct a | arge amunggévfl?%/‘fal%(togﬁdnatgﬁg}cé’ﬁ l‘ﬁ’éﬁﬂ%l?&??%cﬁgeggtﬁfa“ﬁw\}&y nar r ow
pol e tip, resulfidvigrouph the vedidyctivaediDivetebpintucigdinhgnéictiisRiactoys thd dr@wai ng f or
ultra-high recording densities. Unfortunately, while CoFe filnms have the

hi ghest magnet &P TR Bgaw a4 15T RSy de%a%nwaeeolg'awf HegHEEtc
stability due tigroR@iPthed0il Sl pORYityddTdhd St tvrivted 16 thb AhghdiRIrhddid & ¥lso Thi S nMeans
that the magnetic nmonent m ght not return to the parallel position to the

ABS after BB ngeetitsiePeiaan doyblaipser prrendigelacprdiaareecqrded bypaitraiding edegent fi el d

in the main pol&udnbifiold A ataifgh! PR t¥ntthillnol HRGAE el HeYrack MRRIMS *h% a
strong-felt need to provide a witer which is magnetically stable and is
made of mat er i avritgnidatanMyre spegifically.dhafragie widtlsigdefined by the wgith bf the maiabl e wri t er
will reduce sw o@it% 'éna, increase a drive's data rate, and prevent

uni ntentional erasing on perpendicular nmedia after the wite current is 15
fumed of f. BRI EF SUMVARYmGH afideturifvied BrdGhhdEloéa grfianapattid materiul. iBoth 6fs a

per pendi cul ar iter having a {r-bearing surface, in.pole with a nmain
pol e . ext ensron, ﬁﬁger}eéa??fp?&ﬁtbﬁnfée%‘&ﬁ}be néedbaefi, n%%fﬁorgﬁg&%%n@?g“PWEF%di ate the
mai n pol e ext enggplicdftthé &1, EREMEVH, tBOMAIn pdROrévLER nikh SraigbeRaE gadi S I N

direct contact with the majn pole and recessed fromthe air-bearing surface

to prevent erastrbthsfetirapgledydiayas a myich supller ssstional ey the ARfanddemgpol e

i ncludes a top_mrb@tﬂagneh@mfeﬁalawmﬁghefm%%ﬁdlﬁoxﬂaﬁ.eAlr@g@éﬁcme_ Jronnmagnet i c
spacer placed in-between. ' The top nagnetic layer forns a trailing edge of
the main pole 25 at the ABS and has a magnetic nonment greater than that of
the soft magnetic underlayer. The soft magnetic underlayer is in direct
contact with the main pole extension made of nmagnetic material with | ow
coercivity, high anisotropy, and high perneability. Further, the top
magnetic | ayer and soft nmagnetic underl ayer are 5 antiferromagnetically

coupl ed through the thin nonmagnetic spacer. The




- nonmagneti ¢ spacer has predom nantly 111-crystalline texture and pronotes
reduction of coercivity and grain size along with an increase of anisotropy
of the top magnetic layer material. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 shows a top perspective view of a disc drive. FIG 2 is a
cross-sectional view of a first enbodi nent of the perpendicular witer of
the present invention. 10 FIG 3 is a cross-sectional view of a second
enbodi nent of the perpendicular wites of the present invention. FIG 4 is
a cross-sectional view of a third enbodi nent of the perpendicular witer of

the present i nygthiifPole ihouliFtetrlehied RIoSi &8y} & KdrlibHe tRREBERRERNEVBODI VENTS

FIG 1 shows a top perspective view of a disc drive 12, which includes a
voi ce coi | not GRaiRRATNE iasuieseent siate, namgelkyvithout a watssrmens field Fomtheyife e 18,

slider 20, heaq,{ioyRL tﬂgnﬁg&%n%%xen@d%@s Hdﬁ&uﬁ-lrto ﬁ?&l‘i&ta%ﬂn Ra?kl'léi%thgo s

connected to the distal suspensi on 16 gﬂ | exure 18. Suspension 16
i s connect ed to&&%aﬁ;abmgubmtmtomlmle inetanrenefiha Wiifg csrept feld 2he magr uat or  arm

L4 5 COUDI80 l  DR et 24 12

a multiplicity*o Pes a operatlon of
disc drive 12, mlcghtaémﬂnnmfpadllslcto thé APSipesittresyemafier moveatrertiie wnime cdilis S

encountered by sli S. ai ment ac s,to i.der 25 20 al oft
encount et ed, b ShafSk #Ris bohieble B SIS T haBRhSnbuioR Rhsless, 20 1)
above the surf agen efaseliBe frddh. thy Qe Fukthers eh @BdtabIEhle @mnﬁireﬁmfesseﬂove
actuator arm 14 around axis 30, thereby .noving suspenﬁlon 16 a

posi ti oni ng t he™itFBiA% tine Whgn 2 °‘F'Fé°é.‘ﬂls(‘ﬁlbl eds pdAsTPendicieg head fay #1%1“820 over
tracks 26 qf ditpek déhsityFebr@ihg, MThiih PE1E RE predominant source of instability due to

a strong demagnetizing field across the pole width at the ABS and the necessity of
using magnetic materials with the highest possible values of magnetic moment
saturation, even though these materials have poor anisotropy and relatively high
coercivity.

15 A factor bearing upon the magnetic stability of the main pole and the
return of its magnetic moment to an orientation parallel to the ABS is its uniaxial
anisotropy. Uniaxial anisotropy is a measure of an amount of applied magnetic
field required to rotate the magnetic moment of the main pole from the orientation
parallel to the ABS to an orientation perpendicular to the ABS. If the uniaxial

20  anisotropyis too low and the coercivity is high enough, the magnetic moment in the
main pole may not always return to a position parallel to the ABS after a write
current is removed. Thus, the erasure of recorded data on perpendicular media is
likely.

Strength of the write field in the media is proportional to the magnetic

25  moment of the main pole material. It is desirable to use a material with a high
magnetic moment saturation (or high flux density saturation) for construction of the
main pole in heads for ultra high track density recording. Accordingly, when the

magnetic moment saturation of the main pole material is increased, a track width



+6 of ,;the transducing head is necessary for reading and witing data on
concentric tracks 26 of disc 24. FIG 2 is a cross-sectional view of a
first enmbodi nent of perpendicular witer 36 of the present invention.
Medi um 24 for perpendicular recording S conprises thin storage |ayer 32
havi ng hi gh coercivity and perpendi cul ar ani sotropy (the magnetization is
held in a dixection substantially normal to the surface of nmedium 24) and
soft magnetic underl ayer or keeper 34ghaving high petxneability and
in-plane orientation of the easy axis. Witer 36 conprises nmain pole 38,

mai n pol e ext ensfitymdASpaetp et Felupdlfer iAeasimg Aitenlad cipabBiacdT tatdier by back
gap closure 10 42 at a distal end_ and separated, from each gther by wite

gap 46 at the ABVS éﬁ&xml? %f%‘BPtFn%ZV“BGé’ii&hi%ﬂ‘%‘f%’_éﬁ gl ley ofdros ext ensi on
48 and return pé?x'd%otf‘aﬂ;}Fé@').'ThQ_@hﬁe-@lﬁoysvﬁflU&ﬁu@%lﬁg&aﬂ%‘uﬁﬂo@ﬁuﬁ&ld@h&% the given
direction of notion 47 of nedium 24" Magneti zation transitions on nedi um 24
are recorded bypermiithei usg obyery 29TRY polatip, rewltngdg a vee narrovitthek gidlont write

field strength j ' B [ Ca: o+ D0, - the top

| ayer, “of - mai n SAP M E R ARARS A EELIQ ol AR A

magnet i ¢ nonent havattlerhighest ivignetiQombmeB8atumtion thaytdo ot bavevgodt Imagbetiche ABS, to
provi de recording.ofyltra-narrow tracks .on di um 24. . .Mreover, .t he
proposed str uctﬁa’éh%g“erfﬁf’ﬁmﬁﬂsg“?§ aﬁ“ﬁ‘@ﬁ‘&‘é@‘é@ W@rcbvﬁﬁyagp{gfneﬁ'ﬁﬁé%fh%py of t op
magnetic | ayer mfkmefidbment niighicder retugh toltha Paralelpagikieh toaht ABSstiadtelig 20 To
wite data to perpendicul ar magneti c di.um 24, tinme-varyipng wite
current is caus%’HPeF'ﬁgfq vitipls e Qfithe witite %F‘Eﬁ%}dd“ttlﬁﬁ'ﬁa‘ﬁrpSkfﬂl?le a
time-varyi ng maglgldrén %idgl. d t hrough main pole 38 and return pole 40. Medi um
24 is then passed by the ABS of witer 36 at a predeterm ned di stance such
that medium 24 is exXjfseeirelio tero i ghenerfel meed & PvidR pErleididuisar wri t ex
36, the soft mag ;?fe{i&al@ﬁaﬁi@ﬁﬂ%m%o@ﬁmt@ﬁﬂ%hhfgh%%ﬁéﬁ%%ﬁehﬁaﬁ?aﬁ@ﬂce, acts as
a third pole of the witer. A closed nmagnetic path for flux fromwiter 36
to nmedi um 24 t rSweblasstableoyriteravill rpdice segchingrtimgg ncasy adrevel sadptarrag2andf  medi um

24 to soft magnet] e ] - ke 0 turn pole
40, agai n passi ﬁré{ret?xhﬁrgatgﬁfogglg?r%@ ﬁglg{}égééﬁg]f?& %%15 gﬁgritrﬁ%%%%{égmgneti C
field does 1Yot mrdetieffdata on this return path, the surface area of return
pole 40 at the ABS is preferably substantially |arger than the surface area
of main pole 38 at the ABS. Thus, the strength of the nagnetic field
affecting storage | ayer 32 BRIBEESUMMARY QIOTKE AOVBNTIONIOt be sufficient to
overcone a nucl eati 5 field of. stoorage Iﬁ?ée]\r 32 hn .a gref q{sred
enbodi nent, the thi cKiFeEEeR XU 452 el WilisE ViR AR 25 R6¥MEng about 1
m crometer. Mi §irfa6d, @ mdéh pUIEWRE allaih frdsextensioh,lanll dst@h pSlel AHfataliatk @gpd i S
preferably fornmed on main_ pole extension 48 . Multilayer main pole 3 8

pr ef er abl y Ponptlpeesinierpeditts the maipgolesytensing g theteunpole.o Jhemgivaclec | ayer

50, made of hi gboREAK i QirdeR BRct With B hald fale anfl RcBssRPRSTR Gk ItearRRACET | ayer
52; and magnetic layer 54, shown here as underl|layer 54, nmade of a soft
magneti c mat eri surfagg torprowent erdaiq plogeaidadsdsta epgdiacemti teacksy| The mgiamolsol e
structure induc [ -' Y t he ABS
direction, ther g%va%ﬁﬁﬁ%%ém{lﬂg}’%g%%%%&;tﬁlg%| ?{?ég?&%{aﬁétggéé}% whi | e
retai ni ng t he hplgtedin-béteradn. 1Tiht yopamagnéticdiyed fotras 7 tdibngeliganf thgmaingblet he hi gh
magneti c 15 nongn eri.al use. \Wien top magnetic |ayer 50 is coupled with
soft magnet%sc uﬁto%?‘ @?ea}ndg‘ﬂs A bpagagdic ?{Hglgﬁgﬁgﬁﬁa%&eaﬁ oégmafé’ 6?%?’%6 to the
present inventi giderliRe ThHePRMmidghcicaindérhigerdoinplirect contaétiviitytBe mapoRm i Npr ove
the performance of pain pole 38 conpared with a main pole made of a single
| ayer of high nexjFrston@adesfamaenstigmetarial with gy poerqiyily, highanisotrapy, ghdibisly 36 are
illustrated as plapaiid aYeker, tht dpmRetORyETRE efhakiat uhielydae fol | ow
ot her contours. Additionally, the'illustrations are not rendered to scale.
Any suitable material with a high nmagnetic nonment nmay be used for top
magnetic |ayer 50. In a preferred enbodi nent, an Fe-Co alloy with Co
content in the range of about 30 to about 50 percent is used. This

al | oypossesses a saturation 25 nonent of about 2.4 Tesla. Top nagnetic

| ayer 50 can be of any suitable thickness for use in witer 36; it is
preferably about 0.05 to about 1 mcroneter thick, and nore preferably
about 0.1 to about 0.5 mcroneter thick. 8 Any suitable material with a
magneti c nonent |ower than the nmagnetic nonent of the material of top
magnetic | ayer 50 may be used for magnetic underlayer 54. This material is
al so preferably magnetically soft, with a preferred coercivity |less than
about 5 Cersted and nore preferably | ess than about 1 Cersted.




5 The material used for magnetic underlayer 54 preferably has a | ower
coercivity than the material used for top magnetic |ayer 50. The chosen
material preferably has well defined magnetic ani sotropy, nmeaning that it
has a stable orientation of the easy axis of magnetization parallel to the
ABS. In a preferred enbodi nent, nmagnetic underlayer 54 is made of CoN Fe,
FeCoN, CoN FeN, FeAlN, FeTaN, 10 FeN, N Fe (e.g. N aaFezp, N 45Fe55, etc.),
Ni FeCr, N FeN, CoZr, CoZrNb, FeAlSi, ér another suitable naterial. Mgnetic
underl ayer 54 preferably has a saturation nonent |ess than about 2 Tesl a,
nor e pref er abl yantifessmbfreticadllpoertupled Sthilcmgh atharthinmetmagnaicesmbdry IThss t han

about 1.0 Tesla. It is noted .that .while t mat erial of neti ¢ underl ayer
54 has a | ower r}?ﬁﬁlﬁ%’feﬁﬁ SPASRE 7S Préfi%fP'in@glyt Eﬁfﬂﬁﬁlgfe {e t1‘)“"?7%%12B’Eof“(‘,’telsayer 15
50, the materi akdRlion@go@tivity 440 gRid sti¢@lonp#ithB)inGbdsk bf daRovpIbIthstogONSi der ed
a high magnetic nonent material in absolute terns. Magnetic underl ayer 54
can be of any SB#ngHlaver Aetealess but is preferably |ess than about 0.2

m croneter ghick and nore preferably | ess than about 0.05 m croneter thick.

Nonmagneti ¢ spacer 52 nay be congosed of %IC}/ nonmagnetic material 20 which
i s mechani cally and cheni SRIFEDESGREYIGNO H%Dﬁﬁéﬁmﬁ%eti c materials used

for top nagnetic | a 5 ks ; H4. Copper (Cu) or

Rut heni um (Ru) are ﬁgdéd] 898‘?9%%"?%5 %C%I?%Hgfgggéglxg%“iéh a preferred enbodi nent
i n which top magnet iFtGJ2ay acro§sectionalendev of a fifst@mbadithented thetpexpendicidar| ayer 54
is made of Ni 8aFet20.fﬂ]'heesuste of t.(r)lonmatgneti C spacer 52 between top magnetic
| ayer 50 and ma‘aﬂgf?c e TdeY T )f'ér 54 results in formation of an
antiferronmagnetic (AFB) 3eischange-seniofdli vigw beft svesetondogmberignadt i ¢f thayer 50 and
magneti c underl ayer 54. This coupling induces anisotropy in top magnetic

| ayer 50 ori ent%%’ gff"g?rl"érl‘te’t‘g%f SRV M ting 9 in a nore magnetically
stabl e donai n st r UCIAIG &4 i94 cro@seSRARIR i dwEofladMfT enfHdinRAChf A% pRrpe@Bdtldr, a nore
stable main pole 38 due to a reduction in magnetic energy. According to the
RKKY (Ruder man- Wit i the@Iessytdoved9a) i nteracti on, nonmagnetic spacer 52

i nduces a periodic coupling between top nagnetic |layer 50 5 and nagnetic
under | ayer 54. The cou lﬁi}% alternates in quality between antiferromagnetic

and ferronmdgnetic RET SEPHION QE THE EMBORIMEMTSc spacer 52
and depends upon th r LG Qr | t 4 | : {.al, of
nonmagneti ¢ spacer g:éé b{%&g%?ﬁ%ﬁ)&g@w&ﬁkwtﬁedﬁ%%ﬁ% Aﬁp%&%gggg e | ayer 50
made of Fe60Co, ~vaedoiragtne(VCM) h3lertnatyrarm34, suspbesiod M, Sekee 88, slider 26
preferable that, 10 t he. L4l . . NQ i & er 52 h a ..

T orystal |1 e rolfin Bt e dip QNI SURPIFRLoREALTS Rtittlae, 1o
exanpl e, copperendrofisdapemsioni 6 gyallctpred 8 pPuespersion\l 6 is cahrectyd to aatnatoramilaus oxi des,

i ncl udi ng al.um num oxi de d.sili.con dioxide. Pr r nQn netic
materi al s %De tﬂg‘gaéh{)\?ﬁng?ﬁalg?c 2dé‘°€'8tl°r gﬁltxli‘lflse?ol’lg B’ﬁ"ééﬁg?’egﬁﬁg’ @coupl i ng
bet ween t he adj thefightbideIe! 1, Hidy B4 s a it liiplicicy of @RREL6 arldubth@sdbe®@axitS gol d,
and copper-silver alloys. It is contenplated that nonmagnetic materials of
ot her crystall i#f orientations may be chosen to correspond with other

choi ces in magnetic HR{g dpelafiod OF dtsepdﬂvem@%tﬁudnax@aisé%a@lemg@ﬁti c
underl ayer 54. In a preferred enbodi nent, the thickness of nonnagnetic

spacer 52 is chogesmentvhiehds ericounterptbyshider 26, Frovrignavementgetatolkesp siiflert he

coupl i ng bejsnecsy LigR oA TAARGE! Shob @) iTsufthte A TBINGH bina G IAY G 54 | T

t he thickness corresponding to the tirst antl'}erromagnétlc peak results in
a nonmagneti ¢ sgmeethe whfacéofidssc 260VEM 13 ig selebtéveyroperhied & movelasmatotreemt hi ckness

of nonmagnetic EP grgt?nrd a§12s 38,Otﬂéreeb%'pn9§v?rllgn sptegsicgnh{% and positioning the transducing

head (not shown) carried by slider 20 over tracks 26 of disc 24. Proper positioning



‘next’ antiferromagneti c peak can be used, and so on. In one enbodinent, Cu
or Ru spacer 52 has a thickness of about 5 to about 200 Angstrons (~), nore
preferably 2S a thickness of about 6 to about 30 ~1, and nost preferably a
t hi ckness of about 18 to about 25 ~. In the present invention, nonnmagnetic
spacer S2 serves not only to antiferromagnetically couple top nagnetic

| ayer SO and magnetic underl ayer 54, but 10 also to magnetically soften
top magnetic |ayer 50 made of CoFe-al koy. The quantum i nteracti ons between
the atons at the interfacing surfaces of top magnetic |ayer 50 and
nonmagnet i c spafake @hs@ltadRad Reebdsytsy fr rdalRiglafX Witifg @hta toARofRAMEt | C | ayer
50, resulting in reduced grain size, decreased coercivity, increased

ani sotropy, 5 dffd %%B&@@F ﬁagnetic stability. Any suitable material may be
used for main pole exheng aO&oA&ecﬁehww §f yaiad eﬂn’ﬂod?xﬂ@nt%%bﬁ%ﬁart 0
increase efficiency of witer 36, as well as enhance the anisotropy and
structural and aighaéé iof thenprsgpnt Ely/e@fonnuMPﬁlP@y%‘? forenerpepdicdlasgcorgingensi on 48
is preferabky r o 10 about
2" cromet ore. oy o ARRe e B e AN Rl thucickd e
track width of (tei magnethzah&&seitelct nen dkBStxorAsubanantmIWmnmak tovitdtsorfade de.I n pole
38 at the ABS aII h tr nS|t revep

skew-rel at ed sfa% Ifﬂ aﬁlss @fné"%[fe lcu? glfﬁ%eﬁ ﬁg’ﬁ‘flggﬁﬁ’gﬁg%?bé t@xt ensi on

48 is nmade of aanﬁﬁigﬁleﬁd driehfi@r dfalie chiy axisc Wr&i&r I6@binpises man@hle 38phkifreN, FeAl N,

FeTaN, FeN, N Fe aFeZ2o, 45Fe55, etc N Fe N, CoZr,
CoZr Nb, CoZr Ta, p"lkeﬁfe%ﬁm ?%"FPB‘F‘ pé’iﬁ‘%a‘ﬁﬂ“@“@ﬁ%?%"hf’g‘er "VEPré‘CI&W(Bs" Unt er i al
preferably jbas aeltl shed empshd¥BgRRéd ﬁorﬁteaoﬁmeepywnféeg’apuagt thbaBsidndhas wel |
defined easy and hard magneti ¢ axes. The materi al preferably

magneti cal |y soViite coif ‘f'ArPO&mﬁFeélfbéWeéﬁln’é@é’PlfW‘ie{“}m@ﬁdfmp%l%@ltMS‘nOer sted 20
and rore prefe;&@é%sleﬁ%sgastatﬁ%ﬁngptﬂb'?orﬁw%cﬁﬁ uo@@n%mmoﬁﬁemﬁé@rab' y has
a relative magnetic perneabi|ity nore than about 500, and nore

pr ef er abl ynor e Magnstization transgivos Onmettum%awr@‘mbdbmmmg ez 9 pbineinext ensi on

48 al so serves ﬁ;ﬁtgg £ RRORL ?Mﬁ 4 rong
ferromagnetic oupﬁ)ng et%e‘%gen?hem ?#et%g%)eg{g%%\ ri %ﬁ’?{lﬁg&ﬁégﬁﬁ%’

antiferr ondgnetdhownhexphéthgtopﬂz’tybr Obpamn@ﬂé& ¢omta25ngteaylmg&59c4ﬂ-ﬂs)md€mf because
extension 48 is efer orLer it nder | ayer i s not
exposed at the gf%us e ﬁtgléas‘l sam Eﬁr%%?ﬁ 3uerf“1mé)3twslé(tgﬁtt%e‘%8%m 24.

Thus, extensi 0mo@&vnhrccbﬂug&fultra-mmmtrmgmﬁﬁaﬂmn24) Mdré@et, the@fdpo@dnt r| but e
to the magnetic stabilit. op_nagpet i.c er. 50 netic

under | ayer 54. Rgpﬁreb??? 639(‘?’8?‘}5\;18?1“’3%0&%?’B?@gg‘?lémrgs/o’l n a range
fromabout 0.1 ﬁlgre@b,@huenagm@,wﬁ&nyh@bla preferred enbodi nent, extension
48 i s made of the sane nmaterial as rragnetlc under |l ayer 54. In an alternate

enbodi ment ,20ext ensi o Wge fata iRemeadiculy maghetic medapn 24, ddigerandng s j al nay

be used for back@aAs 941@%@10%0{1%]1 &1lm4e$vﬁ{fcﬁ ﬁ{jtuﬁﬂﬁ}@&uc@?%mel% gap
closure 42 is constructed of a soft mag netic material such as i Fe, Ni Fe,

Ni BOFezo) Ni 45P@wetw%@ough:@zmpowé&anmmole4& Medivar 245sthemprssednat eri al s.
FIG 3 is a crogsy g?fé& ghteﬁ'sﬁ"%{t QA prélieRRAARS SRR Cﬁ&gﬂ{at Bxfgdmf‘ﬁ%

per pendi cul ar wit ent 1 nventi on.
enbodi nent of Fx@osed to tﬂeenmxttmoﬁekbnwmpeﬁﬂeﬁlxmﬂarrvaﬂe@ﬂ fdwisnfinegndtiop nagneti c

lﬁgéﬁ; t |52 s l%g| a;léereg ”ggdgﬁlagnetlc méchum qu]l'? (teslsgncle 9 se aI;s a“:iglrd polg 8 t é) vsvg er.of two

A closed magnetic path for flux from writer 36 to medium 24 travels from
main pole 38 through storage layer 32 of medium 24 to soft magnetic keeper 34 and
returns to writer 36 through return pole 40, again passing through storage layer 32.



'68, spaced from each other by nonmagnetic layer 70. Magnetic subl ayers 66
and 68 are nmade of FeCo, magnetic underlayer 54 is nade of N Fe or CoNi Fe,
and 15 nonmagnetic spacer 52 and nonnagnetic | ayer 70 are conposed of Cu.
QO her suitable materials may al so be used, as described with reference to
FIG 2 above. Magnetic sublayer 66 nay be conposed of the sanme material as
subl ayer 68, or they may be conposed of different materials. Simlarly,
nonmagneti c spacer 52 nmay be conposed;of the sanme material as nonmagnetic
| ayer 70, or they may be conposed 20 of different materials. As in the
enbodi ment i || upd &34 thal the fbdactificld Qs NRIR data dthik bn@N Bth, o sliFace

antiferromagnetically coupled with magnetic underl ayer 54 through

nonmagnet i c spaderofsgumppledt githe ARS irpseferebly shistapially 1gger dhad teGurface
antiferromagnet] : a r i.c.layer 70.
Thus, the matgne;{nlg';ajclatflnl}él (lz)r?ﬁgefoj Bgagthég(]:aﬁ. ? g‘rls?{cl)lrgrg&ger?g?lloguﬁgnyag{r?&?gﬂgﬁdﬁe%lgﬁal lel with
respect to an adgragedgyet 3Xupderoctemipele@ wilbnotbs suffesant toiomggcanme zanupteaton

magneti cal | y st e. domai n nfiquration.duye to.a . r.educti.on. in ghetic
energy. It i%s c@eﬁ‘%% qr%gteéﬁe{:%ai“ag”dg?ﬁ o“'r‘i%h°31 eﬁﬁ& eitic 5§fe°frsnampf]fqgl t er nat ed
W t h nonmagnet i ig betayar shotil0smmd uben 1 rdcrbmeter. | am nat ed top magnetic | ayer

50. FIG 4 is a cross-.sectiona jew of g third enbodi mept of the

per pendi cul ar wri teﬁ\ia??pﬂf5}{0?{5%3{?%@3‘@%‘“\‘1“@8‘?715%@6F‘?‘F‘fl’ﬁe rabhfermedent _
return pol e 40 GONRFAHSESiensioN NS MAIARYdr Enalndds 33 preferasiflednipridds ribgRARANE | C

| ayers 76 in alternating relationship, where nis an integer equal to or
greater than 1.lapadR, veyndeiees topmpgnpic jayer 2 mady ofdvghgmesmeéampperioupl ed to
ol 6 35 tRs P, finsBhRbae el AR e E A el L T "
](c:arryit ng ca]E)agimyl_eﬂimetﬁ,m&ﬁ%ﬁjﬁ$qunmqmﬁt%lW'gﬁlmlh?f@e?a}nimomﬁ'piS?ssi g_g t he
ormati on of dopgmi. | medi um
24 by return po{ﬁghl%a% r%%msuﬂl £ gigpéee?ﬁ%&%?f%@%%{%nﬂ%nﬁ@llﬁg? teh?;i al s may
be used for theARBtdiectmnhj thgrebyagrreingibe mapuptie tstabilityagfamain péle 38 widleer i al such

ete N Feor . g i by ibily bR AR aakedf ad Gptlecs o S Fimagbtily rmy be
noref ef red coor b vty | oot han Aba s Cor et ot and or6 ororerably Ie

p i Vi ss u s pr ef. y less
t han about 1 OeW?F@@?ér %@r%ﬁmwgﬁ?ﬁgﬁ&% %Qﬁg‘ilprﬁsfi%“ P‘“blgFi ned

nmagneti c ani sot ﬁx@ﬁérﬁes@fﬂié%ﬁﬂléﬁ&mulﬁw?@&n‘lih@fr’ov&Ehe aforiRhde olifhinpeR easy and
hard magnetic axes. The nost preferred materials for nagnetic layers 74 are
20 Ni $oFe20, Cohf Fapapdapiy 2 mainprie madaobp singledayepqidieh masngtipmemeRt ed

embodi ment, eachRANCHHfle LAY BYerd Bf wtitdFBibCard filnlsBSted AMB1MRL BYdrdlii jshovever,

in an alternate enbodi nent, nagnetic |ayers 74 maa/ be “composed of varying
mat eri al s. 20  contemplated that they may follow other contours. Additionally, the illustrations

are not rendered to scale.

Any suitable material with a high magnetic moment may be used for top
magnetic layer 50. In a preferred embodiment, an Fe-Co alloy with Co content in
the range of about 30 to about 50 percent is used. This alloy possesses a saturation

25  momentofabout 2.4 Tesla. Top magnetic layer 50 can be of any suitable thickness
for use in writer 36; it is preferably about 0.05 to about 1 micrometer thick, and

more preferably about 0.1 to about 0.5 micrometer thick.



‘Nonnegnetic |ayers 76 may be conposed of any nonmagnetic material . which
is mechanically and chenmically conpatible with the magnetic materials used
25 for magnetic |ayers 74. Suitable nonmagnetic materials include, for
exanpl e, copper, ruthenium gold, copper-silver alloys, and various oxides,
I ncl udi ng al um num oxi de and silicon dioxide, for exanple. In a preferred
enbodi nent, each 13 nonnagnetic |layer 76 is nade of the sane material;
however, in an alternate enbodi ment, gonmagnetic |ayers 76 may be conposed
of varying materials. Because it is not critical for return pole 40 to be

thin, greater thi Ck%?%ﬁﬁab@m%%%ﬂh% MRdnefid AbMeBYwhan#SEBE nlaPndiigt Urn pol e
40 corrpared to main pole 38. The 5 total cross-sectional area at the ABS of

all the magnet |rnom@y@f$hmmaﬁemlmfrf0mmaenwe lpyer 3P apasr behpsed fpreamagietichan | 0

ti e and o e BHSKSCAD! YnAlERLal s LB ReAIRY hiES N7 ELAh o BEARRg Soct | 0Nl

area of all the nagnetic [ayers ated that
this | ayered caodctyity &éss thm z(bbutrSe(Danstefd qndhmre@efam‘ylyﬂnss thareabout It Gerstedrai N pol e

38 of anycnfl Al t hou he prese vntlonhsbeen
doscri oy it n Terateabised G BperS Pl R ar e G R eBT 8 | n ¢ he
art will rec og Nhe atefatused1fh R MmapadMicllgyeBOl e The chofdnhaathl ﬂl@fe?dbhy Midst hout

departing fromthe spirit and scnpe of the i nv;:_-lntlon CLALMS: 1. A
per pendi cul ar Wit FEnFLPREGHIG AN PP &g that it &sc%smtlﬁ%“wqt‘?’éf’f%nprl si ng:

a nmain pol e congay mif@F nAghdtizifon PAEHMEL ioCthe IR, BAY iphderfed! dnfitplinERgNEt i C
nonent; a nonmagnetic | ayer adjacent the first magnetic |a %hé and a second

magnetic | ayer aygnglécewnderiaysr ?fbﬁrf%ﬁjﬂ of CeNiFgyRaCoN, ﬁ»‘@Nsr@l}b FeAagekaN.c | ayer
Chan the Tier TaGan C% NETES N G2 S TARIONRANE, Corar ey, Pehg | over
anti f er r omagnetdreadthg spisahid meltemlt Maghesicfundestayered pesferably hgser saturatlon
moment less than about 2 Tesla, more preferably less than about 1.5 Tesla and most
preferably less than about 1.0 Tesla. It is noted that while the material of magnetic
underlayer 54 has a lower magnetic moment relative to that of top magnetic layer
15 50, the material of magnetic underlayer 54 may still be what is considered a high
magnetic moment material in absolute terms. Magnetic underlayer 54 can be of any
suitable thickness but is preferably less than about 0.2 micrometer thick and more
preferably less than about 0.05 micrometer thick.
Nonmagnetic spacer 52 may be composed of any nonmagnetic material
20  whichis mechanically and chemically compatible with the magnetic materials used
for top magnetic layer 50 and magnetic underlayer 54. Copper (Cu) or Ruthenium
(Ru) are used for nonmagnetic spacer 52 in a preferred embodiment in which top
magnetic layer 50 is made of FeCo and magnetic underlayer 54 is made of Nig,Fe,.
The use of nonmagnetic spacer 52 between top magnetic layer 50 and magnetic
25  underlayer 54 results in formation of an antiferromagnetic (AFM) exchange

coupling between top magnetic layer 50 and magnetic underlayer 54. This coupling

induces anisotropy in top magnetic layer 50 oriented parallel to the ABS, resulting



a return pole; and a back gap closure internediate the nmain pole and the
return pole. 2. The perpendicular witer of claim1 wherein: the first
magnetic | ayer further conprises a trailing edge, the first nmagnetic |ayer
being a top magnetic | ayer; the nonmagnetic |ayer is a nonmagnetic spacer;
and the second magnetic layer is a magnetic underlayer. 3. The

perpendi cular witer of claim1l fiuther conprising: a conductive coi
positioned at least in part between tge main pole and the return pole. 4.
The perpendicular witer of claim1l further conprising: a nmain pole

ext ensi on | ayery, i, ped HELleAlAy shfiec AGAAN rfPRIOEE the mbeNERE 19850t 4R aPaCK gap

closure, the main pole extension |ayerbeing recessed fromthe air bearing
surf ace. 15 Sesulthemprersiablednaiupae 3§ wuctte p reghictionan wagneliperesdyn t he second

T L L
second nonnagn etohma@m;iespaeaijﬂﬁrdmtes ] he‘ioﬂicrcstpli.mggetweetrno;b mygretic pat S& third
ronet | eyer 85l WIECBSR0DE TORTEARIM SR WSHSRTIIOL S
The per pendi cul aatifewoinkgretiOindTtddniagletic Wb fuaitivnion the iRdkuEs oPintabhbtit her
COMpri SEs- spacer 52 and depends upon the crystallographic orientation of the material of
nonmagnetic spacer 52. In a preferred embodiment with top magnetic layer 50
made of FeyCo,, and magnetic underlayer 54 made of Nig,Fe,,, it is preferable that
10  the material of nonmagetic spacer 52 has a 111-crystalline orientation. Suitable
nonmagnetic materials include, for example, copper, ruthenium, gold, copper-silver
alloys, and various oxides, including aluminum oxide and silicon dioxide.
Preferred nonmagnetic materials are those which provide for antiferromagnetic
exchange coupling between the adjacent magnet layers, such as copper, ruthenium,
15 gold, and copper-silver alloys. It is contemplated that nonmagnetic materials of
other crystalline orientations may be chosen to correspond with other choices in
magnetic materials for top magnetic layer 50 and magnetic underlayer 54.
In a preferred embodiment, the thickness of nonmagnetic spacer 52 is
chosen to maximize the antiferromagnetic quality of the coupling between top
20  magnetic layer 50 and magnetic underlayer 54. If the thickness corresponding to
the first antiferromagnetic peak results in a nonmagnetic spacer which is too thin
to be practical, then the thickness of nonmagnetic spacer 52 corresponding to the
next antiferromagnetic peak can be used, and so on. In one embodiment, Cu or Ru
spacer 52 has a thickness of about 5 to about 200 Angstroms (A), more preferably
25 a thickness of about 6 to about 30 A, and most preferably a thickness of about 18
to about 25 A.
In the present invention, nonmagunetic spacer 52 serves not only to

antiferromagnetically couple top magnetic layer 50 and magnetic underlayer 54, but



‘a plurality of magnetic |layers; and a nonmagnetic |ayer positioned between
.each of the plurality of nmagnetic |ayers; wherein each nagnetic |ayer is
antiferromagnetically coupled with each adjacent nagnetic |ayer. 8. The
perpendicular witer of claim1l, wherein the first nagnetic |ayer is
conposed of an alloy conprising iron and cobalt. 9. The perpendi cul ar
writer of claim1) wherein the nonmagnetic |ayer is conposed of copper. 10.
The perpendicular witer of claiml, pperein t he second magnetic |ayer is
conposed of an alloy conprising nickel and iron. is 11. The perpendi cul ar

writer of claim, ,tovmsgtngﬁ&u? sSif ﬁ?%@&fb Q{rer”?%ﬂﬁ&%éh&f e@fﬁeefruiog. 1% the

|
return pole at the air bearing surface is greater than a surface area of
magnet i ¢ mat er i quantyf intbractivss betwesndheptomsabthe interfacing suifycesiof fopomgnetiz.  The

per pendi cul ar I f L m: 1.0 L1f:St R ic |layer has a
first coercivi \tl\%),’er g@\ gl%ﬂ%’é}ngé{(%%ﬁ)a%%g% gl%alﬂge tﬁlgéglrtélhgeste as g g%’ﬁ %‘agg Fci vit Y,
t he second coerlayer50,yeshitingin rédesal grdimsize, deerchser sdercaiey, micneadey anidodropy,he

per pendi cul ar writer of clai .Wherein the nonmagnetic | ayer has a
111-cryst al Si nea“Sr?Ear’i‘iré‘[‘qu%Tc%ﬁi.htyA per pendi cul ar writer having an air

bearing surface, thewfsuitfble @axeRdlingdydg usell oRmAinHolecexCARDS USivageh 8 i rst
magnetic | ayer having a first nmagnetic_npnent; a nonmagnetic |ayer adjacent
the first magneiseeinohgembodiment iqyiaeresss gifieteney qf Witer 36,4 wall asfnbansethsonmagnet i ¢

layer, the secopglaBENeid strcA¥ArandaNiAicRinkRRONSE ARENSL! SailYBRNSs, t he
second magnetic_nonent bei n? | ower than thefirst magnetic nonment, the
second nagnet i cExXtenpion 4845 prgicsably reepspasifiaym thei AR by/a dis@ptecef ahputi-2the fir st
magnetic | qyer ab%ﬂtdz micrometers so that extension 48 does not contribute to an increased track
width of main pole 38 at the ABS. A narrow track width of main pole 38 at the
ABS allows for high track density recording and prevents skew-related side writing
effects.
In one embodiment, main pole extension 48 is made of a magnetic material
15  such as CoNiFe, FeCoN, CoNiFeN, FeAlN, FeTaN, FeN, NiFe (e.g. NigFe,,
Ni,Fess, etc.), NiFeCr, NiFeN, CoZr, CoZrNb, CoZ1Ta, FeAlSi, or other suitable
materials. The chosen material preferably has well defined magnetic anisotropy,
meaning that it has well defined easy and hard magnetic axes. The material is
preferably magnetically soft, with a preferred coercivity less than about 5 Oersted
20  and more preferably less than about 1 Oersted. Extension 48 preferably has a
relative magnetic permeability more than about 500, and more preferably more than
about 1000. In such an embodiment, main pole extension 48 also serves as an
extension of magnetic underlayer 54 due to strong ferromagnetic coupling between
them, thereby contributing to the antiferromagnetic coupling with top magnetic
25  layer 50. However, because extension 48 is preferably shorter than magnetic
underlayer 54, it is not exposed at the ABS and thus reduces skew-related effects
on medium 24. Thus, extension 48 can be as thick as necessary to effectively

contribute to the magnetic stability of top magnetic layer 50 and magnetic



‘a main pole extension |layer adj acent the second magnetic |ayer, the main
‘pol e extension |layer not extending to the air bearing surface; a return
pol e; a back gap closure internediate the nain pole and the return pole;
and 17 a conductive coil positioned at |east in part between the main
pole and the return pole. 15. The perpendicular witer of claim 14 wherein
the second nagnetic |ayer and the main pol e extension |ayer are constructed
of the same material. 16. The perpendeuIar witer of claim14 wherein the
main pole is a lamnated structure e main pole further conprising: a
second nonﬁagn%u&14y@ryﬁr TRRkn &€ 6thaih B@le E:tt&i‘skn’m%r}%feﬁb?%{ Efang@f?&na third
magneti c | ayer adjacent the second nonmagnetic | ayer he thrrd nmagnetic

| ayer bei ng antdbpetiOrlgaalipytd m@mmgter@ dupbretgrred enpbodineent, pxtgln51qmﬂ§ tfamdde | ayer .

T e per Pendlil Bkl Ry Ehal Trddin 0B Chr! RebRlHBafighe Further
conprises: a plurali - and a nonmagnet ay

posi tioned betwa&mmemémwmhnmmm pIurallty of magnetic |ayers; mhereln each

magnetic layer is antiferroma etlc th each adjacent nmagnetic
| ayer. 18. The perp isﬁll,ﬂcb% %F‘thcé}l F‘??#fsi‘gf 5&3? ﬁbfuﬁ%h?i(if‘gt magneti c
| ayer is conposgefeéd anbaithél, SRR ap %loﬁlﬁe 4D 68 c@idgudt@bad 4 soft magnetic

material such as CoNiFe, NiFe, NigFe,,, Ni,sFes, NiFeCr, CoZr, FeN, FeAlSi, or

other suitable materials.
FIG. 3 is a cross-sectional view of a second embodiment of the
10 perpendicular writer 64 of the present invention. Compared to the embodiment of
FIG. 2, the embodiment of FIG. 3 has a laminated top magnetic layer 50. In one
embodiment, top magnetic layer 50 is composed of two magnetic sublayers 66 and
68, spaced from each other by nonmagnetic layer 70. Magnetic sublayers 66 and
68 are made of FeCo, magnetic underlayer 54 is made of NiFe or CoNiFe, and
15  nonmagnetic spacer 52 and nonmagnetic layer 70 are composed of Cu. Other
suitable materials may also be used, as described with reference to FIG. 2 above.
Magnetic sublayer 66 may be composed of the same material as sublayer 68, or they
may be composed of different materials. Similarly, nonmagnetic spacer 52 may be
composed of the same material as nonmagnetic layer 70, or they may be composed
20  of different materials.

As in the embodiment illustrated in FIG. 2, top magnetic multilayer 50 is
antiferromagnetically coupled with magnetic underlayer 54 through nonmagnetic
spacer 52. Moreover, magnetic sublayers 66 and 68 are antiferromagnetically
coupled to each other through nonmagnetic layer 70. Thus, the magnetization of

25  each ferromagnetic layer is antiparallel with respect to an adjacent ferromagnetic
layer, resulting in a more magnetically stable domain configuration due to a

reduction in magnetic energy. It is contemplated that additional magnetic layers



*19. 'The perpendicular witer of claim 14, wherein the nonmagnetic |ayer is
.conposed of copper. is 20. The perpendicular witer of claim14, wherein
the second magnetic |layer is conposed of an alloy conprising nickel and
iron. 21. A perpendicular witer having an air bearing surface, the witer
conprising: a main pole conprising: an iron-cobalt alloy |ayer; a copper

| ayer adjacent the iron-cobalt alloy layer; and a nickel-iron alloy |ayer
adj acent the copper layer, the nickelpiron |ayer being
antiferromagnetically coupled with the iron cobalt layer; a return pole;
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CoNiFeN, FeAlN, FeTaN, NiFe (e.g. NigFe,, Ni,sFess, etc.), NiFeCr, NiFeN,

15 CoZr, CoZrNb, FeAlSi, or similar material may be used, for example. The material
is preferably magnetically soft, with a preferred coercivity less than about 5 Oersted
and more preferably less than about 1 Oersted. The chosen material preferably has
well defined magnetic anisotropic properties, meaning that it has well defined easy
and hard magnetic axes. The most preferred materials for magnetic layers 74 are

20 Nig,Fe,,, CoNiFe, FeCoN, FeAIN, FeAlSi, and FeTaN. In a preferred embodiment,
each magnetic layer 74 is made of the same material; however, in an alternate
embodiment, magnetic layers 74 may be composed of varying materials.

Nonmagnetic layers 76 may be composed of any nonmagnetic material
which is mechanically and chemically compatible with the magnetic materials used

25 for magnetic layers 74. Suitable nonmagnetic materials include, for example,
copper, ruthenium, gold, copper-silver alloys, and various oxides, including

aluminum oxide and silicon dioxide, for example. In a preferred embodiment, each
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110%& () - Slo%ﬂgnﬁ])igrégg/@ﬁ%l( ¥6 is made of the same material; however, in an altemate

embodiment, nonmagnetic layers 76 may be composed of varying materials.
Because it is not critical for return pole 40 to be thin, greater thicknesses of
magnetic materials may be used in return pole 40 compared to main pole 38. The
5  total cross-sectional area at the ABS of all the magnetic layers of return pole 40 is
preferably greater than 10 times and more preferably greater than 100 times the total
cross-sectional area of all the magnetic layers of main pole 38. 1t is contemplated
that this layered configuration of return pole 40 may be used with a main pole 38

of any configuration.

10 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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1. A perpendicular writer having an air bearing surface, the writer comprising:
a main pole comprising:
a first magnetic layer having a first magnetic moment;
a nonmagnetic layer adjacent the first magnetic layer; and
a second magnetic layer adjacent the nonmagnetic layer, the second
magnetic layer having a second magnetic moment, the
second magnetic moment being lower than the first
magnetic moment, the second magnetic layer being
antiferromagnetically coupled with the first magnetic layer;
a return pole; and

a back gap closure intermediate the main pole and the return pole.

2. The perpendicular writer of claim 1 wherein:
the first magnetic layer further comprises a trailing edge, the first magnetic
layer being a top magnetic layer;
the nonmagnetic layer is a nonmagnetic spacer; and

the second magnetic layer is a magnetic underlayer.

3. The perpendicular writer of claim 1 further comprising:
a conductive coil positioned at least in part between the main pole and the

return pole.

4, The perpendicular writer of claim 1 further comprising:
amain pole extension layer intermediate the second magnetic layer and the
back gap closure, the main pole extension layer being recessed from

the air bearing surface.
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6. The perpendicular writer of claim 1 further comprising:

a second nonmagnetic layer adjacent the first magnetic layer; and
a third magnetic layer adjacent the second nonmagnetic layer, the third
magnetic layer being antiferromagnetically coupled with the first

magnetic layer.

7. The perpendicular writer of claim 1, wherein the return pole further
comprises:
a plurality of magnetic layers; and
a nonmagnetic layer positioned between each of the plurality of magnetic
layers;
wherein each magnetic layer is antiferromagnetically coupled with each

adjacent magnetic layer.

8. The perpendicular writer of claim 1, wherein the first magnetic layer is

composed of an alloy comprising iron and cobalt.

9. The perpendicular writer of claim 1, wherein the nonmagnetic layer is

composed of copper.

10.  The perpendicular writer of claim 1, wherein the second magnetic layer is

composed of an alloy comprising nickel and iron.
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12.  The perpendicular writer of claim 1, wherein:
the first magnetic layer has a first coercivity; and
the second magnetic layer has a second coercivity, the second coercivity

being less than the first coercivity.

13.  The perpendicular writer of claim 1, wherein the nonmagnetic layer has a

111-crystalline orientation.

14,  Aperpendicular writer having an air bearing surface, the writer comprising:
a main pole comprising:

a first magnetic layer having a first magnetic moment;

a nonmagnetic layer adjacent the first magnetic layer;

a second magnetic layer adjacent the nonmagnetic layer, the second
magnetic layer having a second magnetic moment, the
second magnetic moment being lower than the first
magnetic moment, the second magnetic layer being
antiferromagnetically coupled with the first magnetic layer;
and

amain pole extension layer adjacent the second magnetic layer, the
main pole extension layer not extending to the air bearing
surface;

a return pole;

a back gap closure intermediate the main pole and the return pole; and
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16.  The perpendicular writer of claim 14 wherein the main pole is a laminated
structure, the main pole further comprising:
a second nonmagnetic layer adjacent the first magnetic layer; and
a third magnetic layer adjacent the second nonmagnetic layer, the third
magnetic layer being antiferromagnetically coupled with the first

magnetic layer.

17.  The perpendicular writer of claim 14, wherein the return pole further
comprises:
a plurality of magnetic layers; and
a nonmagnetic layer positioned between each of the plurality of magnetic
layers;
wherein each magnetic layer is antiferromagnetically coupled with each

adjacent magnetic layer.

18.  The perpendicular writer of claim 14, wherein the first magnetic layer is

composed of an alloy comprising iron and cobalt.

19.  The perpendicular writer of claim 14, wherein the nonmagnetic layer is

composed of copper.
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composed of an alloy comprising nickel and iron.

21.  Aperpendicular writer having an air bearing surface, the writer comprising:
a main pole comprising:
an iron-cobalt alloy layer;
a copper layer adjacent the iron-cobalt alloy layer; and
a nickel-iron alloy layer adjacent the copper layer, the nickel-iron
layer being antiferromagnetically coupled with the iron-
cobalt layer;
a return pole; and

a back gap closure intermediate the main pole and the return pole.



