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per pendi cul ar recording generally consists of portions, a witer portion
for storing magnetical | y-encoded information on a 25 magneti ¢ nedia (disc)

and a reader portion for retrl tic IIy encoded i nformation
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15 BACKGROUND OF THE INVENTION
Perpendicular recording potentially can support much higher linear
density than longitudinal recording due to lower demagnetizing fields in recorded
bits, which diminish with linear density increase. To provide decent writeability,
double layer media are used. The double layer perpendicular media consist of a
20 high coercivity, thin storage layer with perpendicular to-plane anisotropy and a soft
magnetic keeper (underlayer) having in-plane anisotropy and relatively high
permeability.
A magnetic head for perpendicular recording generally consists of two
portions, a writer portion for storing magnetically-encoded information on a
25  magnetic media (disc) and areader portion for retrieving that magnetically-encoded
information from the media. The reader portion typically consists of a bottom
shield, a top shield, and a sensor, often composed of a magnetoresistive (MR)
material, positioned between the bottom and top shields. Magnetic flux from the
surface of the disc (media) causes rotation of the magnetization vector of a sensing

30 layer of the MR sensor, which in turn causes a change in electrical resistivity of the



2 MR sensor. The change in resistivity of the MR sensor can be detected by
passing a current through the MR sensor and neasuring a voltage across the
MR sensor. External circuitry then converts the voltage inf 6}@{5'}”%&2?0&0 an
appropriate format and nani pul ates that information as necessary to recover
the data that was encoded 5 on the disc. The witer portion of the magnetic
head for perpendicular recording typi §3| |y consists of a main pole and a
return pole which are nagnetically separated fromeach other at an air
bearing surface (ABS) of t?e wr.iter by a _nonmagnetic gap |ayer, and which
are magneti cal M 25 egrthéél ge RSy Iept t&?l\@?%’@?wgﬁeﬁﬁpteﬂbﬁﬁ%ﬁ@& he ABS
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mai n pol e produges. THe ABSt ik Gigeirfane bf e fhaphetic kdanmhiRidiay Yaacarkemly havi ng
a much snaller sectjonal area the ABS and being nade of nmagnetic nateri al

wi th hi gher neRfiRandéculas medium. Alhegvfifet pastiomansiibe igader portion are often arranged

in a merged configuration in which a shared pole serves as both the top or bottom
15 shield of the reader portion and the return pole of the writer portion.

To write data to the magnetic medium, an electrical current is caused to
flow through the conductive coil, thereby inducing a magnetic field across the write
gap between the main and return poles. By reversing the polarity of the current
through the coil, the polarity of the data written to the magnetic media is also

20  reversed. Dataon double layer perpendicular media are recorded by a trailing edge
ofthe main pole. Accordingly, it is the main pole that defines the track width of the
written data. More specifically, the track width is defined by the width of the main
pole at the ABS.

The main and return poles are made of a soft magnetic material. Both of

25  them generate magnetic field in the media during recording when the write current
is applied to the coil. However, the main pole produces much stronger write field
than the return pole by having a much smaller sectional area the ABS and being

made of magnetic material with higher magnetic moment. A magnetic moment of



21 NOVEMBER 2006 3 the main pole should be oriented along an easy axis
parallel to the ABS when the main pole is in a quiescent stateo, nanel
without a wite current field fromthe wite coil. Wen theZ%dﬁ'%?EiRgooﬁDnent
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 nagnetic nonment m ght
remai n nonparallel to the ABS position-even after current to the wite coil

is turned off, Thuys, the in pole may forma magnetic flux and may
deteriorate ortheé@%‘ﬁp%lteég%‘ﬁg%é?nfs?@%ﬂoﬁé agieay axpyparpliat to the ABS vaibh éhepol e
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mat eri al s wi t A\BR&IST bpieg subjrstad tp naulijple instanges ofdlymeriiesurrenterald, themainat i on,

even though t . hal s i sotropy.and relatively high

COerci Vi tyl.gl 125 ﬁg%%tgs@b#éaﬁ%ﬁﬂ%%@g%’ ﬁ%’ ﬁrrﬁego %’?aélogtogﬁ% W‘%’I‘C lfl?lré‘g%i n pol e

and the ret urmighf rdnifin AEgpAEilicCtoTHERBS pfositidR eOéH £t Bhiraf iPMediELoil & t he ABS

is its uniaxial ani SOtrOpéfg Uni axi al anisotropy is a neasure of an anount of
e

appl i ed nmagnetfgnedfafe| Bhuselhginade pels man fatre atrhagnnagfex ped meyrdeteriofatetdre nai n

pole fromthe ) t] | el t he ABS an orientation
per pendi cul ar %ht%%S%A@ ﬁiog? tQ edlﬁ%i ;%rt i) ‘é{}#ag’lﬁ P%Iﬁfef‘gtstIBOmFWegnd t he
coercivity is dwighign@ughneh h%uf@ﬁﬁ@hbﬂié@%%%érﬁbnﬁ%lar%h@f(ﬂcﬂlt?a-ﬁ%l‘l not

always return to a position parallel to the Safter a wite current is
renoved. Thus, tradkdepsiygaeadipg, the swineele tatredmipentserndt ofiinatbititylie tos

mmgneti ¢ 2o e dPeefiid dhSatollnt ifte SRtk e RSB b PE%sbinee e
material wth @ity glgndRonatiisls WaEMe [B@tdl fédsle (AledbOiabddil HEASIHt Y

saturation) for construction of the mnmain pole in heads for ultra high track
densi ty recor diafgations everdihaugly theghmgterials 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 anisotropy is 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



nmagneti ¢ nonent saturation of the main pole material is increased, a track

w dth 21 NOVEMBER 2006 4 of the main pole tip can be reduced for increasing
the storage capability of the disc drive. An exanple of a nat S FAERR P h a

hi gh magnetic nmonment is an alloy of iron and cobalt (FeCo). The CoFe-all oy
wi |l conduct a |arge anount of flux and thereby permt the use of a very
narrow pole tip, resulting in a very nay row track width, 5 thereby all ow ng
for ultra-high recording densities. Unfortunately, while CoFe filns have the
hi ghest magnet nmonent sat ur do not have good magnetic stability

due to poor anlf’g%‘t'3 FEPAR P Fat ec’iealé?e@r}g igRreayag Ehe\ﬂqr%rge crRrtilifyeod the distat t he
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pole tip of lﬁ)nctwbaitd?aﬁb)\ﬂhét@bFeﬁaimMillmgﬂlductzihegeeamcﬁmaoisﬂlrm@-ﬂﬁ@éﬁy need to
provide a witer which is_ nmagnetically stable and is made of nmaterial with
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and recessed fro e alr-be sur ace even

data on adj acesibjéctaictosmullipk: 1mi§ﬂaﬂcd§Qithe WiiGd blﬁﬁﬁlt @eldoip tHRGNR belel@yey . a soft
magneti c underl ayer and a nonnmgnetic spacer placed in-between. The top

magnetic l8yer S‘ffbél?lﬁ@né“@?hal ling edge of the main pole 25 at the ABS and has a
magnet i ¢ under | ayer rormeR hetf'is o b B deel Rk oKL B son  made
of magnetic nainaghaically stiblé awl is arde bithtgrialRiig higiing SidtRRYom &t Gathiadbn.

Such a stable writer will reduce switching time, increase a drive’s data rate, and

prevent unintentional erasing on perpendicular media after the write current is

15 turned off.

BRIEF SUMMARY OF THE INVENTION

The present invention is a perpendicular writer having an air-bearing

surface, a main pole with a main pole extension, and return pole, and a back gap

20  closure intermediate the main pole extension and the return pole. The main pole
extension is in direct contact with the main pole and recessed from the air-bearing
surface to prevent erasure of recorded data on adjacent tracks. The main pole
includes a top magnetic layer, a soft magnetic underlayer and a nonmagnetic spacer

placed in-between. 'The top magnetic layer forms a trailing edge of the main pole

25 at the ABS and has a magnetic moment greater than that of the soft magnetic
underlayer. The soft magnetic underlayer is in direct contact with the main pole
extension made of magnetic material with low coercivity, high anisotropy, and high

permeability. Further, the top magnetic layer and soft magnetic underlayer are



perneability. Further, the top magnetic |ayer and soft nmagnetic underl ayer
are 21 NOVEMBER 2006 5 antiferromagnetically coupled through the thi
nonmagnetic spacer. The nonmagnetic spacer has predoni nantl § '\ioi/EM'%FW%OPaI l'ine
texture and pronotes reduction of coercivity and grain size along with an
i ncrease of anisotropy of the top magnetic layer material. 5 BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 sh%ws a top perspective view of a disc
drive. FIG 2 is a cross-sectional vi ew of a first enbodi ment of the

a

per pendi cul ar p en 10 FIG 3 is
cross-secti onafmvglflleew GQCQE'CS%& ?lrb%‘ﬁ‘? % %‘Thﬁo%@‘ﬁaﬁd@éﬁqrar T ter of
the present iny@nhi@etc h&er hak SprodshRasdy aq iRy %‘éééu% S HE%té‘s”bOd' ment

of the perpendicular witer of the present invention.

DESCRI PTI ON oneﬁualm&épmmymm@mlm anln@ha:swsfmls;cmmppefmpexptu ve view
of a disc drive 12ét ich nclludes a voice coil nmotor (VCM 13, actuator arm
14, suspensi on™#8"° @SFEP@*I@ slider 20, head nounting bl ock 22, and disc
or nedia 24. Slider 20 is connected to the distal end of suspension 16 by
flexure 18. Suspension 16 is connected to actuator arm 14 20 at head nounting
bl ock 22. Actuator arm 14HI§EE61E8©RIHITGON@EIHE]ARASMD\?@SW the right side

of FIG 1, disc 24 E@la mul ti |ICI t% I racks 26 and rotates about axis
28. During operatiofh of S(E‘P‘é’éa& B RFSRSSIVE Bt olGiligrdiiesc 24 generates air

movement which is epgpyng QEF(QS Bcti®haldgsw 6Pa ﬁi?f'éﬁb 1516Hp(¥tq{1r§ rgé}gii&ﬂ J© keep

slider 25 20 aloft a small distance above the surtace of 4l | owi ng
slider 20 to nyltea{loﬁﬂep:rmn@wér&ma of disc 24. VCM 13 is selectively operated
to nove acjuator ar 14 around axi s 30, thereby noving suspension 16 and
poSi t i onlri the tra u Ilﬁg cross-sectional’ view of a second embodiment of the
perpendicular writer of the present invention.
FIG. 4 is a cross-sectional view of a third embodiment of the perpendicular

writer of the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 shows a top perspective view of a disc drive 12, which includes a
voice coil motor (VCM) 13, actuator arm 14, suspension 16, flexure 18, slider 20,
head mounting block 22, and disc or media 24. Slider 20 is connected to the distal
end of suspension 16 by flexure 18. Suspension 16 is connected to actuator arm 14
20 at head mounting block 22. Actuator arm 14 is coupled to VCM 13. As shown on
the right side of FIG. 1, disc 24 has a multiplicity of tracks 26 and rotates about axis
28.
During operation of disc drive 12, rotation of disc 24 generates air
movement which is encountered by slider 20. This air movement acts to keep slider
25 20 aloft a small distance above the surface of disc 24, allowing slider 20 to fly
above the surface of disc 24. VCM 13 is selectively operated to move actuator arm
14 around axis 30, thereby moving suspension 16 and positioning the transducing

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



head (not shown) carried by slider 20 over tracks 26 of disc 24. Proper
positioning 21 NOVEMBER 2006 6 of the transducing head is necessary for
reading and witing data on concentric tracks 26 of disc 24" EIPEZ R 5
cross-sectional view of a first enbodi nent of perpendicular witer 36 of the
present invention. Medium 24 for perpendicular recording 5 conprises thin
storage | ayer 32 having high coercivi t§ and per pendi cul ar ani sotropy (the
magneti zation is held in a direction substantially normal to the surface of

medi um 24) and soft magnetic ynderl ayer .or keeper 34 havjng high perneability
and i n-pl ane o?’ﬁs tg‘ﬁtt@flf m@fhelaHés Bﬁ?ﬁga%f‘g.m%ﬁ?g and wgiting 43t e §ORRENEICpOl e 38,
mai N pol e extgpkkoB «£8isanpd return pole 40, connected to each other by back
gap closure 10 42 at a distal end and separated from each other by wite gap
46 at the ABS and =G.t2eiscoctossigkcposal tvioned abfastaabodiment pOpapendi@ng on 48

and return pol e 40. ' ole 38 serves_as a trailing pole for the given
direction of rfBFFeér?éé\l/gfL g?e E@a?fﬁrﬁl’z‘%!ﬂonwakﬂ?éﬂnza%i 98 ReFREREiuas TscEAingedi um 24

are recorded by, tRkd4 i ' nt wite
1 ol d str engt o e b G8Ra 2 e B Ben DR M and R ELBEESRRY 1

| ayer, of mai n(tipohegidizatont & mdld dn trditdcliog setggeti4By nsrmalde tbé surdadai gh

magneti c nonent material. Main pole 38 has a subm cron width at the ABS, to

provi de recor dRRGUBF 240120 S0t aeBeiie wderlays 9 keenen At havingbishaeameabilify pr oposed

truct f npj - PO H _ snestuie pr op
structure of rBidloRale AR5 SARESA ISR 3 cALAAL LORYOL JhouRonet | ¢

ring it nore-magnhetic y Pe data to

per pendi cul ar pHgeaatnsiormn#Riandrefidn peletd0n@nvadtyd avli bther bebdckeap closureaused to
flow through coil 44, which in turn produces a time-varying nagnetic field
through md?n ptd & sdsighend ad senargisd dramp caqratherhyaritegap Hérpt ﬁaﬁséga angy the ABS

of witer 36 : BLOeILst hat Lum 24. | xposed to
the magnetic 1?\%8 cfml%?%g%g}rlpené‘?%ﬁﬂrgéiﬁg)/??e;%%n%%,ﬁ4?%&1}563‘1}?“’%9@(9 %1825 keeper
34 of magneti cpaieds sorvddds braisgeobefontic givaa darettiin'of nidlod 40ffiRaiun 24.er. A

cl osed nmagnetic path for flux fromwiter 36 to nedium 24 travels from
Magnetization transitions on medium 24 are recorded by trailing edge 49 of main

pole 38. To provide decent write field strength in medium 24, magnetic layer 50,

15 shown here as the top layer, of main pole 38 containing trailing edge 49 is made of
ahigh magnetic moment material. Main pole 38 has a submicron width at the ABS,
to provide recording of ultra-narrow tracks on medium 24. Moreover, the proposed
structure of main pole 38 increases the uniaxial anisotropy of top magnetic layer 50,
thereby rendering it more magnetically stable.

20 To write data to perpendicular magnetic medium 24, a time-varying write
current is caused to flow through coil 44, which in turn produces a time-varying
magnetic field through main pole 38 and return pole 40. Medium 24 is then passed
by the ABS of writer 36 at a predetermined distance such that medium 24 is
exposed to the magnetic field. With perpendicular writer 36, the soft magnetic

25  keeper 34 of magnetic medium 24 in essence acts as a third pole of the writer.

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.



mai n pol e 38 through storage | ayer 32 of medium 24 to soft magnetic keeper 34
and returns to witer 36 through return pole 40, again passing through
storage |l ayer 32. 21 NOVEMBER 2006 7 To ensure that the magﬁe |VEM'?EiR§&)8 does
not wite data 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 nmagnetic field affecting
storage | ayer 32 under return pole 40 Vill not be sufficient to overcome a

nucl eation 5 field of storage |ayer 32. Ina_preferred enbodi ment, the
t hi ckness of nh? AnsyEs thatdbe magnabis figkldocapeiutrite daw ontlis stvempath, thesndanst er . Mai n

le 38 f t] t ruct d i ferably f d
o n pol & oxt cigh Sr14En Bl LS R HERBL B Yt dp il Bt shlice” ©"
magnetic | ayeire56f msin@ore I8es eredSBS OPhiR R rbfgth 37 Bk nnei®E&d affedtingh

magnetic nonment 10 material; thin nonma%netl o sfpaper | ayer 52; and magnetic
| ayer 54, showionee yers32 unfderaeiuayrale $awilhed be siffigiesbovensgmet nucleatioar i al wi t h

wel | - defi ngd api,sat.r.opy. . Thi mul ti.l ayer L e struct.ure i nduces i.sotropy
in top mg%eti@elﬁg£g?p%ﬁlﬁ¥8?%' TR PEegof fem &%ﬁnﬁ?trtégﬁ?lg?ﬂesst é‘?%ﬁ?ogﬁﬁanci ng

t he magneti c Sisabivdehub&it 0008 shdd®bdt BHhivbikr. retaining the high witeability
and high data rate advantages of the high magnetic 15 nonent material use.

Wien top magneti_c I%@mpcsgzmre@mbdyb@ ?ﬂﬂﬁ%@@fﬁmm?mdispre;ﬂgdldw?ﬁm 54
across nonnmagnetic. | ayer, 52 a o the sept .invention, the
properties of YTHI¥E&] eé&nﬁﬁpggflg@kﬂ%éef/W&ﬁql%fwgrﬁ%c%@q%?W&ﬁ‘&eélcof mai n
pol e 38 conpakes 39, tshown MBichsREp tradRER B?era.i(ﬁinmle%fl agﬂetilai gRanetic

monent rmaterial. Wiile the layers of witer 36 are illustfated as planar
| ayers, i10is mategalntlampormaghetin spacthlgyerfly aficbinhgnetiotlyer 5¢,chbweuihsre as

rmteri al i th SR R TRy B A YR TBE SHEGHY: Shisayer 50
In a preferredyg t PEIB btruckiye iRuEEs AlidoB¥pWnitBp FRRARUSRE 56 garafltg?o fighge of
about 30 to about 50 percent is used. This alloy possesses saturation 25
moment of aboufBS. direTaen, dherFop emhageiog ithe magegticS@atghty dfemaih peihy 3% witilabl e
thickness retaining the high writeability and high data rate advantages of the high magnetic
15 moment material use. When top magnetic layer 50 is coupled with soft magnetic
underlayer 54 across nonmagnetic layer 52 according to the present invention, the
properties of the coupled multilayer system improve the perforfnance of'main pole
38 compared with a main pole made of a single layer of high magnetic moment
material. While the layers of writer 36 are illustrated as planar layers, it is
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 moment of about 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.



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. 21
NOVEMBER 2006 8 Any suitable material with a nagnetic nmoment’ YOWET¢H&n t he
magnetic nonent of the material of top magnetic |ayer 50 may be used for
magneti c underlayer 54. This material is also preferably magnetically soft,
with a preferred coercivity less than_about 5 Cersted and nore preferably

| ess than about 1 Cersted. 5 The materfal used for magneti ¢ underl ayer 54
preferably has a |lower coercivity than the material used for top magnetic

| ayer 50. The chosefityapiglemalsrial withn pagnetic mapentdawendan ihgymegnatic

Y ot | . P | ! . i ¢
mmgnet | oat | on ariafh bf e trbycRAR af 18 ARt LS 30 Rl Bl lF o RRRBE T °
under | ayer 54 rglertage 5af TeBNh&erialkefedNpreGaMeMenéteAliNsofEarig ;l):r%ﬁarﬁﬁM Ni Fe

(e.g. N 80Fe20, Ni_45Fe55, etc.), N FeCr, N FeN, CoZr, CoZrNb, FeAl Si, or
anot her sui t alfostGrabelessthan aheyha Oeestadrind mosy piefaably fess thenpbgut i &erstedat ur at i on

nonment | ess t ny r ef o] s than about.1.5 Tesla and
nost  pref gr arl;ﬁii/]e rﬁgglg&lt“%%dnﬁg%%%?&%.u§d$La§ Flgs.r%r?%lraib ?Yﬂgf 820"{%8?6%3( ity thapy,
material of ma@eeddtérial ussefor tEMmabrbtidasyed SHLORE cRB@AGHAE ATPIEREablyEAL | Ve to
that of top magnetic |ayer 15 50, the material of nagnetic underlayer 54 may

still be what Vell deftrradqapgngtia anisgliopyrapaeingdhatohhasta stable orightation abthel ut e

terms. Magneti ¢ underlayer 54 can be.aof. a i tabl e thickness but is
preferably |es¥{AaN & %‘ﬁgnegl.z_ HoR B?rglrlréejtté’rt%{ghAi‘%E‘ aﬁ?da S @6%9@8?% | ess
than about 0. ORagActic eBéklyct bi ekmalloBMBENGLY, FeCPRCEONILNTIYADR, porm@sed of
any nonnmagnetic material 20 which is nmechanically and chem cally cdnpatible

with the hBgndias Nife €92V FaselisHegs et opNiFrGndYifeN, €9dr, GurNhdFerd§net i ¢

under | ayer 54. Copper (. or thenium (Ru) are,used for nonmagnetic spacer
52 in a pref er?reaalgg%g&gﬁéen?laﬁegg\hﬂﬁéﬁle{%b‘gd?%ad'ﬁggf’ qu%%@lély hapasat B of FeCo
and magnetic une@ehidysithdrhbbst 2TRAR, AbrdYréRReRNesstha 4bo8t OF TRQRARONAEII C spacer
52 between top magnetic |ayer 50 and magnetic 25 underlayer 54 results in

formation of dnekerably ksps thamgnat 1 O TeaMt 1eneibdiigbwhile 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 whichismechanically 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



coupling between top magnetic | ayer 50 and nmagnetic underlayer 54. This
coupling induces anisotropy in top magnetic |layer 50 oriented parallel to
the ABS, resulting 21 NOVEMBER 2006 9 in a nore nagneticalI%”gggwﬁgzgﬁnain
structure of top magnetic layer 50, and as a result, a nore stable main pole
38 due to a reduction in magnetic energy. According to the RKKY
(Ruderman-Kittel - Kasuya- Yosi da) interaction, nonmagnetic spacer 52 induces a
periodi ¢ coupling between top magnetic 1 ayer 50 5 and nagnetic underl ayer

54. The coupling alternates in quality between antiferromagnetic and
ferromagnetic 45 BOFqmestesfalyt stete dompinistasyrent tap meanetist lpxer S9pansess &2 and
depends upon t r I%ﬁgg i § ti t. terial of nonmagnetic
spacer 52. In %g%l(rf’ea?%%%e en@ggfl @éﬁ%g gm&%% %%g“%&%@ﬁagﬁ ?tg:y%lrer%/o made

of Fe60Co40 and magnatiadingderthaRKK B4 RudeenHE K MicBRRORA. Ybdidd)SinRiRtighabl e t hat
10 the material of nonmagetic spacer 52 has a 111-crystalline orientation.

Sui tabl e nonnBYHRASNEUGERAERT > 1BdYess p nereodi¢ enupling hgfvecn wppragnetic layersi®i um

gol d, copper - sj . rigus oxi.des, . including alum num oxi de and
Silicon di oxi déé‘{.d/%%rgél?‘léér i er%%’r%?ra%ﬁet% SetRpe plreiptes p Qualigy Wlvi de for
ant i f er r omagneidritiferr@xshirrig end Ruphiapgetioek weattibh ef Adiacients Mdasiaghaxer s, such
as copper, ruthenium 15 gold, and copper-silver alloys. It is contenplated

t hat nonmagnet $Rec¢fat%epidifepenfls upehie @ysialiagraphiteonertemmaci thesmatasialbef chosen

to correspond w r..chokces In_Jmgnetic.materials for top magnetic
| ayer 50 and n%%n?\%gi% %ﬁ‘gs é’Fﬁpg'e?“ %E.ref?lﬁ&f;e b%*@??teﬁltgﬁ%’o’a’iaﬁ%‘?ﬂtcaaﬁ’i% t hi ckness
of nonmagnet i Cma@eefe, B, d nedpas urdertax 5 Mivabe bhei dal | i RkoEBgRGhic qual ity

of the cougl ing between top 20 magnetic layer 50 and magnetic underlayer 54.
| f the thilBkneds neenad o eaamageticepates SRihas p 1d htcrystalionenpnation. fhatebleesul ts in

a nonnagnetic [ HQI Js.t00 thin to be practical, en the. thickness
of nonmagnet i cl%s}]paa er gt%f)l?lr% é“scg“él r?ot?)ﬁed(a{n@?et ﬁ@pg]hg%lené?ﬁ’i @i‘r CORRSGITEYSIc peak
can be used, aillbys,0afd.vatibudRRIRED MY alvMn®h Blide SRRCSiicod d168d@

thi ckness of about 5 to about 200 Angstrons (A), nore preferably 25 a

t hi ckness of abi§{Rired nanmagaelic Batepals el these whicheprovials! fpr antifirolagssicof about
18

‘ 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, nonmagnetic spacer 52 serves not only to

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



to about 25 A In the present invention, nonmagnetic spacer 52 serves not
only to antiferromagnetically couple top magnetic |ayer 50 and nagnetic
under | ayer 54, but 21 NOVEMBER 2006 10 also to nagnetically2§5WF% Rf@ﬁ
magnetic | ayer 50 nmade of CoFe-alloy. The quantuminteractions between the
atons at the interfacing surfaces of top magnetic |ayer 50 and nonnmagnetic
spacer 52 change the crystalline texture of top magnetic |ayer 50, resulting
in reduced grain size, decreased coercﬂ@ity, i ncreased ani sotropy, 5 and

greater magnetic stability. Any suitable material may be used for main pole
ext ensi on 48, @Be ¢p magnetiepdly soitepriep endsngiioraaier 159 inads eh§oFefalloyi eftey of

witer 36, as mekﬁrg%ng%aﬁgg%e Q%n aq%§ot%@%¥ %ﬁg.stru?tura and nmagnetic
integrity of niltilayer rain pole Hig atoms 4t Hyedp Q8L PGP PRI B essed
fromthe ABS byye 3b diiaRemaghetRPsder 62 éhdn@e I RROMinteRiusd OB Blagn&R t hat
extension 48 does not contribute to an increased track wdth of "nmain pole 38
at the ABS. A haenSdwesultinginseduded gfaimaiierdputased@entivity encroaBal alidotnapy,f or hi gh
track densiity re ord{ng}anq%frqéfg;s skewrelated side witing effects. In
one enbodi Rent IR DIIEENG UHEISh 48 is made of a magnetic material 15

such as CoNi Fe, FeCaby sGiedNi&aerfat AbMbe@dahbr Ihzﬁﬁl,pomi EersfmMs, NBAF&20.
Ni 45Feb5, etc.), N FeCr, N FeN, CoZr, CoZrNb, CoZrTa, FeAlSi, or other

suitabl e nmat endedlisone¢mbahmsetio mrease efficpmey ef wiitey 36,08 wedl ds ediedfnicadet nagnet i ¢
ani sotropy, neaning that it h || defined easy and hard magnetic axes.
The material i %msoﬁ’iog’f" e@b?‘?‘%ﬁﬁ&%%@?‘s H*t‘?g,m%i%ﬁn‘émﬂﬂyé? gt doleoddci vity

| ess than abougyendbs 48 fprREranyg rlg&rs_&dgfcﬁ'ﬁ ARBY tyes ﬁisﬁa@?&f‘o?%ﬁ& 0b {er sted.

Extension 48 preferably has a felative magnetic pernea Ity nore than about
500, and dbre groaf 2madgbmetars s¢ Hahexterlsout481dveoHnoticonsibate tann anwbadédeak, nain

pol e extension 48 al.so.serv ap..extensi on qf gnetic underl ayer 54 due
to strong fer r%’}fglb ﬂ£m38 %‘8&3? iaﬂ&eb@%é‘rpaﬁ%ﬁ?&twgﬁéﬁ m&%‘rﬁ‘ﬂ? Bo et ﬁ‘tj to the
anti f er r omagneABS 206WR FdrMgshitdck dbRity FRORBAS Snd 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, FeAlIN, FeTaN, FeN, NiFe (e.g. NigFe,,,
Ni,sFes;s, etc.), NiFeCr, NiFeN, CoZr, CoZrNb, CoZrTa, 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 QOersted

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 betweeﬁ

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



25 | ayer 50. However, because extension 48 is preferably shorter than
magnetic underlayer 54, it is not exposed at the ABS and thus reduce

skewrel ated effects on medium 24. Thus, extension 48 can bé' '\ésYEWﬁRC???Gas
necessary to effectively contribute to the magnetic stability of top
magnetic | ayer 50 and magnetic 21 NOVEMBER 2006 11 underlayer 54. Thickness
of main pole extension 48 is preferabIY in arange from about 0.1 to about 2
m crometers. In a preferred enbodi nment, lextension 48 is nmade of the same
material as magnetic underlayer 54. In an alternate enbodi nent, extension 48
is omitted. 5 Wﬂﬂﬁrééb|Téuqlﬁagsﬁétfmamrn@léﬁmns1m98 tﬁepra@ee@bf iora mag«frgap cl osure

42. In a pref a r nstr f a soft
magnetic mater |O§F€égdr%%gtf%o({\lo?§%%\hhg Breﬁ?r@a g’% ni@ff ° Cozr,
FeN, FeAl Si, ogf thetsame ratetiabdsembBieticiidldsrlayet Ga. 3ini ﬁte@ﬁé@é%m%%&txﬁ&f‘m vi ew
of a second enbodi ment of the 10 perpendicular witer 64 of the preésent

i nvention. CongidenstPnt4s isleaidetbodi nent of FIG 2, the enbodinent of FIG 3

has a | am pated top e odi nent netic |ayer
50 is corrpgsed of t Y%&ga&ilﬁ‘?“%@éﬁs%?%}*’i SHﬁe({%Ega@(p?éB&H’Sf‘ﬂ%o‘&nﬂgﬁéh ot her
by nonmagnet i cplefyen em)odwaaﬁeba&( %aﬁ)h@m%&ufiﬁ eru®& 8f & RS gﬁeu'éeCO,
magneti c underﬁ) ayer 54 is made of Fe or CoN Fe, and 15 nonnagneétic spacer
52 and nonmagnagieyal siple ps CoNdice NeltarDogBel,, d¥i By, NiFéer, CoZuiRehbFeAlsitear i al s may

al so be used, atg destctEIl bed with reference to FIG 2 above. Magnetic subl ayer
66 maybe compoRBEf BIRRIAGS nat eri al as subl ayer 68, or they maybe

conposed of differeniG Mt Rrhaddss-sRcAbhA! Vidw BPW%%%H' &nﬁ&ﬁﬁﬁﬁt ¥ @%ybe
conposed of the same material as nonmagnetic |ayer or t e conposed

20 of dif fer ememldmaalvmtem@ ¢frthe Pl@sﬁlﬂrbn’dntllmnt(?qmpanﬁ uoahcednbddnﬁbﬁ,on top
inder | ayer 54 TRY Gull RURAEB e EG opBRGr lnatiuag o B dimet yrrotd QReds) ayers 66
and 68 are antdhiRddiABRIRBIhAALEY1ayer 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



coupl ed to each other through nonmagnetic |ayer 70. Thus, the nmagnetization
of 25 each ferromagnetic layer is antiparallel with respect to an adjacent
ferromagnetic |layer, resulting in a nore magnetically stabl &' T TR 20%°
configuration due to a reduction in nmagnetic energy. It is contenplated that
addi tional magnetic |ayers 21 NOVEMBER 2006 12 alternated with nonnmagnetic

| ayers may be used to form | am nated tﬁ,g magnetic layer 50. FIG 4 is a
cross-sectional view of a third enbodi fent of the perpendicular witer 72 of
the present invention. hi this enbodinment, return pole 40 conprises 5 (n)
magneti ¢ | ayeraltempiethvith Rormagnstadeiset May bayesdsotem faminated fep magnetic

rel ati onship, 1\9@;@?% nis an integer equal to or greater than 1. Each nagnetic
| ayer 74 is antiferromagnetically coupled to each adjacent magnetic |ayer 74

through nonmagnet i Q. ayex crés-sebgomil vitwatianhipéb&Bmeht i fShORpdnditudii on
allows return pole_ 40 to have a high _flux carrying capacity while remaining
magneti cal |y sVEWT 2 gfthepresgphinsediong In this embediticoh rafrndwia#t cowmptisss Thi s

prevents efas [ Nf ' qf _nedium.24 by return pole 40. Any suitable
magnet i ¢ afﬁd ;t{aﬁnrrlg nég?iléc)’regie%ﬁéflg may  be g aéfeglégp 1B gliemaimedeigtonshin.| avers.
For magnetic |alygeS 66an Rt @fidl toSeiChreasr GaN £-€,EdbR GRMNmetiCUNFEM, js FEALN,
FeTaN, N Fe (e.g. N 80Fe201 Ni 45Feb55, etc.), NiFeCr, N FeN, 15 CoZr, CoZrNb,

FeAl Si, or si rnfifgrramacaeiicallynegupded  de deach ordjeoenimphagnetih dayrt @4 i thtough s
preferably magpetically soft, ,with a.preferred coercivity. |less than about 5
Cersted and %bor e a%’r“eet%aeﬁ%%%' fagd tlﬂ%ﬁpg%%t t?’is C@Bﬁ?ﬂ%ﬂ?n ¥liﬂé"' Sc,rﬁ%‘?éﬁ’loqﬁat eri al
preferably hasio welave dafigingtk 6RGIRE Copadity KBIE ORhSindl; ks Mg&fb g that it
has wel | defined easy and hard naggnil?ti cyaxes.‘ The r%ggfgér{grlef eyrre ngteri al s
for magnet® c |sappiessiyithg fenpgionogdmuzio, watisNi Thas prEedid\srafiedbNnfdeatiGh, and
FeTaN. In a pro(%fnclagdriuergzg%bg ilqlenc; Oeach magnetic |ayer 74 is nmade of the sane
mat eri al ; however, in anyaFPer%elfé " enbodi nent, magnetic |ayers 74 nmay be

conposed of varyi ngAmpEGiabR SaghilicBadNRinfaghdiehatef@lsRYy BE ws@ReSEd of any
nonmagnetic materi al
alternating layers. For magnetic layers 76, a material such as CoNiFe, FeCoN,
CoNiFeN, FeAlN, FeTaN, NiFe (e.g. NigFe,, Ni,sFess, etc.), NiFeCr, NiFeN,
15 CoZr, CoZiNb, 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 NigyFe,, CoNiFe, FeCoN, FeAIN, FeAlSi, and FeTaN. In apreferred 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



which is nechanically and chem cally conpatible with the nmagnetic materials
used 25 for magnetic |layers 74. Suitable nonmagnetic materials include, for
exanpl e, copper, ruthenium gold, copper-silver alloys, and GAVBUIERSY  des,

i ncluding alum num oxi de and silicon dioxide, for exanple. In a preferred
enbodi nent, each 21 NOVEMBER 2006 13 nonmagnetic |layer 76 is made of the
sane material; however, in an alternate enbodi nent, nonmagnetic |ayers 76
maybe conposed of varying naterials. Bécause it is not critical for return
pole 40 to be thin, greater thicknesses of magnetic materials maybe used in
return pol e 40NQURIEREEY [avsT i 15 PaflceoB3the spme material dowevas én seciteoatl  ar ea at

the ABS of all . | ers ofreturn pole 40.is . preferably greater
than 10 times SAACHBPE" BufepBiPISsRad B bhefnds? o viwrBrE Eita
cross-sectional areBe@usdit is iod eriti®d fttrétern pI€4GtoWe tHR! SreP} BickRessbdof S
contenplated that this |ayered configuration of return pole 40 may be used

with a main pomagmgic aFteragly mey ke ugrsriaretom pal@4dtarhparghtattheinpoks¥ntThenvent i on
has been dgscrjbed with referen t preferred e dimrents, workers skilled
0 the ar ¢ Swi 1170 ST o RS o BB S Al B ene e R ret R i i |
wi t hout depar f\/%ﬂéﬂ:riﬁl?%ﬂehﬁéﬁth&@i@ﬁﬁlem rﬁ&@@ﬁ‘efé}abblg?eatérﬂl\éﬁ@bé%ﬂﬂms thi t HPVEMBER

: . g

2006 14 CLAI A perpendicular witer having an air bearing surface,
the witer congiossssasonal araawif all el magnstip ddyessi afgnaidpblie38t Iinmgoetraplatedy er

having a first netic t: A nan netic |layer adjacent the first
magnetic | ayer M@ ﬂ‘&qa}ﬁrgcgg%ﬁ%%ﬁﬂé’?f%&%ﬁi?g% aégéﬁﬁe Wb AgrvmpAesRe | ayer,
the second rra@tr@lg,icgnﬁ?)&gﬁorbavi ng a second nagnetic nonent, the second

magnetic nmoment being Tower than the first
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.



magneti c nonent, the second nmagnetic |ayer being antiferromagnetically
coupled with the first magnetic layer; a return pole; a back \&ag cl osure
internediate the main pole and the return pole; and a nai r‘?158 &P Ensi on
| ayer internediate the second magnetic | ayer and the back gap closure, the
mai n pol e extension | ayer being recessed fromthe air bearing surface. 2.
The perpendicular witer of claim1l wherein: the first magnetic | ayer
further conprises a trailing edge, thelffirst magnetic |ayer being a top
magneti c | ayer; the nonmagnetic layer is a nonnmagnetic spacer; and the
second m&ﬂ?}m_l ayer is a magnetic underlayer. 3. The perpendi cul ar
writer of C "1 further conprising: a conductive coil positioned at |east
in part between the main pole and the return pole. 4. The perpendicul ar
witer of lclai fhPErRgREIcH]an witier haxingria aibhpasing surfappethe auitertdeenprisaign  pol e

extension | ayer are C gg the sane material. 5. The perpendicul ar
witer of claim]l féﬁ?ﬂgﬁ%%ockp |(s§i|(n§g: a second nonmagnetic | ayer adjacent

the first magnetic |ayerA fastnZheNOUSMBER RO first Magheticthosenmgnet i ¢ | ayer
adj acent the second nonmagnetic |ayer, the third nagnetic |ayer being
antiferromagnetical |y colfoamagpetis layes adjacent thenfirghvapgnetic dapsr; ang. A

perpendi cul ar witer, hayi Akt i t& ge Wi ter, conpri sing:
A mai n pol e conprising: isg(l%rnst %gﬁ‘gﬁ?%} %b%f%#{ g\(r;il&}%ﬁ nep:évjasyf’r’ﬁ%egnet ic
nmonent; A nonmagnetic |ayer adttombmbgidie ldyer Bivingge&iona mMagyetic mément, A
second magnetic |ayer adjacent the nonmagnetic |ayer, the _
the second magnétic moment being lower than the first
magnetic moment, the second magnetic layer being
antiferromagnetically coupled with the first magnetic layer;
a return pole;
a back gap closure intermediate the main pole and the return pole; and
a main 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.

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 wherein the second magnetic layer and the

main pole extension layer are constructed of the same material.

5. The perpendicular writer of claim 1 further comprising:

a second nonmagnetic layer adjacent the first magnetic layer; and



second magnetic | ayer having a second magnetic nonment, the second nagnetic
nonent being |lower than the first magnetic nonent, the secondvma n%tl C

| ayer being antiferronmagnetically coupled with the first r?éa?.&v'fa %%Gyer; a
return pole, wherein the return pole further conprises: a plurality of
magnetic | ayers; and a nonmagnetic |ayer positioned between each of the
plurality of magnetic |ayers; wherein each magnetic |layer is anti
ferronagnetic coupled with each adjacdfAt magnetic |ayer; ang a back gap
closure internediate the main pole and the return pole. 7. The

perpendi cular witer of claim wherein the first magnetic layer is
conposed of an all 8)}}“5%%?1?%’10?%"3? P@ﬁcealﬁ&eésa%dménmagwg lavsrotBa died) ar
witer of claiml, whereifchfif IRRIMRERSNiIferdRBhehRIG ONASEith e fRPPET - 9.
The perpendicular witer OF claim1l, wherein the second magnetic layer is
conposed of an al |l oy conprgestiedayfirckel and iron. 21 NOVEMBER 2006 16 10.
The perpendicular witer of claim1, wherein a surface area of magnetic
material of the return pole at the air bearing surface is greater than a
surface a6ea oA peﬂmaamaewﬁﬂé@hmhgﬁﬂaikb@m@!sﬂﬁaéé,ﬁleabn&hé'o@%ﬁsibgaf' ng
surface. 11. The perpendicular witer of claim1, wherein: the first

magneti c | ayer has ém@lnwle&@msxﬁgpy; and the second nmagnetic |ayer has a
coercivity 12 The perpaindrar ey Ebieire L e BB BB e
nonmagnetic | ayer has a Alhbnmagiyeicahyer agjacérit &t fadsi @Bgnelid laybr;p@apendi cul ar

writer having an air bearing surface, the witer conpri si_n?:
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, 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 antiferromagnetic coupled with
each adjacent magnetic layer; and

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

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

of an alloy comprising iron and cobalt.

8. The perpendicular writer of claim 1, wherein the nonmagnetic layer is composed
of copper.
9. The perpendicular writer of claim 1, wherein the second magnetic layer is

composed of an alloy comprising nickel and iron.



a main pole conprising: a first magnetic |ayer having a first magnetic
nonment; a nonmagnetic | ayer adjacent the first nagnetic |ayer; a second
magnetic | ayer adjacent the nonnagnetic |ayer, the secondz%ﬂaﬁ%Ff%mWhyer
havi ng a second magnetic nonent, the second nmagnetic nonent being | ower
than the first nmagnetic nonent, the second nmagnetic |ayer being
antiferromagnetically coupled with the first magnetic layer; and a main
pol e extension |ayer adjacent the secord magnetic | ayer, the main pole
extension | ayer not extending to the air bearing surface; a return pole; a

back gap ghosu [ ' i |e. and the return pole;, and a
conductivgbboipﬂ%gs ?ﬁ%ﬁ@gagﬁnggggﬁ?2”8%??“@5P 3%m?ﬁgyﬁ@gﬁgﬁ6?%mﬁﬁd t he
return pole. 2of (NOVEMBERIZAOEe ait Bedrhg shifacdrgaeeli tEa Asurfick bth opf ¢l ai m 14
wherein the second pagnetic |ayer. and the nain pole extension |ayer are
constructed of MARRSUCHRyCH0f thegmain pole atyihe yebensingiseifies: writer of claim 14
wherein the main pole is a lamnated structure, the main pole further
conpri sing: a second nonnagnetic |ayer adjacent the first magnetic |ayer;
and a thittd maghepérpendigidar vadieackeisint hevisegiand nonnagnetic | ayer, the third

magnetic | ayer bein ntiferrg netically coupled with the first magnetic
| ayer. 16. A perpengﬁegﬁf;ta{?agﬂfgpngg’?rm’é\?ifﬁg‘%S’ﬁrcéYle;B%ri ng surface, the

writer compri sing: theAedBalndAbee GOBRIA 3lsBndRokicivily, MRIL& %ok /NSy having

a first magnetic nonent;
being less than the first coercivity.

12. The perpendicular writer of claim 1, wherein the nonmagnetic layer has a 111-

crystalline orientation.

13. 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;

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

a main 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
a conductive coil positioned at least in part between the main pole and the

return pole.



A nonmagnetic | ayer adjacent the first magnetic |ayer; A second nagnetic

| ayer adj acent the nonmagnetic |ayer, the second magnetic p%&kﬁ EF{azogﬁecond
magneti c nonent, the second magnetic nonent |ayer being
antiferromagnetically coupled with the first magnetic |ayer; and A main
pol e extension | ayer adjacent the second magnetic |layer, the main pole
extension | ayer not extending to the aié bearing surface; A return pole,
wherein the return pole further conpri§ s: Awplurality of magnetic |ayers;
and A nonmagnetic | ayer positioned between each of the plurality of

TRONeL | C BT She WASERLOGAGHIBONEL £ LBXRIn b ;AU TRILONRANE GRM Y

coupled with eac acent magnet| ayer;

the main pol e anih pdieextensnomlapaizﬁe c@nduaeaommhmeenmdl. positioned at
|l east in part between the main pole and the return pole. 21 NOVEMBER 2006
18 17. The perpendicular witer of claim14, wherein the first magnetic

| ayer is 190W?§@€er9<fznc9€hlﬁj Wi¥r SPJTB £ Qgerf[e notﬂe ansh, 5a ?4 4 larrt}l?at dhe

per pendi cul ar wri of claim 14 erein e nonnm ayer is conposed
of copper. 19. ﬁmwenpehpemdlwﬂéﬁnﬂuwc¢mmnmﬁgcIaJn114 mhereln t he second

tic layer is ed of an ing nickel and |ron 20. A
gfelgggnijl cul ;r writef Sﬁ}qu{}?%mg?gng % ﬂaﬁ%‘é%/q] ng isgtdnagngiic [gyes apd conpri si ng:
a main pol e conpri si frd rﬁ:ign'eﬁé) gepaﬂéaen%b @é’coha%ﬁmagne%@a% théf adj acent

the iron-cobalt alloy |ayer;
magnetlc layer being antiferromagnetically coupled with the first

magnetic layer.

16. 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;

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

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

A return pole, 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;
a back gap closure intermediate the main pole and the return pole; and
a conductive coil positioned at least in part between the main pole and the

return pole.



a nickel-iron alloy | ayer adjacent the copper |layer, the nickel-iron |ayer
being antiferromagnetically coupled with the iron- cobalt |ayer: a return
pol e; a back gap closure internediate the nain pole and t he' @FWPﬂaﬁgﬁe;
and a second nickel-iron alloy layer internediate the first nickel-iron
alloy layer and the back gap closure, the second nickel-iron alloy |ayer
extendi ng toward but being recessed frqglthe air bearing surface.

PERPENDI CULAR WRI TER W TH MAGNETI CALLY "SOFT AND STABLE HI GH MAGNETI C
MOVENT MAIN POLE  ABSTRACT OF THE DI SCLOSURE The present invention is a
per pendi cykar i I F L i surfac a main pole with an
extension?bandW®%Pﬁ?ﬁngﬁpégwgﬁﬁ85&8§§§id§%x%ﬁg%hpg?ﬁ?%?%?éﬁﬁfﬁie the main
pol e ext ensi oncamposelef aehllsyncdmprisinglifien armiicobplel € i ncl udes a top magnetic
| ayer and a soft magnetic underl ayer separated by a nonnagnetic spacer.
The main pole extension is in direct contact with the main pole and
recessed om bhs i - - LG . fo

railing ge of ORISR OREL IRFLs RG-SR RARE eI Bl [ BhERel
greater than tbbtoppér.t he soft nmagnetic underlayer. Further, the top
magnetic | ayer and the soft magnetic underlayer are antiferromagnetically
coupl ed through the thin nonnmagnetic spacer. The nonmagnetic spacer has
predomi nap|'y tid p&potichiidr Wittt SEUMAP1ANheRI QIR ESond BERIEHE BReL COST Ci vity
and grain size along with an increase of anistropy of the tog magneti c

| ayer mat eri al compisgdiplarpalloy comprising nickel and iron.

20. A perpendicular 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;
a back gap closure intermediate the main pole and the return pole; and
a second nickel-iron alloy layer intermediate the first nickel-iron alloy
layer and the back gap closure, the second nickel-iron alloy layer

extending toward but being recessed from the air bearing surface.
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