;e3e T(6DTW) MAGNETI C HEAD HAVING t - head with | MPROVED BI LAYER P1 DESI GN
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel at es general mw"mmlmmﬂmmnl c heads that are utilized with thin film hard
di sk data storal and nore particularly to tge ?SE{?&@}QC’
-fabrication of the grgpetic poles of the wite head c rrg such
magneti ¢ heads. Description of the Pribr Art As is well known to those
skilled in the art, standard magnetic heads include wite head el enents
that include two nagnetic poles, comonly ternmed the P 1 and P2 poles, with
a wite gapMAGNETIC HEA I ARG thead with IMEROVEDBHCYER PHDRSEIGS ur e,

t he passage of magnetic flux across the wite gap between the two pol es
creates a magnetic field which influences a thin filmlayer of magnetic
medi a on a magnetic recording surface such as a hard disk that is |ocated
proxi mate the nagneti c hegh CROGROUNE OFEHENNVENYIOPONeti c flux creates
data bits within the magnetic nedia. To create narrow witten data track

wi dt hs, one or sonetinmes both of the nagnetic poles are fabricated with
narrow pole tips, where the wite gap layer is formed between the pole
tips. AFiddof &He RGN C head design includes a rather large P 1 pole and a
narrow P2 pole tip portion of the P2 pole, with the wite gap |ayer forned
t her ebet ween Thd pgesefiti ineen@iop relhtel genemainetmagitdadieads thinuae hdlizddedithtthinhfiim
bottomend of the P2 pole tip across fromthe bottomend of the P 1 pole.
However hamudisk date ktosageldeviBg, pud motd pastidwdarky ta thidesignaanddhiamatien of the nzgnetop
end portions of the P2 pole tip that are forned away fromthe wite gap are
cl ose epolgghf the write headicopyonentoofsurlomaghejisilierdsant magnetic flux to pass
,therebetween. The magnetic flux that passes between the 2 magnetic

‘pol es at_ ar eas avvaé fromthe wite gap is termed magnetic flux | eakage, and
a magnetq<< tgh magnetic flux | eakage is less efficient than
a head with | ower netic flux,. leakage. The ongpi ng efforts.to . increase
the-of f1ci andy® Braihenn Eebniar BRI wloreRAghmpttn i intfhge isf Bevt

i ncl ude gf te ft. I M i : iC
pol es 1 sl falifobadtde hillBARE. chmblofh RS PREABE Botel Sy T TRIDH
concern €GP OO a Hated REorATnePHoSedutd thd¥Bh&led St HlapRARE

away f_ror'x%{ a&em{\fpﬁ%eg\%gégp_ g[l,}t x® h%ai sa sep%r atggg‘lof rom’t lég’BP 18 po{ eagy %nﬁl/x
the thi gkRSS theQfriteapWeld@n IRPIAYSEs crédtbsa d@Rndic £idl8 Wikth Rifdestes HRBINARAM
pole tip will be terimred the "top gap” in this application. Magnetic fl ux

t hat | edds®r ol m@dp@btid Riediat 6P ag@pgrietit Sedopditig 8arfideesiehfdsca darlydigk thiteisvibedted
head el ement. The present invention seeks to mnimze magnetic flux | eakage
t hr ough préwembepthg apgoytia beady 5wl thatr the changidg triaend@iclfluragnees datpdiie withih Hie
top gap area, such that the overall top gap distance is increased and
magnet i éngengiic medikage i s thereby decreased. SUMVARY OF THE | NVENTI ON The

magneti c head. of the present ipvention. jncludes a bilayer P.1 magnetic
pol e, i ncl udikfyeraate natraw | vyytsn qaiiragkswWiddspape afpwthsﬁ@auo%éaanw%mle%nd
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| ncreas qge PYGETe B R WHRADS hfer Fdrhd HRAMRAGCAC RS Svrktl af 8PhI A ghStic head is

decr ease
thus located at the bottom end of the P2 pole tip across from the bottom end of the P1 pole.

However, even such small P2 pole tips have a physical shape such that top end portions of the P2
pole tip that are formed away from the write gap are close enough to the P1 pole to allow

significant magnetic flux to pass therebetween. The magnetic flux that passes between the
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I'n one*magneti¢c head enbodinent the P 1 B layer is formed as a single,
Fntegrally forned | ayer with the opening formed therethrough. In an
alternative enbodinent the P 1 B layer is forned as t i eces

wi th the opening formed therebetween. The nethod for :‘Aﬁtg?%gaﬁ@ﬂghe
magneti c head of the present invention includes the additional steps of
fabri cainaggetichipldsat baderlayPibml thy efiteigap s tdrtheB bisgnatyeflux feakdgeymst Hynapghetic
deposition of insulator material to fill the opening in the P1 B

| ayer, heidl thaekhshhigla nGRetst fyx teakapel is désstefiféciont thance hedd with 18wér Bapmeperflux
prior to the deposition of the wite gap |layer thereon. In a further

enbodi nieakagef t he present invention the second magnetic pole is forned from
two pieces, a pole tip piece and a yoke piece, and a bottomend of the yoke
pi ece is rectheengéing mﬁgﬁ% tainergasa rthe gilinignen of the\sgite dread ielemaaimef imaghelied.
It is an advantage of the nagnetic head of the present invention that it
has dechesdsdberstonm dnqlederafionts fahmydhe mpgngtis thlﬁdeaﬁ’ése beiween thg ve magpetic poles

magneti ¢ head of the present invention that jt. has decreased magnetic fl ux
| eak agelidreasawvaydiom s wrteigan. SLoesbtharigpsalseniisprt qongem i atjthe toprandineetion

d t t h t d of th i ti that it

et oaBe R2ie Boaish & ograbrety BoBr e Rl et epyraed T fre Bly
dvant f t .d_dj i ve of ' ti hat it Jdncl

2 agnobe ok shly A St AL EE Gln hF, RRERAR bt LRIGTALR B ol cplintie™
oh . Lo 4 pul :

e SRR RN Clp ol s fapplibgdon. AVl RCH P Nkl Bl B U Sl
| ncr easgRiubdy thé Effcies ROt 1Ral €fenRMEr Wi ting characteristics. These and
ot her features and advantages of the present invention will no doubt becone

apparent to Thegpeessid inv@tioh ketiietoatiniMpe migiétie WuRdedkage HabhghMHROof alapi Byed
description which nmakes reference to the several figures of the draw ngs.
I N THE BIAdMidgSPortions of the P1 magnetic pole in the top gap area, such that the overall top gap

distance is increased and magnetic flux leakage is thereby decreased.

SUMMARY OF THE INVENTION

The magnetic head of the present invention includes a bilayer P1 magnetic pole, including
a P1A layer that is formed upon the read head element and a P1B layer that is formed upon a P1A
layer. The P1B layer is patterned with an opening forihed proximate the location of the top end of
the P2 pole tip that is subsequently fabricated, such that the top gap distance between the top end

( of the P2 pole tip and the P1 layer is increased, whereby the magnetic flux leakage across the top
gap 1s decreased.

In one magnetic head embodiment the P1B layer is formed as a single, integrally formed
layer with the opening formed therethrough. In an alternative embodiment the P1B layer is
formed as two separate pieces with the opening formed therebetween. The method for fabricating
the magnetic head of the present invention includes the additional steps of fabricating the

patterned P1B layer upon the P1A layer, followed by the deposition of insulator material to fill the



Fig. 1"is a schematic top plan view of a hard disk drive including the

magneti ¢ head of the present invention; Fig. 2 is a perspective viewwth

cut away portions depicting a prior art rragnetl ¢ head in T- head P2

pole tip design; . Fig. 3 is a perspective viéw w th cﬂt§d§g§p% ons

depicting a first magnetic head enmbodi nent of the present invention; Fig. 4

is a siomnirgoinths PiBilayes| followed bf a (MY steprietpolisththa dudfeei afttlijlBllﬂegpn&" to

4 Fig. 5is a top plan view of the P1B pole of the magnetic head depicted

i n Fi gsthe3lepositiof; offhgwri€e gap layqpéresqpac tih wdunherembiotimentiof thopresgrdinventign the

depicting an alternative magneti c head enbodi nent of the present invention;

Fig. 7 s$esord miageetisepold isrfarmed fsom dwo pirsesraginls tip pman@eﬁpl@q Riged;, gngtp dottem

Fig. 8is a top_plan view of the P 1B pol e of the_magnpetic head depicted in

Fi gs. eemﬂmthe@xeog 1§ epcgpsed fem dhepisbapsingisurfate (GBS)obhe mugneficrheadgnet i ¢

head enbodi nent of the present inventjo d Fi 10 is a sid

cross-sect | ofaP ap adyasaes of the H@sn%marﬁrfﬂe@r%gwe joa that ’r‘iggd dpreased

present i nve nt DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Effortsn?ﬁm? éL@ggﬁmﬁﬁeal data storage density of hard disk drives have

l ead to |npr S in the s uctur nd ction f the

el oments of g ABRNE saniage & b Fapndtcdid ob UeisrRen myrripn e b dRoteased

di sk drj i tic head of the present
in% é]t% fYM} 1§Jl<(ag§ atstma I._o% géaﬁ f% ﬁl'&ss@%nld gégﬁ% ﬁ@g ik

i nvention |s prés n, at |east one hard

di sk 14 is rgtabaier @HW}RAZ;@ of Hfér}né"%rﬁfg% g%drdz ?r%a%ﬂt ShyvbBtior thal # 8 inéreased

havi ng a nagnetic head 26 di sposed unted upon an actuator arm
30 to flefdbieNs dndgrsidriovesviing@hshcteitasi Ng hard disk 14, as is well known
to those skilled in the art. ﬁe present invention includes inproved

f eat ur es andlItinan baintige of thetiahddisk ave sfthépresgin éivieatidrehatst 6ludena niagnetic
better described the present invention a prior art magnetic head including
a T- heategidiasintg ecrbesadgnagretiafint lediosperat Bedop gajgof the seoiad pegrspie polewp. vi ew
depicting portions of a prior art magnetic head 3 8 including a T-head P2
pol e tip deslign.a forther advgniegs of thedurddisk eive @é thegpresent inverfian| haf Hyroludes a
that is forned upon a _surface 44 of the sllder body material 22. A read
head seH@gpeti I&aéﬁleat ghas incgraggrbieediciFnchippd ereatsr avqryyﬁtm&g#@f@t%t%d a second

read head shi I is formed i nsul ation Ia
el at 1 on | Apere & fiher BriRs o eHBSS e PRtV agR M B goaTs Dhomer
1 apparent to those skilled in the art upon reviewing the following detailed descrlptlon which makes

reference to the several figures of the drawings.

IN THE DRAWINGS

Fig. 1 is a schematic top plan view of a hard disk drive including the magnetic head of the
present invention;

Fig. 2 is a perspective view with cut away portions depicting a prior art magnetic head
mcluding a T-head P2 pole tip design;

Fig. 3 is a perspective view with cut away portions depicting a first magnetic head
embodiment of the present invention;

Fig. 4 is a side cross-sectional view of the magnetic head depicted in Fig. 3,



fragneti'c pole layer 68 is fornmed upon the insulation layer 64, and a wite
_gap layer 72 is thereafter fornmed upon the P 1 pole layer 68. In the T-head
P2 pole tip design, a separate P2 pole tip piece 76 i hcat ed upon
the wite gap layer 72, and a back gap piece 77 is siﬁérgﬁigizgﬂa
fabricated through a hole formed in thg wite gap layer 72 to nmake a

magnet i ¢ conPigch isdtopipldn b oPthe R1Byle Gidhe amgnaticiehd dépiciediint igd. Bamd 4,
skilled in the art. Thereafter, alumna fill 78 is deposited and a chemi cal
mechani cal pBig 6lis ngersfavRye sicapwitls cyutenvfaypoettbns depicting atealteridtave nsagnétacteatd hat
exposes the top surface of the P2 pole tip 76 and the back gap piece 77.
Ther eaf ¢mbodiment of thecpresent nwentioB) is fabricated within insulation | ayers 84
and a separate second pol e piece 88, terned the P3 pole, is fabricated upon
t he i nsul at i Big. V ayesidgacctioned viegv pldhemggnatis heaq ﬂ‘ﬁdlct@d)tlwlﬁ- Gar r ow bottom end
92 that makes magnetic contact with the P2 pole tip 76 and _a yoke portion
96 that coveFig Baya topplancyiew|é thedi Bspaeof thpagnsficdicad denieted mel%l*s&- &yandifat
passes through the coils 80 creates a nmagnetic flu i thin, the yoke 88, and
t he back gaplg’pﬂ- ddé a pidesEpssesgotiona Wé{fiaBaﬁaP&méﬁ?ﬁ%éFaV\% b e ¢ Pregent
“yoke 88. with the,P 1 pole |ayer 68. The bottom surface of the magnetic head
38 is tIRPU AP fapricated into an air bearing surface (ABS) 108, in which

and the bot 1 S 480 &S RESSRERRRARE of fRuRk RARRENCe ) abfeudfcha bl e [°

al l ow n eEﬁWﬁ{ve ek width definition on the recording head 38, and thereby
i ncrease the nunber of tracks per inch on the disk, such that the areal
data storage density of the disk is increased. The T-head design includes

the separate fpRTARMEIDESCRIPITION P EHE PREFERRED EMBODIMENTS h W of

the P2 pole tip, which generally controls the witten data track wi dth, can
b d I bricat.ed... The..hot t 92 of the P3

ol o1 ayer sl fonePirias) Aok s\ Frie FFHE sspe R TR Isipplad pene
T-sh f whi t - i [ ' I
I X R B e R

tip 76 {Ru e ﬁéicgﬂlufrd 'd?s‘ﬁ’:d%vgflg%dllaiglgﬁs QBRI W [RARl B mb SidiH $RSESE hi %retsgﬂtﬂ

filmmagnetic yer on t surface in witing information to the

hard  inven@bSks prediRéERIOFR. It hAsSEdpngERthcidie, fBgnRtdne Harddisks1Ats tdigawlyi t e
gap 112, the bet?er will be the overwiting properties of the magnetic
head. Ampuatedeponasastbmieddpitidlenl 8w Atstidéredddhaving g emgnetic lasad 26tdidposqalrtheeat, i n
the T-head design of Fig. 2 is magnetic flux | eakage across the wite gap

| ayer 7 inetniedmpomen P&ugtol emy 3P t7 By abdve the sPxface| fgach B&tmg Haotdisk dAsaisher
than the wite gap 112 at the ABS surface 108. Specifically, undesirable
magnet i &ell| kpowreik tigee skitledhén gsart.h hgapesepinyprdipn: Weludespinygpvadofgatuces age
the P2 pole_tip 76 to e P 1 layer 68 is undesirable. This gap 122 at.the
top por CrASRTEPbBingrmethedsSr T angio/bears 36 ida te detesiye BRI Fvaion
application. This flux |eakage 1 akens the efficien of the wite
head, afi® r&Oﬁg;;[éqa&pgtxc?ée@gérb %cg?‘% %i%%??ﬂ%lhpvéeflgg 1%%%(%@585@@& mance, which is
achi eved when; - €oely): . - - W he
52 pol o t1p. J4b g TETRH e ML abyiB RGOSR IRV RI el b MSHIERE ]
full  magigdyop ﬁxﬂé tig%eﬁ .e"I'thnxﬁQQlem{ hEQE 3 SRANREL ﬁ_fﬁét%hiel@%@r ANGa TR RED
overwiting thereby occurs. The present 1nvention includes a nodification of
the P 1yhayersurfasd 44 QFUERESSlideh Dol Pnaidl TRINEtresd hdadXsch@rked@Ren®f52tib Qligpbbaar
art magnetic heads. Al though the follow ng description nmakes specific

r ef er encatiin insutatibn @R Sesidn sebepd edadchead shielgl lager 60tis ¥orhied o tRansilaan by
those skilled in the art that the nodifications to the P 1 pole as

descr i bdayern 56 heApriesdattoni layant4 on famed gpoerthd ssconp phiekdh biyer 60 amdray first Pl
different wite head designs. A first enbodi nrent of the magnetic head 200
of the present invention is depicted i11 Figs. 3, 4 and 5, wherein Fig. 3
is a perspective view of a magnetic head including a first enbodi nent of
the bilayer P 1 pole 202 of the present invention with cutaway portions,
Fig. 4 is a side cross-sectional viewof Fig. 3, and Fig. Sis a top plan
view of the bilayer P 1 pole 202 of the present invention shown in Figs. 3
and 4. As depicted in Figs. 3, 4 and 5, the magnetic head enbodi nent 200

i ncludes a read head portion including a first read head shield 204 forned
on a slider body 206, a read el enent 208 di sposed within an insulation

| ayer 210 and a second S2 read head shield 212. The structure of the read

head el enent is not a part of the present invention; indeed, the present
i nvention, as described herebelow, is suitable for use with nany different

types




of redd head designs. Therefore, the fabrication steps utilized in the
f-ormation of the read head are not described herein in detail as they are
wel | known to those skilled in the art. Follow ng the de i an

i nsul ator layer 216 upon the S2 shield 212 a first P 1%3@5@1@[}%20 (the
P 1 Alayer) is deposited. This P 1 A layer 220 is fornmed utilizing well
known plagtonkfic ek R 68 d doriledtiipod the dhsulatioaslayekhe4, Rnll 4 awite gdplayad 72 is
preferably formed of a material having H gh perneability that provides good
magnet i ehéréafeer fdrmied apeh thaP1lpole lapg 68t ost ri ctive properties, and a materi al
such as NiFe 81-19 Pernmalloy is suitable for the P I A pole |ayer 220.

Addi ti onal | y,In e T-heatbP2 pelptip desigih erseparatetiepope s piete Tthisewekt fabricateslapaptile es
to a merged nmagneti c head design wherein the S2 read el enent shield 212 and
t he P 1wtk gap dayer 7220d arbeck gampided Thinsamuliangdusly preatedtiroygh raflwleormedin
functions as the second read el ement shield (S2) and the P 1 |, nagnetic
pol e. Athpoweite gapatayere’2ofo make Hmagasiic qongestion oYith the tdayps §8s it isomelbknewn to

second (P 1 B) P1 ggl e I%%r 230 on top. of the P1A pole IE%eer_ 220. The P1B
| ayer 2%spseskilindningthgtart. Zihstpalera abmina SHbv® |15 depepitad ind & pkenairal cnedhisnisal ng

i nlow POSHSE (GHF R HFTPTING] “ppieiia et 2uthcs it HBERES L40F i VA
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the P2 i iyl AR3E ba@sn tdhe i C
head 20%&é %g}l'agi\?\ngé eﬁ?é'f?ﬁ?rg?i on gﬁ‘;q%ﬁ(;exﬂ%dﬁ1 I%g;i/ger%%g% angﬁﬂodlzeﬂlgg%{,a Egén

i nsul at inyGreAY 8nt£8 Withthe PR poleltipdist Mdfal yoke pbitioh 96 &hat 3dversThatibtsBriay&ils 360
can advantageously be fornmed froma material, such as N Fe 45/55, having a
hi gher relghetyi dtedniﬁxmwﬁer%}ﬂ&ﬁt pdrsesRtirough teycols 80 Ardatey @rmagtié flupgthirde yoke

i mproved nmagnetic flux flow properties and a stronger magnetic field, such
t hat suf8, ahdte ek pap ptece @7 perveetotametratly chhmichthe t6pi0G dithemgiecds with ez
200 on hi gher coerciviiy hard disks. Such higher magnetic nonent materials
may have lhpgledayentgindhe dottom simfaceof dhramagnesic B®isethergaltardalisichiedyinto an aithan
the Permall.oy of the P ; however, the read_ head el enent is

| ; ,
Lorer ol [ipariod suive 6By 198 rieatiedh HGHIS @b 142 B foBmpd bemesrstie B gmeas e
furth ] th d head.el ) hem | hani | | i shi
Cen ¢ ot Bt i PR B GG SRR B TR i et e temaci T om of "the.
step (O | i i
Oy bt t o st Mg il Wt MeIGddOLE ot ndiucd Gack i U8l K dn 265

260.  The g 8in§(ﬂe§d EEPaﬁﬂffae}eﬁ ri‘r?c’ééaﬁé e dufiitlef O H?&d% é}eg g]clg’rohttﬁe 8RR, 4N Fhat 2R8

and, as indicdate ove, various known types o esigns are

advant ageedIsdata istiRAdRV&Gsy of g Bisk aY ficr&sdd PR RHdadlassdi hRMdES HRARDERe
The back gap pole piece 24S is fabricated through a hole in the wite gap
layer 2d8bfieationloethedrineile tp 6 sudcthaniht kvidthéV w ferP2mild tigrviath gdneraRy Bodteyler
230. Wth specific regard to the T-head P2 pole design depicted iii Figs. 3
and 4, uhe writtenglagt tavdtaridtip kat bé mohonareoply end awhriitaly dritdted. PPholodtont enpl $44
is first fabricated upon the wite gap | ayer 268. Significantly, as

depi ct edofithe BB gole layer B84 gersraltyHeidentbap dietF 2opple 4p 761 andhfermepa dothapad sirupinze | s
fabricated on top of the hole, 234, V\/qu the bottom.,portion 246 of the P2
pol e ti promavhigh tha,fihead depigpispramed. alheghagnstio ffur whiste Parses aessdhe vatle sas
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pole tip 244, and utilizing the well known nmagnetic head fabrication

techni ques, an alumna fill layer 274 is deposited, followed by a CW step,
and the induction coil conponents 288 and the P3 nagnetic |ayer 292 which

i nclude the yoke 296 are fabricated. The back gap piece 24S joins the top
of the yoke 296 with the P 1 B layer 230. Thereafter, standard magnetic
head fabrication steps and encapsul ation (not shown) are perforned to

conpl ete the manufacture of the nagnetic head 200 of the present invention.
As is best seen in Fig. S, the bottom edge 298 of the hole 234 is forned a
di stance L away fromthe bottomend 248 of the P1B | ayer 230 at the ABS
surface 2S6, and the top end 240 of the P2 pole tip 244 is forned a

di stance K away fromthe ABS surface 2S6, where Kis greater than L.



9’ A si‘gni ficant feature of the preferred embodi ment 200 of the present
iavention is that the unwanted flux | eakage across the top gap 122 of the
prior art wite heads is significantly reduced. Specifi cglg@g@ t he
hole 234 is |ocated beneath the top portion 240 of the PZ po tma
I'eakage of magnetic flux fromthe top gnd 240 of the P2 pole tip 244 to the
P 1 A pdisk. 2PeréforePthe $tropgérethe IRagnstic Austiaat el wilter gaputE].thd\beteerreiiubé thet he
magneti ¢ head 200 of the present 1nvention has reduced flux | eakage, such
that a stérom@iap praperizs ofthe magnetislsad. across the wite gap 270 at the ABS
surface 256, and greater overwiting properties of the magnetic head 200
are achi evedA pwobleht sxsomted withvritd heedstin gbndrleandrsel gmesentimaind T-diead design of
depicted in Figs. 6, 7 and 8, wherein Fig. 6 is a perspective view with

cut anay Fig2tis umgn@fc fhuxrteakage agotsdbalwgBapriayend? hetween ﬁietP@rmdﬁ ﬁlpx%6 pid thgdl P
1 pole 302, Fig. 7 is a side cross-sectional view of Fig. and Fig, 9 is

aht opI plaxer $8eal Ispations %[-h‘tfeﬂ\gat‘ihQéW?fBian)}é? aghe RS cﬁuéfécq 0% g§Pe°7ﬁ(‘éHﬂh8
T 3

same T tegr{agqarter'aég @r"%%gﬁ?é éu@@la 38198@?%@5@%335 BamiPadap st el e PR pale
wherer nopHE asheh e fyend héh%r&apﬁffaﬁé&stgsé’"ﬁgﬂﬂéﬁ i S50 TP

ot o tefeBed 8%9"611» i CQ?%' A il fer GBI SRkl o AR o et
As wit thrPg Ieeld’ %h argbfﬁrl r@ﬂ&ct@ﬁ%ﬂ %ﬁn v&nt@‘hlaaﬁy née[rfo%%gnogf wiln:'h%s gl:ﬁl aﬂ??%llle\lle

enbodi S pre er orme a l'ow magnet ostrictive nateri

as Per mald Iﬁ%(r%negb?lu§ 'ﬂ%% fab&%e Yrftd B4 NELLRREMREOPS PbR JdROP1 308 et

the first iment 200 is the configuration of the P1IB | ayer 308.

Speci i gad ABS Juffatdi 68, e6odht e fulBRRAghdiR RixBs relen@doy the LB Akl hedia
full gap 312 between fwo separate |ayer portions 316 and 320, as is best
seen i nahil graxBnunhloeerRifhg thyeby 3@8rs. ncl udes a bottom portion 316 that is

di sposed to formpart of the ABS surface 256. This bottom portion 316 is
formed with dheemegeht invettionhimcludesnt ingedifvagive of tiee Bbtlayemtlp rieduwes Bd6topf gaphe
P2 pole tip 244 proxinmate the AB S surface 256 wll be fabricated, and the

| engt h rznagsletlueﬂgx lenkagetdh hel petrgH magaetie heads) Pé@ipegh the follpwing Hesaripiion makest om

in Fig. i's therefore to be understlgod that, as with the enbaodj nent

200 dep.sercefac rf&swe to the Tohead dysign sispicied in Fig. 254 wvilkbe ppdergioad by theseskibieshin
f d 26 f t t t

the P2 BB B %ﬁ“@a%édfwaﬁé% ot R aPTesBhAaR L% oPh kb Plafidn e ey
that is BB@%’%%&?W% Q‘“‘%Béa[ah“% 1%Qpnect to the back gag\sp:Me;:ﬁ tZﬁg and

t he yoke I's fabricated | ater

preferred enmeﬁrgr%mboar%nt 5P rlagReti AR 2808 ue épés%rlern@a{taen 9 08RGl hpmge

hi gh magnetic nonment material such as N Fe 45/55 to provid roved
magnet i g, 4lang 5, vihordin PREBLE 8 PerspEstRY Olew & Singpictic hodd indivldigyr ﬁﬂﬁeeﬂﬂ%dﬁ@m
the alternative enbodi ment 300 and the enbodinent 200 is that in the

‘al t er natof vike eiilageti P pole3DMR bh ¢hepyseatt iinvdntion witls cuthivay pohtioasghRig e isPa Isidd

| ayer 220, whereas in the enbodi nent 200, the magnetic flux can primarily
flowt hromagrsecthmaPV@WBOﬂ Kiges, and2Big. 495 iat top planuviey dfdherbayse (Riegele 202 ob duk
gap piece 245 and the bottom portion 248. As with the f first enbodi nent
200, magnesent inveation Sekage Higom ikt dis dapiaedoin Pigo b4 endSpheporgnctie healas
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t he magneti c head enbodrnents 200 and 300 described above where the P 1 B
length L is .5to 2 mcrons, the P2 tip length Kis 1 to 6 mcrons, and the
P2 tip thickness is 1 to 3 mcrons, a P 1 B |layer having a thickness of 0.2
to 2 mcrons produced a significant increase in the overwiting properties
of the magnetic head. A preferred enbodinment is fabricated where L is 2
mcrons, Kis approximately 4 mcrons, the P2 tip thickness is
approximately 1.5 mcrons and the P 1B | ayer has a thickness of
approximately 0.8 mcrons. A further nmagnetic head 340 of the present
invention is an inprovenent to the T-head P2 pol e design, and is depicted
iii Fig. 9. As is seen by conparing Figs. 2 and 4 with Fig. 9, the
|nprovenent resides in the recessed formation of the bottomend 350 of the

o o NSNS



11 P2 'pole tip 244. This recessed P3 pole 3 58 is fabricated utilizing
.standard photolithographic and el ectropl ati ng techni ques wherein the
patterned photolithographic trench for the P3 pole 358 is shortened such
that it does not extend all the way down to the ABS surf &SEB 2808! owi ng
tenmoval aof the P3 pole photoresist patterning |layer, encapsulation nmaterial

i s used of feaflitehd 8ARmS P TRErefife tho ¥abricAtibn feps Biflizell S thedbithatiol 0P the!rbfl RAdRA ©
358 at the ABS surface 256. An advantage of the recessed P3 |ayer 358 is

that reguegsdcsbadaerdin ih@etfif as they dregriltkinewheathosdékilled irthelareed where the P3
| ayer is recessed away fromthe ABS surface 256. The recessed P3 layer is

not necessar iHoylowhig! thadepositpedt s liysutansblana @ 16ivpon tthe Sishialde? 1P firgp ®1epole
design of the present invention, and Fig. 9 depicts the bilayer P 1 head
enbodi miayer 200 (Gfe FlAdayed) is4daosited. | Thiselil Avilsyer 2RO is fomssikedtilPAng wedl BiBvn As
depicted in Fig. 9, the top portion 240 of the P2 pole tip 244 is

f abr i catphdtobittegraphie dndl plathgy techniqies. PHie Phjayer 230 is preferatly femedgifen 8BSriak
fabricated in _a recessed manner onto the P2 pole tip 244. A significant
.advant adeviog high pemenabilite thatpgriedes goed saagpetie duy flow gnd has lewi enagngipsticivef

1 g ontibel s S Pl ol ol il
s ol o AR R mot piotei el AR B ayoniiop aPG SonRc s T AT SRR
Phver SuRdfeteTuiBgh BRI HAL il R HRRNED 1B OB RNl R R RIGE Boma.
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Fig. 7 nﬁ%#@gc g recessed bottomend 350 of the P3 pole 358 upon the P2
pole tip 244. Thus, the enbodi nent 370 depicted in Fig. 10 possesses the

features and Rd¥HfeG@S ofthe piescheRPERRA Pt RipBsitias oﬂﬁ@obh@@mﬂyeEPpﬁ&@\r@yer
with regard to Fig. 9, as well as the features and advantages of the

magnet i @30ean tepiofdthaePiA F: thspi ekéd Thel RIBS tayebado hier feahed extilihig| standaed
present invention has been shown and described with regard to certain

pr ef er r qrhotntittegrapbin and dl¢ctioplating teehniqeksr dh dladlernbrdimemntciepictealt in dngs. i3n4 faod hy
and detail wll no doubt be devel oped by those skilled in the art upon
revi ewi righqleps windowy S is dormed within therRdtblayer 130anrepamata-he location that e P2 pole

ot o Ao o B A R S BEDORIR Pt o
A P T b s s
R o S e T G R e
P1B |l ayefp 244 will be exposed at the ABS surface 256 of the magnetic head 200. Following the
formation of the P1B layer 230 and hole 234, an insulative layer 260 is deposited to fill the hole
234,
The P1B layer 230 can advantageously be formed from a material, such as NiFe 45/55,
having a higher magnetic moment than the Permalloy P1A layer 220 to provide improved
magnetic flux flow properties and a stronger magnetic field, such that sufficient overwriting

properties are obtained for the magnetic head 200 on higher coercivity hard disks. Such higher

magnetic moment materials may have higher magnetostrictive properties and lower permeability



a’'second magneti c pole being fornmed upon said wite gap |ayer; said second
magnetic pole including a pole tip portion that is forned in part over said
opening in said P 1 B layer. 2. A nagnetic head as described in claim1l
wherein said P 1 B layer is forned as a single integrally‘?f é‘éﬂ) Qagar

havi ng sai d opening forned therethrough, 3. A nmagnetic head as described in

cl ai m 14¥h REPAnRALY ot P Biyer; ?n_oviveoéf?%he%ad n@adsaaﬂéxfttig gBA@EIBE noIRERER

said first piece 1s disposed proxi mate said second pole tip, and whereih

sai d segRRedPbRa®e the PIBPRQN I RXAiEPSsEd Fuldas kavai§ irdtB The Feadf héddi defi@ANEA C
head to magnetically connect portions of said second nagnetic pole with

sai d Pléhehiyt imechanical pofishifg SRENEMB) ibgaelerablydasiertalkendollowdiahenddposhimnaifn
said opening ul said P 1 Blayer is formed with a bottom edge that is

di sposetthednahlaivanée ldyef thatrfilin theiholdo23t, land) tieuwfieqap (IA4REP6D1s thaiedfteradppodited
head, and wherein said pole tipi formed with a length K, and wherein Kis
gr eat erupdmethe P1B poledayea @k andinbdadoraleya@$0r i bed in claim 1 wherein said P 1
A layer and said P 1 B layer are forned fromdifferent materials. 6. A
magnet i ¢ heatha®2dwictip P4d is mext fabrcdedipeeihe wafcgm RyPayed and, gsoindisdteflr om
a material having_ a higher perneability than said P1B layer. 7. A nagnetic
head asakfvecyariosg knawa [types of Rineale designs are pdrantagpapsly dmpiovesh §y dhe pdasea Pl oy,

Gasor bl 22 cenibed bbb s b s palporicis At LR RErobR o ki i1 e
m cr Cmswtri e édpolayrgrckg 8 make magnetic contact with the upper portion of the P1B layer 230. With
specific regard to the T-head P2 pole design depicted in Figs. 3 and 4, utilizing standard
photolithographic techniques the P2 pole tip 244 is first fabricated upon the write gap layer 268.
Significantly, as depicted in Figs. 3, 4 and 5, the top portion 240 of the P2 pole tip 244 is
fabricated on top of the hole 234, while the bottom portion 246 of the P2 pole tip 244 is fabricated
to be in alignment with the bottom portion 248 of the P1B layer 230. Thereafter, when the
magnetic head is lapped to form the ABS surface 256 as depicted in Figs. 3 and 4, the bottom
portions 248 and 246 of the P1B layer and P2 pole tip respectively will form the write gap 270 of
the magnetic head 200. Following the formation of the P2 pole tip 244, and utilizing the well
known magpnetic head fabrication techniques, an alumina fill layer 274 is deposited, followed by a
CMP step, and the induction coil components 288 and the P3 magnetic layer 292 which include
the yoke 296 are fabricated. The back gap piece 245 joins the top of the yoke 296 with the P1B
layer 230. Thereafter, standard magnetic head fabrication steps and encapsulation (not shown) are
performed to complete the manufacture of the magnetic head 200 of the present invention.

As 1s best seen in Fig. 5, the bottom edge 298 of the hole 234 is formed a distance L. away
from the bottom end 248 of the P1B layer 230 at the ABS surface 256, and the top end 240 of the

P2 pole tip 244 1is formed a distance K away from the ABS surface 256, where K is greater than L.



i~ 9. A magneti c head as described in claim4 wherein Lis 0.5to 2
m.crons, Kis 1 to 6 mcrons and said P1B | ayer has a thickness of fromO0.2
mcrons to 2.0 mcrons. 10. A magnetic head as described | baﬂééa wherein
L is approximately 2 microns, Kis approximtely 4 rricr'bIQS% i P1B
layer thickness is approximately 0.8 mcgons. 11. A magnetic head as

descri bed i n AckighificdntiBghri Jf thapefeses eitbodigne 20T optlegrésent i@kerRdnfis it theo
magneti cal |y connected pieces, wherein said first piece is said pole tip
and whenawantsd fldx $akagoadpdss dlee iop gap MoK ef fherpriopart twrite heals engjgaifidaritly redioed.
pole tip at a bottomend of said yoke and nagnetically engaged to said P 1
B | ayer Spécificallgpbexadsenthe $nled2 o docated. beaeath gimetop gronemd2 Msofctbs E2i fodeltip 1244,
claim1l wherein said bottomend of said yoke is recessed froman ABS

sur f ace leakageadfinagngtie flux fioenthe td8end 2 0nefithe B2 phledipi 24d to ol 14 ipaly: 228tor I Bs t
one hard di sk being adapted for rotary notion upon_a disk drive; at |east
one sl i gele 236\s sebstaatinfyjreduead; des a rsdl)s thomagrsiichiead d0Qefdbe presend ifyeptiony bas
sai d hard, di sk; 16 a magnetic head belng formed on said slider _body for
Witi ngrcaiélpgi flux degkaga, speh &agg;trgxagea magnetic flux passes across the write gap 270 at the

ABS surface 256, and greater overwriting properties of the magnetic head 200 are achieved.

An altemative embodiment of the present invention is depicted in Figs. 6, 7 and 8, wherein
Fig. 6 is a perspective view with cutaway portions of a magnetic head 300 including an alterative
bilayer P1 pole 302, Fig. 7 is a side cross-sectional view of Fig. 8, and Fig. 9 is a top plan view of
the alternative P1B layer 308 depicted in Figs. 7 and 8. The alternative magnetic head 300 of the
present invention may include the same read head elements as the embodiment 200, and may be
formed with a separate read head S2 shield layer, or formed as a merged head (not shown)
wherein the S2 shield layer and the P1A layer are fabricated as a single layer that performs dual
service. Identical elements of the embodiment 300 and the embodiment 200 are numbered
identically for ease of understanding. As with the first embodiment 200, the P1A layer 220 of this
alternative embodiment is preferably formed from a low magnetostrictive material such as
Permalloy.

The significant difference between this embodiment 300 and the first embodiment 200 is
the configuration of the P1B layer 308. Specifically, in this embodiment 300 the P1B layer 308 is
formed with a full gap 312 between two separate layer portions 316 and 320, as is best seen in
Fig. 8. The P1B layer 308 includes a bottom portion 316 that is disposed to form part of the ABS
surface 256. This bottom portion 316 is formed with a length L at the location where the bottom
portion 246 of the P2 pole tip 244 proximate the ABS surface 256 will be fabricated, and the
length L is less than the length K of the P2 pole tip 244 (shown in phantom in Fig. 8). It is

therefore to be understood that, as with the embodiment 200 depicted above, the open gap portion



‘ragneti'c head including: a bilayer first magnetic pole having a first
-magnetic pole |ayer (P1A) and a second magnetic pole layer (P 1 B); said P

1 B | ayer having au opening formed therethrough; a wite ;&éﬁy §ei ng
formed on a portion of said P1B | ayer; a second nagnetic18ﬁl eﬁéﬂ f or med

"upon said wite gap layer; said secong,nmagnetic pole including a pole tip

portion ' I hé : | | | I A
Rard di o2t GEPLBERE 208 i Rined4fibes el Sl B8 itel 2oty i B B pokln,
as a si ngﬂo%fiﬂqugsbaglﬁ of4pr med | ayer having said opening forned
therethrough. 1 S. Alard disk drive as described in claim213 wherein said

P 1 B layer iFhd P1BERYES308\QlsdeRBIUAES aPiopCHGtioB20eihat SRifsiniddr & nPiseRallp
di sposed proxi nate said second pole tip, and wherein said second piece is

di sposednRi@xhéRtethe Vade farosipceishad tief yokai2ds Bhgie @3 poldEIXhais fagietd tatd y
connect portions of said second nagnetic pole with said P 1 Alayer. s 16.
A hard dAshkvith theepfer@a seibodanernt r200! the iR 113 laybe 868 1is padfelablyeformer ifrons aildglP 1
B layer is formed with a bottom edge that is disposed a distance L from an
ai r bearmagnetio nfontent (pARER] Bfch s NIFedihi®td providadnprave magnetic flus fllow propestiesi p
is formed with a length K, and wherein Kis greater than L 17. A hard

di sk driNewewsr.designifisent differgncsi batwe:n,fhe alipmaty empodiment 309 angnigie £atbgdmment g

| ayer are fornmed fromdifferent materials. 18, A hard disk drive as

descri bed¥ i thatan therattoppative prbedimgnt30P the pregastic; fluxpushdlovy theonah thed bk ilayer

doscr | bt hereat i e cveriafent 1 dhemaptet B oen PUPABLY Do BEpHER oy 1D4RET
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from 0. Z;ghi6EARE feBued bWThE t@BR lack of a portion of the P1 pole layer being formed directly
across the write gap layer 268 from the top 240 of the P2 pole tip 244.

Magnetic heads of the present invention were fabricated for testing with P1B layers of
varying thickness. It was generally determined that an increase in the thickness of the P1B layer
resulted in a desirable increase in the magnetic flux across the write gap 270 at the ABS surface;
this increase being due to a decrease in the magnetic flux leakage across the top gap of the P2 pole
tip. Generally, for the magnetic head embodiments 200 and 300 described above, where the P1B
length L is .5 to 2 microns, the P2 tip length K is 1 to 6 microns, and the P2 tip thickness is 1 to 3

! microns, a P1B layer having a thickness of 0.2 to 2 microns produced a significant increase in the
overwriting properties of the magnetic head. A preferred embodiment is fabricated where L is 2
microns, K is approximately 4 microns, the P2 tip thickness 1s approximately 1.5 microns and the
P1B layer has a thickness of approximately 0.8 microns.

A further magnetic head 340 of the present invention is an improvement to the T-head P2
pole design, and is depicted in Fig. 9. As is seen by comparing Figs. 2 and 4 with Fig. 9, the

improvement resides in the recessed formation of the bottom end 350 of the P3 pole 358 upon the



)| Ahard disk drive as described in claim21 wherein L is approximately 2
mcrons, Kis 22. approximately 4 mcrons and the P 1 B layer thicknes s is
approximately 0. 8 mcrons. 23. A hard disk drive as described in claim 13
wherei n said second magnetic pole is formed fromtw naghdiSEP 9(88nnect ed
pi eces, wherein said first piece is saiéq pole tip and wherein said second

Ei{8eyLE%%%&FP%%‘;;W%%%}@%RE%@33?8?3Aﬁ*@ﬁ%@Bﬂiiéﬂy%?taé%a?g%%@i@lﬁéﬁﬁﬁ?iaﬁﬁd°f
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A net hogh f@hed 8 @@t itdbes ndREREA] 51l HEAK G AW & 8 ABS sBIERS2%Y. © Following

fabricating a bilayer first nagnetic pol e upon a substrate surface,

i ncl udi RgndvaEofthePS pefe phdfordsiid paerhiffs 1dyat, ehédpSilafiGOmeletisl P @bed todMEthe Pacd A)
upon said substrate surface; formng a second first magnetic pole layer (P

1 B) up8e6 fafrentRf thefidseutel 350s6fithe P3 polB 358 € theheBS guiifaedsd. Wil ddvantapefineg
t heret hrough; formng a wite gap | ayer upon said P 1 B layer; formng a

second megused P8 Ipet 858 i3cthatyedutedwideeritiagof thy exagheticdiead 340 iepodtded where the
connection with said P 1 B | ayer.

P3 layer is recessed away from the ABS surface 256.

The recessed P3 layer is not necessarily, but advantageously combined with the bilayer P1
pole design of the present invention, and Fig. 9 depicts the bilayer P1 head embodiment 200 of
Figs. 3, 4 and 5 joined with the recessed P3 pole 358. As depicted in Fig. 9, the top portion 240
of the P2 pole tip 244 is fabricated over the hole 234 of the P1B layer 230, and the P3 pole 358 is
fabricated in a recessed manner onto the P2 pole tip 244. A significant advantage of this
combined magnetic head structure is that the length K of the P2 pole tip 244 can be increased over
the prior art P2 pole tip because flux leakage 1s reduced in the P2 pole tip top gap region due to the
hole 234 fabricated in the P1B layer 230. Thus, the increased length K of the P2 pole tip 244
allows for the fabrication of a recessed P3 pole 358 which still provides a good magnetic
interconnection between the recessed P3 layer 358 and the P2 pole tip 244.

Another magnetic head 370 of the present invention is depicted in Fig. 10. As can be seen
by comparing Figs. 7, 9 and 10, 1t will be understood that Fig. 10 depicts the magnetic head of
Fig. 7 having the recessed bottom end 350 of the P3 pole 358 upon the P2 pole tip 244. Thus, the
embodiment 370 depicted in Fig. 10 possesses the features and advantages of the recessed P3
pole, as described hereabove with regard to Fig. 9, as well as the features and advantages of the
magnetic head embodiment 300 depicted and described hereabove.

While the present invention has been shown and described with regard to certain preferred

embodiments, it is to be understood that modifications in form and detail will no doubt be

developed by those skilled in the art upon reviewing this disclosure. It is therefore intended that



19 26.: A nethod for fabricating a magnetic head as described in claim 25,
Ancluding the further steps of depositing a |ayer of insulator materi al

upon said P1B layer to fill said opening, and perforff | i shing
step upon said |layer to renove portionzéof sai d insuﬂz?g§EJg§guEgl and to

*pol i sh : f ' .ol A nmethod for fabricating a
ragnet 2 ol Gt s ey iBh el Bfimodiihuiofh ARG fles oftide By i
as a si i r f OF: i sal ¢ _openi ng fornmed
theretﬁpgﬁgﬂag%ggog&%é?ﬁ%gafgyhﬁﬁgggg t%%ghg@%gﬁgétic head as described in
claim25 wherein said P1 B layer is formed as two separate pieces with
sai d openi ng di sposed between said two pieces. t 29. A nethod for
fabricating a magnetic head as described in claim?25 wherein said P1 B

| ayer is formed with a distance L froma first edge of said opening to an
air bearing surface (ABS) of said magnetic head, and wherein said second
magneti c pol e includes a second magnetic pole tip nenber having a |length K
and wherein Kis greater than L. 20 30. A nethod for fabricating a
magneti ¢ head as described in claim?29 wherein L is 0,5to 2 mcrons, Kis
1 to 6 mcrons and said PIB |l ayer has a thickness of fromO0.2 mcrons to
2.0 mcrons. 31. A nethod for fabricating a magnetic head as described in
claim30 wherein L is approximately 2 mcrons, K is approximtely 4 mcrons
and the PIB | ayer thickness is a. approximately 0.8 mcrons. 32. A nethod
for fabricating a magnetic head as described in claim25 wherein said P1A

| ayer and said PIB |layer are fornmed of different material.



3'3 ' A nethod for fabricating a magnetic head as described in claim3 2
wherein said P 1 Alayer is forned froma material having a greater
perneability than said PIB layer. 3 4. A nmethod for Fabricating a nagnetic
head as described in claim3 3 wherein' said P1 Alayer is forned front

Permal | oy and said P1B layer is formed from N Fe 45/1559 S\ENE 2@{]3A met hod
for fabricating a magnetic head as desdBi bed in claim25 erern said
second magnetic pole includes a pole tip portion and a yoke portion, and
wherein said yoke portion has a bottm&@nt hat is nmagnetically connected
to said pole tip and a top end that etically connected to said P1B

| ayer. 36. A nethod for fabricating a magnetic head as described in claim3
5 wherein said bottomportion of said yoke is recessed froman ABS surface
of said magnetic head. AR A A A ALCAAA AAAANLIAAAA
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a second magnetic pole being formed upon said write gap layer; slaid second magnetic pole

¢ including a pole tip portion that is formed in part over said opening in said P1B layer.

2. A magnetic head as described in claim 1 wherein said P1B layer is formed as a single

integrally formed layer having said opening formed therethrough.

3. A magnetic head as described in claim 1 wherein said P1B layer is formed as two separate
pieces, wherein said first piece is disposed proximate said second pole tip, and wherein said
second piece is disposed proximate a back gap member of said magnetic head to magnetically

connect portions of said second magnetic pole with said P1A layer.
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5. A magnetic head as described 1n claim 1 wherein said P1A layer and said P1B layer are

formed from different materials.

6. A magnetic head as described in claim 5 wherein said P1A layer is formed from a material

having a higher permeability than said P1B layer.

7. A magnetic head as described i claim 6 wherein said P1A layer is formed of Permalloy,

and said P1B layer is formed of NiFe 45/55.

8. A magnetic head as described in claim 1 wherein said P1B layer has a thickness of from

0.2 microns to 2.0 microns.
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and said P1B layer has a thickness of from 0.2 microns to 2.0 microns.

10. A magnetic head as described in claim 9 wherein L is approximately 2 microns, K is

approximately 4 microns and the P1B layer thickness is approximately 0.8 microns.

11. A magnetic head as described in claim 1 wherein said second magnetic pole is formed
from two magnetically connected pieces, wherein said first piece is said pole tip and wherein said
second piece is a yoke portion that is engaged to said pole tip at a bottom end of said yoke and

magnetically engaged to said P1B layer at a top end of said yoke.

12. A magnetic head as described in claim 11 wherein said bottom end of said yoke is

recessed from an ABS surface of said magnetic head.

13. A hard disk drive comprising:
at least one hard disk being adapted for rotary motion upon a disk drive;

at least one slider device having a slider body portion being adapted to fly over said hard

disk;
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a magnetic head being formed on said slider body for writing data to said hard disk, said
magnetic head including;

a bilayer first magnetic pole having a first magnetic pole layer (P1A) and a second
magpnetic pole layer (P1B); said P1B layer having an opening formed therethrough,

a write gap layer being formed on a portion of said P1B layer;

a second magnetic pole being formed upon said write gap layer; said second magnetic pole

including a pole tip portion that is formed in part over said opening in said P1B layer.

14. A hard disk drive as described in claim 13 wherein said P1B layer is formed as a single

integralty formed layer having said opening formed therethrough.

15. A bard disk drive as described in claim 13 wherein said P1B layer is formed as two
separate pieces, wherein said first piece is disposed proximate said second pole tip, and wherein
said second piece is disposed proximate a back gap member of said magnetic head to

magnetically connect portions of said second magnetic pole with said P1A layer.

16. A hard disk drive as described in claim 13 wherein said opening in said P1B layer is
formed with a bottom edge that is disposed a distance L from an air bearing surface (ABS) of said

magnetic head, and wherein said pole tip 1s formed with a length K, and wherein K is greater than

L
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17. A hard disk drive as described in claim 13 wherein said P1A layer and said P1B layer are

formed from different materials.

18. A hard disk drive as described in claim 17 wherein said P1A layer is formed from a
material having a higher permeability than said P1B layer.

19. A hard disk drive as described in claim 18 wherein said P1A layer is formed of Permalloy,
and said P1B layer is formed of NiFe 45/55.

20. A hard disk drive as described in claim 13 wherein said P1B layer has a thickness of from

0.2 microns to 2.0 microns.

21. A hard disk drive as described in claim 16 wherein L is 0.5 to 2 microns, Kis 1 to 6

microns and said P1B layer has a thickness of from 0.2 microns to 2.0 microns.
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approximately 4 microns and the P1B layer thickness is approximately 0.8 microns.

23. A hard disk drive as described in claim 13 wherein said second magnetic pole is formed
from two magnetically connected pieces, wherein said first piece is said pole tip and wherein said
second piece is a yoke portion that is engaged to said pole tip at a bottom end of said yoke and

magnetically engaged to said P1B layer at a top end of said yoke.

24. A hard disk drive as described in claim 23 wherein said bottom end of said yoke is

recessed from an ABS surface of said magnetic head.

25. A method for fabricating a magnetic head comprising the steps of:
fabricating a bilayer first magnetic pole upon a substrate surface, including the steps of:
forming an initial first magnetic pole layer (P1A) upon said substrate surface;
forming a second first magnetic pole layer (P1B) upon said P1A layer, said P1B layer
being formed with an opening therethrough;
forming a write gap layer upon said P1B layer;
forming a second magnetic pole upon said write gap layer in electromagnetic connection

with said P1B layer.
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26. A method for fabricating a magnetic head as described in claim 25, including the further
steps of depositing a layer of insulator material upon said P1B layer to fill said opening, and

performing a CMP polishing step upon said layer to remove portions of said insulator material

and to polish an upper surface of said P1B layer.

P

27. A method for fabricating a magnetic head as described in claim 25 wherein said P1B layer

is formed as a single integrally formed layer having said opening formed therethrough.

28. A method for fabricating a magnetic head as described in claim 25 wherein said P1B layer

is formed as two separate pieces with said opening disposed between said two pieces.

29. A method for fabricating a magnetic head as described in claim 25 wherein said P1B layer
is formed with a distance L from a first edge of said opening to an air bearing surface (ABS) of
said magnetic head, and wherein said second magnetic pole includes a second magnetic pole tip

member having a length K, and wherein K is greater than L.
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31. A method for fabricating a magnetic head as described in claim 30 wherein L is
approximately 2 microns, K is approximately 4 microns and the PIB layer thickness is

approximately 0.8 microns.

32. A method for fabricating a magnetic head as described in claim 25 wherein said P1A layer

and said P1B layer are formed of different material.

33. A method for fabricating a magnetic head as described in claim 32 wherein said P1A layer

is formed from a material having a greater permeability than said P1B layer.

34. A method for fabricating a magnetic head as described in claim 33 wherein said P1A layer

is formed from Permalloy and said P1B layer is formed from NiFe 45/55.
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connected to said P1B layer.

36. A method for fabricating a magnetic head as described in claim 35 wherein said bottom

portion of said yoke is recessed from an ABS surface of said magnetic head.



