Speci ficati on PERPENDI CULAR MAGNETI C HEAD HAVI NG MODI FI ED SHAPI NG LAYER FOR
DI RECT PLATI NG OF MAGNETI C POLE PI ECE BACKGROUND OF THE I NVENTION 5 Field
of the Invention The present invention relates generally to nagnetic heads
for hard disk drives, and particularly to perpendi cul ar magneti c heads

havi ng el ectropl ated pole tips. Description of the Prior Art Hard disk
drives generally include one or noSgedifiéstiondl e data storage disks having a
10 magnetic data storage | ayer fornmed thereon. Data in the formof small
magnetlzed areas, terne netic data bits, is witien qQnto_the magnetic
"ayer s HARRREDI P RMAGNGRE HIEAD HAVENGE MORTHE SRS L ATREIR, ougn
whi ch magnetic flux is caused to flow WMagnetic flux rovm' ng froma pol e
tip portion of the nBHRECTCPATENG QFMASNBIWPOLE PIBGFhe nmagnetic | ayer
on the disk, causes the formation of the magnetic bits within the nagnetic
| ayer. 15 Generally, magnetic bits can be created where the magnetic field

direction of each bit | SBAAIKGROUNDOF THEBINVENTI®GNMagnetic | ayer or
perpendi cul ar to the plane of the magnetic Tayer. Magnetic heads that form

rragbnetpﬁlﬁbit%ehﬁyﬁd}g,d n plane magnetic fields are termed |ongitudinal
magnet s magnetic heads that formbits having a nmagnetic
field that is perpendicular to the plane of the magnetic | ayer are terned
per pendi cul &he lpedst. inVantipr edans geadailyvemagnetic dicade forphardi digk alrivgs,t and

per pendl cul.ar magneti.c eads L.n order .to ncr areal data storage
densi tKAH I?Iﬁpé d% dlci ar;magneds heagp Bayipe %&rﬁ?{&p Smagnetic bits. To

acconpl i sh this, it is necessary to fabri cate magneti ¢ heads having a

smal | er magnetic pole tip, because the dinmensions of the pole tip directly
deterr&é&lﬂﬁ&_ﬂi&ﬁf_.ﬁér nof 101 magnetic data bit that is witten by the pole
tip. In currently fabricated magneti c heads, the

Hard disk drives generally include one or more rotatable data storage disks having a

10  magnetic data storage layer formed thereon. Data in the form of small magnetized areas, termed
magnetic data bits, is written onto the magnetic layers of the disks by a magnetic head that
includes magnetic poles through which magnetic flux is caused to flow. Magnetic flux flowing
from a pole tip portion of the magnetic poles in close proximity to the magnetic layer on the disk,
causes the formation of the magnetic bits within the magnetic layer.

15 Generally, magnetic bits can be created where the magnetic field direction of each bit is

_either in the plane of the magnetic layer or perpendicular to the plane of the magnetic layer.
Magnetic heads that form magnetic bits having in plane magnetic fields are termed longitudinal
magnetic heads, whereas magnetic heads that form bits having a magnetic field that is
perpendicular to the plane of the magnetic layer are termed perpendicular heads. The present

20  invention relates particularly to perpendicular magnetic heads.

In order to increase the areal data storage density of the disks, it is desirable to write
smaller magnetic bits. To accomplish this, it is necessary to fabricate magnetic heads having a
smaller magnetic pole tip, because the dimensions of the pole tip directly determine the size of
the magnetic data bit that is written by the pole tip. In currently fabricated magnetic heads, the

25  pole tips are fabricated with submicron dimensions to produce submicron sized magnetic bits.
Such submicron sized magnetic pole tips are quite fragile, and are easily malformed, and/or

damaged during the magnetic head fabrication process. Particularly, some fabrication processes



25 pole tips are fabricated with subm cron di nensions to produce subm cron
sized magnetic bits. Such subm cron sized nagnetic pole tips are quite
fragile, and are easily mal forned, and/or danmaged during the magnetic head
fabrication process. Particularly, sonme fabrication processes 1 utilize a
sputter deposition technique for fabricating the pole tips; however, this
techni giyRzLaBputte@ WpdtidRchAIGAE FQNfaBficatinpant ?Qlth‘Hisd SoWeldH thié RRhAIQLE chd P
material. Wiere the pole tips are electroplated, the occurrence of voids is
subst aleaildb the crdtioe @f uasvdntedoveadd withinhie epol ippodterieli pWhege thebpole dips dure

earlier,.in the netic head fabricatjo I 0GEesSS, .her .than | ater, . an
ner eablatite SR LPY dreiresre ahvage s Seiraiyl B35rEs AfhPR buRertfo
fabri cat fBfAcaEERAEIREGHthe nldpRetk BERAN FabricAYAN biRBssS eaksr tAnr18&e) ¥e ilde@sed
probl ens by electroplating the pole tip in fabrication steps towards the

end of otduereneqynldimagectadthe blei tipst duingpubseent BMARY SGPSs TieEurs NVIENTITEN A

magneti c head of the present inventiqn includes a,first magnetic pole that
e expBSERal S8 D eLFs T, NG CB AP aHBSEIPIR e TEGOR I Mol hm SEBE ond
magnet {fvap@ e Shabt MG rhanehic blfabicafoh pre¥posed at the air bearing surface.
A layer of non-magnetic material i1s fabricated between the air bearing
surface and the shaping | ayer, ere the non-magnetic material is also
electrically conductive. SUMMARY OBTHE INEENIJON i ¢ head i s el ectropl at ed
on top of the non-magnetic electrically conductive material subsequent to

t he fabri cafi magmetic hbadl efithp pregentayentiomimtlides a Sirstagapntiic ple that toerposddeatt i on
with the shaping layer. It is an advantage of the magnetic head of the
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the fabrication of a shaping |ayer of the magnefic pole to which it is

hragnet PARELE G o R e SRR ATt BEpor sk iR i} pR0EBRA ROR T

el ectroplated within the magneti c head w t hout having an .el ectrop] ati ng seed
| ayer aiFr) {)earing surface and the shap?ng layer, wﬁere the non-magnetic ma?terlal is also elec r{cally g

conductive. The pole tip of the magnetic head is electroplated on top of the non-magnetic
electrically conductive material subsequent to the fabrication of the shaping layer, and in
15 magnetic flux communication with the shaping layer.

It is an advantage of the magnetic head of the present invention that the magnetic pole tip
is fabricated subsequent to the fabrication of a shaping layer of the magnetic pole to which it is
joined in magnetic flux communication.

It is a further advantage of the magnetic head of the present invention that the magnetic

20  pole tip is electroplated within the magnetic head without having an electroplating seed layer
deposited beneath the pole tip.

It is yet another advantage of the magnetic head of the present invention that no

electroplating seed layer of the pole tip is present at the ABS surface of the head.



deposited beneath the pole tip. It is yet another advantage of the nagnetic
head of the present invention that no electroplating seed | ayer of the pole
tipis present at the ABS surface of the head. 2 It is yet a further

advant age of the magnetic head of the present invention that a | ayer of

non- magnetic material is disposed between the ABS surface and the relatively

| arge shapi pg yét%@ftﬁ%{ aéikglﬁggeegﬁﬂg nfBe {eGd BPHR rﬁésehﬁ%vgﬁﬁ%%%]tgat 1Q§<?rfbf It is

an advant age o e prese I nvention t

includes a 5 magneti.c .head of .the pres i nventio erein the magnetic

ol et T-TeBrd Pt SoBRRdREmehae ARS S wa NGl BhekAE Eayer o
a magnetic pole to which it is joined in magnetic flux communication. It is
a furt lager eldheprcané mdgnete polgrod thi magngtic ieadf t he present invention that it
includes a magnetic head of the present invention wherein the magnetic pole
tip is elecltiop adwdtagt bhthe Habedisk Arivegidt ipeesbittdaiveitioh chat itiastudg aan

el ectropl ating seed | ayer deposited beneath the pole tip. It is yet another
advant r Iy | & : ' . ieQh: hiahBghades a
gt e e o D e B e e bl B s
of the,pqle.ti.p i resent at. the S surface.af.the head. It.is yet a
Fur  heteeyisnliB o o PRpRRE Ttsr bt arirenais bt ao ik ShisdSBad i oeirtc St e i ¢

i ncludes 15 a magnetic head of the present invention wherein a |ayer of
non- magMempRICARAer i al is di sposed between the ABS surface and the
relatively | arge shaping | ayer of the second nmagnetic pole of the nmagnetic
head. |t i sltasa &dtlenhdupatagk of tie Haabdisk dtiveof the peassst inferttioe tha ginatludeswead of
the present invention that the pole tip is fabricated subsequent to the

fabri cabieicHeadofhaRrdent iﬁyﬁftioﬁfw}_ﬁreﬁﬁﬁféﬁﬁadé&tigﬁglﬁw i eRelrSplaRH GtHiRN&He t he
| i kel i hood of damage to the pole tip is reduced.

10  magnetic head without having an electroplating seed layer deposited beneath the pole tip.

It is yet another advantage of the hard disk drive of the present invention that it includes a
magnetic head of the present invention wherein no electroplating seed layer of the pole tip is
present at the ABS surface of the head.

It is yet a further advantage of the hard disk drive of the present invention that it includes

15 amagnetic head of the present invention wherein a layer of non-magnetic material is disposed
between the ABS surface and the relatively large shaping layer of the second magnetic pole of
the magnetic head.

It is an advantage of the fabrication process of the magnetic head of the present invention
that the pole tip is fabricated subsequent to the fabrication of a shaping layer of a second

20  magnetic pole, such that the likelihood of damage to the pole tip is reduced.

It is another advantage of the method for fabricating a magnetic head of the present

invention that the pole tip is fabricated by an electroplating process directly upon a layer of non-

magnetic, electrically conductive material.



It is another advantage of the nethod for fabricating a magnetic head of the
present invention that the pole tip is fabricated by an el ectroplating
process directly upon a |ayer of non- nagnetic, electrically conductive
material. 3 It is a further advantage of the nethod for fabricating a
magnetic head of the present invention that the pole tip is fabricated in

an el ectropjal ) Agmef 9&%%2,@03 %‘f%eth@cffd#?@or&fatiﬁ@a ﬁ%ﬁ&&é&%mﬂ%@&ﬁﬂ | ayer

beneath the pole tip. t eat ures  and advant ages t he present
nthe art upon

i nvention wl doubt .becane .5 apparent 1o those skilled
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several figures of the drawng. IN THE DRAWNGS Fig. 1 is a schematic

di agr astedegplatingsgedalapier hengath kheal¢ Bpi ncl udi ng a magnetic head of the
present invention; 10 Fig. 2 is a diagramdepicting a prior art

per pendi cul Blieseagd other fdaraek andi agsant3gek®f Hieepredeayinaantiahewilkhd dapbt become
fabrication process for the perpendi cul ar magnetic head of the present

i nwent iaBrenHiddthosk/skilfedan (Rl ﬁvaﬁdlpf@aaing HRWoRb Wi PRl R GRSHHPHbAWHIRURSEdsC head
of the present 1nvention taken fromThe air bearing surface (ABS); and 15

Fig. 18.is a.side cr -sectiongl view of the conpleted perpendicul ar
nagnet‘ieﬁer?fé"ﬁéog}”ei’?{gf @%‘5 Se%’itﬁF ﬁ(ﬁ‘é‘ﬁ%'on. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The nmagneti c heads of the present invention are
utilized to read and wite data to nagnetic nedia, such as hard disks in a

hard disk drive. A sinplified tPPTARDRAWINGS @ hard 20 disk drive 10 is
presented in Fig. 1, wherein at”Teast one nmagnetic nmedia hard disk 12 is

rotatably pio 1 jsa schematic diagram depicting a hard disk drive including a magnetic head of the

present invention;
10 Fig. 2 is a diagram depicting a prior art perpendicular magnetic head;
Figs. 3-16 are diagrams depicting the fabrication process for the perpendicular magnetic
head of the present invention;
Fig. 17 is an elevational view of the perpendiculaf magnetic head of the present invention
taken from the air bearing surface (ABS); and
15 Fig. 18 is a side cross-sectional view of the completed perpendicular magnetic head of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The magnetic heads of the present invention are utilized to read and write data to

magnetic media, such as hard disks in a hard disk drive. A simplified top plan view of a hard

20  disk drive 10 is presented in Fig. 1, wherein at least one magnetic media hard disk 12 is rotatably
mounted upon a spindle 14. A magnetic head 16 of the present invention is formed upon a slider

17 that is mounted upon an actuator arm 18 to fly above the surface 19 of each rotating hard disk

12, as is well known to those skilled in the art.



nmount ed upon a spindle 14. A magnetic head 16 of the present invention is
formed upon a slider 17 that is nounted upon an actuator arm18 to fly
above the surface 19 of each rotating hard disk 12, as is well known to
those skilled in the art. 4 Fig. 2 is a side cross-sectional diagramof’a
typical prior art perpendicular wite head portion 26 of a magnetic head
whi ch serveg. a basi r SCLLDt | f it i : C ar
Wi te head B £rs s SRSy bRel SREHP ok yPieal o P pEFRsCRR RERC LB YT
slider 17 havipg an air bearing surface 34 iis_shown in.a . datg witin

posi t | BAIEBAPeOt RTaEHS S aVHFh FoToRES ¢ fRik FfOMCTIRICIRTGR b Ui EPRIALES a
high coercivity magnetic |ayer 42 that is fabricated on top of a )
magnet parpéridicudat writgrited loyter pré@nt invemtion whichtthBows.s s 4lgpictednb\Higgl, tacshder s
the left (arrow 50) relative to the stationary slider 17. The perpendi cul ar

head 267 hnghg g€ sir dehrdingSsurimgneatis shoval @ o dita welting positiohiabbveths stifese 38 of a
fabricated an induction coil 64. A small, narrow pole tip 68 is fabricated

0P OPnal sk, MEALeR0 iddudlld hidh CHGLHAS il BeP 2 A [TRBRELLE 0P

ricated on top of I N magnet ow conmuni cati1 oM with

the pole ti 3. A netic b i.ece .76 joins the u r rtions, of
the ProfumeBesicantsdbiniilSen. Jadhb. bk SRl aoning natit HedRR GthLen
them As is well understood by those skilled in the art, electrical current
f 1 owi niglative duithie statienamycplider bh coil 64 will cause magnetic flux to flow

t hrough the magnetic poles of the head, where the direction of 15 nmagnetic

flux flow dEkepepentdiauiat heddld metidos a dirstt nggretie pold () 0wipoanyhithhasibeert he
i nduction <coil. For instance, current in one direction will cause magnetic

flux tﬁggéegt‘g? i Hﬂhétztg'x &1 op! ﬁxéﬁﬁalllgﬂ ! b t¥ 68 REraBi L &‘P?optc{frtﬂélﬂﬁ%&tiﬁﬁle

narr ow etip into t oercivity magnetic [ayer 42 o
" 306 i e And A BGer anegntle Pals PR RGBSR 11 PERFET e
data bits is perpendicular (see arrows 20 84) to the surface 38 of the disk
40. Thidowegmatunicatipn withihe pplgdipetd. 1 himaggetia bask igpp Ricce b ¢91ps thy upper portions
of the P1 pole 60 and P2 pole 72, such that magnetic flux can flow between them. As is well
understood by those skilled in the art, electrical current flowing through the induction coil 64
will cause magnetic flux to flow through the magnetic poles of the head, where the direction of
15 magnetic flux flow depends upon the direction of the electrical current through the induction
coil. For instance, current in one direction will cause magnetic flux to flow from the P2 pole 72
downwardly (see arrow 80) through the narrow P2 pole tip 68 into the high coercivity magnetic
layer 42 of the hard disk 40. This magnetic flux 80 causes magnetized data bits to be recorded in
the high coercivity layer 42 where the magnetic field of the data bits is perpendicular (see arrows
20  84) to the surface 38 of the disk 40. The magnetic flux then passes through the high coercivity
layer 42 and flows into the magnetically soft underlayer 46 and disburses towards the P1 pole 60.

The magnetic flux then flows upwardly (see arrows 88) into the P1 pole 60 and then through the

back gap piece 76 to the P2 pole 72, thus completing a magnetic flux circuit. In such



| ayer 42 and flows into the magnetically soft underlayer 46 and di sburses
towards the Pl pole 60. The nagnetic flux then flows upwardly (see arrows
88) into the Pl pole 60 and then through the back gap piece 76 to the P2
pole 72, thus conpleting a magnetic flux circuit. In such 5 perpendicular
wite heads, it is significant that the Pl pole 60 is much |arger than the

pol e t] _ ' . . .
(sco pPpiRioht it 1Rkl s SERTICM B 0PI TR Iemic Husb P o LOHRNY
reduced an i 11, not netically, affect, or fli t he netic.field.of
ot ol B b enaboohite et w8 et fbade ter Aty SRILBiHen b Higd
track being 5 witten upon. Also, a feature of the perpendicular wjite head
i s t hatoerdieitimagaeiice layer dedn gremtlyPedugndl andowilhmat megnercapy| adfect, prefipi $henot
as critical a dinension as it is in longitudinal wite heads, where a P 1
pol e imagemiafrlEef datobitaoPthe hatddisk,Bubly agbikasyddtdiracksradjaeegap theatyak, beaipd
data bits are fornmed with a magnetic field direction that is in the plane

of st h%&ghﬂg@gréissi 4 YeahRY B the Hafpemt@Rula? Wil hé&f&@@% thd§is@h&betfabAntiar age

density o Isks results ina desire to wite data wth ever
smal l er .data bits .and therefore a need to fabricate.wite heads wih ever
arml | aholph and 2 GBI PE S PG SrBRaa HheoRgn oS 3o b tonsftodfal BeltbheeSib o
tolimt the nunber of fabrication steps that are conducted subsequent to

t he fawhereathloprlefs separatadefrompol2 peliepip et yeryehinewrte gapdpyaratnddata bipatsr i ngs
with it the further chance that the pole tip will be damaged in sonme nanner
dur i ndgfotrhed with ubhsemeto fiefdadirection thanissh éiesplandnfshebighadengityridyeri dual devi ce
performance 15 and al so reduci ng nmanufacturing yield. As will be understood
fromthe foihoudsig 168a&GEIR thOAred] dath REorRgLa&RIty PHERE Hiﬁ!@s r3fltR Y 2k agLof

the preferred enbodi nent of the present invention is that the pole tipis
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undertaken following the fabrication of the pole tip. However, as described
her ei rsmallgeppleitwst Whenasreaster ssh ivery weplkbpale tips, 1 i depizabio tohwiahe nupher of
appropriate steps are taken to protect it during subsequent fabrication
st eps.fabrication steps that are conducted subsequent to the fabrication of the small pole tip, because
each fabrication step brings with it the further chance that the pole tip will be damaged in some
manner during these subsequent fabrication steps, thus degrading individual device performance
15  and also reducing manufacturing yield. As will be understood from the following description of
the present invention, an advantage of the preferred embodiment of the present invention is that
the pole tip is fabricated subsequent to the fabrication of the larger portions of the P2 magnetic
pole layer, whereby fewer write head fabrication steps are undertaken following the fabrication
of the pole tip. However, as described herein, the pole tip can be fabricated earlier in the
20  process, where appropriate steps are taken to protect it during subsequent fabrication steps.

These and further features of the present invention will become apparent from the description of

the method for fabricating the present invention that follows.



These and further features of the present invention will becone apparent
fromthe description of the nethod for fabricating the present invention
that follows. 6 Fig. 3 is a side cross-sectional view of a step in the
fabrication of the perpendicular magnetic head 16 of the present invention.
The features shown in Fig. 3 are a part of prior art perpendicul ar heads

and serve aﬁg.as basi sidf UrodREQEHaP WSS bNGerf AP TN BbEORIIY Qﬁﬁﬁesp&F)eﬁdiﬁ;lm
present invention. As depicted in Fi 3, a first magnetic shield (Si) 100
b

g.

is fabricat.ed u u rate 5.sur 4, JA. read-he enqent. 108 i.s
hen- FRETLEOEHrIF oh BRAIEifeRipy’ ThE Sraklids oM B 3o Y s
magnetic shield (S2) 60, which may al sp function as . a first nagpetic pole
(P1) arpandicylar isadsand, segiseasiacbasisfgr ¢ %aldangyﬁxegfg‘aﬂ%@aa Procgss e PEseRt on
top of the read head insulation |layers 112. Thereafter, an induction coil
st r uctinventivfd, Ashdepicted irf Fige 3] afingttmagnegoshieklyShy 100 & fahacatedangorf alsuhstrateed
within an electrical insulation |ayer 120, is fabricated on top of the Pl

polse 6Rrfadd1061 AGekt Rad Mecehdn P08 EAhbP Bibtiesbd wihAtele&HEd Rins R Olaiérdayp aphi ¢
and el ectroplating processing techniques. Thereafter, a back gap piece 76,

Fabr i e NRRRER Al (EANRE AT hEE oo 83 M BRI e 1) 60

upper surface of the induction coil and back gap piece_.are p|anarized, such
as t hriB@ghraoionaghedisheagean: ?é%ﬂrg‘iﬁ&qagﬁﬁg ricefopondpe gt th&ﬁaadah‘if‘gtlil 3toa

el ectrical insulation |layer 124 is deposited on 15 top of the induction
coi | ddyeral hdbr Ehareafteprarhinductobesiogrstriiptute &hchown asfiealddedien @iibgyisalclé thatad
where the S2 magnetic shield and Pl pole |layer are separate ferromagnetic

| ayer saré Madricafe@ WRlSAS dédthival ifePaIont ager’ IOMeabRcAENRN tBY off thaPepold180,
woul d typically be a layer of insulation (e.g. alumna). This reduces the
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m oroneter, | n gommencing fo fabricaie [he magnetic head of he present
such as permalloy, is fabricated in magnetic connection with the P1 pole 60. Thereafter, the
upper surface of the induction coil and back gap piece are planarized, such as through a chemical
mechanical polishing (CMP) step, and a patterned electrical insulation layer 124 is deposited on
15  top of the induction coil 64.

A more common head design (not shown) is called a piggyback head where the S2
magnetic shield and P1 pole layer are separate ferromagnetic layers that are magnetically
separated from each other by a layer that would typically be a layer of insulation (e.g. alumina).
This reduces the issue write head induced reader instabilities. Ideally the thickness of this

20  separation layer between the ferromagnetic layefs will be at least one micrometer.
In commencing to fabricate the magnetic head of the present invention, as is next seen in

the cross sectional view of Fig. 4, a non-magnetic electroplating seed layer 130, for a layer of the

second magnetic pole termed a shaping layer, is next deposited upon the planar upper surface



the cross sectional view of Fig. 4, a non-magnetic el ectropl ating seed | ayer
130, for a layer of the second nmagnetic pole ternmed a shaping |ayer, is
next deposited upon the planar upper surface 7 132 of the insulation |ayer
124. The seed layer 130 nay be conposed of a material such as NNP. A
portion 136 of the seed 130 may be renoved for future alignnment and magnetic
conti nyy . i ‘ nealter i .

phot of | 1R bR RHAr 1€ FRE el iRef 120 JUGIERopscd O el plt AP |
whi ch shapi | ayer t ch 138 is created upon the 5 seed | ayer ,130.

Ther eagt }Op“ag%d%tz‘%e ts‘é‘?j{ ﬁb By .?’e Jemeyrd fZ’ﬁ iﬁ}“ﬁga?‘lg&?‘@m %Kgmia%n"é‘lcé:é’fl%‘ﬁfya?fed
wthin the trench 138, and Fig. 5 is a top plan view depicting the position
and shtpemagnetinebaskagimd6! aybereafter? usingpwell denosh phetplithggtaphisr teghmigrésala i s
Ni Fe 45/55 al t hough other conpositions of NiFe as well as other known

magnet pgterRtaedist 1ayesrarz4bie fatsedtedAnSiigioh bishapihg 8et tegclp38 hecrpasd upomtief t he
shaping | ayer 142, as depicted in Figs. 4 and 5, is that it is fabricated
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cross-sectional viewof Fig. 6, following the electroplating of the shaping
| ayer W22 Aygwéfeirgd shpping layer metesiebisi Nifegtoaphalehough lethey gesposifiens elsNgte @34 i s
removed and a 15 second patterned resist 154 is fabricated, such that a

t r enchwdlb8s othef ltavatmiapndticaniteidls chrebs haddl Ny sigaifeantl@aturd df the pekigion of dent
that the trench 158 extends beyond the ABS surface (dotted line 146) of the
head. sﬁgbiaégaéfgﬁ 122,08 dBhictedn FiRN4 ind 381 thdlit SFAFich WA HORIRAE 24P Ihafl

upcom n troplatihg process step. Fig. 7 1s a top plan view which shows
t | ogcati on and .shape of the rench fqrmed in, front of .t he shapi,ng

| aer Eosed RO Ment®ABS! s et inki0) oa feftite SothsPaBe of HE° as
surface 146, and that it includes sidewalls 160 that are parallel with the
ABS shepingdayen 42 schatoiisrabricateds withraidpwallofS O thet are paraHel1sigh the ABS swdace

el ectroplating step is
146 and tapered inwardly towards the ABS.

As is next seen in the cross-sectional view of Fig. 6, following the electroplating of the

shaping layer 142, utilizing further photolithographic techniques, the resist 134 is removed and a

15  second patterned resist 154 is fabricated, such that a trench 158 is formed in front of the shaping
layer 142. It is significant that the trench 158 extends beyond the ABS surface (dotted line 146)

of the head. This extension of the trench 158 will ease the requirements of an upcoming
electroplating process step. Fig. 7 is a top plan view which shows the location and shape of the
trench 158 formed in front of the shaping layer 142, and wherein it is seen that the trench extends

20  across the ABS surface 146, and that it includes sidewalls 160 that are parallel with the ABS
surface 146. Following the formation of the trench 158, a further electroplating step is
conducted utilizing in part, the seed layer 130 for electrical connection. Significantly, in this

electroplating step a non-magnetic, electrically conductive material is electroplated into the



conducted utilizing in part, the seed | ayer 130 for electrical connection.
Significantly, in this electroplating step a non-magnetic, electrically
conductive material is electroplated into the 8 trench 158. The

non- magnetic, electrically conductive material 162 may be a material such as
ni ckel phosphorous Ni P or nickel chromumMN Cr, and it is plated up within

the trgneh 1588-Tie nd?ir-ﬁggxlfertﬁgelﬁg'tﬁ A6 havtiive Rhtehll1 60 RRYaRNE aterAP &M &1 162

ic
is that 1t is non-corrosive and doesn't produce excessive recession or
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waf er surface_ utilizing, photolithographic techniques. The seed |ayer 130 is
next rIEEEUEd CArasigrishc of tn@rlrraqlgqeﬁc fperial dp4 iy that iy soncargEys 6%3/ ﬁ%iﬁ“otn) .

The wafer is then covered with an insulator 164 such as alum na (shown in
Fi g. Yradutedasessivbectebsorbeprompsion dien e ABS polsier pdlisedoss t he surface of
the wafer. Thereafter, the surface of the wafer is planarized in a 10 CW

st gp down tEyIRwWikyY e Ji86nd SEtheMhdh-mAdnctibdhatbSal At620thehHdtdresibthBaterRIer 54441 f ace
of the shaping layer 142 such that all non-magnetic material 162 upon the
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magneti c po I ncl udes "a po abrica

bot h the shaping.l ayer 142 and, t he -magnetic material |ayer 162, as wll
next BEXHETRIYeetlond §itASmAigPLC eI 714 FRMis o, Aepeoreesny. HIc wakskis Heed
resist (see dotted lines 172) is next fabricated upon the flat surface of
t he wedoaeret ovithoareinsulhter ¢ & suchl aspdimina fshowpn intrdg. Shangl degcribegdererebeow)athdt ishe
non- magnetic nmaterial 162, and an el ectroplating seed |layer 184 is then

deposi degésitt@ra@ﬁ%s thehirtie baaR wifet NEhokedfRE, théSurdiiei ofttRe wafer s flan&izelhg aseed
| ayer 184 is fabricated to nake electrical contact with the edges 188

oS oo ST REITP, AP0 NG A SRS PIRIARD |1
Ef;a[) Ih gg)&léf% :ﬁg dﬂ@g I%i\; Irlr(%ggl_%tgrilecticrrx%%t%;iiaﬁlleﬁJ%og%ﬁekggrfgcreoo %hgeshsaggl% lla? i 184
removed. A probe layer part of the second magnetic pole that includes a pole tip will next be
fabricated on top of both the shaping layer 142 and the non-magnetic material layer 162, as will
next be described.
15 As depicted in the plan view of Fig. 8, a patterned resist (see dotted lines 172) is next
fabricated upon the flat surface of the wafer to cover the central portions of the shaping layer 142
and the non-magnetic material 162, and an electroplating seed layer 184 is then deposited across
the surface of the wafer. As depicted in Fig. 8, the seed layer 184 is fabricated to make electrical
contact with the edges 188 (shaded in Fig. 8) of the shaping layer 142 and the edge 189 (shaded
20  in Fig. 8) of the non-magnetic material 162, where the central portions of the shaping layer and
non-magnetic material are masked from the seed layer 184 by the patterned resist 172.

Thereafter, as can be seen in the cross-sectional views of Figs. 9 and 10, which are taken along

lines 9-9 and 10-10 of Fig. 8, and the side cross-sectional view of Fig. 11 that is taken along lines



Thereafter, as can be seen in the cross-sectional views of Figs. 9 and 10,
whi ch are taken along lines 9-9 and 10-10 of Fig. 8, and the side
cross-sectional view of Fig. 11 that is taken along lines 9 11-11 of Fig.
8, the patterned resist 172 is renoved utilizing photolithographic
techni ques, and a nask |layer 200 for a probe |l ayer portion of the second

magnet{c; Pgt fig g g&g @g&%@@&i AR 999 id Rfoved ifids sy PhotbhidopRbRic tecH®qu¥BSHndlay er

200 i s deposite e shaping | ayer 142 and the non- magnetic materi al

162, and.upon seed layer 184. 1t .1,S sSi.gnjfi t. th 184
To5 BB, POE e P Rer Whion br R RO oSl S8 s HaSBE R B
the non-pagnetic |ayer 162, but rather, it is only deposited_in

non- criurfaga pt equalsr. o Ahe mask faygr 289 1o¢ePOpiEedsHED ith?gghaay‘érlaiqﬂ 42rfnd the, gon-
non-magnetic material 162. For reasons that will appear hereafter it is
desi r abhgnetihanaterdied 16@3natd hpgrethe206d baec b8pr Itsedigofficant datithe\seéd ldyar 884 is
material that can act as a CW stop |ayer, or can be selectively renoved

ut isl i Zid depogited ablo¥StheQtifd StfacRoE hehasias SayeSUi2 akd ﬂleffﬁin%h%l&icfl@er g 10
mask | ayer 200 are materials such as SiO2 and Ta205. The mask |ayer 200 can

al so J resi:Sh. .S t I jew of
o 13 FalHLkIEb By SePRl in 5 bR Hac SRAD 168 ahd Ppd PRE SELTNAIY BORD ez
13, a RIE mask | ayer 204 is deposited on top of the mask Il ayer. 00 and

pat t o rih dopgnasnest & erﬂ?islléopé‘%i W@S%éﬁ%thﬁlh%pp&ﬁra gregiiery i ds GF%B‘@?? g%ﬂw us
the P2 pole 15 tip opening 208. Thereafter, in an RIE etching process, such
as ut ithaski lagerf200oba ernnirsdi s sefasively hand mateyial R0 4an ecteasnpOHER) stop 1&etr a
probe | ayer trench 210 is etched into and through the layer 200. The

nat er i @ahHeGeRBlively Rgndvrd utidRmERoRettive ibR¥eh (RIE)Droceshi Shikablé thatitild foe the
shaping layer (N Fe) 142 are not susceptible to the reactive ion etch

pri@ace tHlAgT, Leaet . i i L 2, it
O PRt 2R RREra B pE RO el SRk 5o AR Ghitg I Lot
edges 212 in the RIE etching process, such that the P2 pole tip will have a

gener dF1§t trapezoi dal shape, as is depicted and described herebel ow. An

alternative fabrication nethod is i _ ) )
As is next seen in the front elevational view of Fig. 12 (taken along lines 12-12 of Fig.

13) and the top plan view of Fig. 13, a RIE mask layer 204 is deposited on top of the mask layer
200 and patterned to create a mask opening 206 in the shape of the probe layer plus the P2 pole
15  tip opening 208. Thereafter, in an RIE etching process, such as utilizing fluorine species where
the layer 204 is composed of SiO,, a probe layer trench 210 is etched into and through the layer
200. The materials comprising the non-magnetic layer (NiP or NiCr) 162 and the shaping layer
(NiFe) 142 are not susceptible to the reactive ion etch process, and therefore act as an RIE stop
layer. As depicted in Fig. 12, it is preferable that the probe layer trench 210 be formed with
20  beveled side edges 212 in the RIE etching process, such that the P2 pole tip will have a generally
trapezoidal shape, as is depicted and described herebelow. An alternative fabrication method is
to form the mask layer 200 directly from a resist material, where the trench 210 can be made by

optimization of a lithography process. This would remove the need for the RIE mask layer 204.
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to formthe mask | ayer 200 directly froma resist material, where the trench
210 can be made by optim zation of a |ithography process. This would renove
the need for the RIE nask | ayer 204. 10 As is next seen in the front

el evational view of Fig. 14, an electroplating step is then conducted in
whi ch the probe layer 220 including the P2 pole tip 224 is electroplated up

Wi thin thesprops:|auein iHeeR6ht ddfitioalPVienedBg. P4 ORE elediSplati Sicp ad then hi gh
magneti ¢ nonent CoFe, although N Fe and ot her '’known materials can be used.

One shoul d_al so no h . |t 0i e i ng
coul o a0 ie@lahEh Tt Pbe 238 ARTRIR, el hAE D' T RUEBBRABIAED
overplate until an overplating nmateri al rrushroogm,Zig is forped. At &h%s

poi nt the prebsrlays tegnsh @dDataPrefsaed PrRbepryEanatgyal is Jugh graness pement £pioo4
are electroplated directly onto the non-magnetic material 162 and the
shapi relthbegle Nifé 2ndaotiiet lkaowa metasals ¢anabe tused. ncbneraberddi dso metethatlothd? i s
electrically conductive, is that good electroplating of the P2 pole tip 224

upen idepdéitiéd techiqhESsush ab 8p@tethd coall hreubt@dessithe Pesbe layey eRdedidy &f is
removal at the pole tip location. Electroplating the probe |ayer and pole

tip i %rél%?afbfer t%béxggﬁllgteoqrﬁgragtqev‘éﬁiﬂtﬂiﬁ%aéHgl%ﬁﬁugﬂgtztz%ri% HrmAEPRE il BBine S the

f or mati on of voi n ol e tIpi's reduce re electroplating’is

utilized As is next seen_in Fi 15 4 p i ext .conducted ip which
the. ovah be apeacipiediie S aie fyee R0 inenEpdnavret e drctame st B teomn
to the surface 232 of the mask | ayer 200. As 15 indicated above, it is

pr ef emabieagnietic materiakd$R andythe shaping layeoi4ddngfthat trgagpmihat Hicanon-magietigs

Si 02 or Ta205 to act as a CWP stop to preserve the height of the P2 pole tip

224 angatégal AlsRds Bledtrichllptonduptieei§ dre gdabelvgeoplating Jibs PRipwld tip CRhapsen af t he
mask | ayer 200 determnes the thickness of the P2 pole tip 224. It is

degir r [HM; I ] d ayer
R e b A e R A S
lis first caovering

e, e S i i T By R RR R  s
deposition, as the formation of voids in the pole tip is reduced where electroplating is utilized.
As is next seen in Fig. 15, a CMP step is next conducted in which the overplated probe layer
material 228 and RIE mask 204 are removed down to the surface 232 of the mask layer 200. As
15 indicated above, it is preferable that the mask layer 200 be formed of a hard material, such as
SiO; or Ta,0s to act as a CMP stop to preserve the height of the P2 pole tip 224 and to obtain a
flat top surface 236 upon it. Thus the thickness of the mask layer 200 determines the thickness

of the P2 pole tip 224.
It is desirable to remove the remaining mask layer material and any probe layer and seed
20  layer material in the field to complete the fabrication of the head. As depicted in Fig. 16, this
may be accomplished by first covering the probe layer 220 and P2 pole tip 224 with a photoresist

mask 240 and then conducting an etching step, such as an ion milling or etching step to remove

the exposed mask layer material, exposed probe layer material and seed layer in the field.
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mask 240 and then conducting an etching step, such as an ion mlling or
etching step to renove the exposed mask | ayer material, exposed probe | ayer
material and seed layer in the field. |1l Thereafter, follow ng further
standard head fabrication steps, such as the fabrication of electrical

| eads, the remaining photoresist mask 240 is renoved utilizing

phot ol T HOGAPB 16WiRECRRh&UE Sdard RéddGWESkaRyn dtebsl LS ks MeEabricibioh Of ERERICE t he

remai ni ng mask [ ayer material 200 that was covered by the photoresist 240.

O her exposed. conponents of. .t he.h s SUCh as _the P . I Ru: .5 t
suscep by % pPHERR e Ty sl Do AR is By e B Ao blaPpigrieB ol
depicted in Fig. 17 the head is encapsul ated, such as by the deposition of
al uni nRllowed Awr e durthereRE stercle BIMavsethe gamaming mesk; layer 1maigrial, 200 dhay was
cross-sectional view of the conpl eted perpendi cul ar head 16 of the present
i nventdovaretigtthé photoessist 240. Etitkr prpost edmabndniteofBS hsad, fsacteasi thé P2Nmietiphat
the exact |ocation, shape, and dinensions of the induction coil structure

64,5 1 ead nsLARSIptibRS0 tRERIE ?&wegs ankOreMRsPurldffeetel] TROIAE0 hs BBictéd iy Figl 17,
shoul d al so be noted that fabrication process of the probe l'ayer and P2 pole

tip t 1%, n rocess |8t ranl er
str ug?ﬂé? él%g%gs f\élgd;aéf’lfl%tgéﬁsédsclﬁraesgw gi;eogéé)%ﬁalf/)g ro(%aa?]%enﬁlf %.é)ia %&ﬁsp@l\g/ isg}flﬁ%eﬁo% ﬁgi ng

by renoving the unwanted magnetic material. Therefore, sone_ significant

f eat urwafepfnd %@-gﬁé%ﬂges %W@ﬁ%‘?%ﬂogﬁéﬂ%(’% e IcamBIet ey oo EAR AB T 1RS¢ he

top view presented in Fig. 7, it can be understood that the sidewalls 150 of
t he gireEnhgqventiar tihd hasbeent apeandcdpalishet atsthe B P Runfadeel 46. pNaRAthabtheamiatt t at e
the flow of magnetic flux wupwards towards the bottom of the P2 pole tip. As

W 1 hecaRp! sdpa! 8t BmiRsions of kRN indataédiPRalctur¥igaWr@ld fehsbr 108, afd dethihe
cross-sectional view of Fig. 18, the second magnetic pole structure 254 of

tt’i% prggéigzﬁlegj}vp%éé(ﬁgn%g&gges a shaping layer 142 that is spaced away from

t he Al ghetic material 162 that was fabricated in front
of it at the ABS; thus unwante magnetic field fl eakag romthe
shapi ng |a£}ér€ﬁ\%+§'¢ o150 farotaddia 3@%?&88%@?00%0% FEoReslgger and PR p0fE Hif Fnay

also vary. That is, alternate process is to electroplate a larger structure and form the desired

| brobe layer and P2 pole tip via ion milling by removing the unwanted magnetic material.
Therefore, some significant features of the present invention are as follows. With
15 reference to the top view presented in Fig. 7, it can be understood that the sidewalls 150 of the
shaping layer 142 are tapered towards the P2 pole tip 224 to facilitate the flow of magnetic flux
upwards towards the bottom of the P2 pole tip. As will be appreciated from the front elevational
view of Fig. 17, and the cross-sectional view of Fig. 18, the second magnetic pole structure 254
of the present invention includes a shaping layer 142 that is spaced away from the ABS 146 by
20  the non-magnetic material 162 that was fabricated in front of it at the ABS; thus unwanted
magnetic field flux leakage from the shaping layer across the ABS is reduced. The probe layer
220 is preferably electroplated directly upon the shaping layer 142 without the use and presence

of an electroplating seed layer therebetween. Similarly, the P2 pole tip portion 224 of the probe
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220 is preferably electroplated directly upon the shaping | ayer 142 w t hout
the use and presence of an electroplating seed | ayer therebetween.
Simlarly, the P2 pole tip portion 224 of the probe 12 layer 220 is

el ectropl ated directly upon the non-nagnetic, electrically conductive
material 162, wthout the use and presence of an el ectroplating seed | ayer

t her ebﬁ&é’t’aﬁb 1sse(Pec't’IIo L &Fé%tlwﬁff,ﬁlthegnorpﬁx apBaft, E%ﬁfca@f%&ﬁﬁi&t&@%aﬁ’&m@%@ tip

and t he’ non- rragnetl materla S provi es [ mprove definition to data
bits witten b nder st o

ki 11 ebchThedtise 480 arehon Stn e alfinhacss BEud gt HeTE o d MMABP EE i o
the present invention, a magnetic head can be fabricated in which the novel
f eat urmessast layes hsoveentthy Pf2aml¢ tntapd thopon-magpetissmateriply Ehis insovideseimmspyaded t o
the first nmagnetic pole 60, and the second magnetic pole is formed w thout
a pol aldfinftionTioalata tsits wilitgerf by the Plawoletip.c pole will be fabricated to include
t he shaping | ayer, the non-magnetic, electrically conductive 10 | ayer and

the probe | ﬁy%u%vwem RdBRl8d tHyPthbhiatkilled &l @fel 40RkBE EQVtHQ%hdbfh’élbrE&%lng
shapi ng | ayer and t e non-magnétic, electrlcally conductive Iayer

Ther ea y thi k i nsul ation IS fa {0

The patetsifed RReGptic Bl iy pre skt s PRo o bifaq R ftaa, &gt PBHERES o ST ey

and the subsequent fabrication of a second nagnetic poI e la havi n

enl ar geyepteptires pfithe pole tipi fabnication of gheAwesest iwentmn a5 perlsd taé%fr Brsbmagpe P-'1 gs
2 and 3) exposed at the ABS. Such a magnetic 15 head is therefore in the
cont engall@ b0 ocandothe tsbendmiggrietic poleais doinsed witkndedpdle tipe That apiaesBsd maghdtion
the clains set forth herebel ow. Wile the present invention has been shown

and desfs WRBheWabhcdied & fltfRlet e GRASIAL 'Ibyepftﬁé %ﬁ%’ag%i?@déléﬁﬂéaily é&ndhétnleo be
under st ood that those skilled in the art will no doubt 'devise “alterations

1 o LB AT, ) S RSUSE OB L
tNe T Ohe Do Thgnetic, Qlectrioatly conductive Tayer. Thérasfier, an adequately thick insuiation layer
is fabricated on top of the pole tip, followed by the fabrication of the induction coil structure and
the subsequent fabrication of a second magnetic pole layer having an enlarged pole surface
(similar in size to the P1 pole 60 depicted in Figs. 2 and 3) exposed at the ABS. Such a magnetic
15 head is therefore in the contemplation of the inventors, and is intended to be encompassed within
the claims set forth herebelow.

While the present invention has been shown and described with reference to certain
preferred embodiments, it is to be understood that those skilled in the art will no doubt devise
alterations and modifications in form and detail which will nevertheless include the basic gpirit

20  and scope of the invention. It is therefore intended that the following claims cover all such

alterations and modifications.

What I claim is:
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What | claimis: 13 CLAIM5S 1 1. A magnetic head conprising: 2 a first
magneti c pole having a portion thereof that is exposed at an air bearing
surface 3 (ABS) of the magnetic head; 4 a shaping |ayer portion of a second
magneti c pol e, said shaping | ayer being engaged in 5 magnetic flux

comruni cation with said first magnetic pole and having no portion thereof
that is 6 exposed at said ABS;, 7 a of non-magnetic, electrically
conductive material being disposed gggg@@% said 8 shaping layer and said
ABj. 2. Aima ne}iﬁ gead aF.described in claiml further including a probe
| ayer orti‘%‘)ﬁ‘3 UGG MRLR By magneti c pole, said probe layer including a

pole tip, wherein said pole tip is dis oseg at , 3 least in part upon said
noR- magnet i & s meagngtic palkdhaving %ipﬁrttf’élrtgf""if’ﬁ thet i %R?S‘fff ban pHRearing surface
di sposed in magnetic flux communication with said shaping layer. 1 3. A
magnet (AB)eddheamagiesicheldsd in cl aim | wherein said non-magnetic,
electrically 2 conductive material is conprised of NP or NCr. 1 4. A

magnet i ¢ heaghRfhdR§&r e bh %E@dﬂ@riaa%)ﬁ‘ﬁ& jole, Saidbhapiapilaer ey enggged in
fabricated w ta% g(2j Zi ewal | s ?hat are aperqﬂed i nwar ygi %&a d?%ectgi%n

d i.d S. . i e ch . ' . | ai d
ot R s Sapn R g S BSuSTE D BBk DryelOgl b oo
ma_%geti c head as described in claimb5, where said seed |layer for fabricating
sai

expespdhAt s¥dIABBr i s exposed at said ABS.

7 a layer of non-magnetic, electrically conductive material being disposed between said

8 shaping layer and said ABS.

1 2. A magnetic head as described in claim 1 further including a probe layer portion of said
2 second magnetic pole, said probe layer including a pole tip, wherein said pole tip is disposed at
3  least in part upon said non-magnetic material, and wherein portions of said probe layer are

4  disposed in magnetic flux communication with said shaping layer.

1 3. A magnetic head as described in claim 1 wherein said non-magnetic, electrically

2 conductive material is comprised of NiP or NiCr.

1 4 A magnetic head as described in claim 1 wherein said shaping layer is fabricated with

2 sidewalls that are tapered inwardly in a direction towards said ABS.

1 5. A magnetic head as described in claim 1, where a seed layer for fabricating said shaping

2 layer is non-magnetic.
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1 7. A magnetic head as described in claim1 wherein said probe |ayer is

el ectroplated directly 2 onto said shaping |ayer, and portions of said pole
tip are electroplated directly onto said non- 3 nmagnetic, electrically
conductive material. 1 8. A magnetic head as described in claim1l wherein
said non-magnetic, electrically 2 conductive material is formed with a

th'lck%ess t&i&%&g@ﬂ%ﬁﬁ@g%@ﬁ%ﬁ&”@lhrﬁ‘3 «%@e %Pes%édq & b f%ﬁ dpaﬂﬁg R

Iayer conpri sing east ne har bei ng
pted for rotary not,i a disk drive; 3 at |east one slider device

?I %aplggllacml%‘a§}se¢}c??§?§%%4 a magnetic head being fornmed on said slider
body portion for witing data on said hard 5 disk; said nagnetic head
including: 6 a first magnetic pole having a portion thereof that is exposed
at an air bearing surface 7 (ABS) of the magnetic head; 8 a shaping | ayer
poriti dn of A nsgeetichsmgnelsaribedieclaimil wirhapsaid prebedaydrayelagtropdatpddirealy 9
thereof that is exposed at said ABS; 10 a | ayer of non-nmagneti c,

el ect rdfalhy %Qﬁﬁﬂg%ﬂre\feaﬁﬂi @1’&1’06%1 0P84iaHofl it QREH LRERED adbil o&ﬂa s%'f@ﬂbﬂg

| ayer and sal ard disk d ive as describedin claim?9

further in e laye rtion of said 2 second magnetic pole,
sai’d ?ﬁﬁ?*a %&g?%pwagﬁﬁlvﬁ%?rzﬁti p, wherein said pole tip is disposed at
3 Ieast in part upon said non-magnetic material, and wherein portions of
said probe |layer are 4 disposed in magnetic flux comrunication with said
shaping layer. 1 11. A hard disk drive as described in claim9 wherein said
nor- megnet i &, mapeaicr heal lay dedcrimsdductclare taivhedeal shid aonvpragactit, ofledtiCallyr

Ni Cr.

7 conductive material is formed with a thickness that is approximately equal to a thickness of said

3 shaping layer.

1 9. A hard disk drive, comprising:

2 at least one hard disk being adapted for rotary motion upon a disk drive;
3 at least one slider device having a slider body portion;
4 a magnetic head being formed on said slider body portion for writing data on said hard

5  disk; said magnetic head including:
§ a first magnetic pole having a portion thereof that is exposed at an air bearing surface
T~ (ABS) of the magnetic head,;
8 a shaping layer portion of a second magnetic pole, said shaping layer having no portion
9  thereof that is exposed at said ABS;

10 a layer of non-magnetic, electrically conductive material being disposed between said

11 shaping layer and said ABS.
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1 12. A hard disk drive as described in claim9 wherein said shaping | ayer
Is fabricated wwth 2 sidewalls that are tapered inwardly in a direction
towards said ABS. 1 13. A hard disk drive as described in claim9, where a
seed layer for fabricating said shaping 2 layer is non-magnetic. 1 14. A
hard di sk drive as described in claim113, where said seed |ayer for

fabfl cgp ! nOasdl ik AP LAXAn R PREAG: g%gﬁfﬂgae Be hyct Borddd16¢ il Sk

drive as descri n claim erein salrd pr s € ropl ate 2

directly onto said shapi ayer, .and.portions of said .gol N re
el 6b r S5PRA atpeinoRt Py e i e vt i FoagRath ovhelita St ol fip R ibred ot
material. 1 16. A hard disk drive as described in claim9 wherein said
non3 nalpast incpare upen shidanenymagnetignaaietipl andavkareial pargonopfreaidvierebe dayiehiatkness
that is approximtely equal to a thickness of said 3 shaping |layer. 16

4  disposed in magnetic flux communication with said shaping layer.

1 11. A hard disk drive as described in claim 9 wherein said non-magnetic, electrically

2 conductive material is comprised of NiP or NiCer.

] 12. A hard disk drive as described in claim 9 wherein said shaping layer is fabricated with

2 sidewalls that are tapered inwardly in a direction towards said ABS.

1 13, A hard disk drive as described in claim 9, where a seed layer for fabricating said shaping

2 layer is non-magnetic.

1 14, A hard disk drive as described in claim 13, where said seed layer for fabricating said

2 shaping layer is exposed at said ABS.

I 15. A hard disk drive as described in claim 9 wherein said probe layer is electroplated
2 directly onto said shaping layer, and portions of said pole tip are electroplated directly onto said

3 non-magnetic, electrically conductive material.

1 16. A hard disk drive as described in claim 9 wherein said non-magnetic, electrically
2 conductive material is formed with a thickness that is approximately equal to a thickness of said

3 shaping layer.
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