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FOR DI RECT PLATI NG OF MAGNETI C POLE Pl ECE BACKGROUND OF THE | NVENTI ON 5
Field of the Invention The present invention relates generally to nagnetic
heads for hard disk drives, and particularly to perpendicular magnetic
heads having el ectroplated pole tips. Description of the Prior Art Hard
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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
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the fabrication of a shaping |ayer of the magnetic pole to which it is
j Oi nechif PeafingRe#fhce dndube simpingriayems where the non-magnetic material is also electrically

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.
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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 an advantage of the fabrication process of the magnetic head of the
present invention that the pole tip is fabricated subsequent to the
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| i kel i hood 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
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invention; 10 Fig. 2 is a diagramdepicting a prior art perpendicul ar
magnetreferdneath theisgesralFiggesaafaheidrayintrs depi cting the fabrication process
for the perpendi cular magnetic head of the present invention; Fig. 17 is
an el evational view of the perpendicular magnetic head of the present

Si e cr 05 sect] onal view of t M CHRRPRAMENES. o) tul'ar magnet ¢ head of
the pr esentFiig'nlvlesrgit sicﬁglhatic 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 perpendicular 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.
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first magnetic pole (P1l) 60 upon which has been fabricated an induction

coi | Gdlatide FOME Istatibadry QUdgral7e tip 68 is fabricated on top of the induction
10 coil structure 64 and a second magnetic pole (P2) 72 is fabricated on
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depends upon the direction of the electrical current through the indyction
flow communication with the pole tip 68. A magnetic back gap piece 76 joins the 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
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the fabrication of the small pole tip, because, each fabrication stgg f
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manner during these subsequent fabrication steps, thus degrading individual
devi cefapidation seps ehat 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.




15 and al so reduci ng manufacturing yield. As will be understood fromthe
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Thereafter, the upper surface of the induction coil and back gap piece are
pl anartpehaifues.y dierpstten adeagh 8ap dessi Halcompasadaefi & magpeticalinicapdyctiveymaieria)
and a patterned electrical insulation layer 124 is deposited on
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 layers 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
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fabricated in which a shapin Iayer trench 138 is created upon the 5 seed
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is next seen in the craoss-sectional view of 6, follow.n
el ect rsbpping laygr 442 isribat it is fabricated with sidewalls 150 tgat are paralllel vwlth the A%JS surface

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
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sur f ac@verel it 40inPiigloPN 64 BRArBRNIMKINA SHOXNAH FFe. 9TdMA deS@fbell ARIbe[bSY, fhat isnext
renoved along with material in the field (outside the device region). The

waf er dégosti{éﬂ %@%ﬁﬁﬁr%gﬂa\é\%)bth@%a{f&? Utk Ofiel Gffe gﬁi'?enze % 1’ ﬁrgfep?s §1§.Hé}mgiit Ei g.

9 and scri be ere , that 1s deposited across the surface o
fer. Jhereafter, the ce of wafer is. planarized in a.10 . step
G0 (MBS0 byt ISk 16 0558 afe 'S a5 il R Rpitrta, Bf e FPBISE of
t he shaping |ayer 142, such that all non-magnetic nmaterial 162 upon the
sur f adayestI92nsueh Hist 9l neywagedic matepakd62 nppn dhwe surfacerofpther shapingHayerelsond
magnetic pole that includes a pole tip will next be
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




fabricated on top of both the shaping |ayer 142 and the non-nmagnetic
material |ayer 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 |ayer 142 and the non-nmagnetic material 162, and an

el ect ridpl laef Fig. &éﬁq peiggraed mesist [ 'R sHemo izingiphatolgbegrapite teghniqiies apd at he
wafer. As depicted in Fig. 8, the seed |layer 184 is fabricated to nake

el ect rmaskl layera2(i0afur anpiobe tliyer pdgan dBte (sstadeniagnetiei mple &) defositéd achspiheg

| ayer 142 and the edge 189 (shaded 20 in Fig. 8) of the non-nmagnetic

mat er i ptfaddef thalvedrer. iR mask lager POU isidéPﬁsiféH dnhﬁttﬁima;biflig 14y2Y @42 aRd the non-

non- magnetic naterial are nmasked fromthe seed | ayer 4 by the patterned

Fi g, e pélel T tnd B0 S BEAT &40 K REGERATEIGH MORRY ARl

and the ide.c,oss-s ctional vie f Fi .g.,l | at, s taken al. on L] és
o oy Seposieid g BR bk ehret Peshenitly aver L7 Sia b8 aofRnnitic o 162
phot ol i t hographi ¢ techni ques, and_a_ mask |ayer 200 for a probe |ayer

porti dnt Eﬁﬂ%tfh'é isenlp depasited it Ren-gryical side a@%ég e RS ofdhe shapingslaysrdde apd ¢ ne
waf er. The mask | ayer 200 is deposited onto the shaping |ayer 142 and the
non- rthegmenintagnetic matdrial d82. dfod regons thet wideappearyleredf®s it is d¢sirableghatf theant
that the seed layer 184 is 5 not deposited across the entire surface of the

shapi ngaskaupsr 28%eadtinprired RO A-reROREY iHard Ayeriallthat carbadt ak al OBIP, stop layer, w1l Y
deposited in non-critical side areas 188 and 189 of the shaping |ayer 142

andi Stcg.g bd gagfmiﬁfén?o%%‘ﬁ%@k aﬁr@gctivgg%rbétglg‘ﬁ@ Saks V‘@l%i{abm%l’-iaﬂ%le&%t er

it sirable that the ayer conprised of a relatively hard
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mask | ayer 200 are materials such as Si 02 and Ta205. The nask | ayer 200 can
al so &S suitable resist.

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.




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 R E nmask | ayer 204
is deposited on top of the mask |ayer 200 and patterned to create a mask
opening 206 in the shape of the probe |ayer plus the P2 pole 15 tip opening
208. Thereafter, in an R E etching process, such as utilizing fluorine
speci es whekeis néxs seery & throftontselevatippaledewrofFig214, aampelotfeontlatingr step éndhen210
is etched into and through the layer 200. The materials conprising the
non- magAdidt&l ineyhich thé Frobe 1dyeER20 IcPudinglthe 2 pdlapipriP4l ianyketroflbieBa)p widkinar e
not susceptible to the reactive ion etch process, and therefore act as an

RIE st grdb%ylﬁj?er thcHSN0CT £ GréBrrEd groblzzla drtméténﬂrlgfh?élﬁmag ndtRahombRt g[,p@e
| ayer trench 2210 be forned wth 2 beve ed side edges 212 in the R E

£ apesSpaut SEs, A AnbCTholdh SrifenlR Bn b8 R Sp 08 Role phar other,

farlctlon nethad i s o formthe Iaer200 |retI fromarSJst
o (EpOTpb LR T eﬁsau%ngzsﬂg@im o, paspithe,peobe lger giatep

I|thogra process. This would renove the need for the Rl E mask | ayer  204.

10 As nr@gr%h tosenerplpte urpiid an oyemlatingvatraalanushream GR8 A5 formed.  Apthis point it

el ectroplating step is then conducted in which the probe |ayer 220

i ncl udiande appredidtedahat the proB@ thyes224 acitPopdlatip @2d pranlediroplatechédirgetiywatd thger

trench 210. A preferred probe |ayer material is high magnetic nonment CoFe,

al t hou@h-xﬁ&%@namht@tdtqrﬁz kin@Whe BRdpRigd Rlysr £40) aB@ thideOreasdtethah el KbnadSgnetiot €

t hat ot her deposi tion technlques such as sputterlng could be used to

depos'nﬁat&ﬁ@ IBQQP‘élel: G Ricliéd. is ia éod &E&F EbfttIPe Pi! R-' & S240 du{ jtan
efticatly 548 |

overp ating nateri room or ned. i's pol n can
reC| hat .t h rob and P2 oIe ti 2 Iec I t ed
SBL o AR izl 4R AR Fruin %ﬁ S (g rtwﬁ Ak s BolfLGEIo-30E" o,
that a reason that the non-magnetic  materjal 162 is el ectrl cally
condudilgsioplating: the prefsdaye| %E’étl?oé‘bpatlﬁ wEeferablere qtberjgghniqyes SQ@M%WWMO

at the ABS surface 146 can be obtained wthout a seed |ayer renoval at the
pol e tdepodithargtasdine 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
Si0; or Ta;Os 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.




El ectropl ating the probe layer and pole tip is preferable to other

techni ques such as sputtering deposition, as the formation of voids in the
pole tip is reduced where electroplating is utilized. As is next seen in
Fig. 15, a CWP step is next conducted in which the overplated probe |ayer
material 228 and RIE nmask 204 are renoved down to the surface 232 of the
mask | EhereafizodollgwingSuitheti standerd heiad febrication steps, sacdr ashe fabmigatiemef elgetkicalayer
200 be formed of a hard material, such as SiO2 or Ta205 to act as a CW
stop tleads! dserentaihihg phetayédistahadkhBI(PE aloved iynili2ing phatolithogrbpldc nechniduest
top surface 236 upon it. Thus the thickness of the mask | ayer 200

det er nofigwed K & HAHIRE sRp tbhRnfdde RAE QerhiRind?thast layef rHifttidlafie tHap wamMOVe
the remai ning”mask | ayer material and any probe | ayer and seed 20 |ayer
mat er i ' | el ' i h e :cted
in Fi gc?’L’i‘jga b&ﬁﬁ% E’hfr‘%%s{%‘gz‘gg co #%F ?}géi}gd E@HP'{”@F @gﬁp‘f‘éﬁi@ Sy e‘?SS‘P%@Z q%ga;ﬁ * 220
and P2 pole tip 224 wt hot oresi st. nma 240 and t hen conduct i

ot Shi gt SolsedRubl adhe R offehrs inigtoin BROAHRG 08508 Peltiasd iHE%thosed
mask | ayer material, exposed probe |ayer material and seed |ayer. in éhe

fi el d.the heathés ensmpuated.ofuchasry therdepesition oh AHUNACRE Fcaess thasrgacesel e
such as the fabrication of electrical |eads, the renaining photoresist
mask 2«dfer, and &g\ 8prontides aenss-seatomil ivievoof thp kompletdperprndicularheid dévelithey a
further RIE step to renove the remaining nask |ayer material 200 that was
cover gieRit iventihiPial 8¢ béen?dR anPPoichednahe ABD BREReNMUS. ONofehBatiddxaguch

as the P2 pole tip, 5 are not susceptible to the RIE process and renain
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such as eposition o um na 250 across the’ surface of t

a Fi ovid a cross-sectional view of the conpl eted perpendi cul ar
hggd 1)%’1‘(8%'%?%3 poerg@éﬂ?yYW'ention that has been cut and polished at the ABS
surface 146. Note that the_exact _|oqcation, thripe’ and di mednl%on of the

i nduct i on dbishowe ralret be roted that dabyication; proceseot thaPrebe lgyer and P2 pole tip may

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




10 yoke (the P | pole 60) may vary. It should also be noted that
fabrication process of the probe |layer and P2 pole tip may also vary. That
is, alternate process is to electroplate a |larger structure and formthe
desired probe layer and P2 pole tip via ion mlling by removing the

unwant ed magnetic material. Therefore, sone significant features of the

pr eserlayer A28ris ieteatrapleted lifeotly opsn theyndn-magnetief eleetriedlyt eonduetiveomaterialyl 62,
presented in Fig. 7, it can be understood that the sidewalls 150 of the
shapi ngithaay e 1ké Andprestgeafad cawapdang kedR2yep diezebewedd? do tothe 3ABS theat B t he
flow of magnetic flux wupwards towards the bottom of the P2 pole tip. As
will B eBRISEr deebeh tREPE RIS igpaﬁd et mBgic HAteMalOTTHTS Grovides iafpeovielte

cross-sectional view of Fig. 1 t he second magnetic pole structure 254 of

t he p{g%ﬁﬁﬁigmil}{é\@%tbiiﬁ%%'bﬁgﬁép?@ﬁﬁﬁ’% ng layer 142 that is spaced away from

the Al e non-rmgnhe erial 162 that was fabricated in

frognt of it at .the ABS;, thus unwanpted.. netic field flux | age fromthe
shgpi ng | aydt Wé]i ?’Ss‘é"ﬁf Hﬁaﬁggoﬁlfé’yrt ﬂqﬁ’cﬂ‘dﬁ?ﬁﬁ‘eﬁ‘ﬁr%{ﬁﬁ?fgw}ng ﬁgathg%ﬁ?cg?h&gabl y
el ectropl ated direct Iiy upon the shaping |layer 142 w thout .the use and

pr eserfstailedideaeriptioncaf the | pagsenyinyeriépn, aympenaierhepd cap s, fabyigated, i whigh hepy
pole tip portion 224 of the probe 12 |ayer 220 is electroplated directly
upon triveeinfesurasgfehe pole dpdalridation bfthe puebant inventivatase appilied 62 the fiist magnetiche
use and presence of an electroplating seed | ayer therebetween; so at the

ABS t hR€60,SandNle S&RMdIAYDELO BENES forhled Wihd®@lagold fip.2Mat REthHeoRrsNgpedticc
material . This provides inproved definition to data bits witten by the P2

pol e gdo?e AR tblidardiP o lelugh NS RRAL 1%, RO 6n Hidghb R didduiday lohdithver

havi ng read the preceding et al ription e present “invention, a

net.i c head can,be fabri.cated. irn Lch the -noyel f res. of t pol.e
T vt b pigpe iavs® BruBe ol G i S e bt oliB Foor 6Gh e Seblng iRl
pol e 60, and the second magnetic pole is fogf{’red Wi { hout. a pﬁl,e tlIP That
is, tHBe ppn-gragpelif elecrically Conductive layer. Thereafter, an adequately thick insulation 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 meodifications in form and detail which wil!l nevertheless include the basic spirit

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

alterations and modifications.

What I claim is:




pole will be fabricated to include the shaping | ayer, the non-nagnetic,
electrically conductive 10 | ayer and the probe |ayer having a pole tip that
is electroplated upon both the shaping |ayer and the non-nagnetic,
electrically conductive |layer. Thereafter, an adequately thick insulation

|l ayer 1is fabricated on top of the pole tip, followed by the fabrication of
the induction coil structure and tG&EAIMSequent fabrication of a second
magneti c pol e layer having an enlarged pole surface (simlar in size to

t hd Pll.pol eAGthgdetd btaddompriBings. 2 and 3) exposed at the ABS. Such a
magnetic 15 head is therefore in the contenplation of the inventors, and is
i npended t ; Bfst Qﬁtﬁ‘g‘hﬂﬁ@-ﬁﬁﬁdﬁdﬁﬂgha rtidhetheleaf tat $eéxposéd b fieaeliehong s\iadee

t he present i nvention has been shown and described with reference to
certal r ments, it is to be understood that those skilled
in the ar O?fﬂﬁﬁﬁ%l getplbgd ‘devise alterati ons and nodifications in form and
detail which wll| neve ude t SIC |r|t of the
"denti on. 4 thepus RECPER B13 sk HierelF ng pi atlf*owa%g iy B SoRRES

such alteratjons and nodifi cat |$) What (il ai rq1 13 CLAI I\{E tl
magnetmegnsEs U saprmuicRiion vith said Gyt Hﬁ’gﬁ@t‘ik" 8né w08 A PArYAS FSAT thAkISeof
that is exposed at an air bearing surface 3 (ABS) of the magnetic head; 4
a $hapixpgsddayeaid@dd¥ii on of a second magnetic pole, said shaping |ayer bei ng
engaged in 5 magnetic flux communication with said first nmagnetic pol e and
havi ng no potdyepof hbameaphetid)adledtiscally eondodbd mhtesial beidBSispésal betyeen chid
non- magnetic, electrically conductive material being di sposed 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.

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

2 layer is non-magnetic.




8 shaping |l ayer and said ABS. 1 2. A magnetic head as described in claim]l
further including a probe |ayer 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
sai d probe layer are 4 disposed in nmagnetic flux comunication with said
shdpi fy | ayermagnefe haadrag ries¢rtbedeiadclaio de ydheresaidisged layiemfpr fabsicating saidd
non- magnetic, electrically 2 conductive material is conprised of NiP or

Ni @r . shaping hiyengreposedhaesad @aBSJescribed in claim | wherein said shaping

| ayer is fabricated with 2 sidewalls that are tapered inwardly in a
direction towards said ABS. 1 5. A magnetic head as described in claiml,
where a seed |ayer for fabricating said shaping 2 | ayer is non-nmagnetic. 14
1 6. g : o - C o : _

Fall i cati g DunPi ket UERPhuRrilh | Mol st BRIGE 19BES GEGRooMITLR)
hegd as, descgribed in claim 1 wherein,sajd.probe |ayer |s.electroplated

i Poctinyp 94 ShERE ST SHEpPaOTap R 2l (b pte Srerbiated, Aisfa i am g -

el ectropl ated directly onto said non- 3 magnetic, electrically conductive
nmaBer imtgnetc,@lecxialy sepductive stegial.descri bed in claim 1 wherein said

non- magnetic, electrically 2 conductive material is formed with a

t hi ckness that is approximately equal to a thickness of said 3 shaping
layer. 1 9. A hard disk drive, conprising: 2 at |east one hard di sk being
adapt egd f orA rebh@ietic"RéadoRs WesdtibRd dins klatthi Vewherdinataill e@si-mapeetiz| iefefrichdlyi ce
havi ng a slider body portion;

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

3  shaping layer.

| S 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:
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 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.

15




4 a magnetic head being formed on said slider body portion for witing data
on said hard 5 disk; said magnetic 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 portion of a second nagnetic pole,
sai d shaping | ayer having no portion 9 thereof that is exposed at said
ABS, 1d.a | disk doive aadesstiped incelaim Piferheryinelndiag @t probe lyewporsion 9fspigd

di sposed between said 11 shaping |ayer and said ABS. 15 1 10. A hard disk
dr Rve sesomlamagrictie goley said girobedlafer intleding racpalel tipgwherpinodadd paly dip ipalisposedd asf
said 2 second magnetic pole, said probe |ayer including a pole tip,

whar eilBase 3h haROngont sdid i@nﬂhﬁu@ﬁ@%a@érial?aﬂcﬁaﬁkrdw pBaidns WFOdAid prcbe layer are

non- magneti ¢ nmaterial, and erein portions of said probe |ayer are 4

di gpo [ b %]Bgm L& atihQn; W shaping layer. 1 11. A
ha?d Zﬁ%?%%@g%{lgg%% e m%f?ilﬂrhn%gldx\ﬁ!ﬁ%élgggd)ggi d non-magneti c,
electrically 2 conductive material is conprised of NNP or NCr. 1 12. A
hard di sk drive as described in claim9 wherein said shaping |ayer is
fabricated with 2 sidewalls that are tapered inwardly in a direction

t olar dd - said hemd disk gigive mshdesgribeds in laipe Sawhersut said cbon-magneticm electigalye a
seed |l ayer for fabricating said shaping 2 layer is non-nmagnetic. 1 14. A
ha2d dios#udfive vaterial desumprized of NiR palNiAr13, where said seed | ayer for
fabricating said 2 shaping |l ayer is exposed at said ABS. 1 15. A hard disk
drive as described in claim9 wherein said probe |layer is electroplated 2
directly onto said shaping |ayer, and portions of said pole tip are

el gct rgpl at £afli A8k drive A81RsFMed 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.

1 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.

16




3 non-magnetic, electrically conductive material. 1 16. A hard disk drive
as described in claim9 wherein said non-magnetic, electrically 2
conductive material is formed with a thickness that is approxi mately equal
to a thickness of said 3 shaping layer. 16 1 17. A nethod for fabricating
a magnetic head, conprising: 2 fabricating a shaping |ayer portion of a

s edondl Tragnémethgsbios fabnicatirge magndticead.| comprigingonmuni cation with a separate
first magnetic pole, said shaping | ayer piece |ocated such that no 4

poi2ti on of fabrigwiting £ ehapimg deyerl pattiornofaa rseterr magneticr pale én (mMdfRetiofflikhAow
magnetic head; 5 fabricating a | ayer of non-nmagnetic, electrically

C onduGdohiRurTBdtRn With 9@&9@@@@ fisR inthoNBR péle 2 SRAbhgIBARIpidte!180484d subh that no

el ectroplating a probe 'l ayer portion of said second nmagnetic pole directly

? Rg? isp?r@?ne%tii?ggl? g? gﬁbg%éﬁra't ?1?91'1' He n%ﬁr%@é/ @ﬁ[]ar,lﬁc?nrli?flt gﬁ-@?ﬁlégicql%lrl@ tip portion

rectly onto -sail - magne , el€ectrically

conductive terial. 1 18 A nethod for fabricating a nma tic he

Gedcr i bed i RDRAT A RYeRRp I Tagsat: pRCsas hyshvs Bulifel brufenead APShi n
a mask | ayer that is conprised of a material that is renoved during a 3

r e&ct iapd spidrihapipg layeBp. 1 19. A nethod for fabricating a magnetic head as
described in claim 18 wherein said probe 2 layer is electroplated within a
magk | ayer cienmplatiod probesiager. pdrtiaf. of Asaid tsbaraidf magrctior palatdiregtln onkayseidi ¢
head as described in claim18, wherein said mask 2 layer is conprised of a

r elgat ishaping Mijesl sail grob@laythiatludinigs e fp bRIONABA ifelRbReplsRl diettysbhitogaidt op
3 layer. 1 21. A nethod of fabricating a nmagnetic head as described in

cl §i M 20 mUMRHE! dledrildtfToh¥tivehaterial.

1 18. A method for fabricating a magnetic head as described in claim 17, wherein said probe
2 layer is electroplated within a mask layer that is comprised of a material that is removed during a

3 reactive ion etch step.

1 19. A method for fabricating a magnetic head as described in claim 18 wherein said probe

2 layer is electroplated within a mask layer comprised of resist.

1 20. A method for fabricating a magnetic head as described in claim 18, wherein said mask
2 layer is comprised of a relatively hard material that acts as a chemical mechanical polishing stop

3 layer.

1 21. A method of fabricating a magnetic head as described in claim 20, wherein a reactive ion

2 etch process step is conducted to remove said mask layer after said chemical mechanical

3 polishing step.




2 etch process step is conducted to renove said nmask | ayer after said
chem cal nechanical 3 polishing step. 17 1 22. A nethod for fabricating a
magneti ¢ head as described in claim17, wherein said shaping 2 |ayer and
said non-magnetic, electrically conductive nmaterial are el ectropl ated
utilizing a same 3 seed layer. 1 23. A nethod of fabricating a magnetic
hedd a&2- destmhaikesl fon fabirigating 8 magheticehaadas desgsibad i ¢laim il drwhereiesaid shapingi s
conducted down to an upper surface of said nask |ayer, after to the 3

el &ct rlaydraind rsgidofiorsmiagngtico blecirizgldy corldduzdve Aateriahart dlestrdpddied atilizing assame
magneti c head as described in claim 17, wherein a top surface 2 of said
shapi nged pygy, and a top surface of said non-nmagnetic, electrically
conductive material are 3 fornmed utilizing a planarization step. 1 25. A
met hod of fabricating a nagnetic head as described in claim17, wherein
said non 2 magnetic, electrically conductive |ayer is conprised of NiP or

N ?r 2]38 A method of fabricating a magnetic head as described in claim 18, wherein a
2 planarization process step is conducted down to an upper surface of said mask layer, after to the

3 electroplating of said probe layer.
1 24. A method for fabricating a magnetic head as described in claim 17, wherein a top surface
2 of said shaping layer and a top surface of said non-magnetic, electrically conductive material are

3  formed utilizing a planarization step.

1 25. A method of fabricating a magnetic head as described in claim 17, wherein said non-

2 magnetic, electrically conductive layer is comprised of NiP or NiCr.






