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fabrication of magnetic heads, and nore particularly to the fabrication of
a narrow second pole section (P2) for such nmagnetic heads. Description of
the Prior Art: Hard disk drives include one or nore nmagnetic di sks upon
which data is witten by magnetic heads. The ongoing efforts to increase
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IS necessary to wite narrower data tracks, and such narrower data tracks
are achi eved by decreasi RRPCREROIIR PR THEREINVENTIOMNe tip, in that the width
of the P2 pole tip generally determnes the wdth of the data track that
is witten by a magnetic head. The standard P2 pole tip fabrication
processrikDyob¥eshé henvset bbnphot ol i t hographi c techniques to create a
narrow PZ pole tip trench, followed by the plati Pyu of, the P2 pole tip
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fabrication of a narrow second pole section (P2) for such

magnetic heads.

Description of the Prior Art:

Hard disk drives include one or more magnetic disks upon
which data is written by magnetic heads. The ongoing efforts
to increase the amount of data stored on the disk necessarily
focuses on increasing the areal data storage density of the
disk; that is, the number of data bits that are stored within
a given area of disk surface.

As is well understood by those skilled in the art, one
way to increase the areal data storage density of a hard disk
12 is to increase the number of tracks per inch (TPI) that are
written onto the disk surface. To increase the TPI it is
necessary to write narrower data tracks, and such narrower
data tracks are achieved by decreasing the width of the P2
pole tip, in that the width of the P2 pole tip generally
determines the width of the data track that is written by a
magnetic head. The standard P2 pole tip fabrication process
involves the use of photolithographic techniques to create a
narrow P2 pole tip trench, followed by the plating up of the
P2 pole tip from the bottom of the trench to its top. 1In this
photolithographic fabrication process, the width of the P2
pole tip corresponds to the width of the P2 pole tip trench.



2 As is understood by those skilled in the art, limtations exist in

t hese photolithographic techniques for fabricating P2 pole tips,

parti cul avbyw3mtsre hi gh aspect ratio P2 pole tip plati ngpCcraroliess2ar e
required, such that the width of such P2 pole tips will generally reach a
mnimumlimt of approximately 500 nm Thus, where it is desired to create
P2 pole tips having a pole tip width“hat is |less than approximately 500
nm a different photolithographic fabrication nethod is desirable, and the

present _inventign is sych a hod. fabrigcati Nak le tips in
whi ch th# 1%|88$?6ﬁﬁa?5n§Yth$§% %gl%g%% ?ﬁpkﬁg %ggdugéég@%g?%ggpally from
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THE | NVENTI ON. The nagneti ¢ head of the hard disk driye o% t he present
i nvent i BALlEnEindesPar P2CPbRrELY| pherat Right aBPPEht BATHLP F zPﬂge tip
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material is efectroplated upon'a sidewall of the P2 pole tip
phot ol i bhbgr aphscwit&ngbnefal hxcoapthsa mhnsmum 1bnoEkodf material is

deposited upon a wit ap layer, such _that a_gener y.straj , p¥ertica
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Utilizing photolithographic techniques, a P2 pole ti rengh is fabricated
such th@Pp¥ﬁél§PH@%MIﬁongThai@éfﬁ%ﬁ%gtt%HOE%gathP%§gP§lFs BRPLEBE R hi n
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el ectroplating pole tip material wupon the seed layer. It is therefore

si gni f i nanhodhfbrt hebP2capbhg naprow Pabppiat bdrpyiel whicbprhei ng materi al
outward fro the _sidewal |].within the_trench, rather.thar e bottom
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from the sidewall of the P2 pole tip trench rather than its

bottom.

SUMMARY OF THE INVENTION

The magnetic head of the hard disk drive of the present
invention includes a P2 pole tip that is fabricated utilizing
photolithographic and electroplating techniques in which the
P2 pole tip material is electroplated upon a sidewall of the
P2 pole tip photolithographic trench. To accomplish this, a
block of material is deposited upon a write gap layer, such
that a generally straight, vertical sidewall of the block of
material is disposed at the P2 pole tip location. Thereafter,
an electroplating seed layer is deposited upon the sidewall.
Utilizing photolithographic techniques, a P2 pole tip trench
is fabricated such that the sidewall (with its deposited seed
layer) is exposed within the P2 pole tip trench. Thereafter,
the P2 pole tip is formed by electroplating pole tip material
upon the seed layer. It is therefofe significant that the P2
pole tip is fabricated by electroplating material outward from
the sidewall within the trench, rather than from the bottom of
the trench as is known in the prior art. As a result, the

width of the P2 pole tip is determined by the quantity of pole



width of the P2 pole tip is determined by the quantity of pole WO 03/021577
PCT/ EP02/ 08826 3 tip material that is deposited upon the sidewall, rather
than by wba3smedvh of the P2 pole tip trench. Foll ow ng treTfEpoz/n8s3aé i on of
the P2 pole tip of the present invention, an induction coil is fabricated

utilizing standard photolithographic techniques and a third pole section

(P3) is fabricated over the induction %ail in magneti c interconnection

with the P2 pole tip. The P2 poIe tip of the present i nvention therefore
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fabrica I's an advantage of the magnetic head of the present
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hard di skcettohSeabiadveitagehefp2 hpobar digi skrhei pe péléh91preﬁenhe
invention that it includes nmagnetic, hard_disks hgw n né:rease ar eal
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presentcbﬂ%ﬁgéHOthbﬁé éée&nﬁéygfstﬁaﬁaﬁg§tHSpB@ﬁQleuﬁbﬁ tRéesent
i nvention includes a P2 pole tip having a narrow wdth. It is a

furt her sadewal hgef ofhehblhakdofli sktdrige. ofnghe second portion that

is composed of the pole tip material that was electroplated
onto the seed layer. The width of the P2 pole tip is
therefore determined by electroplating parameters, rather than
by the width of the photolithographic P2 pole tip trench in
which the P2 pole tip is fabricated.

It is an advantage of the magnetic head of the present
invention that it includes a P2 pole tip having a narrow
width.

It is another advantage of the magnetic head of the
present invention that it includes a narrow P2 pole tip for
writing narrow data tracks to a magnetic hard disk.

It is an advantage of the hard disk drive of the present
invention that it includes magnetic hard disks having an
increase areal data storage density.

It is another advantage of the hard disk drive of the
present invention that it includes a magnetic head of the
present invention that includes a P2 pole tip having a narrow
width.

It is a further advantage of the hard disk drive of the
present invention that it includes a magnetic head of the
present invention that includes a narrow P2 pole tip for

writing narrow data tracks to a magnetic hard disk.



present invention that it includes a magnetic head of the present

i nvention that includes a narrow P2 pole tip for witing narrow data
tracks toweosmgrseti ¢ hard di sk. WO 03/ 021577 PCT/ EP02/ 08826 T/EP02/04826 S an
advant age of the nmethod for fabricating a magnetic head of the present
invention that a high aspect ratio P2 pole tip is nore easily fabricated.
It is another advantage of the met had % or fabricating a magnetic head of
the present invention that it includes a narrow P2 poIe tip that is
fabricated i1izing hotolltho hi e} ect 99};; §e hni ques in
whi ch the tpbfe ant?%?e f?@%1§?§?ge d%g e t%p trench.
These afély@ébeE ﬁ@@@uwsua@obﬁ@w@m a@eﬁe@ﬁléﬁ%}MBS@WhlghM@E¢bn will no
doubt become apparent to those skilled in_ the art having read the
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depicting a hard dIS rive of present invention including a magnetic
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3-3 of Fig. 2, Fig, 4is a_top plan view of a furthe 35 in fagrlcatlng
t he nagﬁ%tp%lﬁehﬁpoistﬁéab?%s%ﬁ@m|%v%h@?oﬁf e Pg ?% Stetrenc

Cross-sect | Oﬁﬁésg'gﬂeo ?ﬁ&? fé&{ﬁf@élgﬂd SESPnUEPLE 8 tHe FbBesdnt general ly
taken al ong 11 nes 50 4, Fig. 6 is a top plan view de glctlng a
furt herifaénttatni wnll no doubt become apparent to those skille

the art having read the following detailed description which

makes reference to the several figures of the drawings.

IN THE DRAWINGS

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

Fig. 2 is a top plan view of a portion of a wafer
substrate depicting a first step in the fabrication of the
magnetic head of the present invention;

Fig. 3 is a side cross-sectional view of the device
depicted in Fig. 2, taken along lines 3-3 of Fig. 2;

Fig. 4 is a top plan view of a further step in
fabricating the magnetic head of the present invention;

Fig. 5 is a side cross-sectional view of the fabrication
step depicted in Fig. 4, generally taken along lines 5-5 of
Fig. 4;

Fig. 6 is a top plan view depicting a further fabrication
step of the magnetic head of the present invention;

Fig. 7 is a side elevational view of the fabrication step
depicted in Fig. 6 taken along lines 7-7 of Fig. 6;

Fig. 8 is a top plan view of a further fabrication step

of the magnetic head of the present invention;



step of the magnetic head of the present invention; Fig. 7 is a side

el evational view of the fabrication step depicted in Fig. 6 taken al ong

i nes 7- Wwofo3B23776; Fig. 8 is a top plan view of a furthe@CTiE®b2/08824 i on
step of the magnetic head of the present invention; WD 03/021577

PCT/ EP02/ 08826 5 Fig. 9 is a side cross-sectional view of the fabrication
step depicted in Fig. 8 taken anng']#%éé 9-9 of Fig. 8, Fig. 10 is a top

pl an view of a further fabrication step of the magnetic head of the

present inveption, Fig. 11.is a sid 0SS- L.on j ;
fabrication *3¢ep’depi &t 28F PGS %%g§%§§%f§f%%g ?#n%%g?§?§ﬁ£€%t%$%. 10;
Fig. 12stepagtppcpbanini iyof s anekberalenyi thaneond s® epf ofighe8 magneti c head
of the present invention; Fig. 13 is a side cross-sectiopal view of the
fabrication FigeplBepfceeBOPrPErp. VioW ehKRniWrURgr | FAREL 93490 oF t /g, 12;

Fi g. 14okstﬁe$hgﬁn859§sﬁéﬁﬁtb?”@hevbﬁéégﬁ9'Eﬁﬁ@ﬂtﬁoﬁyrther fabrication step
of the nagnetic head of the present” iInvention taken along |ines 13-13 of
Fig. 12; Figrig5 1% assadeideossosecteéonadngl evieeppEt tag SaPricati®urt her
fabrication step of .the netic_head of the,present .inyention ken al ong
lines 18%§B a?ngE?dlk? gﬁ 'F#B.tige?sa£9%?d%g%$%sgis%%t¥§ng 8Vi%€/

depi cting yeriganobheg fabepcplhanvseepoofahbenangfiebt techeadnosteheopr esent
invention taken along lines 13-13 of Fig, 12. PETAI LED DESCRI PTI ON OF THE
PREFERRED= ENBIRR VENTRemAgof 1the BRredpnpl SAVEreiWPEhat depicts significant

conponents of:a hagd, di sk dpive, WRLChLPEbNLLSy1 R HRIPRET Eabheast 0ént he
pr esent inve%%?bnigTﬁe %aﬁgaﬁi§ﬁ$%riv% 10 includes a nagne?ic nmedi a hard

di sk 12sthpt depicoetdt abl Fignoldt etlakgponakonet bineedldpliadpPé Hig- AR2act uat or

arm16 is Fig. 14 is a side cross-sectional view depicting a

further fabrication step of the magnetic head of the present
invention taken along lines 13-13 of Fig. 12;

Fig. 15 is a side cross-sectional view depicting still a
further fabrication step of the magnetic head of the present
invention taken along lines 13-13 of Fig. 12; and

Fig. 16 is a side cross-sectional view depicting yet
another fabrication step of the magnetic head of the present

invention taken along lines 13-13 of Fig. 12.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a top plan view that depicts significant
components of a hard disk drive which includes the magnetic
head of the present invention. The hard disk drive 10
includes a magnetic media hard disk 12 that is rotatably
mounted upon a motorized spindle 14. An actuator arm 16 is
pivotally mounted within the hard disk drive 10 with a
magnetic head 20 of the present invention disposed upon a
distal end 22 of the actuator arm 16. A typical hard disk
drive 10 may include a plurality of disks that are rotatably
mounted upon the spindle 14 and a plurality of actuator arms
16 having a magnetic head 20 mounted upon the distal end 22 of

the actuator arms. As is well known to those skilled in the



pivotally nmounted within the hard disk drive 10 with a nagnetic head 20 of
the present invention disposed upon a distal end 22 of the actuator arm
16. A typwoal/oberd di sk drive 10 may include a plurality pofi/Rbogkss2é hat are
rotatably nounted upon the spindle 14 and a plurality of actuator arnms 16
havi ng a magnetic head 20 nounted upon the distal end 22 of the actuator
arms. As is well known to those skill1&7in the WD 03/021577 PCT/ EP02/ 08826
6 art, when the hard disk drive 10 is operated, the hard disk 12 rotates

upon the spindle 14 and the, nmagnetic ad 20 acts as n.ar-b i sl i der
that i sa’éElap‘t’lé%lnf%lFe ?#*Wﬁggh%gv@r%% ﬂgu]r? ac eroar‘t?(ﬁ’e 3¢ ak?#% %%}E he
slider jpehtdesysosubstrabenabases Lped Wi Ghagher Varheas B0 ractsres that
formthe magnetic head are fabricated. Such heads are fabricated in |arge
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nagnetlcuﬂeadef% rication steps gener y include the deposition and
pat t er nbage ofipyariieiisht tha farmhaysrsutouréabrhatat £omm rigae memgetiol | owed

by the further deposition._and atterning of _various thin filmlayers upon
the readde¥adreotapabratate as\’nﬁi‘ Re ‘E%dgrel'h%a}ﬁ?le%%ﬁéilrﬁ 1

ention relates to

the fabpig@lipssOfipdn Wi lerbeagubaneh tdesed ofeosedanely cs hbeeld ofnté he
present "invention nmay include nost, if not all, of the wvarious read head

conf i gudas¢oase asagmet geneeadf y2®nown to those skilled in the art. Thus, a

detail ed desgri PéixS%lffkﬁgxﬁn %gb{ﬁggéig]giﬁie%%efg Ohe tder PEGSEAL 1 I NVvention

can commence at~a " polnt in'the nagnetic brication process that a
read heashettaehtafiagabetnatabnisades gpoeral wnaf enchubsttlaee, foll owed by

the fabricatjopn of a Pl magnetic pple and a wite..gap,layer., Such
Structu@%%o%}Elﬂﬁl?n@nBﬁﬁt BDf%%Sggéﬁ?¥+%ﬂsiﬁﬁln f1£h laygf% td

fabricate a read head, followed by the further deposition and
patterning of various thin film layers upon the read head to
fabricate a write head. The present invention relates to the
fabrication of a write head, and therefore a magnetic head of
the present invention may include most, if not all, of the
various read head configurations as are generally known to
those skilled in the art. Thus, a detailed description of the
fabrication process of the present invention can commence at a
point in the magnetic head fabrication process that a read
head element has been fabricated upon a wafer substrate,
followed by the fabrication of a Pl magnetic pole and a write
gap layer. Such structures are well known to those skilled in
the art, and a detailed description thereof is not required to
present a detailed description of the present invention.

Figs. 2 and 3 depict first steps in the fabrication of a
P2 pole tip of the magnetic head 20 of the present invention,
wherein Fig. 2 is a top plan view and Fig. 3 is a side cross-
sectional view taken along lines 3-3 of Fig. 2. BAs depicted
in Figs. 2 and 3, the fabrication process of a magnetic head
upon a wafer substrate surface has been conducted to the point
of the fabrication of a first pole (P1l) 30 upon an insulation

layer (not shown) followed by the deposition of a write gap



the art, and a detailed description thereof is not required to present a
detail ed description of the present invention. Figs. 2 and 3 depict first
steps i n woasfatsri cati on of a P2 pole tip of the magneti ecrard2/28320f t he
present invention, wherein Fig. 2 is atop plan view and Fig. 3 is a side
cross- sectional view taken along lines 3-3 of Fig. 2. As depicted in
Figs. 2 and 3, the fabrication process of a magnetic head upon a wafer
substrate surface has been conducted to the point of the fabrication of a

first pole (Pl) 30 upon insulatjion _layer.(n S f owed by the
deposit?@ﬁegf%% HP??etB%gB%I?ﬁg?0%g577A%C%?%$é§?%§8g§$@%' F%éer 34 upon the
Pl pol e£38riAscipdi At REgAbEYE, hthes fabthiatpeimofisagaelikndeadsoto this

point is well known to those skilled in the art. Foll|ow ng %he deposi tion
of the theseeskapledydr gae arbi ockoblowbng oatcEPReShBLeRi 9t %o s

fabri caleq upgny ! T&Yé‘ﬂ/%& 92PoL BYRT o THEnDL OG- Of vEBh&ELALa#0a0 CaR. e

fabric rna var of ways, suc y depositing a photoresist and
phot ol | thbgiapbedalhbynpaheewning gad laeeovi nBheobipohsobf maker phbt &F esi st

such that the block of _material remains. The signjficant f the
bl ock ofannReefPRFiGRESEhLE Ft¥3he? toﬁ @ﬁ%ﬁidsgﬁbr%gg%%dégggg%gfﬂgight

of the Qe%hf)ggrggiQ@'&nctiiﬁhotb@ith&érébﬁﬁ&ﬂ?ﬁ? pacoeraspgnasd to the
desired thickness of the P2 pole tip, that the block 40 be gosit'oned such

that itsespdénal poyiipesaeéurhePhorerateat apele Phk PAepblechtCthe
desi T ednL0Eat LN Oha 1 8. P2rROI &1 5hPricaRE FORLLEOE SEOeME] b1ddkDessmot h

and ver{ica erea r, as 1s depicted 1n Figs. and 3, a seed |ayer 50
for themaekethloptatthgtoitshbePg@hpoheshopldscdepespord her bBe haeghSurface

O ome, 81 s SodTh LB Ly LU P2 S50 hexeocBSL Lop Bl 1

conposedo0ththgesapBaMBh€EkAEs3Sof the P2 pole tip, that the block 40
be positioned such that its sidewall 44 be accurately located
above the Pl pole at the desired location of the P2 pole tip,
and that the sidewall 44 be smooth and vertical. Thereafter,
as is depicted in Figs. 2 and 3, a seed layer 50 for the
electroplating of the P2 pole tip is deposited across the
surface of the wafer, significantly including a seed layer
portion 54 that is deposited to cover the sidewall 44. The
seed layer 50 is preferably composed of the same material as
the pole tip, such as NiFe, and 1s deposited using a typical
sputter deposition technique.

A further step in the fabrication of the magnetic head of
the present invention is depicted in Figs. 4 and 5, wherein
Fig. 4 is a top plan view and Fig. 5 is a side cross-sectional
view taken along lines 5-5 of Fig. 4. As depicted in Figs. 4
and 5, following the deposition of the seed layer, a
photoresist layer 60 is deposited on top of the seed layer 50
and across the surface of the wafer. Thereafter, utilizing
photolithographic techniques, a P2 pole tip trench 64 is
photolithographically formed in the photoresist layer 60.
Significantly, the P2 pole tip trench is located to expose the
seed layer 54 deposited upon the sidewall 44. The width r of



the pole tip, such as NiFe, and is deposited using a typical sputter
deposition technique. A further step in the fabrication of the magnetic
head of wbee3pelgent invention is depicted in Figs. 4 andPEI/RRazossea Fi Q.
4 is atop plan view and Fig. 5 is a side cross-sectional viewtaken along
lines 5-5 of Fig. 4. As depicted in Figs. 4 and 5, follow ng the
deposition of the seed |layer, a phot & esi st | ayer 60 is deposited on top
of the seed |ayer 50 and across the surface of the wafer. Thereafter,

utilizin hot o] i t hpgr aphi ¢ techni ques, a P2 .pol LD tr h 64.1s

phot ol i?]ﬁ%gg%pﬂ?Jc%I'f f%’?%%‘”’i ﬁf the ROttt s elsg‘iffefrf)%b‘?ﬁp% g‘%‘?‘% cantly,
the P2 pol GwtiRihpEAEH &BedOESHBSL 19y eXPOSEe the pskede 1 gyt tibin deiposi t ed
upon the sidewal |l 44. The width r of WD 03/021577_PCT/ EP02/ 08826 ﬁp t he P2

pol e tiprenehchd 6ds i &s cheserdesc el el erte 2 it drf tBLI%I | Wi fipeded
electroplating of th ole ti i L ecnd &N B4 BSt 1 5g Nexd

descri b‘glag%\?%% ]?h%’ a?df%ng’lhg%.b%a%\nn%béi‘? 5€/nerei n Fig. 'S agt op %I an view
of the gh@&crigpl atifngastbfe andssigecTiosah vide talss-abengohdheyidw t aken
along lines 7- 7 of Fig. 6. As depicted in Figs. 6 and 7, the P2 pole tip
material 99 F{8- nbxt el ectropl ated onto the exposed seed |ayer 50 utilizing

standard el egtrgphattog mcﬁ%gue@ @sdar e KHeVwR teo1dosEp skatéetlal n70 he
art. It is significant that the P2 pole tip material 70 is el ectropl ated

out var di$reextheleceropbyeed poFei Bhe 52xRRERAI T2 UFRYET hel shtiehaf 1194,
That is égﬁargré%égé%ﬂtsﬂrgﬁ&glgg@zﬁxg%8§ 40 F2 MOty thodow determ ned

by the %Fec ropl ating anet ed to the thickness of the
el ectropkal eddl ayethasais. f urt hes sisuoifbeanherianbeheowr2 Fole the wi dth of

Lhe P2 pole t1p b5 not felermned Y Lhs, 4 fifnolnl NEeb QL1 P trench,
portion 54 deposited upon the sidewall 44. That is, the
critical width dimension of the P2 pole tip is now determined
by the electroplating parameters related to the thickness of
the electroplated layer as is further described hereinbelow.
Thus the width of the P2 pole tip is not determined by the
width of the P2 pole tip trench, as is done in the prior art.
As a result, the prior art problems associated with limits
upon the aspect ratio of the P2 pole tip trench in the
photolithographic process are no longer significant.

Following the electroplating step, the photoresist 60 is
removed, preferably using a wet chemical process, and Fig. 8
is a top plan view depicting the device following photoresist
removal and Fig. 9 is a side cross-sectional view taken along
lines 9-9 of Fig. 8 that likewise depicts the device following
the removal of the photoresist. In a following step, as
depicted in Figs. 8 and 9 the seed layer 50 is removed
preferably utilizing an ion beam milling step, typically
utilizing argon, as is known to those skilled in the art.

Fig. 10 is a top plan view of the device following the removal
of the seed layer and Fig. 11 is a side cross-sectional view
taken along lines 11-11 of Fig. 10, depicting the device

following the removal of the seed layer in the ion milling



As a result, the prior art problens associated with [imts wupon the aspect
ratio of the P2 pole tip trench in the photolithographic process are no

| onger siwyoioBioz@nt . Fol | owi ng the el ectropl ati ng step, thecprrowosssé st 60
is renoved, preferably using a wet chem cal process, and Fig. 8 is a top
pl an view depicting the device follow ng photoresist renoval and Fig. 9 is
a side cross-sectional viewtaken arbﬁb"lines 9-9 of Fig. 8 that |ikew se
depicts the device following the renoval of the photoresist. In a

foll ow ng step,.. depicted in Figs. apd 9.t seed er .50_jsyLenoved
preferaﬁgﬁputiW?gﬁnﬁeggr?%%eb%%ng%gfrigg gteg? §%i§glIégau%?lgg#ngéargon,
as is kpgwpitelhhogesskhl bedcbmpihengr Figki 9. add 15, athepiphamiviémgof the
device follow ng the renoval of the seed layer and Fig. 11 is a_side

cr oss- SBEEP ohdll CORBWS LEAKERT of ofigt i Aeent 1t 1ie gperid igL@, TEBEYEL FRG t he
devi ce ow r of4t d j L8Nt Hi ng VWO

03/ 0215‘}{38%%\%5}%5%2‘2@%%%&%.g%vtéﬁgr‘é%g%(g%%ﬂéﬂ?ggﬁi%2. 8, 9, 10 and 11,
and as mahebgalpandli theéatdyeseevebyatdnparthgnFigscd the B2, peohe Fon
mlling step is conducted for a sufficient fine ri [ ve.fhe
upper, %@E??g?h'pﬁP? oh™%4% B?etﬁ%m%f%%?goB?E%%%npgfeéﬁng%a?ggga *Bnd the

| oner ogeriattugest beptISnof of henP2speliel b or SRt @epatitsedctpbhathehe
remai ni ng_portion of the P2 gole tip, 80 includes portions of the seed

| ayer 53ldepesitsd apenthpeP?2 sPatfalirsnabraleheP2tpdF P8P pPRE erial 88

t hat ha%l@?ﬁPEPgéggérBHkgt@ﬁeogégdtP§y§f6§4lay@ﬁe?éafﬁ@?feéétéépiéﬁed

depi cte 0 and 11, e resist block 40 is removed in a further
wet cheimcBigprotésandsith thatresigtthtoPR 46| éstrgnoveduénude 80 remains
on the i

g R N Rt e L RN
deposi t gdryPOlre 80 remains on the write gap surface 34. It can now
be clearly seen that the width W of the P2 pole tip 80 is
comprised of the thickness of the seed layer 54 deposited upon
the sidewall 44 plus the thickness of the pole tip material 88
electroplated onto the sidewall seed layer 54. Furthermore,
as indicated above, the width W of the P2 pole tip has been
determined in the electroplating process by selection of
appropriate electroplating process parameters rather than by
the width of the P2 pole tip plating trench 64.

With the P2 pole tip 80 fabricated on the wafer surface,
as depicted in Figs. 10 and 11, a Pl notching process can now
be advantageously conducted. As will be understood by those
skilled in the art, a patterned ion etching mask is fabricated
upon the wafer substrate such that the P2 pole tip 80 and
portions of the write gap layer adjacent thereto are exposed
to an ion milling beam. As depicted in Figs. 10 and 11, the
ion milling is conducted to remove portions of the write gap
layer 34 adjacent to the P2 pole tip 80 and to mill a notch 92
into the Pl pole 30. As is known to those skilled in the art,
Pl pole notching advantageously reduces side writing effects
of a magnetic head. Where Pl pole notching is not desired,

the block of material 40 can be allowed to remain on the write



the sidewall 44 plus the thickness of the pole tip nmaterial 88

el ectroplated onto the sidewall seed |ayer 54. Furthernore, as indicated
above, thwows@ets7W of the P2 pole tip has been determ ne@CrreEPhhass2e

el ectropl ati ng process by selection of appropriate electroplating process
paraneters rather than by the wdth f@ the P2 pole tip plating trench 64.
Wth the P2 pole tip 80 fabricated on"the wafer surface, as depicted in
Figs. 10 and 11, a Pl notching process can now be advantageously

conduct ed. wi |l be understood by _ih ilLed fnat art, a patterned
i on etc%?%gﬁ%€§? %% FRbT 1Y R Qﬁ%o%étégf%afgé éﬁbs%?%tgﬁ%uch that the P2
pol e tipal8Pi@adioROosti BRE Dhdatbeivti ¢eihapas ayernadi adentribedpt canr e

exposed to an ion mlling beam As depicted in Figs. 10 and 11, the ion
m | 1 ngP®sCewheee@d to rempve portions of the wite gap |ayer 34 adjacent

to the P2 po ' 108yl {nae ot ch1 D2:niptont he, Plupeh&er30. As is
known to thdé% %i???g%a?%ptﬂe art? gg pol e notch?%g adva%tageously reduces
si de wfabnicetfect step$, aamngnet keoeate these $Hipbed hot ERengrEs not

desired, the bl ock.of terial 40 can_be allo to.r N0 ite WO
03/ 02159%° FRSFEFOF §ag58a £ 16°m%g%t? bRy faot %E%Ehg%r SETHde nga%%%éy\% ip 80,
and t hepefi@brisats onaof aépectsduchi PIg€E0i 12 (@8di $3 newhedesarFbgd) 12an  be
commenced. As is next depicted in Figs. 12 through 16, furéher fabrication
steps, &8 artoRmphAntBieHolE &Re|Pe’ddi merfeF a9t 13 a+8 AeRt9ContitEfed to

conpl et ricali poxoh Liengrongticizheads Jhusigasigepigted in Figs.
12 and %%%Pﬁﬁéégi%£€$ggglz %s %&?op pl an vi ew of théghead, and Fig. 13 is
a si de tndsstisectophaisviahriakeadaipoy theaecwaigr-susfaterby. 12, an

| D00t 880881 3ol 8BS bR U B ke 2ULhoF ol BROLBLL houraph
trench 100 within an insulation layer 104, followed by
electroplating techniques to electroplate the induction coil
108, typically composed of copper, into the induction coil
trench 100. Therefore, as depicted in Fig. 12, the induction
coil trench is located immediately above the previously
fabricated P2 pole tip 80. Alternatively, as is known to
those skilled in the art, the induction coil can be fabricated
utilizing a suitable dielectric material layer and a reactive
ion etching process to create the induction coil trench,
followed by the electroplating of the induction coil there
within. As is next depicted in Fig. 14, a chemical mechanical
polishing (CMP) step is conducted to remove any excess
induction coil material and to achieve a planar surface 112
upon the wafer. Thereafter, a patterned insulation layer 116
is deposited on top of the induction coil. Significantly, the
insulation layer 116 is not deposited upon the top surface of
the P2 pole tip 80. As is next depicted in Fig. 15, a further
magnetic pole piece 120 (sometimes referred to as a P2 pole
yoke or a P3 pole) is fabricated upon the surface of the
insulation layer and in magnetic connection with the P2 pole
tip 80. The P3 pole 120 is preferably fabricated utilizing

photolithographic techniques and electroplating techniques as



trench 100 within an insulation |ayer 104, followed by electroplating
techniques to electroplate the induction coil 108, typically conposed of
copper, iwb®3hes7T1 nduction coil trench 100. Therefore, a®Ci@Povossdsi n Fig.
12, the induction coil trench is |located i medi ately above the previously
fabricated P2 pole tip 80. Alternatively, as is knowmn to those skilled in
the art, the induction coil can be fabticated utilizing a suitable
dielectric material layer and a reactive ion etching process to create the
i nduction coi]_trench, fo]llowed by the.electrop|ati f the induction
coi | th&Fg Wﬁ}%hFﬂ9WEstPsth8§? 85b¥%?adl?ngﬁ?gégﬁ4, ggc g l%§ dng%:{hanical
pol i shi agy( CVP) 8hePpPBSpe2RUIYUSt BdetorsBIPVYEaBAYcOXEESSpohNEHEt PRNpODE!
material and to achieve a planar surface_112 wupon the wafer. Thereafter, a
pat t er nedipi nsutht that| ayepp1184 is Bepvsdeddbehwesp bret ®Rdi RALERFSN coil .

Signi fi tly, . the_.insulatign_|aygr {116 i o} sdepesit,edpbipgnitheipop
surfaceigg °¥hEB$ZP%o éEFi%héthgsg%g %gﬁFgﬁgp?%gegPin Fig. €5, a %Erther
magnet i gopol whpheeRelRAfesoheteesabeieatédnt stapsaaPe ponpleyele bhea P3

pole) is fabricated upon the surface of _the insuléti n Ia%erdand Eg
magnet | ¥aEBRN&EL FOACHHL ROt RECRSSpbPES Pf a8 eThE ag%re 303FR LG er abl v
fabricatgdpygil i gi ngnePh9tOLELROgGaBhEEateChABGYES48Nds et REAT Opl ati ng

t echni ques ad3 WD 03/021577 PCT/ EP02/ 08826 - 11 are well known to those
ski | | edEphrinatad: . snshdepptt eHei aaPFigd Ismaing- p3Thereaf&preferabl y
fabri cated on _th pal LR, h_th g 1 | vi ded_bgt ween

t he endkgﬁFﬁggemggggggF ﬁﬁgdP§5§5 ggggaﬁt%gegﬁdggﬁrgéggéﬁgéebfg?hgpgz pol e
tip 80weWiernbhe waf enokevekifabdi tat tha stepsandeencapbeietionhe wafer
is sliced to create r 0] ted in t he

air bealPK§rshfPatd Figg?agﬁggg g#%gﬁggggzppégtgﬁgl§ﬁ¥ﬁc?hatg%%5hégb 124

remai NS¢ EPergRfibA steps as are well known to those skilled in the
art are then undertaken to complete the fabrication of the
magnetic head 20 of the present invention.

It is therefore to be understood that a significant

feature of the present invention is that the width W of the P2
pole tip 80 is determined in the electroplating process steps
by the deposition of P2 pole tip material 88 upon the sidewall
seed layer 54. Thus, through the present invention, a P2 pole
tip 80 is fabricated wherein the width W is determined by the
thickness of the sidewall seed layer 54 plus the thickness of
the electroplated material 88 layer thereon. For example, a
P2 pole tip 80 of the present invention may be fabricated
wherein the sidewall seed layer thickness is approximately 50
A to 500 A and the electroplated material thickness is
approximately 100 A to 5000 A, such that the P2 pole tip width
W is approximately 150 A to 5500 A. 1In the preferred
embodiment the seed layer thickness is approximately 250 A
and the electroplated material thickness is approximately 1500
A, such that the width W of the P2 pole tip is approximately
1750 A. The thickness dimension t of the P2 pole tip 80 is
controlled by the thickness t of the deposited sidewall, less
material removed from the top of the P2 pole tip during Pl



further magnetic head fabrication steps are conducted, as are well known
to those skilled in the art, and encapsulation layer 140 is ultimately

f abri cat edowporisthe devi ce. Further fabrication steps asPpPer@&ragbddszknown to
those skilled in the art are then undertaken to conplete the fabrication
of the magnetic head 20 of the presenf invention. It is therefore to be
understood that a significant featUre?of the present invention is that the
width Wof the P2 pole tip 80 is determned in the electroplating process
steps Dby.the depositiopn of P2 pole tip nateri i Il seed
Cayor SBOTARERERS Lo R ilebiar (Tt ok T P Rad i Seg e

fabri catieds#hgk el Ded hen Viigk had¥ j stilet widied &F tie P2 hpekaessp 080 tdl
sidewal | seed | ayer 54 plus tihe t hi ck_ntes_s of thoe eloectrgpl aé_ed material 88
Ibayferbt %?@E@ng? @%‘é‘ﬁi)@e?n aps P?O‘lbo“r’é li”r‘F %@eozth’?% bre _e'ﬁ]? i nvent i otn Imaly
e fabr : i o ewall segd | ayer i ekhess1isa rexd mately
50 A tﬂgg%% %\can%é(?hé; e ec(?ﬂr)opl ated n%?eri al 1:tlhi ckness is .gg%roxi mat el y
100 A tphﬁﬂﬁDi@ﬁl]ogn@m?ihaazpmt;mPQthmepr¢lﬁl$mdtinfwmgeaéﬁ@rmi‘Fﬂa@el y 150 A
to 5500 A In the preferre enbodj ment .t he see r.thi ess i s

appr oxi Tat 8F y2550 AThlé%dtI?%epEJr%]ét?%BI%% P Hat &tf afé&?]ﬁ}%: %%grg is

appr oxi préBl ¥md SQ8sodi a e vl tiat thdeaypelt h Wofotde #Repole tip is .
approxi mately 1750 A  The thickness dimension t of the P2 pole tlrg 80 is
cont r ol Peetodithesraplkeakly (CHP2 PR BepoRl e ctiRi et , 2T seVehel®ti al

renoved fro t 2; i [ NRP349218ddcribed
PCT/ EP02/ osg%bf‘? %e%%%ﬁﬁt%ﬁ‘?%ﬁ?*?”? lgﬁéndﬁd%lgés. Thugé,ugas Wil be

under stwbthbyegahdseo skettathnipreferned, enbedivents Wbt whbl Pepole tip 80
o oo POURERSIbGTAFIL  SReLe JENILATLE L1, 0040l oo BB gl gpione
rati o prepteis greovat €608 amdthedifications and form and detail. It

is therefore intended that the following claims cover all such

alterations and modifications that nevertheless include the

true spirit and scope of the present invention.

wWhat we claim is:



prior art. Thus the prior art P2 pole tip fabrication problens associated
with the aspect ratio of the photolithographically created P2 pole tip
trench arwomsmersone. Wil e the present invention has been Pshmrm2/e8306
described wth regard to certain preferred enbodinments, it will be
understood that those skilled in the art will no doubt develop certain
alterations and nodifications and forfand detail. It is therefore
intended that the followi ng clainms cover all such alterations and

nodi fications that neverthel ess inckﬂgﬁyghe true spirit and scope of the
present invention. What we claimis: 3/ 021577 PCT/ EPO2/ 08826 - 13
CLAIM5S 1. A magnetic head conprising: a substrate; a read head being
fabricated upon said substrate; a Pl pole being fabricated upon said read
head; alwité gapneajer hgafngorabiFéRféed upon said Pl pole; a P2 pole tip
bei ng fabricstggbgggatgortions of said wite gap |layer, wherein said P2
pole tip includes a first portion being conprised of a seed | ayer materi al
and a secondapeetitiohehéi bgingnpabsédavbdeliponr eplidt edbatiratieal , and wherein

said P2 pole tip has a wi.dth_djnension Wthat is for in. part froma

t hi ckness ofasggdpg @dbﬁé?grfﬁhfé??é?ngP?Poﬁaéadreﬁﬁegg?a’fron1a t hi ckness

of said elerf@Q&%begaganaybglbe@ﬁ@ttanriaatédnagagtgaiaead psldescribed in
i

claim1 wherein said rst portion of said P2 pole tip that is _conprised
of said seed Paypeleatépi Reiper fabaispledalPoBf POAFEOPE BbI 823EFp. 3. A

eanct ¢ B6adogh, 53, OgfleL sl Sl pshofginess! hisetesl ensmutcr il i
portion being comprised of a seed layer material and a second
portion being comprised of electroplated material, and wherein
said P2 pole tip has a width dimension W that is formed in
part from a thickness of said seed layer material portion and

in part from a thickness of said electroplated material

portion.

2. A magnetic head as described in claim 1 wherein said
first portion of said P2 pole tip that is comprised of said

seed layer material forms a sidewall of said P2 pole tip.

3. A magnetic head as described in claim 1 wherein said seed
layer material is formed with a thickness of approximately 50
A to approximately 500 A, and said electroplated material is
formed with a thickness of approximately 100 A to
approximately 5000 A.

4. A magnetic head as described in claim 3 wherein said seed
layer material thickness is approximately 250 A and said

electroplated material thickness is approximately 1500 A.

5. A magnetic head as described in claim 3 wherein said seed
layer material is comprised of NiFe and said electroplated

material is comprised of NiFe.



A to approximately 500 A, and said electroplated material is fornmed with a
t hi ckness of approxinmately 100 A to approximately 5000 A. 4. A nmagnetic
head as owemsiksd’ in claim 3 wherein said seed |ayer nat@cirapPor/bisekness is
approximately 250 A and said electroplated material thickness is
approximately 1500 A. 5. A nmagnetic hefd as described in claim3 wherein
said seed layer material is conpri%eﬁ of Ni Fe and said el ectropl ated
material is conprised of NiFe. WO 03/021577 PCT/ EP02/08826 - 14 6. A hard
di sk drive conprising: at |east one hard disk being fabricated for rotary
notion wupon a disk drive; at |east one magnetic head adapted to fly over
said hagd diskaf@ravsktdnpvdateneni sang: hard di sk, said magnetic head
including: a substrate; a read_head being fabricated upon said substrate;

a Pl pol e berhgleapki ene dPIP R i Rriva G2 M e P TEYETEHE? ng

fabric UpoR. SAli ole; a P2 pole tip being fabricated upon portions
of saigﬁgﬁ?i%e&b%% ?5£%?P wherein said P2 pole tip includes a first

portion bei ngt cbegst sede ochagnesebd hegdradmbeed ato ahlly soeex osriipadra¥@n bei ng

i sed of _el ect | at ed, mat eri al d ' id P2 ip h
oarh deheher o s St et ie BAee o il et ddd oad”

SsS of Said seed
| ayer mpteth@ingportion and in part froma thickness of said el ectroplated
material portion. 7. A hard disk drive as described in claim®6 wherein
said first porePdrratesaid P2 pole tip that is conprised of said seed

layer material fopmg.2qShden@l £a19Fi S da Rpd9! €aid Psubstrate;

a Pl pole being fabricated upon said read head;

a write gap layer being fabricated upon said Pl pole;

a P2 pole tip being fabricated upon portions of said
write gap layer, wherein said P2 pole tip includes a first
portion being comprised of a seed layer material and a second
portion being comprised of electroplated material, and wherein
said P2 pole tip has a width dimension W that is formed in
part from a thickness of said seed layer material portion and
in part from a thickness of said electroplated material

portion.

7. A hard disk drive as described in claim 6 wherein said
first portion of said P2 pole tip that is comprised of said

seed layer material forms a sidewall of said P2 pole tip.

8. A hard disk drive as described in claim 6 wherein said
seed layer material is formed with a thickness of
approximately 50 A to approximately 500 A, and said
electroplated material is formed with a thickness of

approximately 100 A to approximately 5000 A.



8. A hard disk drive as described in claim®6 wherein said seed |ayer
material is formed with a thickness of approximately 50 A to approximately
500 A, amaogajoziis7el ectroplated material is formed with a rhirgrres2of
approximately 100 A to approxi mately 5000 A. WD 03/ 021577 PCT/ EP02/ 08826 -
15 9. A hard disk drive as described in claim8 wherein said seed |ayer
mat erial thickness is approxinately‘Z%%'A and said electroplated materi al

t hi ckness is approximately 1500 A. 10. A hard disk drive as described in
claim8 wherein said. seed.|ayer terial .is cC [is | Fe sai d

el ect r opt at €8 Iﬁ%]fgrﬁgla?ki e Sl R e lc(ii.%ﬁf“ rr%ﬂﬁ}g%r%\%ljrl: ?iﬁ‘?i cating a
nmagnet i Seb@atlhy EOMRALSE NEL LRI cIhEPS D appbsimdtaly 25@all hewd wwdd a
substrate; fabricating a Pl pole upon said read head;. fabricating a wite
gap Iay%leg@bﬁpé%ﬁ@ﬂFmﬁ%ﬁﬁkélf%ﬁ#?%ﬁﬁ$$mﬁ%i%PQEQX%Wa%%&%r}%WOugon sai d
wite gap |layer, said block of material having a sidewall disposed
proximate a P2 pole tip location; fabricating a seed | ayer upon said
sidewal 10. ehekardpiask ngr Ple pat edéesqriledriml clpon Savexebn $ai@r,

whereby a P2 pole tip is formed having.a widith Wthat i conprised of a
t hi ckne$8edf 1268 B2 %r+%.e?sn%?@??%ﬁéguﬁgtﬁhién%%%e%%l%f sai d

el ectr opl atedoprtesdahatéabai cad | demsni so@ust i0IF&0i | proxi mate said P2
pole tip; fabricating a P3 pole above said induction coil in mgnetic

interconnection with said P2 pole tip; and fabricating an encapsul ation

| ayer appve 23 PPLE. £arhPi cAy MBS NOGuf Bhed BOMERL ] NGorRoFBENGS | enbead as
descriggg'inﬁa%?%$%§1€$§hg?%$%csa?%éseed ﬁgier is fabricated ggia t hi ckness

steps of:
fabricating read head upon a substrate;

write gap layer upon said Pl pole;

a

fabricating a Pl pole upon said read head;
fabricating a
a

fabricating block of material upon said write gap
layer, said block of material having a sidewall disposed
proximate a P2 pole tip location;

fabricating a seed layer upon said sidewall;

electroplating P2 pole tip material upon said seed layer,
whereby a P2 pole tip is formed having a width W that is
comprised of a thickness of said seed layer material and a
thickness of said electroplated material;

fabricating an induction coil proximate said P2 pole tip;

fabricating a P3 pole above said induction coil in
magnetic interconnection with said P2 pole tip; and

fabricating an encapsulation layer above said P3 pole.

12. A method for fabricating a magnetic head as described in
claim 11 wherein said seed layer is fabricated to a thickness

of approximately 50 A to approximately 500 A.

13. A method for fabricating a magnetic head as described in
claim 11 wherein said electroplated material is fabricated to

a thickness of approximately 100 A to approximately 5000 A.



of approximately 50 A to approximately 500 A. 13. A nethod for fabricating
a magnetic head as described in claim1l wherein said el ectroplated

mat eri al we iBabrsrtated to a thickness of approxi mately 1®POTAPOIZ08826
approxi mately 5000 A. WD 03/021577 PCT/ EP02/08826 - 16 14. A nethod for
fabricating a magnetic head as described in claim1l wherein said seed

| ayer is fabricated to a thickness ‘o¥6abproxinately 50 A to approxi mately
500 A, and wherein said electroplated material is fabricated to a

t hi ckness of _approxinately 100 A to approxi mately 5000 A. 15.. od for
fabrica%?ng A Bh%éygbﬁegﬁbﬁﬁcﬁ5§%$i eﬁagﬂet%?a'%?§4a%h%?ﬁgﬁl§%$§££eed
llayer ig158hri ¢alROrd Pnash i CkB8gS1aPér aPPr LXbIBELLYA 200 A ehilckBess

el ectroplated naterial is fabricated to a thickness of approximtely 1500

A 16. Afrepbodxivateébirdealihg armagntnrecheanl@sh dedRei BRETFHY eR4Hm 11
wher ei n algggé}ggég %é@effa{agéhf%£€§c%%ég'Q%Q%P@hi gskipetrench having

width tRat i er than said w sal 2 pole tip. 17. A nmethod
for fabsbpabkigadelpghedi & heaspasodimetebeds000 Al aim 11 wherein said
bl ock of material is renoved fromsaid wite gap |layer follow ng said

el ectroplating of said P2 pole tip material, and said P1 pole is notched

in an ipa miljognogt £6r 8orAc8BIAGdafREhablit CREAAUa8 dBEBELIDEGhEAd as
described in claim 14, wherein said seed |ayer is conprised of N Fe and
sai d P2chaie tipwhereihasaifiaserd bpeetropl BredicpbrdshpdasERByCKPEFRr is

conprlsgg gép%%g%mately 250 A and said electroplated material is

fabricated to a thickness of approximately 1500 A.

16. A method for fabricating a magnetic head as described in
claim 11 wherein said P2 pole tip is fabricated within a P2
pole tip trench having width that is wider than said width W

of said P2 pole tip.

17. A method for fabricating a magnetic head as described in
claim 11 wherein said block of material is removed from said
write gap layer following said electroplating of said P2 pole
tip material, and said Pl pole is notched in an ion milling

step.

18. A method for fabricating a magnetic head as described in
claim 14, wherein said seed layer is comprised of NiFe and
said P2 pole tip material that is electroplated upon said seed

layer is comprised of NiFe.



