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THE | NVENTWONI¥2¢87d of the Invention: The present inventi O@Cﬁﬂjﬁilﬁiz
generally to the fabrication of magnetic heads, and nore particu ar?y to
the fabrication of a narrow second pole section (P2) for such nmagnetic
heads. |1 Description of the Prior Art 1 Fard di sk drives include 6hé or

nore magneti c di sks upon which data is witten by magnetic

ongoing efforts to increase_the anount of data stored on t &@ﬂﬂgmwmmﬂww
necessarily focuses on incréhéﬁﬁbciﬁeIaﬁéglIthy storage de

.disk; that is, the nunber of data bits that are stored within & gl'ven
area of disk surface. As is well understood by those.skilléd in the art,

one way NARROWr WRETEt HEADRQLE JBIR EARRICATERI B | SEIDEWALL [RROUESSENG 12 i s
to increase the nunber of tracks per inch (TPl) that are witten onto the
di sk surface. To increase the TPl it is necessary to wite narrower data
tracks, and such narrower padRGROUNEC 6F he agvERyednby decreasing the width
of the P2 pole tip, inthat the width of the P2 pole tip generally '
determnes the width of the data track that is witten by a nmagnetic head.

The stan ?Egdp £PPLE ﬁ&éﬁégg'palion process involves the use of
p@OtoIitﬁograpércgéee;ﬁrquesl¥b create a narrow P2 pole tip trench
folfowed by thRepbeésagt Unwintiwh R gde ddreda1Ay tee dief t om of .t he

trench tg ts toE. In_this hotolithogrﬁyhic fabrication process, the
Wi dth of §h§1g§t on of magnetic heads, ‘and more particularly to the

) 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 1is 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.
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pole tip corresponds to the wwdth of the P2 pole tip trench.

*(@00007* -1 FEB 2006 -2 As is understood by those skilled in the art, -1 FEp 2006
timtations exist in these photolithographic techniques for fabricating P2
pole tips, particularly where high aspect ratio P2 pole tip plating
trenches are required, such that the width of such P2 pole tips will
generally reach a minimum linit of appréxi mately 500 nm Thus, where it is
desired to create P2 pole tips having a pole tip width that is less than
appr oxi mat Abis Afdensiood byi fHose ekilled v ttlhd iaithﬁﬁﬁtaﬁdiﬁsCﬁﬁiébi?i t%@éfel _tol'il’?ééiﬁ’ﬂlié S
desirable, and th esent invenption is such a netho or fabricating
narrow P2 ﬁglprgquets&gg{ap%c%g ER Polsdins| ResbGuiplyavheig high aspest rfio §31nels ipplating
conduct ed lcREd ; ' I t I ' J.at her
Chan i to bocinel Rt S BRLA: KER T ath 220t i R fonkiafty LERE ubiihi

t he i nvent lioi of appreximately 600 ded Ehusmglmee itds Hesirdd tcaege Pipots: tips Imvingtamile; a

read head [ fabri cated upon said.s trate;...a Pl pole being fabricated
upon sai d ?éﬂ%e%ﬁt; 1521%% E‘?‘é aBBrﬁ’xV%c/'iﬂy L%@I% %@B@Teﬂhpgﬁ?b@%agl&g(fawaﬁg} e;
a P2 pol e iethod) &y degirdAg rand HeqstedeROM VRO iPMSh QImeHiRIdFolVabliBatBi@Mal8¥ &2 pole
wherein saj,d P2 pole tip includes a first sidewal]l portion being conprised

of a seed ¥R{BWhich e elertroplefing of ghediapole ipdsmenfuqtest pringipab fiom e midewvalbdf of

a non-see ' LA said P2 pole tip has a thickness
di mensi ondtthF%a}l gléﬁ%gﬁh%%?ﬁ%n\gﬁﬁog?lﬂ di mrension W and wherein said seed

layer is conprised of an integrally forned | ayer of seed layer material f
;2?'& Lgrg‘;?ﬁﬁfl\gAﬁ?S@F’fhEsﬁ\%ﬁﬁO%l e tip and said first sidewall portion o

According to a first aspect of the invention there is provided a magnetic head
comprising:

a substrate;

a read head being fabricated upon said substrate;

a P1 pole being fabricated upon said read head;

a write gap layer being fabricated upon said P1 pole;

a P2 pole tip being fabricated upon portions of said write gap layer, wherein said P2
pole tip includes a first sidewall portion being comprised of a seed layer material and a second
sidewall portion being comprised of a non-seed layer material, and wherein said P2 pole tip
has a thickness dimension t, and a base having a width dimension W;

and wherein said seed layer is comprised of an integrally formed layer of seed layer
material that forms said base of said P2 pole tip and said first sidewall portion of said P2 pole
tip that extends throughout said thickness t of said P2 pole tip.

According to another aspect of the invention there is provided a hard disk drive
comprising;:

at least one hard disk being fabricated for rotary motion upon a disk drive;

at least one magnetic head adapted to fly over said hard disk for writing data on said
hard disk, said magnetic head including;

a substrate;

a read head being fabricated upon said substrate;

a P1 pole being fabricated upon said read head,

a write gap layer being fabricated upon said P1 pole;
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tip that extends throughout said thickness t of said P2 pole tip. According

to another aspect of the invention there is provided a hard disk drivel FEp 2006

conprising: at |east one hard disk being fabricated for rotary notion upon
a disk drive; at |east one nagnetic head adapted to fly over said hard disk
for witing data on said hard disk, said magnetic head including: a
substrate; a read head being fabricated-%on said substrate; a Pl pole

bei ng fabricated upon said read head; a wite gap |ayer being fabricated

upon said P1 p-odé &2 ok ﬁlibmabﬁc?ed dp%rlt ﬁdfﬁ?nslotEEﬂl @ﬁ&ﬁgapa\ﬁyer, @hé?ainggidggz ip
bei fabr] . ortions of said wite, gap.layer, erein sai.

R 1 S T ERTARE X L U I
and a secopéttish Bei! domphiséd bOR MdRisEA LYSPMhRAM, 8hd HHARN 358(1’2' ?%’lﬁrtilp has a, _

material, and wherein said P2 pole tip has a {hickness di nmens :
base havi nthidnegsdimensiondrandarbasy having awidtiedimessionWseed | ayer is conprised
of an integrally f d layer.of seed | aye material that forns, said base
of said P2 pol eélr{dl ‘85%%8 Sg@i 54 falygrt 'SsﬁoH’é’\V%‘fdlr ofp‘ﬁ’_r 'PF%FF ftlogﬁ?dqlfaw Horeed layen
that ext enniatetill tharfband safbbaie bhidik B2 $6leltipQind Sait dirfi2ideWal pbitn Ae&HQ T f3gk t O
anot her asgg&ltagof e invention there is provided a magnetic head

t h _ )
conpri si ng* ertends thraughquisaidfhickngss hed saigl B2nels 6mt ed upon sai d substrate;
a P1 pole bei ngafiiheas eelotBoRsal 9f ea Jaﬁg&; trdMid bfo e
fabricated upon sai ci %1 poloe; asp%g{ pol e '([ﬂ}p el ngrf agbh gg(%g %%ﬁe%colrh?gions
of said w¢aeprgHe: | ayer, wherein said P2 pole tip includes a base surface
| ayer that is dj 9@&9 upon said wite gap layer and a first sidewall
surface | ayer t %1% i's”di sposed general |y perpendicularly to said base

surface |ayer, @rdd haddderighatiRb@ddbpsesadisfbaehe; ayer and said first sidewall
surface | ayer arfla]():(ﬁg*gri sed of an integrally forned |ayer of P2 pole tip

seed | ayer matét ¢ine faverdrduron; saidpoadised ti p i ncl udes a non-seed | ayer

neterial portiopwig ¥ Gl fabAbdledipoRkifl Piipfidl NC! udes a second si deval |
surface | ayer tha{1 irggp\é%}gposuggd aopposi%g to1 salpg first

a P2 pole tip being fabricated upon portions of said write gap layer, wherein said P2
pole tip includes a base surface layer that is disposed upon said write gap layer and a first
sidewall surface layer that is disposed generally perpendicularly to said base surface layer, and
wherein said base surface layer and said first sidewall surface layer are comprised of an
integrally formed layer of P2 pole tip seed layer material;

and wherein said P2 pole tip includes a non-seed layer material portion, and ;Nherein
said P2 pole tip includes a second sidewall surface layer that is disposed opposite to said first
sidewall surface layer, and wherein said second sidewall surface layer is comprised of said
non-seed layer material.

According to another aspect of the invention there is provided a magnetic head
comprising:

a substrate;

a read head being fabricated upon said substrate;

a P1 pole being fabricated upon said read head,;

a write gap layer being fabricated upon said P1 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
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sidewal | surface |ayer, and wherein said second sidewall surface |ayer is
conpri sed of said non-seed |ayer material. According to another aspé@dttBali0b
the invention there is provided a nmagnetic head conprising: a substrate; a
read head being fabricated upon said substrate; a P1 pole being fabricated
upon said read head; a wite gap | ayer being fabricated upon said P1 pole;
a P2 pole tip being fabricated upon port2bns of said wite gap |ayer,
wherein said P2 pole tip includes a first portion being conprised of a
seed | ayer Wrthatisifatmedriol part fremonthicioessiof said beeid dayec marerinbpdtiaf aml it dphed ed

mat eri al, and _wher.ei. ajd . P2.pole tip.has a w dth di nensi on
[R\L. I BCD?"?& s'scf)gée'ug\e%c{_ro@atﬁ%%a%%%pd%x% Wthat is formed in part froma

thi ckness of sahdcaigiag tbaadmheralei of (ROMHveRbnerd 1 PRvided OM@ dimbidgké‘ess
of said electroplated material portion. According to another aspect of the

i nvention FBPRSIME provi ded a hard disk drive conprising: at |east one
hard di sk bei ng,f i ; . . i .a disk drive:; at |east
one magnetic he%t(JQ%Eﬂ%%’?{éﬁpg%@??lég%gé?até@{oéRﬁ%{ygg oleogi?p?%? d\ﬂﬁdf‘?’%g data on
said hard di skat ls@st dnevegpedtic el adhptedab diyi ov@r s#d hudsdiskefor writingeReh deasd
being fabrjc teﬂ uppn sai.d s%gstr(?,te_; a P 1 pole being fabricated upon
sai d read h%radi,ls SA1F Mpgnelis beadaelrdiBgi ng fabri cat ed upon said PLl pole: a P2
pole tip being §alysirstat ed upon portions of said wite gap layer, wherein
said P2 pole tip includes a first portion being conprised of a seed |ayer
material and a aEedheadhwing fabricatediupgn eaidpulistatd; of el ectropl ated materi al ,

and wherein sai 9}2%018%?%%%3@@‘28@0‘1%3%‘Qa‘ﬁ‘ nsion Wthat is formed in

part froma thic Ss of “sal ayer natetial portion and in part from
a thickness ofa waitaigaplleet beipg fibeidatedhisonisaid Rigsolé;on. According to anot her
aspect of the inyentjon fhere.is ovi ded .a net hod for fabricating a
magneti ¢ head, %gﬁﬂ’f”esti%éell‘%gabgf upn partigns; feidnyrite gapdaymeNberadsaldP2

subst r at e; 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.

According to another aspect of the invention there is provided a method for fabricating
a magnetic head, comprising the steps of:

fabricating a read head upon a substrate;

fabricating a P1 pole upon said read head;

fabricating a write gap layer upon said P1 pole;

fabricating a 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.
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fabricating a P 1 pole upon said read head; fabricating a wite gap laye
upon said P 1 pole; fabricating a block of material upon said wi te‘hﬁﬁfymﬁ
| ayer, said block of material having a sidewall disposed proximate a P2
pole tip location; fabricating a seed | ayer upon said sidewall;
el ectroplating P2 pole tip material upon said seed |ayer, whereby a P2 pole
tipis fornmed having a width Wt hat is-é@rrprised of a thickness of said
seed | ayer material and a thickness of said electroplated material;
fabricating an il"heimagnemn head df tips hotd disk dris@o LthEBrepalt énviehtion iﬁl@lbdésCafﬂzlftﬂe%a P3
2

1 L i s i
[ R\ LI BOG 56@@1@@&6&(@3 eleétrd: PO a s1a ng'Fth ﬁp ?ﬁ&ghtﬁég%ﬂfic Hahd.

di sk drive of the present vention |nc es a
f abri cated Tetacpomplm@ tbhfotaoblmlhoﬁnapﬂmab mdcboellt@icuwmph axzmtagapelam; siohSthatna

ol ¢ 11 p- pRas: algtb RS bk of 65 bofbiol elsr i aoseef ke B ool G 1 o

I's deposi ti}I?bauxpDnTherWﬁe't eangélpctioplating sSédCfArérhﬁtdeﬁosng&'ﬁﬁélﬁkﬂeYSﬁévfa@l' 90tilizing
verti cal Slﬁﬁ%‘ of the bl ock of material is disposed at the P2 pole tip

| ocat i on. PgrélPh‘C terhnigysst ¢ Bhpaleitingresgle s fﬁléf}&‘éfedl %CM@pb@p@@dwalﬂ)ﬁwth He
si dewal | . Wbddsited £4d la% 19%%#0@9?@?& %E’E?Bﬁ' tﬂﬂéﬁ&chae'@%regﬁle f]{e'ﬁ ]§Jl§ 'ﬁ}%r}sl S

fabricated such that th posi t seed ayer
exposed wi fqmlqd bhieleeroplating nqlﬁptlp mmﬁal ufiinethe aéeddayert Heis I-'ﬂ?ergfofeesxgmﬂcans that

f or med by Iatl terlal nthes

t herefore S gnlé(ﬁgaﬁtls ?%5‘?3649;3 %ﬁ %?tglgtlinﬁteﬁ Uiy ”é(ﬂheogggﬁ’f ’rﬂ]b‘ﬂltﬁ‘ii ng
material otenvhf chitfer dimtfiven el ofWhd férehah e kilok@Nia the fSﬁ’JrQﬁr Ad@apeshi, Qﬁéthe
bot t om of th Ofﬁﬁ%ﬁg @éls known in the prior art. As a result, the wdth

of the P2 Pyt PP Aterangsi b3 the quankint okpplof pol e
[ R \L!BOQ 7196. doc: AVC WD 03/ 021577 3 - 1 FEB 2006 PCT/ EP02/08826 tip
material that is deposited upon the sidewall, rather than
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by"the width of the P2 pole tip trench. Follow ng the fabrication of the P2

pole tip of the present invention, an induction coil is fabricatgdfrgg 2006
utilizing vwedaenedagd photolithographic techniques and a thi Elr/E%z%ﬁ ction
(P3) is fabricated over the induction coil in magnetic interconnection

with the P2 pole tip. The P2 pole tip of the present invention therefore

I ncl udes a side portion that is conposed of the seed | ayer that was
deposited upon the sidewall of the block of material, and a second portion
that is conposed of the pole tip material that was el ectroplated onto the
seed | ayérip Tieadexidilhtbhtt he 8eppeleediwrdrs thdesisiewal detrarthiaredhan

el ectroplati ar ter rather. t han the width of the : S
phot ol i t ipa’grtg%n{a’&d%gleﬁgl ghFi EEtP%%%htJrIﬁ é)%[\?f? "the P2 pole“tipis
fabricated. |trdlgoingdnBt 8gBr Péat Nén NBENEhe CPh e Oft e Prggent
Jdnvention that it includes a P2 gol e tip having a narrow wdth. It is

anot her &esAdgdnyentiennagheincéuaeben ofothelpriadunicatadkemyidd zima it

RER S S A IR T SN

i nventi onM3hatis fabadcaded ovgnethe hiddc i ek scdiviivg niynddiey ease areal -~
data storage density. It is_another advantage of.the hard disk drive of the

present i R ST L withchheeR2 aPeEgnetrc e B7 RHe fhnegdnithe
i nventi on, ihaind nekides of BRePOLE, 4] PaDRYAA0 2 OAIL QYbr i Mepdld s
S t he presen

further advantage of the hard di drive o t 1nvention that it
i ncl udes compegpest iof lbadsefdt hayepr ebant wasvdepéooitedatpamdihedes a narrow

D e Sk W HOILBBLROY LR FIuAR & JRANE o gl -1 FER
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 inventiqn 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
presént 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.



PCT/ EPO2/ 08826 4 It is an advantage of the nmethod for fabricating aF
magneti c head of the present invention that a high ., aspect ratlcl I£§ %9@@ e
tip is norwoams@risy7 fabricated. It is another advantage of pRERPRIRER f or
fabricating a nmagnetic head of the present invention that it includes a
narrow P2 pole tip that is fabricated utilizing photolithographic and

el ectropl ating techniques in which the4 P2 pole tip is plated froma side
of the P2 pole tip trench. These and ot her features and advantages of the
present invention will no doubt become apparent to those skilled in the
art having redt Lheamomﬂmtrﬁgp%lélfalﬁl’@jwmd ;ftolrorf&bﬁ'lcg@tlm«@s ref erence

:)Fa';lh\?l Z\(/avvg{é%hfl aags% oﬁdl Sﬁg(iravm 1.bvel'rl\étthelirlEpBelg's%enNg;ﬁl%{?’ % | on | ngl Lglong a

nmagneti crQefd ph pbPepPEBSEIE mdrw eidiany thadrd ceitidd.n.; Fig. 2 is a top plan
view of a portion of a wafer substrate dep| ctln% flrst step .in the

fabrication oftthe anabpey advaepas ah Mntﬁa@?lqgtdn%ai s a
si.de Cro@égﬁggiboﬂgédvéfv‘ﬁﬁ% ézﬁ@saézlft er{chiQ:ertt ¢ rléz'lgx 1%adaken al ong

lines 3 an view o afurt er step in
fabri catnagrbhepna;g@bélmmaa‘mbmfls rfmkm'ﬂsemd lunddntziiory Fig. 5 is a side -

cross-sectional view of,the ab |cat|o Sstep depi.cted i,n Fi enerally .
Cokon ol BRECPRAEHOGTaRRIC e, Slecioplat fig TAGRGuR? by i cng o |
further pabpheatt 1§H§Pat§€dtﬂ?oxﬁmegnﬂde9 deatheolpd Ry &&@thﬁéﬁ@ﬂtlon «
Fig. 7 is a side elevational view of the fabrication step depicted in Fig.

6 ‘'t aken al ongTheaesand7odlierfeaBiresiand aadvantagss miarthe @yeser: f urt her
fabri cat B.RVGEEJ.BH will no doubt become apparent to those skilled in

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 inclﬁding 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
fabficating 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;



of the magnetic head of the present invention; 0 6 WO 03/021577 - 5 -1_FEB
2006 . PCT/ EP02/ 08826 Fig. 9 is a side cross-sectional view of the - 1 FEB 2006
fabricati oWO83/635tepicted in Fig. 8 taken along lines 9-9 @tr/ﬂf"bﬂossgé Fi g.
10 is a top plan. view of a further fabrication step of tﬁe magneti c head
of the present invention; Fig. 11 is a side cross-sectional view of the
fabrication step depicted in Fig. 10 taken along lines 11-11 of Fig. 10;
Fig. 12 is a top plan view of another fabrication step of the magnetic head
of the present_.invention; Fi 13 is a side cross-sectional view of the

g. ! ; A .
fabrication b depiScPedifR Frgssipectigeal arimw of e BRuGiedtivny. 12;
Fig. 14 i ' =S i opal _yLew, | cfj fdurt . fabyication step
of the nasazneg)t ﬁ(&ﬁecgf o?‘nt ﬁgbbrgsgﬁgéﬁi%\g@lﬁ i%% a%erfaq%;%g]‘qi nge’s 13-13 of
Fig. 12; Fig. Fi.i 40aisi detopopianeciéwnat &ifwrtlent daby sdiddn ardpirt her
fabricati (ss)}eeg‘ of the magnetic head of the, present invention taken along
lines 13°£3 & agnef3c Kegdrpf. the presert dnvesionyect i onal view

depi cting yet pjanotiner of gbgi gat L ' e ‘ eSeﬁt
I nvention takeﬁgglonglfineg 13-% 8%% %?Efq%§$Pﬁé%%?%ﬁ%ﬁﬁgéggﬁg¥f%ﬂﬁ%ﬁ{THE
PREFERREB tERBOBINENES EngFid. i 30 atdlogn phlomyi kimdshatl -ddpicf Fisj . grid;i cant -

conmponent s of har.d di sk drive. which i-ncludes the netic, head of the
present invent_ﬁgﬁ. héShar goaigkaﬂr'ﬁ/%wl ?W%;@%ﬁﬁ%%&%ard

di'sk 12 that magneetial abhil ofDHRE egr &H&M: aiRiMYiicged spindle 14. An actuator
arm16 is pivotally nounted within the hard disk.. drive 10 wth a

Fig. 13 is a side cross-sectional view of the fabrication
step depicted in Fig. 12, taken along lines 13-13 of Fig. 12;

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



magneti c 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 al FEB 2006
plurality efoebmksy7t hat are rotatably nounted upon the spppgippoldksand a
plurality of actuator arms 16 having a magnetic head 20 nounted upon the
di stal end 22 of the actuator arnms. As is well known to those skilled in
the WO 03/021577 - 6 - 1 FEB 2006 PETHAEPO2/ 08826 art, when the hard disk
drive 10 is operated, the hard disk 12 rotates upon the spindle 14 and the
magnetic head 2-0 acts as an air bearing slider that is adapted for flying
above thertsuwhanethé haedrdisiidgive skl iEFhepsraded,i rdeudes da digksth2at e
base upon which the various, styuctures.that formthe . magnetic _head are
fabri cat E_BFaEﬁEhuHBHdgl[’ﬁr%p"r% T cfoffeﬁﬁ'lq e ear”&@ne(f&é:nﬁetal%e?‘ouﬁ‘&ﬁsa &faf er
SUbStratShaaﬁrsﬂéﬁﬁgﬂgnéinéf'éﬁﬁk'iH‘hdébé%H“ﬁd% Fagnely aueRdemd. As is

well known to those skilled in the art typical magnetic head fabrication
steps gemvrfibtg PhActhderohatinepdisski offlehd listare imodgdsis wasivlhgEnatien fil-m

| ayers t fabricate.a read head. followed by t f er_.depasj.t i and
pat t er ni ﬁasSf Upar HﬁécPh efY?ﬁ?%%eﬁ%r%%ouﬁ%’%e&%eta %gna&_ ht%o%aga értﬁc%ate a
wite hendadTheepPEgbeitat&d ENt S1@dh NedaaiLarto fdtnidaald aaf ilergef a wite -~
head, and therefore a magnetic head of thecﬁresent I nventian naé I ncl ude-

nost, ifQHBRtAFLesSoRPPRea. YaFeHUTPHAR th ANE SspEuantdds sdd Reral ly |
known tOdiEQQEQeSKEbLEQ%%”hé§8saié: Thus, a detailed description of the 5
0

fabrication process e present invention can comrence at a point in
the magneti c hpadlsf abli clhown o odesse tdiailled dad tiwachrdd erygritcaias been
fabricated upon a wafe ubstrate,  followed hy the fabrication of a P1
mgnet | T BCAR AN, FEB LG Py B P ATt (s b YR | known ¢ 0

those skigkpgditfon and patterning of various thin film layers to

fabricate a read head, followed by the further deposition and
patterning of various thin f£ilm 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 mégnetic head
upon a wafer substrate surface has been conducted to the point
of the fabrication of a first pole (Pl) 30 upon an insulation

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



thé'art, and a detailed description thereof is not required to present a
detailed description of the present invention. Figs. 2 and 3 depict f1i {@t 2006
e

steps in twedmdrsrgation of a P2 pole tip of the magnetic 9%2%% gf
present invention, wherein Fig. 2 is a top plan view and |d§ P82 si de

cross- sectional view taken along lines 3-3 of Fig. 2. As depicted in
Figs. 2 and 3, the fabrication process7of a magneti c head upon a wafer
substrate surface has been conducted to the point of the fabrication of a
first pole (P1) 30 upon an insulation |ayer (not shown) followed by the
deposi ti éayst 3d4wabor g RO BIIOBGT77 As -inticER e2D@MoviRCT/HER02/ 08826 | ayer

34 he Pl _pole 30. As indicated above the fabricati f ti
neads t oFARFLCBEERE 75 TATICRIMEATE Sthades BOLRk Hoh Haleh HACWEGIS owi ng
the deposhbbenspRilibe iNréke HaP, | B Afknd t@x:eo%ﬁgs'%’%f%‘%u%g%eve

material 40 is fabricated upon the wite gap layer. T ock mat eri al
40 can WEitabghpalavey B4 \aarklmak off wpsonsiucit ive mateepedi iongs a

phot or esi 0, | t.hographi cal ly patterni d _,renovin ortiqns of‘
t he phot grgfég?ggtggc‘%g%‘ka&%% Jgieocqf"lyofl‘—"Ynei?ﬁ‘er iLP%I% %@T‘Pxﬂ%?rp‘f‘}?&%éﬁﬁ‘r% ﬁ%cant
f eat ur escah bbefhbotkatdd imteniaatiaye dihalayist,s sheitghis bhys od i¢aHgespond.

to the hei ggt of the desired P2 pole tip, that.its thickness t corresponds
tg" t he dBsPReBorfrirheand dhatpd ihqmraphiqal lyhpatiieeimeclando  be
pos

| tiongdms t | | I A\iggtee ur, I cakted ve 4 he P1
pol e at thrél gg}g?rggﬁf%%gst isdoﬂ%g?é t%}g) p%%g' tSi,lr|c(;'(,Fl ){:glr? ta%%t btl%lea%si% ewal | 44
be snoothabtedigdrrémains Thetleafdiami fiasarts feepuctesd dfn thiegblozkard 3, ~a

sesd | REceL o0l LI ohdlin 22D P L5 GePi il

portion 54 thetdéesifepasi fld @ igoOVahdthe s dewlidnedd tTh®rresponds
to the desired thickness of the P2 pole tip, that the block 40
be positioned such that its sidewall 44 be accurately 1ocaﬁed
above the Pl pole at the. desired location of the szp01e 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 is deposited using a typical

i 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

i



seed layer 50 is preferably conposed of the sanme material as the pol e tlﬁp
such as NiFe, and is deposited using a typical sputter deposition BZMB
t echni que. wo (3)ebisher step in the fabrication of the magne t he
present invention is depicted in Figs. 4 and 5, wherein F#&/Eg&l%ssgést

plan view and Fig. 5 is a side cross-sectional view taken aI ong |ines 5 5

of Fig. 4. As depicted in Figs. 4 ardg85- follow ng the deposition of the
seed | ayer, a photoresist layer 60 is deposited on top of the seed |ayer

50 and across the surface of the wafer. Thereafter, utilizing

phot ol i t tbgr BRPhpoléechni griesch aSPZLq)m}mSémudbeclsuﬁiibiently wide to

hotolith hi [y f d th Si f tl
the P2 pﬁfgéﬁ%ﬁfxﬁ% o el FecRatR s B a0 8 PObed thdy & W e o
upon thecsidewakh 44.;Jdheey d&&cflﬁgd wllﬂ'f'lz%hjeog@d\’\@fo%ﬁ%ﬁy and 7,

PCT/ EPO2 08826 - 8the P2 pole tip trench 64 is chosen to be suff|C|entIy
wide to w}aeremnumgpeﬁlel:lsedaeMp c;plaat m@vofoft rtélePglmlte‘opll@nmg lten he ‘
trench 64 gs Ls next descri bed kk'[ qs Fi gs wherej n Fig.
6 1o CORARFLR T ohP of FHES S ERAT RIS i s Tirep lonh 100G 3"
Cross-segthpnptqvigw taken along lines 7- 7 of Fig. 6. As depicted in Figs-
6 and. 7, the P2 pole tip material 70 |s next el ectroplated onto the

exposed seed Aayéepmte@uimzlr“x@s stamnt d eltdhe rP@pPQtllenGl@e@‘r@rh a0 are ,
known tog t I e ti p
mat er i aI H%%Ee ec%“fg 1%9%5 H’%ro%‘ﬁ% Cprs;'ee Ial% g%h%to Hﬁ ?%ﬁ’@
depositedtuﬂdarahelécﬂﬁM§1étﬁﬂg ﬂ&mﬁniqueﬂi&s araiknuﬁn\maﬁﬁhdhenen5|on of

the P2 po ip s now determ ned b el ectropl a ar rreters rel ated
to the tﬁ#b%i@gsl’éf thenarkt ectt opf of Gadhad ft&ﬂet %&P

herei nbehS¥erial 70 is electroplated outward from the seed layer

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 signifiéant.

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 1s_a 51de cross-sectional view
taken along lines 11-11 of'Fig. 10, depicting-the'deﬁice

following the removal of the seed layer in the ion milling



Thus the width of the P2 pole tip is not determ ned. by the width of the P2.. -
pole tip trench, as is done in the. prior art. As a result, the priO{fE%BMB

probl ens ageARlaises With limts wupon the aspect ratio of e
trench in the photolithographic process are no |onger si g&{}f@géhq%gk

Fol lowi ng the el ectroplating step, the photoresist 60 is renoved,
preferably using a wet chem cal proces® -and Fig. 8 is a top plan view
depi cting the device follow ng photoresist renmoval and Fig. 9 is a side
cross-sectional view taken along lines 9-9 of Fig. 8 that |ikew se depicts
t he devi stepol | Wikhgrefbeeneceoval Fids t e, photldr esidbstll,| rarad faxd |aam rge st ep,
as. deplcte 9 the seed |la er SQH{S rempved, preferably

utilizi nﬁaﬁﬁl%:HhaBS%{n?ﬁ?T’n}i)%g‘:%‘t‘%%rl‘t%/pq i1zt A Jomi B BE” known
to thosesets_gl tedcbﬂdtéeearfor R Gy c‘:fex’f’tt gp?é} HEW Pl sélrtggzéieeﬂ&e

followi ng the renoval of the seed |ayer iTis a
Cross- seuppenal oveeﬂxaldatkentmmnm Imfletshd]e]:ldctxrfogﬂlag,edlmoltepﬁ(pi ng t he
devi ce 0

;03/02157’9‘5‘ r\iltmﬁ gestl[‘.% o \b%’%;%“gedl Jdr:"rg;feté’lr%(? Rlcl&lﬁrr; .Ws) 9,

10 and ldatapdads §ﬁ6hb§ha@atfﬁé Cﬁer@diﬂlr@%ﬁbﬁd}@wrﬂﬂw Pl $o1% &g 11, the
ien mlling, step is conducted for a sufficient time period to renove the

_upper, o%8riardugest PORtFYANHIOF hehe| w8 dmmre&qo&@qalﬁeﬁht@qrmtlﬁmd t he
I 7 f | t tt
over ovgrbal,dyponki 8a’Eng %% {tgofgpeog Gl ks SRS Il S UGl YAty t he

remai ni ng portion of t . pol T%udes po i ons o "he seed
| ayer 54eﬂiepbsopédta¢o¢nntd>tethsi syl layelr 4. t thdegqfiden t igs mdeidtadd 88

that has be 0 tro ed onto the eed | ayer, 54. Thereafter, as
depi ct ed™™ %ng g ﬁi'll he ees el R A0 46 LEMHRT 6 it a

further wet chemlcal process, such that only the P2 pole tip
structure 80 remains on the write gap surface 34. It can now
Ibe 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 deplcted in Flgs 210 and 11, a Pl notching process can now
be advantageously conducted. As will be understood by those
skilled in the art, a petterned 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 ie conducted to remove portions of the write gap
layer 34 adjacent to the P2 pole tip 80 and to mill a notch 92

- dnto the -Pl.pole 30. As is known to those skilled in the art,
Pl pole-notehfﬂé'edvantageously reduces side writing effects
of a magnetideheéd) Where Pl pole notching is not desired,

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



further wet chemnical process, such that only the P2 pole tip structure 80
remains on the wite gap surface 34. It can now be clearly seen that theFEB 2000
w dth W of wig@ ole tip 80 is conprised of the thickne eed
| ayer 54 deposﬂ?ggpupon the sidewall 44 plus the thicknesééggﬁyﬁgsﬁgle tip
material 88 electroplated onto the sidewall seed |ayer 54. Furthernore,
as i ndicated above, the width Wof thel®2 pole tip has been determned in
the el ectroplating process by selection of appropriate electroplating
process paranmeters rather than by the width of the P2 pole tip plating
trench 6gap\Wahetrh24 PRopsipporp B fRboale edroBd hendaftdre surface, as .
depicted-ip Figs,:'10_and 11, _.a P1 notchin r,ocess .c now, b,
advant aggﬁg&?gsbﬂﬂuﬁfeHheA%nW?tFl% r&%d& W’i%%@c%qqﬂefa}rﬁ t he )
art, a pgkt gppadnte8. etching mask is fabricated upon the wafer substrate
such that the P2 pole tip 80 and portions of the wite gap | ayer adjacent
thereto are eRpoisednexb depiovediinifigdedd thrahgli dtted furttieys. 10 and
11, the _ipgn.mlling |s_conducted to renpv ortiqgns .of, t.he i te gap
Faver satABFifantoRestRRS pORBRES MRS T Al W o
the-Pl.. apel ReR®. chBdLELEANWE tomplose e | fadidaditgh FH thPhderic -
not chi ng advant ageously reduces _side witing effects of a magnetic had.

iere P1hpafe nBheni ngSi depbetedsin diigs ¢ W Bt df wharaimIFie ceh be

al'l owed tQ regmin t ite ZQﬁgi 3/ 021877, -+ _
PCT/ EPOZ}L SBéng gag?ggyg?eﬁb% ot}%%plg%%’ t he &g%ol%zt]l Fsp %&l]%nf he
fabri cat eptdabnabeviadutbken abohg (bines Iext Iesef ithard) 1n arbe comenced.

As is next depicted in Figs., 12 through 16, further fabrication steps, as
are. knowt"fyc HBE‘eCQREI Fﬁqg?hr{'ﬂ%t%‘&t, O%r'éhené’fﬂpec% %P tY conpl ete t hefR
fabricat baateh itAegPAPACE! €echniques to create an induction coil '

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. Aas 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 technigques and electroplating techniques as




head. Thus, as depicted in Figs. 12 and 13, wherein Fig. 12 is a top plan
view of the head, and Fig. 13 is a side cross- sectional view taken along
lines 13 - W@o9h21Ei79- 12, an induction coil is fabricated ﬁgon t he viak 6EB 2006
surface by photolithographic techniques to create an i nduBtT/ERIZ(sEI6

trench 100 within an insulation |ayer 104, followed by electroplating
techniques to el ectroplate the inductiqgn coil 108, typically conposed of
copper, into the induction coil trench 100. Therefore, as depicted in Fig.
12, the induction coil trench is |located i medi ately above the previously

fabri cat edrdPveddl kridwn &b thldser BRE1YelYinashé SakOWnd Qeghasey skl led in
the art, the induction coil can be fabricated wutilizing a suitable

"di el ect riTt%ratleri fihg RFePoded s praterablyi babeicated yardde tR2 @@kt e the

i nduct i on i | - | 1 b [ ti.ng of . the induction
coil t he[tel%vmst"&ir}ﬁ. - i% gfr‘lil xtﬁggglsciggéo?%gé?%ét‘?%r?at}%%e?ﬁdcaﬁu"?#eac%eani cal
pol i shi ngl &Y titee[P3i podendudt etet endestyLadayl EXCES thd NEGId 108 €5 | .
naterialdﬂfd to achieve a planar surface 112 wupon the wafer. Thereafter, a
patterne ns&ﬁ’fﬁ e Rpder1igvels taRpasrEben oFteRDp e tarminird  dheoil .

Si gni fi capifer itdhe jidasuhd Eggat%ggawgléfiﬁa étP@ﬁ-P«%}é%d %O?élglec%éeo ~

t
surface of the P2 pole tip S next picte g. 1 urt her

gnet i c PolFdipi dée 126 @donbenmingr shefacd (MBS HAP2Apdllen yoke or a P3
polé) is J_cat e,surface o he insul atiqn layer and in
magnet i c {a%%ﬁgc%[%leﬁ \L/évl%t%%1 %‘E@tP {‘509813 i‘? Bgnaii: p eé'y R i s
pref er ablfyjirftalen saige@tilc heatin@abphek oibh hogss® ke teGINIAURE Y are
el ectropl ating techniques as 11 -1 FEB 2006 WD 03/ 021577 PCTLEP02/08826 -
11) are Wayl te these skilled in the anki and engsinawdtiion

layer 140 is ultimately fabricated upon the device. Further
fabrication 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 electroplatihg 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
approximatély 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 méterial 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 P1



Fig. 15, the P3 pole is preferably fabricated upon-the P2 pole tip, such
that -a gap 124 is provided between the end surface 128 of the P3 pdl EBal{i
the end s of the P2 pole tip 80. Wien the wafer I

fabricati %bgglgfoéire conpleted, the wafer is sliced to cftiﬁ"%’tmt* of
magneti c heads. As depicted in Fig. 16, the air bearing surface (ABS) 148
is then fabricated, such that the gapid24 remains. Thereafter, further
magneti c head fabrication steps are conducted, as are well known to those
skilled in the art, and encapsulation layer 140 is ultinmately fabricated
upon t hepallewimstcling heif dahticsdd on Theps @S wirld W&l luddewst ded thpse
skilled i,n the t.are then undertaken to conplete the fabrication of the

magnet i CCIRSRY %@iﬁeq R g it i iRt Eh W qfs theeRE qrele 3R §hdef st ood
that a sigdidicatic { & rPfs r it T e 430418 he w dth W of
the P2 pol eﬁti p 8%.1%%{21 éfr)rﬁ'st'nggw?n t enelﬂglcete?}cﬁgf&atdllngé%%%éess steps by

t he depagsadniami ofhd@l pollextiriqp Iettiorg adt&dB wpoh ridte cirdewsll led Igedchayer 54,

Thus, thro%lﬁ_ﬁp resent invention,, a PZ&omJe tip 80 is fapricated

wher ei n RIRESH RN e AR Ged Pyt HRFORIFRK Wtenrd sitideff | seed

layer 54midis dihe, t ildage Pridhas! a8t r t'ﬁ‘tﬁ% rhsiclc 8%, | aver ~
e

thereon. For exanple, a P2 pole tip 80 o present 1nvention may be
f abri catkepblers dssadiatbdevdl HWeedspaayr natiickmdsles approxi mately 50

A to 50 . 1.he el ect | at terial thickness is, approxi mately 100 A {
to 5000%&% suché%%faqghlegagg%oﬁq:gea}r%p&v&%%dew%ll? ESTER MR TEPK 1 o
5500 A. I n thhireftthe giresemiodimenit idre Iseebday ehdwi datFeddribed

approxi mately 250 and the electroplated material thickness is

appr oxi et y- %R carRith AT iRraderRdinante pAHorelk iRe i s o
cont 1ol | Eh e i qelP i, MR e AN et of & daun P Tl Gyl '
r enoved deridirhe tgradfianse ap@l poidi fiqationsn @il formFERRGBEail. 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.

What we claim is:



WO 03/ 021577 PCT/ EPO2/ 08826 - 12 pole notching, if conducted. Thus,

w Il be understood by those skilled in the art, the wdth Wof the Pzr@?zﬁ%
tip 80 of the present invention is nowwthin the control of the

head el ectroplating step, and not controlled by the photolithographic
aspect ratio problens encountered in the prior art. Thus the prior art P2
pole tip fabrication problens associated3with the aspect ratio of the
photol it hographically created P2 pole tip trench are overcone. Wile the
present i nWeé¢laian has been shown and described wth regard to certain
preferred enbodi nents t will be wunderstood that those skilled in the art
will no doﬁbt dé\/‘@?ﬁﬂﬁﬁc E@dtcamﬁnﬂpgeratl ons and nodi fications and form and
detail. it is thedsgh@re intended that the follow ng clainms cover all such
alterations and nodifications that neverthel ess include 'the true spirit
and scope of t hergaddsahbeingfabritatesiuponat! sulstreteai mis: U -1 FEB 2006 - 13 W

claim1. A nmagn a strate; a read head being
fabricated upongtgépaﬂebﬁ @%Réleauggﬁai(?f%#ge%el ng fabricated upon said read
head; a wite gapritay®lapeibsigg febichte@upsch sapowl saé,d P 1 pole; a P2 pole tip
bei ng fabricated upon portions of said wite gap |ayer, wherein said P2

pol e tip includa@Zpolg tie peing debrispted ypen PeioREPingit Wl gapcldyest Whersinesaid B er
material a S'le% 369604 a fﬁk%ﬁyggjall 8P8foh'b9ﬂgt%‘3hlﬁgse(&mr E&Fﬂy%fmzﬁeﬁ-h? Ond ? ?&é)h%ygr

mat eri al | er el n sal has“a thi ckness imen
base havi ngidawaﬂ gottion |bnmgmonman ﬁrwnwmﬂeéﬂayes miatbriak add Ivdigeein baid G?Qmmld ged

of an int egarlsaell tthCkIlgSrS g?n?enls%%,ranafa b%g avmgya width dimension W;
and wherein said seed layer is comprised of an integrally formed layer of seed layer
material that forms said base of said P2 pole tip and said first sidewall portion of said P2 pole

tip that extends throughout said thickness t of said P2 pole tip.

2. A magnetic head as described in claim 1 wherein said non-seed layer material that
comprises said second sidewall portion of said P2 pole tip is disposed upon said seed layer

material that forms said first sidewall portion 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 non-seed layer
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 non-seed layer material thickness is approximately 1500 A.

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

of deposited NiFe said non-seed layer material is comprised of electroplated NiFe.

6. A hard disk drive comprising:
at least one hard disk being fabricated for rotary motion upon a disk drive;
at least one magnetic head adapted to fly over said hard disk for writing data on said

hard disk, said magnetic head including:

[RALIBOO]7196.doc:AVC



material that fornms said base of said P2 pole tip and said first sidewall
portion of said P2 pole tip that extends throughout said thickness .ty p;_fB 2006
said P2 pole tip. 2. A magnetic head as described in claim1l wherein said
non-seed | ayer material that conprises said second sidewall portion of
said P2 pole tip is disposed upon said seed |layer material that fornms said
first sidewall portion of said P2 pole 19 3. A nmagnetic head as descri bed
in claiml wherein said seed |ayer material is formed wth a thickness of
approxi mat el y 58@substrate;appr oxi mately 500 A, and sai d non-seed | ayer

material is formed wth a thickness of approximately 100 A to approxinmtely
5000 A. 4. A na@FF@’EiWEadH@HE tg‘lém&@d‘ﬂ’%%d?ws@?tﬁi m 3 wherein said seed |ayer

materi al thi ckngpsphie beidR PAREAERLEY: d said non-seed |ayer materi al
t hi ckness is approgi rra?e?y 1500 AEA SSaK%Q?rﬁ%%gti c head as described in claim

3 wherein sai d sweite gapayer being fabrtatesumorspidiBlqule; of deposited Ni Fe said
non-seed | ayer erjal is c rised of el.ectroplated NiFe. 6. A hard disk
drive conpri si ng.? &Pieﬁg)a*%‘?m%?@mﬂ%? “%‘?%Wh‘é&srf& sglng@aﬁaBdaX%rw??fPlérsﬁldngﬁ i on
upon a di Sis(_)ld!tib\iﬁﬂud%ﬁak‘x@s’#%id_eﬁﬁlﬁﬁﬁﬁgﬂﬁ_éihgc&ﬁﬁﬁ%_ c382pE&M 1hRr hhd/a QBRd Sigbwhihar d
disk for witing data on said ard di sk, said magnetic head incl uding:

[ R\ LI BOO| partien psig camprised pf=p nppgeed lpyeramatgrial pad avhersin szid Hlepele ipi bag a
fabricat edthm&s%%&sﬁyﬂhsénﬁ%tb%'e% irlg a]w@?rl &nffi0Pv,abri cat ed upon said read
anri

head; a wite gap |ayer being ated upon said’P1 pole; a P2 pole tip
bei ng fabri cat ethduplbsreiporidi seed layér saiothpriséd & ayajntdgeallyr formtelagemofssbdl 1dy2r

le tipi first sidewal ti i, i sed of eed |
B = secoltietrBadmme i bist i B B8P nd S Brsiari pentpm o o 72 pol?
material, ﬁ;ﬁldlaﬂmérﬁlislthrswg'hduﬁaidﬁﬁicﬁéshDoff'baﬁiI&pdlé“téﬂkness di mension t, and a

base having a width dinension W and wherein said seed |ayer is conprised
of an integrally forned | ayer of seed |layer material that forns said base

of said P2ypol epty ; LY bdoSiheds| 7! saj [
t hat ext enZis th‘?oﬂjghhglgg dglg? as Eihglch %(gisnga%\mok v@r{%ﬁ%h 3§d§{§’|“e@f‘? %?.E’)g%&%&%ﬁ‘a{rhap
di sk dri vecamprises eaid berdnd sidewvall podiontod saidrP2spalel tindn dspestd| wpye saideseed lagbr

that conpgl id sec sidewal | _portion of id P2 pole tipis
di sposed u%(%%gglatﬁag fgrénes a‘ﬁ??%rs“gﬁf\éﬁé’f’iﬁg?f‘ Oﬁ‘ﬁegil P? BP%EIPSai d first sidewall
portion 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 non-seed layer

material is formed with a thickness of approximately 100 A to approximately 5000 A.

9. A hard disk drive as described in claim 8 wherein said seed layer material thickness is

approximately 250 A and said non-seed layer material thickness is approximately 1500 A.

10. A hard disk drive as described in claim 8 wherein said seed layer material is comprised

of deposited NiFe and said non-seed layer material is comprised of electroplated NiFe.

11. A magnetic head comprising:
a substrate;
a read head being fabricated upon said substrate;
a P1 pole being fabricated upon said read head,;

a write gap layer being fabricated upon said P1 pole;

[RALIBOO]7196.doc:AVC



8. A hard disk drive as described in claim6 wherein said seed | ayer
material is formed wth a thickness of approximately 50 A to approximately
500 A, and said non-seed layer material is forned with a thi ckness_quEB 2006
approxi mately 100 A to approxi mately 5000 A. 9. A hard disk drive as
described in claim8 wherein said seed |ayer material thickness is

approxi mately 250 A and sai d non-seed | ayer material thickness is

approxi mately 1500 A. 10. A hard disk drive as described in claim8 wherein

said seed | ayer arl'ﬁtlmh tp blemg(fabmatedenpon pﬁrtdﬁ@oﬁsdi&dmw E Rper, sabinait pged
| ayer nmat erlfalt &%ngr i.sed o ectro | ajed NNFe. 11. A magnetic head
conpri si ngPo%d"R p dasesur 8?1 315(8%1@‘3 18 Hgpos FIPQ%%%W@ER)EWSW@F andoss fiFsht e;

a P1pole sbl%Wﬂm sirdde 158¢ ﬁgt iy BQFOS%&'E%&Q%CPM ul@rl%\%@aﬁagﬁgéﬁ%g éa)}gﬁ gﬂ

fabricated upon said P 1 pole; IBOO]7196
pol e tip b&hSEiT abidikese é@ffﬂfpdﬁyq@@lnﬂlsetdsﬁtsf slawall \wnifsce lgpgr drayempriskeoLan

said P2 pg{t Blll}pf(lﬁr%dﬁg‘%zotf%zg)%%g\ﬁaﬁ% Jfaa(g%fré%g ’at hat is di sposed upon said

wite gap a r -an yer that is disposed

general ly per peanﬂ whtrainl said P2 pale diphindedau fidcsed dyef matend] poties, eind viikdn
base surface and idfi rrpgmgl dewal | surface |ayer are conprised of

an integr ﬁ?fi)})afp(?ientgbmlc g a gco furigesslager thatyie dispesed oppgsite smenidAitst ei n
sai d P2 pokigewalp sambqﬁ Ad"\PRr &R §fid! RY, d ﬁa’év@al' s%'rfa?é)[aé/lﬂo{l g{msmf ghid

said P2 pole tip inclu a second sidewal | sur ace 'S drsposed
opposite t Borsaged layer materigh. dewal | surface | ayer, and V\/ner ein said second
sidewal | surface layer is conprised of said non-seed |ayer material. 12. A
magneti ¢ head as described in claim1l wherein said base surface |ayer
defines a 1idth Mdpfetlsaezdl Eé2dthtfedt1h|@laaﬂﬁd1 1S@héteinl safit bask A8MERe! 1a) @ YR fines a

defines a ¢ magneti c head as
described M ﬁ&tﬁl%g if%ﬂé Pg\m W‘dgs&ﬁﬁhﬁbﬁd%%lﬂab’%fﬁﬁn?ﬁa‘% tigkapss todiseiddi? pole
di sposed i g@ppart upon said f| rst sidewall surface seed |ayer material. 14.
A magnetic %ead as described in claim13 wherein said seed | ayer materi al
is forned vvith a thi ckness of approximately 50 A to approxi mately 500 A,

and said n ter S . orned t hi.ckness
appr oxi mat e y 1 0 Qr%’ gEahﬁg? 3>§<|dr$a bIe§/ 'goctl)ﬁm 13; Herﬁ\l élf’flée%j(e)jfder material
descri bed pertigh mdmpb@edmhepmupommcﬂﬁnsaﬁdhv&aaly@ffadws‘eed lagér thdtbgness is

14. A magnetic head as described in claim 13 wherein said seed layer material is formed
with a thickness of approximately 50 A to approximately 500 A, and said non-seed layer
material is formed with a thickness of approximately 100 A to approximately 5000 A.

15. A magnetic head as described in claim 13 wherein said seed layer material thickness is

approximately 250 A and said non-seed layer material thickness is approximately 1500 A.

16. A magnetic head as described in claim 13 wherein said seed layer material is

comprised of deposited NiFe and said non-seed layer material is comprised of electroplated
NiFe,

17. A magnetic head comprising:
a substrate;
a read head being fabricated upon said substrate;

a P1 pole being fabricated upon said read head,;
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approximately 250 A and said non-seed | ayer material thickness is

approxi mately 1500 A. 16. A nmagnetic head as described in claim13 m@?&gh&m
'sai d seed layer material is conprised of deposited N Fe and said non‘

| ayer material is conprised of electroplated N Fe. 17. A magnetic head
conprising: a substrate; a read head being fabricated upon said substrate;
a P1 pole being fabricated upon said reatbhead; [R\L.1BOQ 71 96.doc: AVC -1
FEB 2006 -16 a wite gap |ayer being fabricated upon said Pl pole; a P2

pole tip being ﬁ&bﬁé@@t]@yﬁrup@? fiRichte@BFonhidSA ghlay i t e gap | ayer, wherein
said P2 pole tip_ includes a first portion being conprised of a seed |ayer
material and a &d@dId tidPeing fabrisated yrempertiprseef §id writecgapdpyes: whergintseid Bl |

and wher ei i I e . i ' i ' i:n
part 1 om SFRPCRIEARS e SuStbes MrbiritcdbPERRU Mer Mol s (OB Dy o
a thi cknedsingkompristdeff elettraptdted materialf ard wherginrhid ®2.polstip Kasrmagidet dihehdeasl as
descri bed in cl aistm 17 .V\/ner%i n s?lg first ,‘forti on of sajd P2 pole tip that
is conpri s&¥ Mt isdamaeddn part fropoy thirkpess obsaid sreddayer Briraakpqrtior andin pamiropin e
tip. 19. AtiBeRe dfGaidRdiraflated ffalerilBsbriidh. Cl @2l m 17 wherein said seed |ayer
material is formed wth a thickness of approximately 50 A to approxinmately
500 A, and said electroplated material is fornmed with a thickness of
approxi mat gky 1 r.QXl ) i ead Aas .
o bag 18 At %grag?ﬁ@gigdd%s%ag’g#ql@?‘e%g% W FREISHh 1 38H B hole tp
appr oxi mat ¢layisRSthpAsaind ssidiseeddh e hracgpiabfoerds asidewalhbf dald Rk pesdp.i S

approxi mately 1500 A. 21. A magnetic head as described in claim19 wherein
said seed |ayer material is conprised of NiFe and said el ectropl ated
material i $9CONAra@RtiOhedd dsQiescitbed th Ol 1 9hrelll s & sé\eﬁq%rér%eﬂéh’al A fobfast
one hard di sk being fabricated for rofary notion upon a disk drive; at

| east one Mignethiekneesnal apprptiowtaly 5014 toappraxamatelyaf® &i sindfserd weptraphgediat a
on said h ' [ ' I NGLUdinAG: t e read head
bei ng 1 abr (Eseril S SR8 PAREhGE ol ERRRBI YD R FAN 0084 Shon s
read head;

20. A magnetic head as described in claim 19 wherein said seed layer material thickness is

approximately 250 A and said electroplated material thickness is approximately 1500 A.

21. A magnetic head as described in claim 19 wherein said seed layer material is

comprised of NiFe and said electroplated material is comprised of NiFe.

22. A hard disk drive comprising;

at least one hard disk being fabricated for rotary motion upon a disk drive;

at least one magnetic head adapted to fly over said hard disk for writing data on said
hard disk, said magnetic head including:

a substrate;

a read head being fabricated upon said substrate;

a P1 pole being fabricated upon said read head;

a write gap layer being fabricated upon said P1 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
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a wite gap layer being fabricated upon said P1 pole; a P2 pole tip being
fabricated upon portions of said wite gap |ayer, wherein said P2 _ gIEg Zbﬂﬁp
includes a first portion being conprised of a seed | ayer materi al

second portion being conprised of electroplated naterial, and wher ein said
P2 pole tip has a wdth dinension [R\L.1BOJ 7196. doc: A VC -1 FEB 2006 -17
Wthat is fornmed in part froma thicknes$7of said seed |layer materi al
portion and in part froma thickness of said el ectroplated nmateri al

portion. 23V tht ol ifi pad flodea MECKHES OF sdi®Skel Tayet AlatBriaPpoMies ﬁld’in?ﬁhcfrofrd jst
portion of said P2 paole tip that is conprised of said seed |ayer materi al

forms a si dugiaess qffsalggle@trqqgat%n@teppkpor@m A hard disk drive as described in
claim 22 wherein said seed |ayer material is formed wth a thickness of
approximately 50 A to approximtely 500 A and said electroplated material
is formed @8+th A hand dikindse mfdespibed i mnﬂz;,/wﬂé}an/%alﬂd‘lr&qmmnﬁ éraaid B2 fdfp A

25. A hard_disk dri.v S . rlbed in claim2 said seed | ayer
material t HRGISFQRTIS Oq-zi?)‘gtsﬁgll W@?W“ﬁg TIAS 3 e‘é\gfﬂfesélde@c PUplBtL ed nateri al
t hi ckness is approximately 1500 A. 26. A hard disk drive as described in

claim 24 wherein said seed material is conprised of NiFe and said
el ectropl agtd ndtherd disk ﬂgvetm]%/ﬁsc@@d inflajg 28 wiRfein ﬁaldﬁcddddyefronatémbns foamedg a

magnetic h o] I re d

substrat e; abar ﬁ@a ESS bpgeﬁfgﬁ"ﬁ‘Ee?ﬁégn}‘stgi %)%poé‘érggt%fé’ago&}‘?aaﬁﬁ ‘f lr‘? t?%PqW‘i te
gap |ayer nmtamdsmfotnﬁﬂl withl acthickadas bf&prox@mately! 1004 Rfapprixanataly 509@!2\ sai d
wite gap |ayer, said block of material having a sidewall disposed

proximate a P2 pole tip location; fabricating a seed | ayer upon said

sidewal | ; g$. eCtAQﬁhﬁdlhlﬂ&lﬂ%?as H@Jcﬁb&d ﬁhdi'ﬁ&@ﬁ'\ﬁ{eréiﬂgﬂd%@édqay%‘?%té Yﬁ'ﬁ \4\%% eby
a P2 poletlpls fornme avmg Wthat is conprised I ckness

of said sedRProsiaelydileh prd saith e@oplaﬁﬁddkﬁéfg% tlmlcn@smdaemexmxamby éﬁ

material; fabricating an induction coil proximte said P2 pole ti p
fabricati ng a P3 pol e above said induction coil in magnetic interconnection
with said 2602 p4l kardidisk drice faahieisamea rig daime D4 aplsaéiat sadh sty RiyerbRvRiabad d

P3 pole. | 5)11\1;|>'rlse§ %@e a?xg saqg el'ectroplated material is comprised of NiFe.

27. A method for fabricating a magnetic head, comprising the steps of:

fabricating a read head upon a substrate;

fabricating a P1 pole upon said read head;

fabricating a write gap layer upon said P1 pole;

fabricating a 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.
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-1 FEB 2006 -18 28. A nethod for fabricating a nagnetic head as descri bed

in claim27 wherein said seed |ayer is fabricated to a thickness of
approximately 50 A to approxinmately 500 A 29. A nethod for fabricatjfg ﬁ
magneti c head as described in claim27 wherein said electroplated ma E 4900
is fabricated to a thickness of approximately 100 A to approximately 5000
A. 30. A nethod for fabricating a magnetiig-head as described in claim?27
wherein said seed layer is fabricated to a thickness of approximtely 50 A

to approxi m8f el W Belod forfasicatifs &inthgnsid a8 b€ QéscAPPInCTaifPd Eivhatein Sid seed
fabricated to a thickness of apprOX|n&tek%béggéA to approximately 5000 A

31. A net hdayer falmeated dae thigknessiof aprapxima o aprweximataly 500 &1 ai m 30

wherein said seed layer is fabricated to a thickness of approxi mately 250

A and said electroplated material is fabricated to a thickness of

gppr oxibrrgt éby llBOﬁleﬂnodV;&ﬁr fd’orimtﬁr’fgog rf;)izgheﬁcﬁlhéddcﬁ Hél@ﬁfﬁed;&ﬂﬂﬁiﬁ??h%ﬁreﬁﬁ Sai% ,
escribed ipn clagim 27 rejpn.sai .pole tip is fabricat within a
pole tip thﬁtE qﬂg{’/w &th{;’ﬁ‘f?ﬁd tosa {hickapssiof appwoximatoly jHOR Avto @pproxintaby
pole tip. 380 A nethod for fabricating a magnetic head as described in
claim 27 wherein said block of material is renoved fromsaid wite gap

| ayer follow ng said electroplating of said P2 pole tip naterial, and said

P 1 pole igypnot i i L lin t,e 34, t hod f abricating a
magnet i ¢ hadd ad aned B tabeRRifd & B R iR pdfocc gt i 2 P G ot
conpri sed tdyeNisHebriattdsa b thib¥hepodfappiopineaéle 50 &l to dpproxiBatelyesnior O pnd tviirdipon
sai d seed I.gyelr i S co({rpri se(il of NiFe. [R\LIBOJ 7196. doc: AVC

said” electroplated 'material is fabricated to a thickness of approximately 100 A to

approximately 5000 A.

31. A method for fabricating a magnetic head as described in claim 30 wherein said seed
layer is fabricated to a thickness of approximately 250 A and said electroplated material is

fabricated to a thickness of approximately 1500 A.

32. A method for fabricating a magnetic head as described in claim 27 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.

33. A method for fabricating a magnetic head as described in claim 27 wherein said block
of material is removed from said write gap layer following said electroplating of said P2 pole

tip material, and said P1 pole is notched in an ion milling step.
34. A method for fabricating a magnetic head as described in claim 30, 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.
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