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16 DEC 200& \QQH%/ 103687 PCT/ GB02/ 02660 1 METHOD OF MAKI NG A MAGNETI C HEAD05
BACKGROUND" P73 NVENTI ON Fi el d of the Invention present PRVE&HR0ZE2660
rel ates generally to the fabrication of 1magnetl ¢ heads for hard disk
drives. "Description of the Prior Art Effdorts to increase the perfornance
characteristics of hard disk drives have focused on increasi nﬂl‘ Imm“mm‘m
data storage density of the nagnetic hard di sks and increasin
witing rate of magnetic headsson norF wakine g edadveTho #eae har d di SKS. « e Way
to increase the areal data storage density is to decrease the width of the
data tracks upon the hard disk nmedia. Narrower data tracks allow for nore

tracks per inch (TPl) to be wEREEGRQUAR, OF THE JINVENTIONeohy i ncre m\\
areal data storage density of the disk. The well recognized mm“
“decreasi ng;the i gt 1afedthigndata tracks is to decrease the @fo2t he P2
pole tip of the nagnetic head, because the w dth of the P2 pole tip
generally determnes the wwdth of the data track that is witten by the
magneti ¢ head. TPriryesart ipMentdentirdgeeploeeeralégmv ghestapgicdtdbriafati ng P2
pol e ti ps mage=tddr hedds| Jor @acdidagk tdrevéd . M ts of process accuracy, in that
it is difficult to accurately and reliably fabricate high aspect ratio P2

pole tip trenches ut ifl izin hot ol i t hographi ¢ techni ques. Recently, high
aspect ratp-re—%"—'iﬂf—g%}—é—t—f-’ﬁ—ggi%géﬁ%s have been fabricated utilizing reactive
ion etch (RIE) techniques, which have produced good results where the P2

pole tip is subsegisens |lipcednet tpppatedmhidéod chiadrbEiarieat&dnhienghk To
' nprove tti?uﬁ@agﬂ%é Qom gx@tlﬁcwdst:.hgg:hr a; glpéét%r s@(g:}alggag%x%rlhy ‘ﬁhgﬁgs have

been fabri cat el V\‘Ib Pd her ect ratli)1 ucti.on col aspect
ratio i ndl2¥1% i BTSN oRPE SPOTE T PG| TR TRADE IR ©hMFEIeSIPnEeads be
spaced cl 6§e‘fr1tté)§%t4§é?,t°cit’@%1th|aﬁ§1 dsk$ne pitch induction coil. Were a fine
pitch induction coil is fabricated, the P2 pole yoke can be

One way to increase the areal data storage density is to decrease
the width of the data tracks upon the hard disk media. Narrower data
tracks allow for more tracks per inch (TPI) to be written on a disk,
thereby increasing the areal data stofage density of the disk. The well
recognized method for decreasing the width of the data tracks is to
decrease the width of the P2 pole tip of the magnetic head, because the
width of the P2 pole tip generally determines the width of the data track
that is written by the magnetic head. Prior art photolithographic
techniques for fabricating P2 pole tips are currently reaching the limits
of process accuracy, in that it is difficult to accurately and reliably

) fabricate high aspect ratio P2 pole tip trenches utilizing
photolithographic techniques. Recently, high aspect ratio P2 pole tip
trenches have been fabricated utilizing reactive ion etch (RIE)
techniques, which have produced good results where the P2 pole tip is
subsequently electroplated into the RIE created trench.

To improve the magnetic head data writing rate, prior art magnetic
heads have been fabricated with higher aspect'ratic induction coils. Such
high aspect ratio induction coils allow for the individual induction coil
turns to be spaced closer together, creating a fine pitch induction coil.
Where a fine pitch induction coil is fabricated, the P2 pole yoke can be
shortened, thus creating a similarly shortened magnetic flux circuit
through the Pl and P2 poles, such that the data writing rate of the

magnetic head is increased.



shortened, thus creating a simlarly shortened magnetic fl ux circuit16 DEC 2005
t hrough the P1 and P2 poles, such that the data witing rate of the
magneti c head is increased. 16 DEC 2005 -2 SUWMARY OF THE | NVENTI ON
According to a first aspect of the invention there is provided a nmethod for
fabricating a magnetic head conprising the steps of: fabricating a read
head upon a substrate; fabricating a P 1 pole upon said read head;
fabricating an insulation |ayer upon sald Pl pole; fabricating an RIE
etchable dielectric material |ayer upon said insulation |ayer;

simul taneously fabricating SUMMESYWRTHRE BMENTIGN ectric material |ayer,
including a P2 pole tip trench, an induction coil trench and a back gap

pi ece trench; sinultaneously fabricating a P2 pole tip within said P2 pole

tip trench and ' ' Lk heiggd ¢ h
b Lrench andugedank «OaPIAL SEEdni ARLJIPGIN090 RLAGE: 1Y SIRh SO

that said back ece is nmaghetica I'nterconnected wt
pol e; f abfabdeadtingp magnendheid aommaing the stepsnoai d i nduction coil trench;

fabricating a gsecond insulation |ayer upon said induction coil; fabricating
a P2 pole yoke?agf)‘f}?}@‘gsaa’iea(l’ E%aélolﬁ’&niar?élb?t’é?g‘?’on | ayer in nagnetic
i nterconnect i opb¥kittheSAP Hpdlé upeh aid kdaadasl;sai d back gap piece; fabricating

an encapsul ation | ayer above said P2 pol e yoke. Overview Described herein
is a magnetic fbadatingampnsuatiay lagersipbe saidPd ;poke; r ead head being fabri cat ed

upon said substrate: a P |.e. bei. fabricated upon said read head; an
ot art on' I 2y EPRERinechrr R e e AR S G 5t P SRLSsBRd BFRY L cod
| ayer being fgigfultaadond! afiag trefdtes Hfithiradail Hidfedirat taerihlaygdr, indluding a

dielectric |layer being fabricated upon said P2 pole tip seed |ayer and
upon sai dP? peleltisx traneh) ayiaductignpoil tispeh andy back ggp bigseiiedslsd  upon said P2

pole tip seed |[; b5 R NR._sal Lel.ect rd i L X b gap
pi ece being fLalg'?{ll ¢ eglyxa@‘ﬁédg‘“ggﬁ lgz g{)lgltgjcﬂtb@ %gc{ gé ipgie *@yglﬁma%éi ?ﬁ&k
magneti c p#f plecowithi daihbauktdap pietedredth, potkle thatisaid hdcic papopiecoisl msgetcdlby er
being fabricated | rt.upon said insulation layer and in part upon
portions Bﬁergwcwﬂéﬁﬁw%@ Rferial 1 ayer; an induction coil being
fabricated upopytighithg iiehdiRf BAWineeHa itieio sl bidl n sai d dielectric

material | ayer;
fabricating a second insulation layer upon said induction coil,

fabricating a P2 pole yoke above said second insulation layer in magnetic
interconnection with said P2 pole tip and said back gap piece;

fabricating an encapsulation layer above said P2 pole yoke.

Overview:

Described herein is a magnetic head, comprising: a substrate; a read head being
fabricated upon said substrate; a P1 pole being fabricated upon said read head; an
insulation layer being fabricated upon said Pl pole; a P2 pole tip seed layer being
fabricated upon portions of said insulation layer; a dielectric layer being fabricated upon
said P2 pole tip seed layer and upon said insulation layer; a P2 pole tip being fabricated
upon said P2 pole tip seed layer and within said dielectric material layer; a back gap piece
being fabricated within said dielectric material layer and in magnetic interconnection with
said P1 pole; an induction coil seed layer being fabricated in part upon said insulation layer
and in part upon portions of said dielectric material layer; an induction coil being
fabricated upon said induction coil seed layer and within said dielectric material layer; a
second insulation layer being fabricated upon said induction coil; a P2 pole yoke being

fabricated upon said second insulation layer in magnetic interconnection with said P2 pole
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second insulation | ayer being fabricated upon said induction coil; a1I§20EC 2005
pol e yoke being fabricated upon said second insulation |layer in magnetic

i nterconnection with said P2 pole [R\LIBW50211. doc 16 DEC 2005 -3 tip and
with said back gap piece; an encapsul ation |ayer being fabricated above
said P2 pole yoke. An inprovenent in the RIE P2 pole tip fabrication
process for the fabrication of magnetic heads is disclosed. Described is
the fabrication of a narrow P2 pole tip3and a fine pitch induction coil
using a single image transfer step. Preferably the dielectric material

| ayer i nclipdas withPidbbek papplet€nmhencapsuldidudbyerrbeigidbriited aboenshid PRack
gap piece trench. Preferably the Pl pole tip trench, the induction coil
trench antPlemek®ack gap piece trench are formed in a single reactive ion
etch fabrication step. Preferably a P 1 pole notch is formed in the P 1
pol e proximate the P2 pole tip. Preferably a P1 pole notching trench is
fabricated i n Ahanmpreleawht irctheeREr P2lpoleatye fabiricatien precessdor deecfabyieationrofet ch
fabrication step. The descrjbed arrangement preferably utilizes one

di el ectriE‘agTé"ﬁ‘éﬁ"Fa & disFlesedrask and i mage transfer step, and one R E step
to create both a narrow, high aspect ratio P2 pole tip and a high aspect
ratio, fine pitch induction coil. In so doing, fabrication problens

associ at ed wi t Pesreibad &t the RatiFiqation o 8 agrrowrP2pdatiprapda fake pitdheindiglioaragilf or
creating _a fine Pi.tch '{nstLcti on coil are preferably avoided, and the
fabricati SH*%f Slgﬁe’llf%gﬁ\fgﬁs errﬁéeé)neti c head is preferably sinplified. The
magneti ¢ head of one arrangenent includes a narrow, high aspect ratio P2
pole tip and a_high aspect ratio, fine pitch induction coil. Electroplating
trenches for tBeeferaizlyrs& dielgcicamgterigklayerdiieludena £3i polafip trangh.campidyction
fabricated . s nal r step, and the P2 pole tip and the

i nducti ong%%{}?&graga't%r?g?]ggﬁf @F&S‘?%‘?%Sr ably separately plated up into their
respective trenches to conplete the fabrication of these structures.
[R\LIB W]5021 I, .doc, 1 6 DEC 2005 -4 Brief|y, follow ng the fabrication
of a P1 pole aREFf?rﬁ@)'dB‘bgéiﬂoieoﬁ"P genchy, the induction coil trench and the back gap piece

trench are formed in a single reactive ion etch fabrication step.
Preferably a P1 pole notch is formed in the P1 pole proximate the P2 pole tip. -

Preferably a P1 pole notching trench is fabricated in the dielectric material layer in

a second reactive ion etch fabrication step.

The described arrangement preferably utilizes one dielectric layer, one RIE
mask and image transfer step, and one RIE step to create both a narrow, high aspect ratio
P2 pole tip and a high aspect ratio, fine pitch induction coil. In so doing, fabrication
problems associated with separate RIE processes for creating a P2 pole tip and for creating
a fine pitch induction coil are preferably avoided, and the fabrication of an improved

magnetic head is preferably simplified.

The magnetic head of one arrangement includes a narrow, high aspect ratio

P2 pole tip and a high aspect ratio, fine pitch induction coil. Electroplating trenches for the
P2 pole tip and the induction coil are preferably fabricated in a single RIE process step,
and the P2'pole tip and the induction coil are thereafter preferably separately plated up into

their respective trenches to complete the fabrication of these structures.

[RALIBW]50211.doc



insul ation |ayer thereon, a patterned P2 pole tip seed layer is depd$i BED2005
Significantly, the pole tip seed |ayer is preferably not deposited beneath
the induction coil area of the nmgnetic head. A dielectric layer is
preferably next deposited and a patterned RIE etching nmask is fabricated
upon the dielectric layer. The etching nmask pattern preferably includes
both a P2 pole tip trench opening and an induction coil trench opening.
Thereafter, in a single RE etching stép, the P2 pole tip trench is
preferably etched through the dielectric material down to the seed | ayer,
and the induction cBibfly,r fRilloting tirt fbecationr OUGIP1t pele dhideihecddpobsitioRiogradnal
down to the insulation layer. In a.freferred enbodi nent, the P2 pole tip

i s then elnselafionlayerctherssn; s pefterped R polerip sepdlaysr is) deppsitsdh atlenifcantby the

Wi thin thgi j40 J e n dyl.a S y

deposi tedg?lhggglgéné.d [Lxelg?épbree?%?@g} &e@ggﬁr?e%@g@omeg%ﬁ%t t %agle‘%gt ?%f)l}eati ng
of the P2mpaghaticthiepd. Andieleckuictlayen icmeferabde dedtalgposited and e patemed RIP etthirge

waf er surface, and,.specifically down intqg_.the induction coil trench.

Pr ef er abl Wflh@rafé'@magﬁd, unondhe AlRIReT OV Eol The eécfweexaﬁlaaiﬂa%arifﬁraﬁ tigclpdes

i nduction [ Cé;h’ém' chanical LS gMap 1§ Jnext
pr ef er abl ?/&goajn%%@tgggtm g@t}cél ve Ift\g?f{é1 dr@x@ gggf@n%ogﬂr%%ﬁ (ﬁ%}lil(n hatl}ae?%agl{er’zilﬁc? t he
RI E et chi siggleeRIE. etdng ewpt the, P2apglattipeirengtl is peafi¢rably criched dlmeugh shepdiefestrizbl y
deposi ted_upon, the indyction coil, jch is .preferably foll by .t he
fabr cat | BHEGR 4080 BoME' SR o5 ire e ndubh o't Bfchcise e fFE fuplen 0%,
known to gfeRefic mktetibleibwntottheingiilatiod Ryt ahedfrtRredemBbBNenNaRe PP psRR et e
t he magnetic head. The magnetic head may include a narrow, high aspect

ratio P2 jsohen eleptreplated upi ige itatrpechy andinp lectionlatipg osenrs athin tmindaeian  The
P2 pol e L 3{%:%[;1% Nechidugs! 28 Cl%éé g{sChQ& F}%ﬁ@gﬁésﬁgd efBod) Mept ﬁgrggef%%g

fabricate I zing a sing g e nagnetic

i ncl ude aecmbsdifont, folipwiag HecsledtRplatinBdf e B2 polp tidhsh tdattidh caibgedtiayeais o,
fine pitch induction coil that are fabricated in a single dielectric |ayer.
Descri beddenostisthupeinthe pafar surfagh and grecifiqally dawrs ktey the dnduskpn iceil fgencht

| east one i i . : | : F YoMt ol dni ve;
ot Teast picietablythetaRs Bl BEOralP olBfof BALY iBIHOMAIARM Bttt Al VT
dat a on sehanibalrmechasical palishimg (CP) stdpeiachekRprdferadl yWwdndoed Ito .removed theDEC

2005 -5 including:.a substrate; r ead bejng, fabricated upon L d
subst r at e e pdRich i ety e e KB sk PnesBearcaeitenti aliften on
llayer bei pgef arbfepiv®ddiRRRed @pdh M iRRIcBon oL 2whiRR i€ plfdtaBI9a8|I6RYEby BRI NY
fabricated upon portions of said insulation layer; a dieleCtric |ayer
fabrication of a P2 pole yoke thereupon. Further fabrication steps as are known to those

skilled in the art are thereafter accomplished to complete the magnetic head.

The magnetic head may include a narrow, high aspect ratio P2 pole tip and a high

aspect ratio, fine pitch induction coil.

The P2 pole tip and the induction coil of the preferred embodiment are fabricated

utilizing a single RIE etching mask.

The magnetic head may include a narrow, high aspect ratio P2 pole tip and a high

aspect ratio, fine pitch induction coil that are fabricated in a single dielectric layer.
Described arrangements further provide 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
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bei ng fabricated upon said P2 pole tip seed | ayer and upon said |nsulat|g%m%
| ayer; a P2 pole tip being fabricated upon said P2 pole tip seed | ayer and
within said dielectric material |ayer; a back gap piece being fabricated
within said dielectric material layer and in magnetic interconnection with
said P1 pole; an induction coil seed |layer being fabricated in part upon
said insulation [ayer and in part upon portions of said dielectric nmateri al

| ayer; an induction coil being fabricafed upon said induction coil seed

| ayer and within said dielectric material |ayer; a second insulation |ayer
bei ng f abirchaiire mpmb‘stm&i; d resmtibedd eing Gabricatediupen pad eulysnlaes; el ngolk deirigcat ed

Sy e TR M e
fabri cat egolél??’s%e@ %Zgr l?@n%?ibﬁcéi@&ﬁ? ﬁtﬁggﬁsr & ﬁiﬁ%sﬂﬁﬁcﬁﬂggaa Y a REY& 8 layer

i ncreased are data storage density an I ncrease witing fate.
The hard beisg fabricaed pipef eaxdtmypqlﬂ tlp lscmislagerrmg npbn caill el dtawi lageraa RApokew,

hi gh tj.o .P2 pole t h tio, fi itch
nauct | onib e wEonad b skBaF pol il hea dnirs ang RR s ARpeieeral ne

P2 pol e tiReand vhble gagrﬁb'&t b&iRg CAblicAE Wikl 'sﬁlﬂt @ﬂle\éirlcl hateal ayer NEieinR! E
etching mask. Preferably the rragnetlc head includes a narrow, high aspect

rati o P2 paeetic lptemmneptloquth sspBE poleaar imdugtionecopi seechlalyercheing fhrieased in hat

oo 200 S AR ShEl e Y B P PSR B

head Uponlr@uswnhﬁtcbﬂt bsing dhbricatdd nPord sBId paetionpesil Siked lagadameadtihin said
fabricating an_insulation | ayer upon said Pl pole; fabricating an R E
et chabl e dictacliia materialhdayer aaseqoa%nsw@ﬁ 1§3¢rdoq% fabsicatsd upapewid mdletiomt i ng

trenches X‘M hj f?g% gm I 8%15% %rléﬁléfgb@acélﬁyﬁﬁond r}?sju}ﬁ(?l'oﬂglag%?&) RRfettd P

trench, an |n gap plece tre

si mul t aneoua‘cymfeabdm odthisagl P2 piale mxpl andtwith wdid baok gepi ede? apeheapbulptién Ryeh and
a back [R\ LI 50211. doc 05 -6 gap piece within said back gap

pi ece treh@ﬁg%@&ﬁteﬁﬁé?v%%ﬂ‘ég%% g‘]’o piece is magnetically interconnected
with said Pl pole; fabricating an induction coil within said induction coil
trench, fabricating a second insulation |ayer upon said induction coil;
fabricating a Phe dtalr@ dig}@drévcal@myehmi gh dewrensad iancaliidatd sterdgaydansity amdgavet i ¢

i nterconnegction H\ﬁt ﬁmgg P2 pole tip and said back gap piece; fabricating

an encapstﬂ éﬁaisﬁ% e said P2 pole yoke. Preferably the nmethod
further includes the steps of fabricating a patterned P2 pole

The hard disk drive preferably includes a magnetic head having a narrow, high

aspect ratio P2 pole tip and a high aspect ratio, fine pitch induction coil.

The hard disk drive may include a magnetic head where the P2 pole tip and the

induction coil are fabricated utilizing a single RIE etching mask.

Preferably the magnetic head includes a narrow, high aspect ratio P2 pole tip and a

high aspect ratio, fine pitch induction coil that are fabricated in a single dielectric layer.

Also described is 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 an insulation layer upon said P1 pole; fabricating an RIE etchable dielectric
material layer upon said insulation layer; fabricating trenches within said dielectric
material layer, including a P2 pole tip trench, an induction coil trench and a back gap piece

trench; simultaneously fabricating a P2 pole tip within said P2 pole tip trench and a back

[RALIBW]S50211.doc



tip seed |layer upon said insulation |ayer prior to fabricating said
dielectric material layer. Preferably the P2 pole tip seed |layer is Host DEC 2005
deposited in a location of the induction coil trench. Preferably an

i nduction coil seed layer is deposited within said induction coil trench,
subsequent to fabricating said P2 pole tip and back gap piece. Preferably
the step of fabricating trenches within the dielectric material |ayer is
performed in a reactive ion etch procesé.‘ The dielectric material |ayer may
be conprised of S102 and said reactive ion etch process is conducted
utilizi ngghp piecé withirosaid pauki gep. piddearaicks| sach that sadtbeck gip pmyeis magnebieally
conprised. of an organi.c | ynmer, material and. the RLE etching. process.js
conduct edEFEPRERiey WY SRY S PG AR PE R RAYSHO 508 WERBHFHG BRI my
be conductegcH, PbrRwifa k&dnd akiatish 18er %’oﬂi 88d Rducis] &)i]é%caf[ﬁg?a P2 pogd e

not chi ng process includes the steps of E etching the dielectric nmaterial

pr oxi nat e Yokfeatmye saidesseeonsd ingplationlayerciarmagnetic injersennection pothesaid P2 peledip

(R VL ey s S ek deBibios B BB R )8, B EE Padlerake i seea

| ayer is conprised of NiFe, and said induction coil seed |ayer is conposed
of copper. Preferably a narrow, high aspect ratio P2 pole tip and a high
aspect ratio, Preferabivithe methad uthghingkydes thestapsiof ifebsicatinga paiterngd B2 gle
dielectrig Ll .- f en - - 1A :

i nducti onﬁgglgtfdeﬂt;1 }’ée}r?(? ﬂéfﬁg l?%%rllogalt%g}‘?é\ng fﬁécﬁg{.‘gsz&{j Eleté‘{cﬁcfﬁa%gg 16%98[ N THE
DRAW NGS A preferred enbodi nent of the present invention wll now be

described, b 0 X le only, with reference .to the, fol] ow )
oot e rry . WiRkebly i BTefe OF iy 18teras hShdepanEes it loetionat 1o g tgtion

magneti c hgqeemdh. @ preferred enbodi ment of the present invention, Fig. 2
is atop plan view generally depicting a magnetic head fabricated on a
wafer in accordance with a preferred enbodi nent of the present invention;

g' tgflét 8- 7Tar %r&lergglycz{nq?xéﬁc%i%ﬁtc|01 08l l\a/)IIeer\{Vssdetp%ls(i?e_ BN el iRER 130 coil tr%xflchl,:I g-

subsequent to fabricating said P2 pole tip and back gap piece.

Preferably the step of fabricating trenches within the dielectric material layer is

performed in a reactive ion etch process.

The dielectric material layer may be comprised of SIO; and said reactive ion etch

process is conducted utilizing fluorine ion species.

The dielectric material layer may be comprised of an organic polymer material and

the RIE etching process is conducted utilizing an oxygen ion species.

A P1 pole notching process may be conducted following the fabrication of the P2
pole yoke.

The P1 pole notching process includes the steps of RIE etching the dielectric

material proximate the P2 pole tip, and ion beam etching said P2 pole tip seed layer, the

insulation layer and portions of the P1 pole.

[RALIBW]50211.doc



depi cts further fabrication steps of the nmagnetic head in accordance BMDE@ZEU
preferred enbodi nent of the present invention; Fig. 8 is a top plan vi b
depicting the P2 pole tip and induction coil trenches created in a
fabrication step of the magnetic head in accordance with a preferred

enbodi nent of the present invention; Figs. 9 - 16 depict further

fabrication steps of the magnetic head in accordance wth a preferred
embodi ment of the present invention. [fa-.1BW5021 | .doc WD 02/103687 1 6
DEC 2005 PCT/ GB02/ 02660 7 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVBODI MENTS NoPeferMly tiRsaid #2 P3leatsp sexddayes ietompréded rof INiFepagdasaidcindadtidn

pi eces. The n gg)eri g foll ow the sequence of fabrication; P1 is fabricated
first, f?ﬂ‘l%?\ﬁg Y6y 1ssPmPRsce 9LCRAPSTy P3. These form according to a
preferred enbodinment, the magnetic circuitry for witing operations. Fig.
1is atop plan view that depicts conmponents of a hard disk drive which

i ncl udes t he nBefetbly ameadwehightespent edter P2 pole tipoutid mengh aspeet ratiay filnedpitch

dri 10 j ncl udes. ti dia_.h .disk 12 that i t at abl t ed
upon & noPOR SRR ARB AR AL OB aicTeits T8yt al Ty mount od

within the hard disk drive 10 with a nmagnetic head 20 disposed upon a
distal end 22 of the actuator arm 16, A typical hard disk drive 10 may
i ncl ude a pl ur BrefergblftheliP2 ipolel tip ttieaeh and: theoindectisnycotipienchdire fabsigateidn a

spindl e 14 - Lty of actuator arns 16 having a magnetic head 20
nmount ed u%ggig&lgeg’%hﬁé%t%énd 22 of the actuator arnms. As is well known to

those skilled in the art, when the hard disk drive 10 is operated, the
hard di sk 12 rotates upon the spindle 14 and the magnetic head 20 acts as
an air bearing slider that is adapt®UTHEDRAWINGShove the surface of the
rotating disk. The slider includes a substrate base upon which the various
structures that formthe nagnetic head are fabricated. Such heads are
fabricated i n Agprgfergdantbotinent oftre preseaf mverdiodnsyillatosv Bedescaibiéd; dguenyt ofy

sliced into discrete, etic, heads, 2Q. .
example only, w1t£r?g£rence to the ?oﬁlow%g drawings;

Fig. 1 is a top plan view of a hard disk drive including a magnetic head of a

preferred embodiment of the present invention;

Fig. 2 is a top plan view generally depicting a magnetic head fabricated on a wafer

in accordance with a preferred embodiment of the present invention;

Figs. 3 — 7 are side cross-sectional views taken along lines 3 — 3 of Fig. 2 that
depicts further fabrication steps of the magnetic head in accordance with a preferred

embodiment of the present invention;
Fig. 8 is a top plan view depicting the P2 pole tip and induction coil trenches
created in a fabrication step of the magnetic head in accordance with a preferred

embodiment of the present invention;

Figs. 9 — 16 depict further fabrication steps of the magnetic head in accordance

with a preferred embodiment of the present invention.
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"As is well_known to those skilled in the art typi cal magnetlc

initial

16 DEC 2005

fabri cati oWOKdBY3deneral Iy include the deposition and pat t&f Fﬁ&z"@ﬁ“o
various thin filmlayers to fabricate a r7ead head, followed by the further
deposition and patterning of various thin filmlayers upon the read head
to fabricate a wite head. The present invention relates to the
fabrication of a wite head, and therefore a magnetic head of the
preferred enbodi nent peeyrienchrsdeI PO, oF frue aiRE@ERREDOEMEODEMEAMEI OUS T ead
head configurations as are generally known to those skilled in the art.
Therefore, the description commences with wite head fabrication, steps

upon a waf er aff%&f: tHe FaBPAckt PENBF RHEF idRet "eBMFORERRI S BYRSS: Fi g.

2 is a germdeapimpedinmfoplantié engeinca ¢f frbud catragne Pl cishdabri4@ted Hatstser ves

as an ori et adieannf i @yr gnd @rinehhiyswe&aéaeedodesae&&tdilfa@ toA§ prédepifdeed in
Flg. 2, a h%@éﬁr?e "Wéhteemib%@@'ug%r i ELQR P4 gggn HeiGeigad general ly

I ncl udes a P1 pole layer 48 t I's conpose erromagnetlc mat eri al
such as NiFe, a flat, spiral induction coil--50---that--is-formed in a
general ly oval Fdgeal 52 albiopeptdmevitv thol depintsi noipgdestsebéct bacdldiskads 54
and 56, adpavd AibR ipeleidsi phdabhatici feados frRtle ap@rer R bidaSmeit t hRe P1 16

CEC 2005, B GA0REL FETHCHRIOPSA0A bRy kR s 19 Bulol 05 (1ot I

jOInedtO "d’ﬁ e enggg1 é or me aovethelnductlon
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surface of the rotating disk. The sllder 'includes a substrate base upon

which the various structures that form the magnetic head are fabricated.
Such heads are fabricated in large guantities upon a wafer substrate and

subsequently sliced into discrete magnetic heads 20.

As is well known to those skilled in the art typical magnetic head

fabrication steps generally include the deposition and patterning of
. various thin film layers to fabricate a read head, followed by the further
) o . e

- 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
preferred embodiment may include most,.if not all, of the various read
head configurations as are generally known to those skilled in the art.
Therefore, the description commences with write head fabrication steps

upon a wafer after the fabrication of the read head component layers.

Fig. 2 is a generalized top plan view of a typical magnetic head 40
that serves as an orientation figure for this detailed description. As
depicted in Fig. 2, a typical write head portion 44 of a magnetic head
generally includes a Pl pole layer 48 that is composed of a ferromagnetic
material such as NiFe, a flat, spiral induction coil.50..that_ is_ formed in
a generally oval area 52 above the Pl.pole and includes electrical leads

54 and 56, a narrow P2 pole tip 60 that is formed above portions of the Pl



48 has been fabricated and a wite gap | ayer 84 has been deposited upoLﬁ DEC 2005.,
the P1 polWO 193687 cal wite gap |layer 84 is conposed of anP€l/€B803/92660 |y

and magnetically nonconductive nmaterial, such as alum na. Thereafter, a P2
pole tip magnetic seed |ayer 88 of the preef erred enbodinent is dep05|ted

upon the wite gap layer 84. Typically, the P2 pole tip seed |layer is
conprised of Nl Fe and serves as an initial electrical plating surface in a
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described in detail herebelow Thereafter, as depicted in Fig. 5 a |layer
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the P2 po gorg ItgetJr(?‘lrt]g gap E'ayeqru aF T?/plgqq_ e P2 up%&e trlp seed 1i.ayer is

comprised of NiFe and serves as an initial electrical plating surface in a
subsequent P2 pole tip electroplating process described herebelow.
Thereafter, as depicted in Fig. 4 portions of the NiFe seed layer are
removed in a patterning step from the area 52 in which the induction coils
will subsequently be fabricated. As depicted in Fig. 4 portions 92 of the
NiFe seed layer 88 may remain in the fiéld away from the induction coil
region. As a result of the seed layer patterning step, the alumina surface
is exposed in the coil region 52, whereas a portion of the seed layer 96
remains in the P2 pole tip region. Thereafter, as depicted in Fig. 4, a
further patterning and etching step is conducted to create a back gap hole
100 in the exposed write gap layer 84 within the induction coil area 52 to
expose the surface of the Pl pole 48, such that a later fabricated back
gap element will make magnetic connection with the Pl pole 48, as
described in detail herebelow. Thereafter, as depicted in Fig. S5, a layer
of dielectric material 108 is deposited across the surface of the wafer
and down into the back gap hole 100. The material comprising the
dielectric layer should be susceptible to a reactive ion etch process (as
described below) and suitable dielectric materials include SiO; where a
fluorine RIE process is conducted, or an organic polymer may be used where

an oxygen RIE process is conducted.

Thereafter, as depicted in Fig. 6, a patterned RIE etch mask 112 of
the preferred embodiment is fabricated upon the dielectric layer 108. The




- confi guration, as well as the back gap piece, as is next described. 1I’—BoIDE%ZU%
fl uorine RY@OH#Q%@SS a suitable etching mask 112 may be coPSF#eR202668 t hi n

| ayer of Ni Fe or alum na, whereas for an oxygen RIE process the mask may

be composed of Si 2, Ta205, titanium N Pe, alumina or other materials as
are known to those skilled in the art. Follow ng the fabrication of the
patterned RIE mask 112, an RIE process step is conducted, in which
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ti p 140 the dielectric layer 108.

An electroplating process for the P2 pole tip and back gap piece is
next conducted. Specifically, as depicted in Fig. 9, an electrical
potential is set up through the exposed seed layer 96 of the P2 pole tip,
as well as the exposed Pl pole surface 48. The P2 pole tip 140 plates up
into the P2 pole tip trench 120 and the back gap piece 148 simultaneously
plates up into the back gap trench 134. Plating does not occur within the
induction coil trenches 128 because there is no seed layer within the
induction coil trenches to cause electroplating therewithin. The
electroplating step of the P2 pole tip and back.gap piece is conducted
until the trenches are fully plated up.

The fabrication of the copper induction coil is next commenced by
the sputter deposition of a copper seed layer across the surface of the
wafer. As depicted in Fig. 10, the copper seed layer 160 is deposited
through' the openings 116 into the induction coil trenches 128 as well as
across the surface of the wafer, including the plated up P2 pole tip 140
and back gap piece 148, Theréafter, as depicted in Fig. 11, a copper
electroplating process is conducted. A copper deposition 168 is formed
upon the upper seed layer 160, and the copper seed layer 160 within the

induction coil trenches 128 facilitates the electroplating of copper



and back gap piece 148. Thereafter, as depicted in Fig. 11, a copper 16 DEC 2005 -
el ectropl avong1gsecess i s conducted. A copper deposition 168CT/&BH202¢6d

upon the upper seed |ayer 160, and the copper seed |ayer 160 within the
.induction coil trenches 128 facilitatest%he el ectroplating of copper WD

02/ 103687 10 16 DEC 2005 PCT/ GB02/ 02660 through the openings 116 into the
trenches 128 to plate up the trenches and create the copper induction coil
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'n Fg. 1e1ecé¥%2£llf%%d ¢, 26 Lre Known to those skilled in the art, an
encapsulation layer 200 is deposited to complete the wafer level
fabrication of the magnetic head 20 which is suitable for use in the disk

drive 10.

In the.preferred embodiment of the present invention, a Pl pole
notching step is conducted preferably'following the fabrication of the P2
yoke and before encapsulation depicted in Fig. 12. Specifically, Fig. 13
depicts another patterned RIE etching mask 210 that is fabricated to L
include an opening 214 to expose the area around the P2 pole tip 140, and
Fig. 14 is an end cross-sectional view of the head taken along lines 14-14
of Fig. 13. Another RIE etching process is then conducted, as depicted in
Fig. 15, to create a trench 218 within the etchable dielectric material
proximate the P2 pole tip 140. As is next depicted in Fig. 16, an ion
milling process utilizing argon, or other ion milling species as are known
to those skilled in the art, is conducted to remove portions of the NiFe
seed layer 96, write gap layer 84 and a portion of the Pl pole 48
proximate the P2 pole tip 140, such that Pl pole notches 220 are achieved.
Encapsulation of the notched head then follows, as is known to those
skilled in the art.

It is therefore to be understood that a significant feature cof the
preferred embodiment is the utilization of a single RIE etching step to

simultaneously create the P2 pole tip trench, the induction coil trench



-depl ct s anot her patter ned RIE etching mask. 210 that is fabricated t!)6 DEC 2005
i ncl ude an“dp®1%87214 to expose the area around the P2 pol BCTIGBO2/AZ660 and
Fig. 14 is an end cross-sectional view Ofut he head taken along |lines 14-14
of Fig. 13. Another RIE etching process i's then conducted, as depicted in
Fig. 15, to create a trench 218 within the etchable dielectric materi al
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P2 pole tip, which creates narrower data tracks and leads to more tracks
per inch written on the magnetic disk media of the hard disk drive. The
high aspect ratio, fine pitch induction coil leads to increased data
writing rates for the hard disk drive, as will be understood by those
skilled in the art.



typically acconplished utilizing photolithographic techniques in V\,hi]ghDEC 2005
hi gh aspect ratio trenches for the P2 pole tip and the induction coil are
difficult to reliably fabricate. A hard disk drive having a nagnetic head
of the preferred enbodi nent can be fabricated with increased areal data
storage density due to the disclosed sinplified fabrication of a narrower
P2 pole tip, which creates narrower data tracks and | eads to nore tracks
per inch witten on the nmagnetic di sk nEdi a of the hard disk drive. The

hi gh aspect ratio, fine pitch induction coil |eads to increased data
witing r@#asweetaithie hard disk drive, as will be understood by those
skilled in the art. 1 6 DEC 2005 -12 What we claimis: 1. A nethod for
fabricating a magnetic head conprising the steps of: fabricating a read
head uponja su f el d head;

fabricati }lg angl%rlléstg (gtfolrof%mdaﬁ h&% netgcgll cSmBH%ng%l?éa%I}{ S(;%gtl ng an RIE

et chabl e di el efabncmmeadhbad wgoara subsiratesal d insulation | ayer;

si mul t aneousl y_.fabricat] pg lt rench ei H]? said dielectric material I|ayer,
including a P2 BB‘I“E‘gtar% plapepn saldreaddsedii on coil trench and a back gap
pi ece trench; %ﬁga;@r@,q%d]yngﬂgyérg?ghggd@lP |@ol e tip within said P2 pole
tip trench and a back ga i ece hin said back gap pi ece trench, such

t hat said backfa@apatpigeaneRI&etﬂlm@hedml@athlcynat¢rmléaygonmmaahlwlmorsbw, Pl pol e;
fabricating an_inducti t CQI r.enc

(2br1 cati ng o SuuoraedRO gkt bahdhes T 85 G-l RRisaRrenb B neugecar  ng
a P2 pol epygkr thestehsai idds@ivandilivract Q{d @lb‘ack?,‘ﬁglpldce tigRget i ¢

i nterconnection with said P2 pole tip and sai ack ﬁ@t pi ece; fabricating

an encapsul at i Smulayequsiighecaisgs PHhpplsitp yikia, sai PAP thpHench andabackat i ng
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fabricati patterne tip Seed ayer upon sdi'd :Xyer
prior to idtabonneated wgthssaidP dpakectric material layer. 3. A nmethod for

fabricating a netic he d as descri.bed in claim?2 wherein said P2 pole
L e 1oy o TR apad BB so e S iyt Cbrehehnauct | on-cor |

. trench. fabricating a second insulation layer upon said induction coil;
fabricating a P2 pole yoke above said second insulation layer in magnetic
interconnection with said P2 pole tip and said back gap piece;

fabricating an encapsulation layer above said P2 pole yoke.

2. A method for fabricating a magnetic head as described in claim 1, further including
the steps of fabricating a patterned P2 pole tip seed layer upon said insulation layer prior to

fabricating said dielectric material layer.

3. A method for fabricating a magnetic head as described in claim 2 wherein said P2

pole tip seed layer is not deposited in a location of said induction coil trench.

4. A method for fabricating a magnetic head as described in claim 2 including the
further step of depositing an induction coil seed layer within said induction coil trench,

subsequent to fabricating said P2 pole tip and back gap piece.
5. A method for fabricating a magnetic head as described in claim 4 wherein said P2

pole tip seed layer is comprised of NiFe, and said induction coil seed layer is composed of

copper.

[RALIBW]5021 t.doc



4. A nmethod for fabricating a nagnetic head as described in claim?2
including the further step of depositing an induction coil seed Iayéﬁ DEC 2005
within said induction coil trench, subsequent to fabricating said P2 pole
tip and back gap piece. 5. A nethod for fabricating a magnetic head as
described in claim4 wherein said P2 pole tip seed |layer is conprised of

Ni Fe, and said induction coil seed |layer is conposed of copper. [R\LIB W
502 | |.doc 1 6 DEC 2005 -13 6. A nethod for fabricating a nagnetic head as
described in claim2 wherein a P 1 pole notching process is conducted
followi ng the fabrication of said P2 pole yoke. 7. A nmethod for fabricating
a magnetic head as described . in claim6 wherein said Pl ol e notching step
i ncl udes Phe sfdpethed fonfgbricating agagnstic hpad jag describedviay dainng Whatet a Phpelei nat e

said P2 p By i hi L a o | ayer, said

i nsul ati oﬁéte?lggagpcg%ﬁs ;I%or ufegeﬁgfb gé\/gllsﬂg?% %?hgaot{gé.oqg%nggzr@tlig@gf or fabricating
a magnetic head as described in claiml, wherein said step of fabricating
trenches within said dielectric materi.al |ayer is perfqormed in a reactive
ion et chpr océs‘_@?t'hg@_ % flﬁ%‘_ﬁ‘%‘&gf"o‘f‘agl’&f}? ihE_?a‘f g%ﬂﬁsﬁr‘h%g‘l‘i‘e‘ﬁ?@ g_é%f%% sHgLdy | bed
nclal m Gophfigling s indlhBlsCer bEpdTRY SRI ordr@ saldS afe MU SEflard )42 and
said reactive 1on etch process Is ‘conducted utilizing fluorine 1on

speci es. p®ximatesail®a pobe tiff, abd iadtdangetehingeaid PR poleetipdsead lajes saiddeshlationc| ai m

8 wherein said . dielectri. terial layer is conprised of an organic
pol ymer nlf?g??“éilpogﬁﬂqssoiisﬂgmo&'chi ng process is conducted utilizing an
oxygen ion species. [R\LIBW5021 | .doc

8. A method for fabricating a magnetic head as described in claim 1, wherein said step
of fabricating trenches within said dielectric material layer is performed in a reactive ion

etch process.

9. A method for fabricating a magnetic head as described in claim 8 wherein said
dielectric material layer is comprised of SIO, and said reactive ion etch process is

conducted utilizing fluorine ion species.
10. A method for fabricating a magnetic head as described in claim 8 wherein said

dielectric material layer is comprised of an organic polymer material and said RIE etching

process is conducted utilizing an oxygen ion species.
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