;e3e, Ni,ddeTf L8gh6 i T"i bnD SECOND POLE PI ECE OF A WRI TE HEAD FABRI CATED BY
HI GH ASPECT RATI O LI THOGRAPHY AND | MAGE TRANSFER BACKG?QJN[TMIMM

| NVENTION 1. Field of the Invention The present invention r ,m”mm
second pole piece of a wite head fabri c?t ed by high aspect rat.sg s

| iM hography and i mage transfer and, nore‘particularly, to a highly defined
second pole tip which is defined by a high aspect ratio negative

e o R AR S s

a magnetic disk drive which includes a rotating magnetic disk, a slider
that has read and wite heads, a suspension arm above the rotating di sk and
an actuator armthat swi ngsBARKGREOIEND QF THEANVENHENt he read and wite
heads over sel ectfd cixg.cwoalrt t?ackﬁ. on the rotating disk. The suspension
arm bi ases the slider 1 OCE}ﬁ W™ h the surface of the disk when the

di sk is not rotatTioplestnt inRSfiort fefatel ®ka $e0bl fsle pRick of & wilte hbRUfabNcdtdie
rotating disk adjacent an air bearing surface (ABS) of the slider causing
the slider thy highespest mtiodithogsephyiand tmage irepsferdinds mareepariiotarih éo s highlce of
the rotatin i sk.. \han sl.i.der ki / i ri . i and
read heads gﬁegi'ng%ﬁ&r)gcp Oﬁggpﬁélﬁ hsgaénfglgﬁ ebS’ ?acﬁlgfﬁrpar %éé% ?%%sﬁ‘{%u{é@n gh%ﬂaeg ?tng
magneti c si gdp wWhesdinlshe intupetdfahe a¢gitive pholiosdsist Jthi@ ik eadsfaied w it Sluftids are
connected to_processing circuitry that qperates according to a conputer
programto iwenefsderming e secondypoln P dudes #8108 8%€Pons. The track width
density of a Wwitg heaf.dsi ek & cks per inch (TPlI) along a

radi us of a rot at?’ng ngggrfz{l{i%ﬂggfst&éﬁkgﬁiég@det erm ned by the width of the
second pol e tip. Thehsatofid qooipateriip ai magmtic digk driwewbitl ipdudespa ewtatingd t he

wite head and is. exposed.at the ABS., If,th econd pole .tip_is,made nore
e r ow t ne ogriedis PRI dhel s Trad et Mo PERRGH ieRsion fomaagR e
Efforts al O%tétfiiﬁ%iild R andtARIr larrd $hdt RGAR3 $he EhspiRioRWHREd phice Bielr8adMind t en
into the track along its | ength, have resulted i n increasing the storage
capaci ty of woipheads ver seleited eBgulass tracks sy Higyrotating liska rkhegiugpansionsarmrhe
desire now i i I i NS AM 1 R L GO i 4 2
ahi ch_ef £ or t P HERIAE TS SFEANIP R Rulihdorthd o WATh Rl Mot Toating |1
tip is typichit] whembkhe disk ectates,tdir & spoded by theplotiting elisksddjidceatren ainibedrirgas an

openi ng where fhe n ole.tipis tq be forned, The resolution of. the

framng st epSLFEf’Fet(%&%ge%oﬁ’H %@F’é C?VSH*&,@W ﬁ@fefﬁj’)r‘?ﬂfe‘a" 28 W 1°FAE A ehssed

in the Summagivagte frb@ tg@k’\ﬁ-ﬁﬁcb @ the! rota@ing Aisk! WHEh Thedlider ﬁ&é&%nw;hb hirbearkfy Ween
a

the second pole tip an first pole trp of the wite head, it is desirable

to notch thethej weite ped gead peasa aseemploxed for wiiling swendicphpressignssie atht t he

first pole tj Wy hde Sy; whi i i i and
second side %ﬁ%ﬂgﬁ?%énggéts%gll §ag$?%ﬁgh%ergonhgpdé éﬁ?ﬁa%%lﬁggadg ke
arrangenment &dnnectad ltd pbacetsigsit@ritie thdy@peaes dct@dingrista esmpgacpiograpotee ti ps
W t hout extendin i de-wi se beyond the first and second side walls of the

Si 0
first pole timpple 'efégwwagn Fﬁﬂa’ﬁ‘&sf“‘i‘%’é’“w dth of a track and reduces the
track width densi aaakkidd j ' ; ite
signals stray int tcl)‘}{(:'adj acgﬁ#thwl&%{z’s&v\hﬁ%é IEI%SF gggaslﬁ? ﬁg%gih‘ga%%fﬁ%gﬂ%g r?ynce of
t he rotati ngaldngle satiims of rerotatimgksagoetic diskdwinyh ihdeteraddedhbpdhe Fydth ofithey, t he

first pole tip i t.ched by i L), | oyi nq t le ti
ok, i s proend ey < Thbtecpilntl s bef & aatemte nolr eites f GeRvue piad’ on °
mlling altegsd Is@(gbﬂédgzittth@fABS?elf&E& Qék@n@?bl% tif R A&devRble roM ﬂ@rsjtcne%e_t he

conposition and width of the second pole tip. 'Since the second pole tip is
the | ast onecaffacithef ther magreatie diskcduee jsonereaseds Efforpsaalengthis Hae,rastvegll ag
magnetic disk its.resolutjon s extrenely. inpoytant .fqr ijproving,track
e h donst ¢ JrebteSinRdne pinb s ity e ek R rrs Y L B
invention a §ickdaBin®fthé @EbdeV. | | fke nABS
site of the ABS w ? h a \?\3;it %%eh@tpﬁggt %m@egq{{lﬁﬁm Smiytgs‘{‘ﬁfig}é% a@ges?gn!g pygl e
tip and wi t hgigahgeghiThotdesite hew db ow fabuicaiessceand pade ¢ips vath submicieoomdthsol e
tip. An alumna layer is then fornmed on the wafer and on the strip with a
t hi ckness above the wafer that is equal to or greater than a desired height
of the second pole tip. The alumna layer is then chemc jpcally
polished (CWP) until the negative photoresist stripis eﬂwmmmﬂmwm
negati ve photoresist strip is then renoved | eaving an openi ng. 10
second pole tip in the alum na | ayer. Enploying the alum na IMF as a
frame the second pole tip is then plated in the opening. It has been found
that the negative photoresist inproves the aspect ratio of the |ithography.
The aspect ratio is the ratio 3 of the width of the defining photoresist

—— o o oy e Y M Y - ) T T



4 the openings in the negative photoresist so that side edges of the
notches line up with side edges of the negative photoresist strip. A um na
may then be deposited on the wafer with a thickness greater than the
desired height of the second pole tip and chemnically nechanically polished
uhtil the alunina is renpved, except fo2 first and second al um na pedestals
in the negative photoresist openings. The negative photoresist is then
renoved | eaving a_desired openi ng between first_ and second al um na

pedest al s f whichneffarhpy lisytedoby preserifabieasinn tpebmigues.p The sesead pole tip is

hot or esi st t oke
D ter whi ohPlATEAcREbRPTRbINGS BibidiRlisd e RERR 208 o BnbiEThe Y01
and back of sdchad fpolestip #ntb Be&nnrédalﬂmmeolmaﬂesﬁmbsfrmﬂng (smpd‘ot thef secbed
present invention | to fabricate a second polg ti a ite head with
P ror oved  oBOF P ah be AABIREN e jlbhs dRdisses A e Suramhyi dhesBientiany v ¢ hout
damagi ng the SeCHﬂ@rd@Pi&nidaﬁnz@ﬁB@%ﬁth%etWe%ﬁ tﬁé‘&c&?&ﬁmguﬁ%@ atﬂrﬁﬂlﬂé a

submi cron track w dth further object is to provide first and second
enmbodi ment stipfofgheuwvirite Heeddit whidetirablectof mdteli Gt Budt byle rtipt hmdachosxdc loé the esent

i nvention. he ect s .and, at.t endant S of on.w || be
appreci at edsetfﬁgi PP ﬁ% tlgaﬂghq, g‘fﬁ? \‘Rfént&) E%Ss’il'is B‘?‘Ff‘ﬁ‘fo?%ﬁlgﬁ VY% e 81? aﬂﬂ h the
acconpanyi ng/idr ik @d - seBiERideERAIR FEp&ively Jﬂ"&w%ﬁd\l‘ﬁﬁleﬁlﬁ Withsthas pl an

vi ew of an exenpl arg prior art magnetic disk drive; Fig. 2 1s an end view

of a prior alfr@ng@mea ﬂuWWIH be trenshrsredberuesn e firsteandi S§R°R§‘rPQlé tips vythemt | n
plane 2-2 O‘é t'é}uﬂn rde 19e gydgﬁ d ﬁ?ét NPbd R cg¥1d8‘%aﬂ OH}{% f?&%{?lg?}géﬂlﬁggét '4C

di sk drlve erel S an nmagne hea are e

is an iSOrrE'wrltmgleb(bMﬁisl'tbé wﬁzhh@famclexmrtddadseg ti travk wiidth Gansive oapabilitp pbt em
for supporting the slider and magneti¢c head; Fig. .5 is_an ABS view. of the
prior art ndnafite hradqon @Hla&iveg)‘aig ‘Wtarfég@lsssw iRtg. adjacent tecks gvhigh j 5

partial vi eWe@Bdéshﬁe %igngleﬁerﬁﬁﬁlaﬁceoéﬂ thé rc%tti g@&@%emc'kg athgr'%gd 85 theen in

pl ane 6-6 of is a partial ABS view of the slider taken al ong
pl ane 7-7 ofeagi lg:ad7 ifbplgarlbwtm ifipst mlc tipeisdnagelgdvipyi iom wiilling remploying Kbe rrer ged

magnetic he 81ls a v taken al on 6,. WL.t h

mater il abgreofindieddh % Boll “this PR B e SRR fegerebo ol lbbPen of o
partially cumoi@t edllingi sleerdahe heighi lofirthé Geddnd dpdlb Ltﬁi aatwedN as pefing nhéi 9. 6
except a P 1 pedestal, a wite coil |ayer seed |ayer and an_alum na | ayer
have been f &PHBESIPR #nd width ehithe secopd golp tip. &e@f@sthweca%mlﬁ@pas theilashongyer

pl anari zed gpe-aEaR1 éeggncpﬁ'(% & # Pss |b9¥ﬁerr0|&ﬁ’ﬁg lﬁ?a‘agﬂeticp&gfﬂs andiog bl

exposed,;
extremely important for improving track width density of the write head.

SUMMARY OF THE INVENTION

In the present invention a strip of negative photoresist is formed on a wafer at
an ABS site of the ABS with a width that defines a track width of a second pole tip
and with a height which is above a desired height of the second pole tip. An alumina
layer is then formed on the wafer and on the strip with a thickness above the wafer
that is equal to or greater than a desired height of the second pole tip. The alumina
layer is then chemically mechanically polished (CMP) until the negative photoresist
strip is exposed. The negative photoresist strip is then removed leaving an opening
for the second pole tip in the alumina layer. Employing the alumina layer as a frame
the second pole tip is then plated in the opening. It has been found that the negative

photoresist improves the aspect ratio of the lithography. The aspect ratio is the ratio



Fig. 10, which is a section 10-10 through Fig. 10A, is simlar to Fig. 9
except the negative photoresist has been devel oped; Fig. 10Ais a top view
of Frg. 10; Fig. 10Bis an ABS illustration of Fig. 10; Fig. 11, which is a
sectlon 11-11 through Fig. 11A, is the sane as Fig. 10 except ion mlling
's inplenented to renove portions of tige wite gap and seed |ayers and form
notches in the first pole piece layer; Fig. 11Ais atop viewof Fig. |l 1;
Fig. 11Bis an ABS illustration of Fig.l |I; Fig. 12, which is a section
12-12 t hr oufithd-ivgdth18Athd defilieg gawtoresistFiogits Ttightcephe aspeat uaimafithyer has

b d I Led; Fi 12A.1 t f Fi 12B ABS
st r ot Borghentofed Fastive porgbisy ke e AT bF oin ™ B SRBHYE: g

13A, is t h?h@t@fé@lsﬁ% lﬁhahelgﬁt sf%%pémﬁg HfEa 3hd %yr_;ﬁEt Pﬁ& QP% ﬁé@@v&a' ly

mechani cal 'y polished; Fig. 13Ais a top view of Fi Bis an
ABS il ust phcbtpr:calsbﬂrlsngthelr:atlo i ¢he wnlthwﬁﬂmrstng t<a1ts bctghbnThelremlunhn ofigh Fig.

14A, is the sane as 13.exce t he ne hot sist..la .has been

renoved; FIY. SPREEANt & pgglpg R*)P@W g# frame 15 }P O%H%N&X?gaf M&tration
of Fig. l4photoreBisEisip. 1$or ixh@plel Sn Q)r&@ciol %d&&' 350 @fmﬁl $pacel d\pokisivé he sane
as Fig. 14 except a positive p otore5| st frame has been made for

f abri cat i nghetaeesisba ) JRaum pragk opanng wowld tb&pﬁmnl@wdélwmg ghe lmt lrnagjng 8B i s an
ABS i1 ust Gatlan n%rc@r% p@uc.fhqu ih?h %E@? rés?st%t %@#J}g?ggh Fig.

16A, is the sane as exce een
si mul t aneoesiploy mﬂsqim miagk dd;ﬁ‘rig uhe hght mmgvngemepaleE lgrgeﬂ.ﬁxasll:dgnen:bﬁﬁ is an
ABS illustration of Fig I ch | a section 17-17 thrqugh Fig.
17A, is th&asign® a@kw@d tﬁe Séswaeﬁ %dvgsz?p aPfd MIKIeEP IS PERROTHRAL higRANBeen

chem cal |y gggghani cal Iy polished until

While the photoresist strip can be fabricated from positive photoresist it is
preferred that it be fabricated from negative photoresist. A negative photoresist strip
has a greater structural integrity than a positive photoresist strip and can therefore be
narrower, for increasing the TPI, and higher for fabricating a second pole tip with
sufficient volume for carrying the required amount of flux. The high structural
integrity of the negative photoresist strip is highly beneficial for constructing first and
second notches in the first pole tip by ion milling. Instead of employing the second
pole tip as a mask for constructing these notches the negative photoresist strip serves
as the mask, thus preventing damage to the second pole tip.

In a preferred embodiment of the invention the first pole piece layer is
provided with a first pole piece (P1) pedestal which extends upwardly from the first
pole piece to a height greater than a write coil and the insulation thereon. The write
coil layer is fabricated on an insulation layer which is on the first pole piece layer and
an alumina layer is deposited on the entire wafer. The alumina layer is then
chemically mechanically polished leaving some of the alumina insulation above the
write coil layer and until a top surface of the P1 pedestal is exposed. A write gap
layer is then deposited and a negative photoresist layer is deposited on the write gap
layer. The negative photoresist layer is then light imaged and developed to provide
two small openings at an ABS site with the openings being spaced apart by the
desired negative photoresist strip width. The P1 pedestal can then be notched through



they are planar; Fig. 17Ais a top viewof Fig. 17; Fig. 17B is an ABS
illustration of Fig. 17; Fig. 18 is a cross-sectional side view of another
enbodi ment of a nmagnetic head taken along 18-18 of Fig. 18A; Fig. 18A is a
top view of Fig. 18; Fig. 18Bis an ABS view of Fig. 18; and Fig. 19 is the
sane as Fig. 18 except it has a ZTH defi4ing insul ation | ayer. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Magnetic Disk Drive Referring nowto the

drawi ngs wherein |ike reference nunerals designate |ike or simlar parts

t hr oughout thecopsaings in theinegativephpioresistzoithat sideredges of thageteh¢sdingi upcwithi ve
30. The dri in . Sl . : hat r . gnetic
di sk 34. Th\éﬁgég%’%:ﬂ ‘g @g?‘?éﬁ%‘%t%@g‘%fg ‘%2%’1"2pﬁ%‘%ﬁg‘gﬁ{ﬁ%@g’gﬁet‘%@@ B ol | ed
by a notor e@férrwith @r thidkness glebw@e thahlthadesived beighnefl theeqdomd @olsr i @nd
magneti c head 40 and is supported by a suspension 44 and actuatqr arm 46
that is rot &hapicgilypaerk Rejishgd ntil the alumina isyepoyedy gxesptder By jagd
sliders and ensi . o] | ARYA: IN{ access
st orage devfsidgﬁ?Dﬂng aé) S S(t)% lﬁn ié%&?’@@é’@ﬁgﬁewm @ﬁdﬁg aktuﬁlgtor
arm 46 are pbhoteckshyy i hleeracdrastedr ledVing a desieti apeningebativeete firgt2amsib s¢doatd t he
magnetic head 40 is.in a_transducing relationship wth a surface of .the
magnetic di afurmina pedsstaldyios e Repriseddn Oh e serorpaln Upy A ROSENE RAPRISor 36

the slider ignRURRRN &fhs@icted dt the bLobRE GBlel Mece @5?}9@@ S Rifeh e B fip(ai r
beari ng) between the surtface of tﬁe disk 34 and thé air bearing surface
(ABS) 48. Tland thegPi2yoke aresimuliancaysly pltedobeteesn andebhck of the fitst agd sedood nat i on
to multiple gircular tracks on the surface of the disk 34, as well as for
readi ng i nf SFWP?B#CPWE efrom Processing circuitry 50 exchanges signal s,
representing suchg dsﬁj@dt_rmtth@EresamtiﬂvetnhSn ReRdfablcatd h Q¥done pokePiip of & vk or
drive signals for rotating the magnetic di sk 34, and provides control

signal s to teed with impreved msolwionng the slider to various tracks. In Fig. 4
the slider 42 is i.on . cri bed
her ei nabove may @?Q%D%Hgﬁgpgﬁgaﬁﬁ?@%zﬂé%%g hg%@égtl %%E%gg@g‘g%g%‘@ng‘ﬁﬁ Fi g.
3. Fig. S sipasspéBallywhen thk stdundgol«ity hab sabhidrbwe tracigwiith.c head 40. The
slider has a center rail 56 fhat suppaorts the gneti ¢ head_40, .and si de
Fails 58 and 60. Arfiitierpbiectts Osown tse and serRnct ebadiments o6 anigie sed Wt h
respect t0 Wi &P fatiticatel By TRANGSIOF ¥ prserttinvéifonCr 0SS rail 62 is at a

| eadi ng edge 64 of the slider and the 'magnetic head 40 is at a trailing
edge 66 of the slQthesrobjéitsyand attendant advantagessef thecinveniah willcheaapmeciatedw of a

mer ged magnetic head 4 ich ingcludes a ite ad ryion 70 and a read
nead por ¢ 0Py, ridite B oS, Jerioa Nl et e e RecOpe o, ¢ o2
ABS vi ew of drdvgng®. The sensor 74 is sandw ched between nonmagnetic
electrically insulative first and second read gap |layers 76 and 78, and the
read gap | ayers are sandw ched between ferronagnetic first and second
shield | ayers 80 and 82pphpnt ReaiaRids fields, the

resi stance of the sensoPR’chlzgggigﬁg@gggg{%h ent ﬁ?scconduct ed through

t he sensor causegig. Hdse plansiiew af ar exdmplgy privoath enagaeticf diskt dniveas pot ent i al

changes. These paqtenfial changes are the rrocessed as r.egdback signals by
The  Drocess: ng cied t59p & SHSGATH brief g1 SOGTHIR G magneHE A0 OF RO ASR0 o
t he magneti qrib@agseégiﬁﬁﬁhygqsoﬁ:i%oi;l | ayer 84 sandwi ched between first and

second insulation layers 86 and 88. A third insulation layer 90 may be
enpl oyed for pl ak#iZiingnt ¢levatioadview ef thei paereart  pagnstic idisk Heve exhsirin

i nsul ation layer, cawsed, by the.coil |ayer 84. The first, second and third
i nsul ati on I“E%jgplg%é#@a‘?%’fnég?e&f hegds ?{ef‘%gfog?‘ﬁ as an "insul ation stack". The
coil layer 84 angig lieisfanisdmetfie ¢nrafoitlof i éxbniplary|paot @A shéhéasion SysteB8 and

90 are sandwi ched between first 8 and second pole pieces 92 and 94
wher ei n t he feeippertiag the didemgnsdkmagnetighead; ons as the first pole piece during

a wite functiong, i d.th i I r t he
first pole pi eceF?;\é'(r;5 @Sﬁa‘?@%%‘zﬁﬁgﬁ‘g p\ﬂhf %‘ﬁ%ﬁﬁg&gce%%ﬁ%‘%a agt%ﬁegapr%gtfen%gﬁ)g“ on
| ayer. The fRig.$t and second pol e pieces 92 and 94 are nmagnetically coupl ed
at a back gap 96 and have first and second pole tips 98 and 100 which are
separated by a wite gap |ayer 102 at the ABS. As shown in Figs. 2 and 4,
first and second sol der connections 104 and 106 connect |eads fromthe
sensor 74 to leads 112 and 114 on the suspension 44, and third and fourth
sol der connections 116 and 118 connect |eads 120 and 122 fromthe coil 84
_(see Fig. 8) to leads 124 and |26 on the suspension. The Invention Figs.
9-17 illustrate a preferred enbodi nent of the present invention. Fig. 9 is
simlar to Fig. 6 in that the sensor 74, the first and second read gap

| ayers 76 and 78 and the first and second shield |ayers 80 and 82 are
formed on a wafer 200. An insulation |layer 300, which may be alumina, is

Y o o o, N NS . .



In Fig. 10 the negative photoresist 310 is devel oped which provides the
negative resist layer with first and second openi ngs 312 and 314, as shown
in Figs. 10A and 10B. Each of these openi ngs exposes the wite gap |ayer
(WG and the seed |ayer (S/L). The openipgs 312 and 314 |eave a negative
photoresist strip (-R) 316 therebetween fhich has a width equal to the
desired track width (TW of a second pole piece pole tip (P2), which wll

i ed..her ei,nabove, the ge ative

be described hereinafter. As. disc .
ohot or si st stri 816143 EatRLHeR; OLIBE SHIST andubpordyt msreed rHagsglic head as

processi ng st&Ps plhfe 6-6QfFigl2ion mlling is inplemented to mll away the
wite gap and seed |ayer portions within the first and second openi ngs 312
and 314 and provildg 1ea patiap&dissviaiv Gthe wlidér thkers along glane o af didg.chtes 319
and 320, as shown.in Figs. ,11.and 11B. .This aligns first and second sides
391 and’ 302 DPiHRier Angeel e S EEmETRar 6 Frefbed Beppte e ot and second
sides 324 and 32%peSRECHibWeARenAlonearR 818 BEHRS bakith dihinatelal £4dvEhd il
desirable to mnimze side witing and is therefore the preferred

enbodi ment déayeraad [padsemovedvent i on. However, in a broad concept of the

invention this is..optiqgnal_.and. is t s in the subs nt_ f1gures of

the second enbodiSFr‘}g’n%).glﬁSﬁjl%gfd”eﬁof%epaérggl |°8§}‘8§e“‘é’03“1t%%%?‘r?]‘ﬁsé‘aﬂ%‘a/ﬁ%ﬁ?en t he
openi ngs 3131asfhtidd 4hewa imPigloWwxcem d Pl pédesidh al wridapilslajer eV Riyert i@ #Nnt i re
waf er on top of the photoresist |layer 310 with a thickness greater than the

phot or esi st dlypida 1§t£d@\f@ deen fformed” with the tops ofifhe Sdcpudgstaband thysalymmannd
314 with Shafl ' 3 [ j : B.
Next\,l\’1 t heagll%gﬁa a%/eer P?@%%&%%@Q%{gé aﬁlﬁca 9If%d%§gé&ﬁ%{b%8§<%osi ng a

top surface 327 dfigt g wiignisiaveectpbrol O1e shretigls Figl pOANE sirharrte Rig. ifdexcepf t he
negative phohor esi st ] ayer, aﬁassﬁgomg in Figs. 13, 13A and 13B. This | eaves
first and sdt®REELVERNIIresEY F3 %‘?gop&ﬁd 330 which are surrounded by

negative phot oresgistyos R 185 vRPYIFEMOT 9- 13A. Oxygen-based reactive ion

etching (02 RIE) is then inplenented to renove the negative photoresist, as
shown in Figs. 14igl4B srad ABS;illuseationnaf Rigd0fi rst and second al unmi na

pedestal s 328 and..330, fr.eest.andj ng. i.0S. .1 and 15B a positiye

phot or esi st framcejplg% ’%@ﬁﬁi%af%&ﬁ@dwﬁrt&&ﬂ%ﬁ@ﬁ'?ﬁ@’d%‘&ﬁw o] ég'p]i\bece
(P2) yoke, wxcept ibsndlling ishgslelented tadeh@ie pdhionpobihk vite pRPaRT Sol $dyefy ame
333 has a height which is greater than a desired height of the second pole
tip (shown darm aptehesin theadjrshiole piese les the first and second to

al um na pedest al sg:32 : in Figs. 16, 16A and 16B a second
pol e pi ece mat eri%g' ﬁe{g{eg%tééglﬁ“ﬁéfp}ﬁg%g with a height which is greater than
the first and secifipdl 1@ isemeBpahseitidcofF2g1nd 330. As shown in Figs. 17,

17A and 17B chem gcal C i,cal polishi S en jnpl.enented to _polish a
second pol o 15 (8) IBIRNED 15 o el BEieben e r s Torienas FBEtldp of a
second pol e dxicBptialafurkiBy 134ekBas b3sBdepiditdps 340 and 342 of the first and
second al um na pedestals to a conmon &L‘ane with the top of the second pole
ti p 336. The posiltiBvE2Aisctop digvsef Kigalds 333, as shown in Figs. 16A and 16B,
may t hen be renoy Yi% chin .any plated material and seed
| ayer (S/L) that lﬁg’nggné%expo%gwg%%m%‘g%éf. It should be noted in this

enbodi nent that t¥Fig. P2 Wwhich3Sh seadbr h®-1PZhivakk F33 8] 3, 6s ahe samas [Fagy el and
have a conmmon top flat surface. This flatness is highly desirable for
conduct i on dxcentdhewlpmine lnysr has beea chemisally meghandcally polisheds equent  processi ng
(not shown) may then . [ : ch as studs for the leads to the
sensor and the wrllt‘} EI%}S%EH%S%% 'rﬁ%at | ayer. The wafer is then diced
into rows of magnEgi B3BBatAB®ihiktratton ofFig.ddped to an ABS and each head in

the row is then dj.ced into individual heads, .exenplifjed by Fig. 30. The
i nvention al so i gug‘ésW’EnﬁB 13 PSeEen éﬁ-&gﬁgmgﬁﬁ”g%.lﬁ%,ls SafA a4 7. 1%ne
first and s ' : ve first and second sides
whi ch inter%@gﬂftlﬂérg@agﬂ%pg(g?%%g“?%égsg%grancgiv%ﬁG respectively of the P2
tip 336. Further, FighBA typstopiviavhef Figr B, and second al unmi na pedestal s 328
and 330, the P2 tip 336, and the P2 yoke 338 have a common top flat surface.
Further, this enbd8i Hfithis aABY bstrafionefilig. 194 whi ch provi des height for
the wite coil 302 and the alumna insulation 306 so that the P2 tip 336
and the P2 yoke 338 can be maintained flat. Figs. 18, 18A and 18B
illustrate another enbodi nent of the magnetic head wherein the teachi ngs of
“the invention described for Figs. 9-17 can be practiced. The major
difference in Fig. 18 is that the pedestal 304 in Fig. 9 is not enpl oyed.
Fig. 18 shows a P2 tip 230 on a seed layer (S/L) and separated fromthe
S2/P 1 layer 82192 by a wite gap (W5 . Behind the P2 tip 230 is an al um na
| ayer (A1203) 224 which may be fornmed by depositing a thick |ayer of

o e 2 Py ~N "



12 CLAIM5S 1. A nmethod of making a magnetic head that has an air bearing
surface (ABS) conprising the steps of: providing a wafer; formng a strip
of photoresist on the wafer at an ABS site of said ABS with a width that
defines a track wwdth of the magnetic head and with a hei ght above a
désired height of the second pole tip; forming a forming |ayer on the wafer
and on the strip with a thickness above the wafer that is equal to or
greater than a desired height of a second pole tip; mechanically polishing
the form ng | ayeFigudfi whichas & seqtion; I5-Ex pbEigd 1 5Aeisdhe pame ercFigt 14 pxdepbdi ng a

second pol oPbfvs HRRES g e s el bl E R Blind et AL "0 ki ng e
magneti c head asFiy. apAusla tdp WewiofiFig.i18c! udi ng: conti nui ng sai d mechani cal

polishing until the second pale tip is _at a desired height. 3. A nethod of
maki ng a magneti Eigndel 1%@65&1%&5911@@4%11; i ncl uding the steps of: before
formng said strij f 0 LSkinn F1QL 1R f 4 St <RO i er . on the
waf er; and form E%’g%(%g{ﬁgﬂse}hw ilt(:g emgg%m?%lygrg' (%gRt Esgth?is(r;g\% 463‘?‘2 %)fece

| ayer; for nexugpsthe®2sip dand thé PP holttoliasibeén simultheeooslytpbatedip | ayer; and ion
mlling the wite, gap l.ayer and the first pole piece |layer until the first
pol e pi ece IayerFl?slgétl‘éﬁ&l"ﬁﬁwéggﬁ-éfsde of the strip of photoresist. 13

4. A method of ”Flg.QEB?s&ﬁﬂﬁgtiilﬁst&ﬁ%ﬂof‘Fi _Ilg.i med in claiml1l wherein said
Mp of p ’

form ng of the st otoresi st conprises the steps of: formng a | ayer
of negative phot bigdi7stwhath tshe setibrrl7-17 ghoughnEigi AGAs etheaspme asfFipet@t i ve

photoresist to fi .said strinp; d devel ppi ng,.t he | ayer, of .neqati.ye
phot or esi st e’f‘iﬁ"pﬁﬁﬁv‘%gpgﬁ es]tgé %‘fe _vei:eﬁxéfﬁ%alcgl'ly W&ﬁl?ﬂ’é’agy PRYMei thead as
claimed in gepiafd gladterein the strip is removed by oxygen based reactive
i on et ching.

Fig. 17A is a top view of Fig. 17,

Fig. 17B is an ABS illustration of Fig. 17

Fig. 18 is a cross-sectional side view of another embodiment of a magnetic

head taken along 18-18 of Fig. 18A;
Fig. 18A is a top view of Fig. 18;
Fig. 18B is an ABS view of Fig. 18; and

Fig. 19 is the same as Fig. 18 except it has a ZTH defining insulation layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Magnetic Disk Drive

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive
30. The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle motor 36 that is controlled by a motor
controller 38. A slider 42 has a combined read and write magnetic head 40 and is
supported by a suspension 44 and actuator arni 46 that is rotatably positioned by an
actuator 47. A plurality of disks, sliders and suspensions may be employed in a large
capacity direct access storage device (DASD) as shown in Fig. 3. The suspension 44
and actuator arm 46 are moved by the actuator 47 to position the slider 42 so that the

magnetic head 40 is in a transducing relationship with a surface of the magnetic disk



6. A nethod of meking a magnetic head as clainmed in claim4 including the
steps of before formng said strip of photoresist: formng a first pole

pi ece-layer on the wafer; and form ng a nonmagnetic wite gap | ayer on the
first pole piece |ayer; fornlng said strip of photoresist on the wite gap
| dyer; and ion mlling the wite gap layer and the first pole piece |ayer
until the first pole piece |layer is notched on each side of the strip of
photoresist. 7. A nethod of making a magnetic head as claimed in claim®6
wher ei n t he34. oMenghd: ely:&r34| is rethigdi ethe 8pm¢lermthba6 e shided ingupporiedrostd ¢ head

Forming o 1o Db 10 oS bbnia o el P tellfecisbhurifs BreGfig 14"

nonnagnet i cafl e takd teatihy suﬂadél @By 18l | Tise magrtic Bl 4GHRY tidh B&@nﬁlbf'
shield layer; formng a sensor and first and second hard bi as and | ead

| ayers connfEvaingoin oranationde miiplerrircplar drackseor) thrapriagy ef theadigk 88r A3 ng a

The et anEh EERAERLY RARh A Plodebdth RRENE ix Rl SidRIDL A0
a magneti c fepademtingcdudh ilfdrmation| siitntle hexd! 400 pruyidek epintiegndtbedrive sgnahol e

piece layer directly on the second read gap layer. 10. A nethod of making a
magnet i c hefd 1tisg éh%’éfigiﬂﬁﬂ% diskpd4y apﬁdqrami?fgcorwhts}&%hs g thejagtuator fahi cal

pol i shing ‘upf,l,| tﬂﬁlsﬁﬁéxoﬁgva% & thbiB. | f g St E5lidef d2N8 s gﬂ{m n?JuB’E‘erd to a

nmechani cal I'y polfi s pole tip to sal esired hei orm ng an
i nsul ati on suspedsion 44 The coinpbuenes desoribduchdreinabove nhayyter moanted boarfrange a

second pol e C oke r over t e insulation stack and stitched to the
second pol e5$9§ ﬁ‘i‘{sm -Jfr@%/(ﬁal%“b ‘ng a magnetic head as claimed in claim

B e ot b A

wite gap | hyes camertrhlé 56 |thattsumr@ the megndtigyhead 4$,mnd1sr£@ raidd 38 and 6G

phot oresi st rails §éﬂ' S, (f RS Pendaf¥om a %l%gs rail 62. With respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of the slider and the
magnetic head 40 is at a trailing edge 66 of the slider.

Fig. 6 is a side cross-sectional elevation view of a merged magnetic head 40,
which includes a write head portion 70 and a read head portion 72, the read head
portion employing a sensor 74. Fig. 7 is an ABS view of Fig. 6. The sensor 74 is
sandwiched between nonmagnetic electrically insulative first and second read gap
layers 76 and 78, and the read gap layers are sandwiched between ferromagnetic first
and second shield layers 80 and 82. In response to external magnetic fields, the
resistance of the sensor 74 changes. A sense current Is conducted through the sensor
causes these resistance changes to be manifested as potential changes. These
potential changes are then processed as readback signals by the processing circuitry
50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation

layers are referred to in the art as an "insulation stack”. The coil layer 84 and the

first, second and third insulation layers 86, 88 and 90 are sandwiched between first



fon mlling the wite gap layer and the first pole piece layer until the
first pole piece |ayer is notched on each side of the strip of photoresist.
12. A method of making a magnetic head as clained in claim10 wherein said
formng of the strip of photoresist conprises the steps of: formng a | ayer
of negative photoresist on the wafer; [8ght inmaging the |ayer of negative
photoresist to define said strip; and devel oping the |ayer of negative
photoresi st to provide said strip. 1~ A nmethod of naking a magnetic head
as cl ai ned dnd set@idmol@pishes ¥ mdt Hewhéreintthe sgeend sliieldHayarr8@usdtians ab ihght

I mged only.at the.l|locat.ion mher t he

1 i t b 14. A
method of TRt RS RisESHEPEE WG Jungion dp aahesyRag bk E%sweﬂ&meffglayﬁre St eps

of : before §0hid i ﬁ@t ﬁolétlﬁédé 26 s%t@ﬂ@@fs’s{vhlcf)%@‘sé]ﬁreﬁe& by Bh iRQUIidH ece
| ayer on the wafer; d form ng a nonmagnetic wite E) ayer on the first

pol e piece llaaqrerTheffustrﬁndgﬁesmdop(éQ plepeSCQZ qmcﬁ‘baremagnem lylceupled wea bagk | ayer ;
d | h f l,a til
o0 L L 5 S NS e RS

phot or esi St gapl fayer1 0B ah @k WBWMS”%WF%SJ 2 d}ﬂaai ﬁﬁst Gindi d¥B6hd Roldbi m 14
wherein the formng |ayer is alumna. 16 met hod of nakin netic

head as cl| atanpections dpélamilloéqon@@%éﬁaﬁgfmb’eﬁérsénﬂobﬂﬂﬁﬂéeﬁdﬁélglaindtll ok pi ece
| ayer: for Whn%u%}egs%ﬁ 2&%’&% ﬁ?axﬁd %Qfggll gonngé/tg)glsqr% Lh§ lY‘?fcﬁqnec{ fI%Q ng a

nonmagneti c slectrt cal Iy I nsu rea I'ayer “on

shi el d | ayer20 dndr 22 fgpna tiseasosl@4 (aewFlg.la’)sé leadd 1 Beadri@cloartte bispsnsiord | ead

| ayers connected to the sensor on the first read gap layer; and formng a
nonmagnetic el ectrically insulative second read gap layer on the sensor and
the first and second hard bias and |gpgd ,+ é . 17. A nethod of meking a
magnetic head as claimed in claim16 including: formng the first pole

pi ece | ayer di reErgky9 bhilhistrats aquefdrredadbaghmentafehe presnt doveptidrodFigf 9 aki ng a

e T NI R = RIS S RO T
and the first and second shield layers 80 and 82 are formed on a wafer 200. An
insulation layer 300, which may be alumina, is then formed on the second shield/first
pole piece layer 82/92. A write coil layer 302 is then formed on the insulation layer
300 and a front portion of the insulation layer is removed so as to expose a front
portion of the second shield/first pole piece layer 82/92. A first pole piece (P1)
pedestal 304 is then fabricated on the exposed portion of the second shield/first pole
piece layer 82/92 with a height which may be greater than the thickness of the write
coil 302. An alumina layer 306 is then deposited over the entire wafer covering the
top of the write coil 302 and the top of the P1 pedestal 304. The wafer is then
chemically mechanically polished until the top surface of the P1 pedestal is exposed.
This optionally leaves the top of the write coil layer 302 covered with alumina which,
in combination with the alumina between the coils and the bottom insulation layer
300, provides the insulation stack for the write head. Next, a write gap layer (WG)
308 and a seed layer (S/L) 309 are formed on the top surface of the P1 pedestal 304
and the top of the alumina layer 306. Next, a negative photoresist layer (-R) 310 is
formed on the seed layer 309 and is light-exposed through a mask (not shown) at

desired first and second openings, which will be discussed hereinafter.



16 19. A nethod of meking a magnetic head as clained in claim21 including:
before formng the strip of photoresist and after formng the first pole

pi ece layer: form ng an insulation stack with at |east one coil |ayer
enbedded therein on the first pole piece |ayer; depositing a |ayer of
alumina on the entire wafer; and mechaniScal |y polishing the wafer until the
| ayer of alumna is planar. 20. A nethod of making a magnetic head as
claimed in claim19 wherein the first pale Piece | ayer. has a pedestal at

the ABS site witHh Fie 1} ithe ngeative aphotorpustngl bt deecdonsd: which piexidsadhst al
and the sec . Lo | [ .as. c| ai med
inclaiml f nglﬁ&sﬁ r@'? %&tshtﬁg oédgg%gﬁif) | sh%g%rra?e wﬁlfﬁ a?\ﬁgg‘ggéﬁ?ﬁ%s wth
a space thet@hanhit6B; Baock of thesk Geairgs beposgs theavrite@ap layer OVG ahd tist geedd. 22.
A et hod of naki ng a_pmagnet.c head,a(? gl aimed in clajm1 jncluding.the
steps of : b&er &/Ebr Theremiagsétoa §6 deave 3 neeativg Rbotaresisk sirg Ry 46 of

phot or esi st tt@&bw\?eelﬁ'g&}g&? Wad R xﬂ&ho%lﬁgi {bgtr}]{g fhfeki'i’é‘a ﬁ&&@&i’déﬂggggﬁdﬁgﬁcxﬁ e area

t hat defines a seco ol e pirecey orm ng sal e piece
yoke in thepslecpiede pwie tip €B2), opltich ngilk ibeud¢saribadi deyeimdften f dysmdisgudshe
second pole tip jn sajd second pole tip. o Lng. 23. A nethod of, ing a
magnet i ¢ hegﬁreg@i’%‘feaith%d’eg?f'v(ﬂ BiQfprsesist ﬁmiﬁgﬁh%e@ho‘;tﬂ@%&n frﬁ%ﬁrft%r

pol i shing t behseQranprob@kigistaps. t he second pole piece yoke, the form ng

| ayer and the second photoresSist |ayer until the second pole tip is at a

desired hei ght. In Fig. 24, ion mdlingots wipleratritedy tea mill grweatyi the Ivaritd gap andasendd i n
claim23 in

o2 G Bk 0 . RGP 130 S Sk el BB
| east one cekdestafpo4 vatoffdagd sanaindtdes B ahd 1330, &okibviai RCBRighaYEhRd
11B. This aligns first and second sides 321 and 322 of the negative photoresist strip
316 with first and second sides 324 and 325 respectively of the P1 pedestal. This
notching is desirable to minimize side writing and is therefore the preferred
embodiment of the present invention. However, in a broad concept of the invention
this is optional and is not shown in the subsequent figures of the second embodiment.
In Fig. 12 the seed layer 309 is milled away in the openings 312 and 314 and
an alumina layer 326 is deposited over the entire wafer on top of the photoresist layer
310 with a thickness greater than the photoresist layer so as to fill in the first and
second openings 312 and 314 with an excess of alumina thereabove as shown in Figs.
12 and 12B. Next, the alumina layer is chemically mechanically polished flat
exposing a top surface 327 of the negative photoresist strip and the remainder of the
negative photoresist layer as shown in Figs. 13, 13A and 13B. This leaves first and
second alumina pedestals 328 and 330 which are surrounded by negative photoresist
(-R) as shown in Fig. 13A. Oxygen-based reactive ion etching (O, RIE) is then
implemented to remove the negative photoresist, as shown in Figs. 14, 14A and 14B,
leaving the first and second alumina pedestals 328 and 330 freestanding.
In Figs.15, 15A and 15B a positive photoresist frame (+R) 333 is formed for
fabricating a second pole piece (P2) yoke, which is discussed hereinafter. The
positive photoresist frame 333 has a height which is greater than a desired height of

the second pole tip (shown hereafter) and may be as high as the first and second



depositing a layer of alumina on the entire wafer; and mechanically
polishing the wafer until the layer of alumna is planar. 25. A nethod of
maki ng a nagnetic head as clainmed in claim24 wherein the first pol e piece
| ayer has a pedestal at the ABS site with the wite gap |ayer being |ocated
bet ween the pedestal and the second polelGip. 26. A nethod of making a
magnetic head as clained in claim25 wherein said formng of the strip of

phot oresi st conprises the steps of formng a layer of negative photoresi st
on the waf erglumingipedestalgi3a§ ande330ayhs shofwminghigs.vid, phatandeiBs & seendgfolene

Said strip, DR makgeh oo hin PR et WEah ertes iR ) i 20

wherei n: t hegefbdPdlupiatpueshis 828 and 930Ted Wi th two openings with a space
t her ebet ween; and sai d 'space being the |location of said stri E‘b 28. A net hod

of maki ng a magnef$ shérmadn dSgsc11d; and IdBachensivali medhavicalgpelisbingt ispgherof :

before form.ng,sai rip,.of photoyesist: rjgng a first. pol e piece |ayer
on the waf erlffg)é%erg%(ﬁﬁ r’?§h§1 Roiy B@Fcumgeﬂg?a% ?é{e;gredohggﬁtewﬁc‘sat hol e
pi ece | ayer;pdiiRhéd eppsSéf & sedohd ok tgppw@@s9&E) 938 hmBtopk 34 a@@p4bayers and
lon mlling the writec?ap | ayer and the tirst pole piece layer until the
first pole pistend spend alymigs padesals o a semmonddansrwitthhedep phihersegsdtnoleesi st .

18 29. A netho f | NG: L a ' A I 28 di ng:
after form i ohe Wi ns TR ety a2 3s ShBUATR Fidh. 3R Ao 1o

| ayer; and sthedl bé @émongl flloved byetchith peheary plarddnithtal sadeeed Reke(Yipce
yoke consisting of  sinmultaneously plating the second pole tip and the

h
second pol e hrigemangiexposed onghesafisd ligthopidibepted indhis embedivasad thas ha B med
[ | ai m 29 ' I | [ f
posi t1 ve phoioy Loty #RFPYHRENSs pFlodinodIAKPERFAE f EnfdPhiT sffRE. T |
cl ai m 30 wheTks latriess &t highlyi desirable ferdcdndudtiongefithe aeritd fheasigraleta ta pelechi ng.

32, A method, of [RI A%, & RGNS 5 HS3) 30 el EPhdh S AL T ks e
leads to the sensor and the write coil and an overcoat layer. The wafer is thep diced
into rows of magnetic heads, each row is lapped to an ABS and each head in the row
is then diced into individual heads, as exemplified by Fig. 30.

The invention also includes the article shown in Figs. 17, 17A and 17B. The
first and second alumina pedestals 328 and 330 have first and second sides which
interface first and second sides 344 and 346 respectively of the P2 tip 336. Further,
the tops of the first and second alumina pedestals 328 and 330, the P2 tip 336 and the
P2 yoke 338 have a common top flat surface. Further, this embodiment has a P1
pedestal 304 which provides height for the write coil 302 and the alumina insulation
306 so that the P2 tip 336 and the P2 yoke 338 can be maintained flat.

Figs. 18, 18A and 18B illustrate another embodiment of the magnetic head
wherein the teachings of the invention described for Figs. 9-17 can be practiced. The
major difference in Fig. 18 is that the pedestal 304 in Fig. 9 is not employed.

Fig. 18 shows a P2 tip 230 on a seed layer (S/L) and separated from the S2/P1
layer 82/92 by a write gap (WG). Behind the P2 tip 230 is an alumina layer (Al;03)
224 which may be formed by depositing a thick layer of alumina and then CMP until
flat with the P2 tip 230. The write coil 232 is formed on the alumina layer 224 and

one or more baked photoresist layers 234 may insulate the write coil 232. As shown



33. A nethod of making a nagnetic head as clainmed in claim 32 including:
before formng the first pole piece layer: formng a ferronagnetic first
shield | ayer on the wafer; form ng a nonmagnetic electrically insulative
first read gap layer on the first shield |ayer; formng a sensor and first
and second hard bias and |l ead | ayers conbected to the sensor on the first
read gap | ayer; and form ng a nonnagnetic electrically insulative second

read gap | ayer_.on th ensoyr,.and _the first _and second_hard bi as | ead
ayers. 34, 1A FigvHSd L8R Hdd 282,385 28% 35 ARG 28 (0P 8f MednsHaGemoR 95
i ncl udi ng: f}‘i’a{lsg@ﬂ?l:)gtiérhﬁgMlﬁh_ié’ﬁit@ht:%%@% 112?(1%3@ rectly on the second read

gap | ayer. . A magnetic head that has an air bearing surface (ABS)
conprising: a firkishpaldepinderstood that domdlpn|pedestals B2R anddB3 Gtshowe idBRsand

havi ng a top ott nd first.and.second Si . it.e p | ayer

| ocat ed bet m]a7eﬁ78f?é‘dfoli%fna§5’le§mﬁ°é'8 f%ﬁﬁ“@ﬁg%%ﬁﬁ&?%&%%& g@cond pol e tip;
a formng |ayer ipjerbaii AaneRAEtBh dthBigl i18Sivheremh 86ceNdhdhdasioRl (218)
second pole tip and having a top and a bottom and the top of ghe second

pol e tip anddefming tysuletion fayer ddrimigsétapdhe BiPddaysr 242 a sigort distemge o head
as claimed ip cl.al 5. .wher ei )4t form | ayer is.alum.na. 37, netic
head as cl ai Wﬁ&ﬁ%ﬁ%frﬁpg@ i%@l%ﬁ?%%y?rh%%ﬁsr zﬁ'&?l @%Fg‘%‘gﬁtb‘gﬁ?{ﬁt o’?%ﬁed on
each side of aid@coREpoId Hidtes (32/P1 adP2YYirsR et fineficd ®adpattetdfeer ARIABSE for ai M

37 wherein the formng layer is alumna. 39. A nagnetic head as clained in

cl ai m 38 i ncminimiging Aokiealaeet i ¢ and el ectrically insulative first and

second read gap |l ayers; a sensor and first and second hard bias and | ead
| ayers connected to the sensor | ocated between the first and second read
gap layers; a ferromagnetic first shiBisdusstoter; and the first and second

read gap | ayers bejng | ocated between the fjrst shield | ayer. and the first
gap & "? 3 ¥ ti)e art as clllemxcally gmphhaed nc:gat(:f‘veI

pol e piece |ayer. 'he negative photoresist 1s known in
resist and its chemical composition is a combination of a resin, an acid generator, a
quencher and a solvent. The type of light employed for exposing the negative
photorésist can be iline (365 nm) or DUV (248 nm or 193 nm). Chemical mechanical
polishing is accomplished by employing small hard particles of Al,O;, SiO, or
diamond plus a pH component capable of etching the material being lapped (i.e.
NaOH for Al,O3). It should be understood that the metallic layers are formed by
plating and that the insulation layers are formed by sputter deposition. It should
further be understood that while only one write coil layer is shown in the embodiment
that additional write coil layers may be employed.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



20 40. A magnetic head as clainmed in claim35 including: a back gap spaced
fromthe ABS; the formng | ayer extendi ng between the second pole tip and

t he back gap; an insulation stack with a wite coil |located on the formng
| ayer between the second pole tip and the back gap; and a second pol e piece
stitched to the top of the second pole tip, extending over the insulation
stack and connected to the first pole piece at said back gap. 41. A
magneti c head as clainmed in claim40 including the first pole piece being
not ched on each side of the second pole tip. 42. A magnetic head as clai ned
in claim4l wherein the formng |ayer |s Sk m na. 43. A magnetic head as
claimed in claim42 including: nonnagﬁiﬁl gnd electrically insulative
first and second read gap | ayers; a sensor and first and second hard bias
and |l ead | ayers connected to the sensor | ocated between the first and
second read gap | hyer sA methed of meekireg & enagnetit headi thatchdszapesir bearohgtsuefaéd r st

and second r ap layers being.|ocated between the first shield | ayer and
the first pof%?“é’gpnlséﬁéﬁ? StgRS ng magnetic head as claimed in claim35
i ncluding: the fi?@bidﬂ@@wﬁfeﬁce having a first pole piece layer and a

pedestal wherein the pedestal is |ocated at the ABS, the pedestal having a
top and a bott om fomsing sstripeofipbetoresist on thgyweter ebin HBSwitgedseid ABS Wi £ r st

ocat 6a on «hOEpargnRE Y Pk Wi 37 finhdndic R, o Fip U REGICRIMREL °L"

top; the topddired heighestabé sdcoddigolehip;t op of the insulation stack being
pl anar ; 21 the wite gap layer further being | gcated between the_ top of
the pedestal and foE@ingst fmieg laypreon theonrfergndeon the. strip wathatickness aBp¥te

yoke | ocat ed ' ' : ' :ly connect ed
to the secon%%&#gq?%tg?eﬁ%é{?ﬁeérgégoﬁ %gfsz&gﬁgﬁgpgoﬁgﬁ?vﬁg (ﬁgh ' top that is
pl anar with the smedmaiqatly polishingithd forneing tayen wrdil kleeystnip is exposed;
removing the strip leaving a second pole tip opening in the forming layer at
said site; and

forming said second pole tip in the second pole tip opening.

2, A method of making a magnetic head as claimed in claim 1 including:
continuing said mechanical polishing until the second pole tip is at a desired

height.

3. A method of making a magnetic head as claimed in claim 1 including
the steps of:
before forming said strip of photoresist:
forming a first pole piece layer on the wafer; and
forming a nonmagnetic write gap layer on the first pole piece layer;
forming said strip of photoresist on the write gap layer; and
ion milling the write gap layer and the first pole piece layer until the first pole

piece layer is notched on each side of the strip of photoresist.



45. A magnetic head as clainmed in claim44 including the first pole piece
bei ng notched on each side of the second pole tip. 46. A magnetic head as
claimed in claima45 wherein the formng layer is alumna. 47. A magnetic
head as clainmed in claim46 including: nonmagnetic and electrically

insul ative first and second read gap | ajy8rs; a sensor and first and second
hard bias and | ead | ayers connected to the sensor | ocated between the first
and second read gap layers; a ferromagnetic first shield |ayer; and the
first and second4read Agmpthody)émkh@' zmyagrmdalheaﬂ dse:ﬂai\medlirtd:imnf i mdierestni el d

| ayer and the first p e lecfela er,. Q

(A Ae. AyR Agftld/ﬁl@?“ﬁﬁ@ e AP ot phRtotesist Cﬂ\“%‘ﬁ\e“ Stepy PF AN Auyc*LaN RTUW " $
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before forming the first pole piece layer:

forming a ferromagnetic first shield layer on the wafer;

forming a nonmaghetic electrically insulative first read gap
layer on the first shield layer;

forming a sensor and first and second hard bias and lead layers
connected to the sensor on the first read gap layer; and

forming a nonmagnetic electrically insulative second read gap layer on

the sensor and the first and second hard bias and lead layers.
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forming an insulation stack with a coil layer on the forming layer; and
forming a second pole piece yoke layer over the insulation

stack and stitched to the second pole tip.

11. A method of making a magnetic head as claimed in claim 10
including the steps of:
before forming said strip of photoresist:
fohning a first pole piece layer on the wafer; and
forming a nonmagnetic write gap layer on the first pole piece layer;
forming said strip of photoresist on the write gap layer; and
ion milling the write gap layer and the first pole piece layer until the first pole

piece layer is notched on each side of the strip of photoresist.

12. A method of making a magnetic head as claimed in claim 10 wherein
said forming of the strip of photoresist comprises the steps of:

forming a layer of negative photoresist on the wafer;

light imaging the layer of negative photoresist to define said strip; and

developing the layer of negative photoresist to provide said strip.

15. A method of making a magnetic head as claimed in claim 12 wherein
the first layer of photoresist is light imaged only at the location where the strip is to

be formed.
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including the steps of:
before forming said strip of photoresist:
forming a first pole piece layer on the wafer; and
forming a nonmagnetic write gap layer on the first pole piece layer;
forming said strip of photoresist on the write gap layer; and
ion milling the write gap layer and the first pole piece layer until the first pole

piece layer is notched on each side of the strip of photoresist.

15. A method of making a magnetic head as claimed in claim 14 wherein

the forming layer is alumina.

16. A method of making a magnetic head as claimed in claim 15 including:
before forming the first pole piece layer:

forming a ferromagnetic first shield layer on the wafer;

forming a nonmagnetic electrically insulative first read gap
layer on the first shield layer;

forming a sensor and first and second hard bias and lead layers
connected to the sensor on the first read gap layer; and

forming a nonmagnetic electrically insulative second read gap layer on

the sensor and the first and second hard bias and lead layers.

17. A method of making a magnetic head as claimed in claim 16 including:

forming the first pole piece layer directly on the second read gap layer.

18. A method of making a magnetic head as claimed in claim 1 wherein the

second pole tip and the second yoke are simultaneously formed in a common plane.
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mechanically polishing the wafer until the layer of alumina is planar.

20. A method of making a magnetic head as claimed in claim 19 wherein
the first pole piece layer has a pedestal at the ABS site with the write gap layer being
located between the pedestal and the second pole tip.

21. A method of making a magnetic head as claimed in claim 1 wherein:

the first photoresist is formed with two openings with a space therebetween;

and

said space being the location of said strip.

22. A method of making a magnetic head as claimed in claim 1 including
the steps of:

before forming the second pole tip, forming a second layer of photoresist on
the wafer with an opening in the second pole piece yoke area that defines a second
pole piece yoke; and

forming said second pole piece yoke in the second pole piece opening

simultaneously with forming the second pole tip in said second pole tip opening.

23. A method of making a magnetic head as claimed in claim 22 including
second mechanically polishing the second pole tip, the second pole piece yoke, the
forming layer and the second photoresist layer until the second pole tip is at a desired
height.



109&' ()-F 109 ()-@0% ()- 10'o 10'o 10' o, 6nl0% 0&' () - DnLnnno<ozodEbC 10l
g10%& ()-Y 10%& ()-3 10%& ()-3 FL0%& ()-Y z10%& ()- 10%& ()-zoo0004pr ppaBbC
101 f#g10%& ()-1 ! 10%& ()-3 , 10%& ()-!Y 10%h& ()-Y

109%&' () - @O0%& ()-pgMyqqr RrdEbC 101 . ' 109%& ()-1 -10%& ()-I

Y+109& ()-) 109 ()- (109%& ()-$10%& ()-RIrrrrrssAsbC

10@LO%VE' () -9, 10%v&' () - 10 10 10,5 109%&' ()-s3- 10%& ()- 1f109%&' ()-
AsYssss9t t dEbC 1QSY109 - S31Q9%V&. ( _ L , ,

3109%v& () - yMLOY w&? ?m@@e gnetic head 8t laimesncleim 23 including:

Z109%V& () - Slomb@oré fojrgxm‘ég‘tl{e) stip ©f PiBtofasisPatd YHEt fokim¥nkOMV o pole piece
layer:
forming an insulation stack with at least one coil layer embedded
therein on the first pole piece layer;
depositing a layer of alumina on the entire wafer; and

mechanically polishing the wafer until the layer of alumina is planar.

25. A method of making a magnetic head as claimed in claim 24 wherein
the first pole piece layer has a pedestal at the ABS site with the write gap layer being

located between the pedestal and the second pole tip.

26. A method of making a magnetic head as claimed in claim 25 wherein
said forming of the strip of photoresist comprises the steps of:

forming a layer of negative photoresist on the wafer;

light imaging the layer of negative photoresist to define said strip; and

developing the layer of negative photoresist to provide said strip.

27. A method of making a magnetic head as claimed in claim 26 wherein:
the first photoresist is formed with two openings with a space therebetween;
and

said space being the location of said strip.

28. A method of making a magnetic head as claimed in claim 27
including the steps of:
before forming said strip of photoresist:
forming a first pole piece layer on the wafer; and
forming a nonmagnetic write gap layer on the first pole piece layer;
forming said strip of photoresist on the write gap layer; and
ion milling the write gap layer and the first pole piece layer until the first pole

piece layer is notched on each side of the strip of photoresist.
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after forming the write gap layer, forming a seed layer on the write gap layer;
and
said forming of the second pole tip and the second pole piece yoke consisting

of simultaneously plating the second pole tip and the second pole piece yoke.

30. A method of making a magnetic head as claimed in claim 29 wherein

the second layer of photoresist is a second layer of positive photoresist.

31. A method of making a magnetic head as claimed in claim 30 wherein

the strip is removed by oxygen based reactive ion etching.

32. A method of making a magnetic head as claimed in claim 31 wherein

the forming layer is alumina.

33. A method of making a magnetic head as claimed in claim 32 including:
before forming the first pole piece layer:

forming a ferromagnetic first shield layer on the wafer;

forming a nonmagnetic electrically insulative first read gap
layer on the first shield layer;

forming a sensor and first and second hard bias and lead layers
connected to the sensor on the first read gap layer; and

forming a nonmagnetic electrically insulative second read gap layer on

the sensor and the first and second hard bias and lead layers.

34, A method of making a magnetic head as claimed in claim 33 including:

forming the first pole piece layer directly on the second read gap layer.
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a ﬁrst pole piece;
a second pole tip located at the ABS and having a top, a bottom and first and

second sides;
a write gap layer located between the first pole piece and the bottom of the

second pole tip;
a forming layer interfacing each of the first and second sides of the second

pole tip and having a top and a bottom; and

the top of the second pole tip and the top of the forming layer being planar.

36. A magnetic head as claimed in claim 35 wherein the forming layer is

alumina.

37. A magnetic head as claimed in claim 35 including the first pole piece

being notched on each side of the second pole tip.

38. A magnetic head as claimed in claim 37 wherein the forming layer is

alumina.

39. A magpetic head as claimed in claim 38 including:

nonmagnetic and electrically insulative first and second read gap layers;

a sensor and first and second hard bias and lead layers connected to the sensor
located between the first and second read gap layers;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first shield

layer and the first pole piece layer.
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40. A magnetic head as claimed in claim 35 including:

a back gap spaced from the ABS;

the forming layer extending between the second pole tip and the back gap;

an insulation stack with a write coil located on the forming layer between the

second pole tip and the back gap; and
a second pole piece stitched to the top of the second pole tip, extending over

the insulation stack and connected to the first pole piece at said back gap.

41. A magnetic head as claimed in claim 40 including the first pole piece

being notched on each side of the second pole tip.

42. A magnetic head as claimed in claim 41 wherein the forming layer is

alumina.

43. A magnetic head as claimed in claim 42 including:

nonmagnetic and electrically insulative first and second read gap layers;

a sensor and first and second hard bias and lead layers connected to the sensor
located between the first and second read gap layers;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first shield

layer and the first pole piece layer.

44. A magnetic head as claimed in claim 35 including:

the first pole piece having a first pole piece layer and a pedestal wherein the
pedestal is located at the ABS;

the pedestal having a top and a bottom wherein the bottom is magnetically
connected to the first pole piece iayer;

an insulation stack with a coil layer embedded therein located on the first pole
piece layer wherein the insulation stack has a top;

the top of the pedestal and the top of the insulation stack being planar;
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and the forming layer.

45. A magnetic head as claimed in claim 44 including the first pole piece

being notched on each side of the second pole tip.

46. A magnetic head as claimed in claim 45 wherein the forming layer is

alumina.

47. A magnetic head as claimed in claim 46 including;:

nonmagnetic and electrically insulative first and second read gap layers;

a sensor and first and second hard bias and lead layers connected to the sensor
located between the first and second read gap layers;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first shield

layer and the first pole piece layer.



