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but, when the disk rotates, air is swirled by the rotating disk adjacent an air bearing
surface (ABS) of the slider causing the slider to ride on an air bearing a slight
distance from the surface of the rotating disk. When the slider rides on the air bearing -
the write and read heads are employed for writing magnetic impressions to and
reading magnetic signal fields from the rotating disk. The read and write heads are
connected to processing circuitry that operates accordmg to a computer program to

implement the wntmg and reading functions. |

The track width density of a write head is quantified as tracks per inch (TPI)
along a radius of a rotating magnetic disk which is determined by the width of the
second pole tip. The second pole tip is part of a second pole piéce of the write head
and is exposed at the ABS. If the second pole tip is made more narrow the storage
capacity of the magnetic disk drive is increased. Efforts along this line, as well as
increasing the number of bits written into the track alohg its lengfh, have resulted in
increasing the storage'capacity of computers from kilobytes to megabytes to mary

gigabytes. The desire now is to fabricate second pole tips with submicron widths, |
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composition and width of the second pole tip. Since the second pole tip is the last one
of the first and second pole tips to pass by the rotating magnetic disk its resolution is

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 héight 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
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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
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Other objects and attendant advantages of the invention will be appreciated

upon reading the following description taken together with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an exemplary prior art magnetic disk drive;

Fig. 2 is an end view of a prior art slider with a magnetic head of the disk

drive as seen in plane 2-2 of Fig. 1;

Fig. 3 is an elevation view of the prior art magnetic disk drive wherein

multiple disks and magnetic heads are employed;
Fig. 4 is an isometric illustration of an exemplary prior art suspension system
for supporting the slider and magnetic head;

Fig. 5 is an ABS view of the prior art magnetic head taken along plane 5-5 of
Fig. 2;



drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a plan vi eij AR
exenplary prior art magnetic disk drives Fig. 2 is an end view of a p?l 3@5
art slider with a nmagnetic head of the disk drive as seen in plane 2-2 of
Fig. 1; Fig. 3 is an elevation view of the prior art magnetic disk drive
wherein multiplBigdbska partihl vieynef the shiderdandaa priengt meegkd agnetid hiead an

I sonetric illustrati of .an exenplary prior art suspension system for
supporting f’tel%l%P'iaB‘ég'%é?‘f l&gg]netic head; Fig. 5 is an ABS view of the prior

art magnetic heagt ?lﬁg% éﬁg@gmé ey gf gleoéudﬁ fhkert 'aloﬁg- arft M%f%flg@ 9. 6

Is a partial view-o er a rior art nerg magneti c head. as
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6 with all @gre‘{nidqéadglpé}ﬁ@vgdpe coil layer and leads renoved; Fig. 9 is a

side viewof“a partially conpleted wite head simlar to the illustration

shown in Fig. 6 Bigcépis a $ile paavesifad padially i completed viritg dicad esimhilanyertheind an
alum na | ay have heen fqrned with e tops of the. edestal and the
alumina | aﬁ@‘?trﬂ"é‘nsg}ol“’?e‘aqﬁﬁobd _5?‘9‘?8'9%1%?\?8366%%}”’5‘%‘? %‘PF %‘X eﬁ,ceﬁi@'engé 2 or med
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10A is a tolayen penaized-angd a negativg photpresigf lnyerdas e formedanddight axpsisedsi g.  10;
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' Fig. 10A is a top view of Fig. 10;

Fig. 10B is an ABS illustration of Fig. 10;

Fig: 11, which is a section 11-11 through Fig. 114, is the same as Fi.é. 10
except ion milling is implemented to remove portions of 'the write gap and seed layers
and form notches in the first pole piece layer;

'Fig. 11A is a top view of Fig.11;

Fig. 11B is an ABS illustration of Fig.11;

Fig. 12, which is a section 12-12 through Fig. 124, is the same as Fig. 11
except an alumina layer has been deposited;

Fig. 12A is a top view of Fig. 12;

Fig. 12B is an ABS illustration of Fig. 12;

Fig. 13, which is a section 13-13 through Fig. 13A, is the same as Fig. 12
except the alumina layer has been chemically mechanically polished,

Fig. 13A is a top view of Fig. 13; |

Fig. 13B is an ABS illustration of Fig. 13;

Fig. 14, which is a section 14-14 through Fig. 14A, is the same as Fig. 13
except the negative photoresist layer has been removed;

Fig. 14A is a top view of Fig. 14;

Fig. 14B is an ABS illustration of Fig. 14;



Fig. 11Ais a top view of Fig. 11; Fig. 11Bis an ABS illustration

Fig.11; Fig. 12, which is a section 12-§2 through Fig. 12A, is the12aW£R 2385
Fig. 11 except an alum na |ayer has been deposited; Fig. 12A is a top view
of Fig. 12; Fig. 12Bis an ABS illustration of Fig. 12; Fig. 13, whichis a
section 13-13 thFiguih) which isld3dectios 16H16 g HA,fb @he shthe aXiigpl4 éxeeptad uni na

| ayer has been chem cally nmechani cal l ol i shed; % Ais a top view of
Fig. 13; Fi @S'tMB’hPBOf%ﬁ*ﬁtﬁBE?elhaF b%‘%“r‘&?‘{ r §pbrigaipg th 2I3’i°g 14, which is a
section 14-14 t same as Fig. 13 except the negative
phot or esi st Iaygl:; has geagtr?pgvgér?'b% E]f’ . 14A is a top view of Fig. 14; Fig.
14B i s an ABS i | FigstshisanABS 1151sg'at1dxﬂoflﬁg1154 MAR 2006 Fig. 15, which is a
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hot or osi ot 1ranBEnd BBC ihadchar 1a6 PeokelTie: HAPS DeREreEs (B 15 1 s a
top view of e)&:hgtgéﬁ% él% fgd tl'?]er e%'ﬂvé‘gén JlrlnHﬁ&rfe@ﬁﬂ?gla?Jd Fi g 15; Fig. 16,

which is a sec oug Fig. 16A he sanme as Fig. 15 except
the P2 tip and tFiig A ysoktep lviereohlBign1&i nul t aneously plated; Fig. 16A is a

top view of Fig. s an ABS.ilJustration of Fig. 16; Fig. 17,
which is a secti 08 l@‘ff%w‘;ﬁge}hﬁtfﬁ‘ ﬁg}'ﬁ H‘js the sane as Fig. 16 except
the P2 tip and thg PZ YRiR 19%V&c€?&?@7q|79ﬂﬁ}cﬁ%h|1%g”Fﬁﬁaﬂ'tﬁél'shxiﬁe%'}’xéhﬁﬁ unti |
,they are planar ig.” 17Ais a top view of 7; 17B is an
" illustrati oexcept thie §2 tipyandmihg P21@kehage bp@sdwmgallydnmhamcdﬁy polishedfuntihot her
enbodi nent %f a g]ne,t I C
ey are plahar;

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 embodlment of a magnetlc

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.

DESCRIi’TION OF THE PREFERRED EMBODIMENTS
Magnetic Disk Drive '

Rcferring 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 suspensibns 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



head taken along 18-18 of Fig. 18A, Fig. 18A is a top view of Fi g.14§4AR%qa.
18B is an ABS view of Fig. 18; and Fig. 19 is the sane as Fig. 18 except 1t
has a ZTH defining insulation |ayer. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Magnetic Disk Drive Referring now to the drawi ngs wherein |ike

reference n@derWhen desdigndd & rotdt&l bptheSpidia@moRIché Bliddd W ippoktBEogaver al
views, Figs. 1-3 illustrate a magnetic disk drive 30. The drive 30

i ncl udes a shindtypicaly, O am)cuphion okais fair bearingy betweemthesurfacecnfshe disk 34 The

indle 32 i ' - 36 ' |l ed b t
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and is supjfor teiting\infrmat@ersinahiplt cienaragidkator thastrfd® sfhab disk 30tat ably

positioned by an _actuyataqr_47. A %I ural i t% of disks, sliders and
suspensi ons Yrlhasfer eagmgyafermation therefem. Ergeessing crvity 50 £xekangessignag e
devi ce (DAS ineFig. 3. .Fhe ' 4 _.and actuator. arm 46
are moved by REenaae Wkl Brdbtiortwill e URPRE YrpHlgd oy BE B 4R P gl
magnet i ¢ hedor flating the magnetiostiske Bégandepratvidesn £bhtpolvdiginlatcs thef ateater fdrhe

magnetic disk 7 1 .4 R 2006. 34. en_the disk 34 is rotated by the spindle
motor 36 t h&nQingthe fil\@eéﬁﬂ)ﬁ‘éﬁ'(t‘@dmt\ggs-aln E 18- ¢ %Pfgﬁ%’a‘fq {5, shopm maynted,khpon of
air (air beapidag); wes : =T | i ring
surface (AB%?M%%]OQ%E' mag nég?ﬁ) gﬁﬁggggﬁggﬁ%glg?wgh&%eﬁén%?g&ghggfogrz{ t\;{/rg?l i ng

i nf or mat i on S#efmbousipg &5 cisrsbedwaiin Figagks on the surface of the disk 34, as

B f ding 4 nf i on t f P i ng.circujtry, 50,
o changes si gnar F18 4 BanAB ey o8 fersift 57 Al e masiiis et Jhe slistr
provi des spihagh @entat ﬁn_strthwesu?ﬁ&&%é makfiétid RlaaoNshdt fide AR nga}xf 661 THe 34,

and pr:ovides control signals to the actuator for noving t slider to
vari ous traddds 5¢,no8%apd 64 exendsfromer crgssirail SRowiWVibesped to gotatios fpgbasi on

ot SOSBE A LS B PR'S TR SNy OB, B 3 05 1,
t he magnet i endgaetic Hdad 40lieatd tralling edpeb6aofekndlider.r ai | 56 that supports the
magnetic head 40’Fig6} r]6dissai sqge gr%issj-s?ect?gna?g evgt(i)én ;rig\ev 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 ﬁagnetic 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



rails 56, 58 and 60 extend froma cross rail 62.' Wth respect to rotation
of the magnetic disk 34, the cross railg 62 is at a | eadi ng edge 64 4 MARt 3066
slider and the nmgnetic head 40 is at a trailing edge 66 of the slider.
Fig. 6 is a side cross-sectional elevation view of a nerged magneti c head

40, which andbetdrd palewiddes 9D andl 9p artictedthéGeevid shidl®BeNEREIRAGLY ANhd2, the
read head ortlon enploying a sensor 74. Fig. 7 is .an ABS view of Fig. 6.

The sensor 7stipele Ris¢rIdHrIeH WHER W@é‘iﬁo% ohr?h@lﬂé!‘?aék diead thej S@@Qﬂdyshlﬁé daygri ve

first and s d a s are
sandw ched gg%&géggﬁ Bngét/ ﬁ ezégwg’zég‘o%%hsgﬂ 8‘?@‘% X@B °%nd 82.
I n responselayer. e’Kheaﬁrsahndrmnﬁd pclefpl@bﬂsz ahd194 areashEictbdR @uplddat adaser 74
changes. A senge current | s conducted through the sensor causes these

resista ncegahangedhavs fyst spdrsepensk pale Hps %mw(hwh@hmg@@arm@ea wpide ent i al

h It
o0 hown | ners HeB1BIEASED R8s, CACRANS T 3180 % Y Ml AL FRORE sl Y
i ncl udes a conrectienser048ahd Hmrmmedidehdbe‘tdneem: §eh§cﬁrt74atlade§d%CnQdaﬂanSM| &tion

| ayers 86ad88 At |rd i.on er 90 may be enployed f
pl anari zi ng REHESPRESIEDY 5 & ‘tlﬁr é‘[‘éf?‘lrwpﬁo T Fepreponisdld §raad “ﬁ§ﬂ¥1‘éﬁ°ﬂﬂﬂd$ ayer

caused by t ¢ S M on |ayers
are referr egg(t) g&} 1nzjt iﬁgﬁé}rl?g&élsﬂ;ﬁeé Flﬁs%) to a0 14 g‘ﬁ:}ﬂ"éé%e cgﬁéh?%

| at 1 on st ayer 84 and

“the first, second and third insulation |ayers 86, 88 and 90 are sandw ched

bet ween fi rst 8 1 4 MAR 2006 and sec;[izﬁ oI e pi eces 92 and 94 wherein the
second shield | ayer 82 functions as %I %enfigh ol e piece duri ng awite

function. In a prggydagkiiaad at;k}Efeﬁ@@ezﬂgocﬁmeﬁ!&hh@ﬁ,%gem%?veﬂﬁg? P On1§ st

pol e piece are separate |ayers which are separated an ins | ayer.
The first afinilaetoFis. fdndhgsitkeense4athe foar mdeseqqghead gap layesdifpdrdd7®at a

back 9 98 and 100 awh
copar ey pand Bt Y nd Lband SMLETLRASPRE 82 oS fatie i 2 Mpef 400! 3 4
first and sarsuladonstﬂydeSOO (vd‘imiﬂﬁhy b aluikivh, indler Rimeavnaké sdcoad shiklddirst he

sensor 74 to | eads 112 4 on e suspension 44, and third and fourth
sol der connBRIERIFE 1a¥FE 82&% I%S“E%ﬁ?f gveq%ﬂmt henotgrmedon she meglatiomlayeni | 84

(see Fig. 8306 and a%snt lrdtic df #ebinQladddClafétSRELH098 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.



The invention Figs. 9-17 illustrate a preferred enbodi nent of the present
invention. Fig. 9 is simlar to Fig. 6 9n that the sensor 74, thé&4fNARSA0G
and second read gap layers 76 and 78 and the first and second shield :
| ayers 80 and 82 are fornmed on a wafer 200. An insulation |ayer 300, which
may be al umi na, il8 KigedOfbe megatove phetomsisb3dOsisi ddvdloped swhiclpqlrevigessde | ayer

82/92. A ' il 302 . f d. ' | ati I 300
2nd a1 ront TSBPLGRIRT eV I 20 GROqr AT S AP o B BiEigse o
front portij@a &fd 108 BRAUTIhGB0pEAASS &PbsRThewriEsH) 1h9&?%@?£@%16e Bedd I St

pol e piece (Pl) ﬁ_fedestal 304 is then fabricated oh'the expose ortion of
t he second dayes|(8/L)i rEie epsnings Fild cad| Hyldea®24 apgative lphatdvedig htripiROB Iifay  be

reater tha hickne of the wi coil .302. An .a) um ayer 306 is
? hen deposi Bg%{g@?}é'?én[ Jit: cﬁﬁ}arsrae 89“%3?/(51?‘1 ﬂ@*‘?ﬁﬁf%@a*ﬁ%r&‘ﬂiotﬁi*@ i |
302 and t he gofp pMcet psle pF’(@’QﬁSMich?’Ml-l helev@ftRl h&enBRE. CASNAiSRki
mechani cal ly polished until the top surface of the P1 pedestal is exposed.

Thi s opt i ondlergnabexgethet pegativg Rhptoresist vittip &3 1éohas |highe straggrat dutegrity fart h
al um na whi ' ' ' with the alum na between the coils and the
Poprah PR

bottom i nsula yer provides the insulation stack for the wite

head. Next, a wiladFigapl icaymillityV® impledeated ta mileswiy s wiit/ kdp 3P sawde

. formed on the top surfa(ie of heMI;% pedestal, 304 and the top of the

“al uni na | ay SRYeBHOTIORNE Wit math?eéfat sesaRd apangst 3 12a3ns 314 myd providesthe Pdr med
on the seed 5 | [ - et S at
desired fi rgea%sﬁ% %%ﬂ%é%ﬁhsggndmﬁgﬁ%lﬂg‘@%’ ggﬁﬁé‘gﬁ('ﬂﬁ%% ag%r. 9
14 VAR 2006 11B. FTlgs alignstfivst andgatondesigds 20 randi322 o 1he nepates phatprdisnbtriph
provi des the,_ negative resist layer with first and second openings_312 and
B e show 6 EREY and Resond sidtbcind gy tsspecuely " Bh IR xBbeTBS( he
wite gap | ap@hifg desithbld1@o Sﬁﬁﬁmiiea)éﬂés(fﬁltih%- ant§s QRERFIESthS Lpreftitidd314

| eave a negative photoresist strip (-R) 6 Therebetween which-has a wdth
equal to thémhedimend of thecpresentiinvextiony Howevescinombroag ebrcept ef thegoventionp

(02 A ch RSO R ) 8 R e R e, e
subsequent procedsiFiyg 13tthpseed ayeF309 islhiliedrawaylihithgopeninggdiermatiad sha il |
away the wr ia},eahﬂ%%a ?ar)]/gr ?.'266e icsi deposited over the entiré wafer on top of the photoresist layer
310 with a thickness greater than the photoresisf 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



| ayer. portions within the first and second openings 312 and 314 arid; papYdgge
the PI pedestal 304 with first and secdhd notches 319 and 320, as shown
i Figs. 11 and 11B. This aligns first and second sides 321 and 322 of

t he negative photoresist_stri 316 with first, and second sides 324 and
325 respect Rlugliga prdestals 328 it afis shows in RigscHr. A andibeB aassrend pole

prosent i nveitet S IBRE 5% i bSGF by % BHEMEH AR5 e UBRE VBTl b '
optional angedofid BRnifdPodRstaly 128@nd8Bsequent figures of the second
enbodinment. In Fig. 12 the seed |layer 309 is nilled away in _the openings

312 and 314 and Aarshapaniprigs-ayed 78084 7B sheraicelomeehanical palighing tsethgpf er on
top of the resi NEr it h. i . .

phot or esi st TPApEFTES b pifia peddia Boledof b2} SH067 3 BLGR SLichl Mhick' oo g
314 with anpelishesa top ofihustond podetipabky PRgoleh 398 ahd tdpsB0 antiZ342net the B.
Next, the alumna layer_is chemcally nmechanically polished flat . exposing
a top surf afiest3pd seeond glinypg Redesialstn ¢t copuasonsplang with thefap of the srenderle of

the negatiy ot-pr.esi kN, Fi QS 1136 a . S

| eaves fi rs?’sai\é '_@(E-:ecgénszﬁ‘g% rﬂ?élrgagte%%g%g?%’%Z%gglﬁd&%%&aﬁﬁc%%aiéﬁsﬁrg ounded
by negaL i Vetl’é&h(‘ﬁeqfeﬂt)a)ivsd followred lgsetfs}kingvtawhyl ahy glateﬂaﬂatemrx]ly:gﬂmebast@@r (®agtive

. ijon etching (02 RILE) is then i e ted to repmve.t egative |

 phot or esi ot M eraisERRONST e e Tashoaiberned T Gis srohp Rt dbe Bh
second al “”hﬁ%@%ﬂ&%ﬁeaﬂ’? AeB33fe 330mhioReseRanl Rive  Snih8s topPflatafagd 158
a positive photoresist f?an”e (+R) 333 is fornmed for fabricating a second
pol e pi ece (TRBR)flatudse is Wghthdéssrabliefousershictian of thefwrite. flurhsignale $¢ theypole

hot i st f 333 has a_.hejght, whi.ch i ter.t desired hei ght
of e sect SBTaUEITceRt by dry GrEbe Bt oot 1y s i bF, Do
and second §dd toHthiiensih Afd MewifeacdRedidsdnadvercddBlagerd BiOvafsissthendiced Fi gs.

16, 16A and 16B a second pole piece material layer 334 is plated with a
hei ght whi cintp sovys ebmagnetigheadsy eachi rowtis dapped k- yhABS) andicagh peaskintthe €828 and
330. As sho L0 Fl 1 75 7B .1 ) ani cal polishing is
then inpl e%&%’ggw{egﬁﬁ%hd&ﬁ&@g%h %8'%21??%{)@}% E%Eg(g% to a desired hei-ght
whi ch al so pol i §hesnwentiop alsd ischsdes eindarticleshowp ity bigs. [ B2 Moke) 1338Thed t ops

340 and 342ﬁ(r)s],ct z}ngesecond alumina pedestals 328 and 330 have first 'gnd 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 Pl
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,O3)
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



first, and second al unina pedestals to a common plane with the top of the
second pole tip 336. The positive photblesist frame 333, as shown ilrt WARy206
16A and 16B, nay then be renoved foll owed by etching away any pl ated
material and seed | ayer (S/L t hat remai ns exposed on the wafer. It should

be noted i nintFigs HByrdddi #rshi8B ad2 xoke 234 is formedam tand)fttlmmnlay@k&%asd are a
comon | ayeﬁasaaggorggﬁé??%Wﬁgﬁmﬂuaﬁe&t{:ltl?efll’fﬂﬁﬁ%\e This flatness is highly

desirabl e for Stgnals to the pole tip.

Subsequent pr ocekshogld(beaindsisaod )thatake Mg fedestdls B28An® Y80, shoti iBFigt uds
for the leads to the sensor and the wiite coil_and an overcoat | ayer. The

vaf er is theh ldAcad 1iBympyhswapieyepdeiormmetbabs tip@d@ i Fignl8s | apped to an
ABS and each heag 5 g Rea kit ich e FIY. SBwhBlel bethy LA nBEAETrTAS

exenplified by he 1 nvention SO |nc udes the ar

Figs. 17, 1defirung inkdRtion heyer f24® $5I m@ﬂdn&h@@ﬂﬂ)laﬂay&ﬂ 8949 g dhert aistande §roand 330
have flrst and second si des interface flrst and second si des 344 and

346 respect ﬂ#eﬁ@s ofihe Iﬂ@np@d@“{? Q’fé@c layery dofiges theizgeo thegns height whereithesfirshng
d al | 338
?\S\igna goungl gcf?glt% ﬁsft:Jcrgg gs ﬁ'g ? %) HL'F cﬁ’?‘g{e&éﬁ%%d& R%Jra\% %1 Y tfgé¥%l%§redest al

304 which pmunﬁiaagﬂaxgdsaﬂcageor the W i te coil 302 and the alum na insul ation
. 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 teachings of the inventipfcd@ssdibed for Figs. 9-17 can be
practiced. The nmmjor difference in Fig. 18 is that the pedestal 304 in
Fig. 9 is not. enﬁh@ywtwmgotomslssisdmm iRZhe mpaQBEBImnaHy sreplifi¢chyepatiyes/ L)

d t ed. 82/ 9 Behind th
Pt p 230, SISk ALl AHEER LS ErPoE DD syt CoRmInnR ol aynpdt POTEReBh & |
deposi ting quénbhérkandywesolwint.al THE Bipeadfdllg}heé}nﬁWedJ%ﬂ Expofsin@t thdl hdpatitie P2

tip 230. The wite coil 232 is formed.on the alunm na | ayer 224 and one or

v e baked SvISHSkIDbe R8s 28R oRBUY R24H T o1 { Hbnmpi ¢ visil megmnica. Shown
L1 3 ARyl SO AP Beio bt ARCI S, O
230. It shodiavhobé pluslers coohpoheat capabld\bfeﬁ:l'mgjﬁ&t mla’&:nﬁlZBemgdaﬁibﬂ (ishown in
Eégs 17, ﬁZéHa Pocg .&128’3). nﬁyshggldebrgphx?cye?sctiogdo that ﬂ{eme%u}chﬁyQ% atrle orme% I!)n F 9
| 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.



Fig. .19 is a nodification of Fig. 18 wherein a zero throat height %WZUUB
defining insulation |ayer 240 is inset i@ the S2/ Pl | ayer 82/92 a

di stance from the ABS. The front end 242 of the | ayer defines the zero
throat height where the first and second pole pieces (S2/P1 and P2) first
commence to separate after the ABS for mnimzing flux | eakage. D scussion
The negative photoresist is known in the art as chemcally anplified
negative resist and its chem cal conpf@kAIM&n is a conbination of a resin,
an acid generator, a quencher and a solvent. The type of |ight enployed
for exposing the negative photoresist can be iline (365 nm* or DW (248
rimor 193 nm. Ghem oaneMRANGNGRIng PRhbiicMRad hAGEO TR atr SRS Yo BRI OVi Ng
smal | hard particles of A1203, SiQ2 or dianond plus a pH conponent capabl e
of etching (ABSkeemeprising theistapsiofipped (i.e. NaOH for A1203). It should be
under stood that the. |licc | ayers are fornmed by plating and that the

i nsul ation |ayer r@r'(ggégrwr%%f’ by sputter deposition. It should further be
under st ood that \irindigg @Rtrip ONEhoMsresist SiPihk WSt ah ABL MO of hid R%SG\WHQ' ment
that additional wite coil |ayers may be enpl oyed. Cearly, other

enbodi ment s Vadid thaddefinestd gaek sridthnefsthiermegnetiohead lahd oxiur heightdibbve 00

t hose of ordj I i t..1.n view of these teachings. Therefore,

( this i nventglk%ﬁerd%gaﬁghttéleI@Fér?l‘%?é%ieotm’y by the follow ng clainms, which
~include all such foreribpdifomiing 1ayed o fvafsatah®0a thh&Fip WiE chitkheSOaHowBCt | ON
with the aggk%/e @sgﬁci.fi cat.ion and aﬁgorrpan,yi ng.draw ngs. 12 CLAIMS 1 4 MAR
2006 1. A ntithsyebhaliseany to ongalt han gdssiradiiviehy aka second polsdili i ng sur f ace
(ABS) conpri sing * Ve el Iei i trip of

bhot or ool ot on ¢ RS raen poRihing IR AoRE 1l e uBpT RbRel (i Cha
defines a track wmiewingthet $iap rreayired & cedvmd chobentip wptiiing i diegfoimaipdugerat
desired hei ga%sﬁg- a'tHQe second pole ti p; '

foﬁning 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.



- second pol e tilp openi ng.

14 MAR 2006
formng a formng layer on the wafer and on the strip with a thickness
above the wafer that is equal to or grempter than a desired height of a
second pole tip; mnechanically polishing the formng |ayer until the strip
i s exposed; renoving the strip | eaving a second pole tip opening in the

form ng layer at4, saif méthed oPbking b Mdpneiek Fal ds SRERWnRYIR 1t Wherkin t he
met hod of” making a magnetic head as cl ai ned

2. A
in clai m1 saitlomaingef the gripiofi phetgresist eomprides tiestdps pbl i shing until the
second pole tip js at desicred .. height. .3, nmethod of making a magnetic-
head as cl ai med ﬁognmgaqalﬁyqrqfﬁgﬁﬁmerpbg%{er%s%g?ﬁﬁswq{?r_, before formning said
strip of phot or elggifilirnagiag e lgyer of negdtive phetoRiSRE® deB}EEai@Btriphangraf er; and
form ng a nonmagnetic wite gap layer on the first pole piece |ayer,;
form ng said strdgyelopingibe layesoisiegative photarpsigtso g@yldgéylérs,mland ion mlling
the wite gap layer and the first pole piece layer until the first pole
pi ece layer is notched on each side of the strip of photoresist. 1 4 MAR

2006 13 4. A netfiod oA metkod of adkage magnétivolkad s Clainb®eh chis [4awvhereinvher ei n
said formng of the strip of photoresist conprises the steps of formng a

| ayer of nef§&afiripds g sady axyeanbaspd repativeion pichRe. i nagi ng the | ayer of
negative photoresist to define said strip; and developing the |ayer of
negati ve photoresist to provide said strip. 5. A nethod of nmaking a

magneti ¢ head asé.cl ai redethod of miaking annegretin heidhes dainied ih slairmrbinelhdiye oxygen

based react 'bve |onf‘etchi ng. 6. A nethod of meking a magnetic head as
claimed in @FECRT i ncluding the steps of: before forming said strip of

phot oresi st: forgdf&g farmhing ShidRBIFofPHeERedigyer on the wafer; and
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 photoresisi on the writé 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.

7. A method of making a magnetic head as claimed in claim 6 wherein the

forming layer is alumina.

8. A method of making a magnetic head as claimed in claim 7 wherein:
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.



form,ng a nonmagnetic wite gap layer on the first pole piece |ayer];4 MAR 200
formng said strip of photoresist on thggwite gap layer; and ion mlling
the wite gap layer and the first pole piece layer until the first pole

pi ece layer is notched on each side of the strip of photoresist. 7. A

met hod of making a magngdhdd mﬁ&iﬂ%ﬁﬁ%hm&@a&&ﬁm&n%@ Mclufg; f or ming

| ayer is alumna. 8. A nethod of a magnetic head as clained’in claim
7 wherein: bef ofoemingrthe first pble pidce dayepdirectiyiondke $egprd reafl gaplaygr. a
ferromagnetic first shield | ayer on the wafer; form ng a nonmagnetic
electrically insulative first read gap |ayer.on the first shield |ayer;

form ng a sensory@nd Afhdtedd dNdalSRE 8 nthghaticchdall asclangkd i thimaymekdingonnect ed
to the sensor on the first read gap | ayer; and form ng a nonmagnetic

el ectrical |y i nseontinhing sgidooechanisalipq)ishingaynsil thensecombpale tipois ahadlesired i r st
and second hard bias and |ead layers. 1 4 MAR 2006 14 9. A nethod of naking
a magnetic ]he >as clained in claim8 including: formng the first pole

pi ece |ayer dir effidr \ne@RadifBlygRuSHIA E&%l@?td RAEdesird®heightret hod of making a
magnetic head as clained in clai m% i ncluding: continuing said nmechani cal
polishing until the sosdingapdnatation stack yyithea ¢piklpyeen;the, Eqrpuing laygr; and
mechani cal |y pol i shi Le ti 0..sal esl.Le } X m ng an

i nsul ation stack wit knlgg]h E’gl F%r:gci,néir 8%1%1 ng%' ?%lgrémﬁkégr ﬁ‘éé;:{rh;gqg%uagt%lor mng a
second pol e pi ecsagkadnd sticfied toohesedohd poleaip. ati on  stack and stitched to the
second pole tip. 11. A nethod of nmaking a magnetic head as clained in claim
10 including the steps of: before formng said strip of photoresist:

11. A method of making a magnetic head as claimed in claim 10
including the steps of:
before forming said strip of photoresist:
- foﬁnihg 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 hegative 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.



form.ng a first pole piece layer on the wafer; and form ng a nonmdgnf@AR ¢05
wite gap layer on the first pole piecekayer; formng said strip of
photoresist on the wite gap layer; and iton mlling the wite gap | ayer and
the first pole piece layer until the first pole piece |ayer is notched on
each side of the strip of photoresist. 12. A nethod of nmaking a nagnetic
head as clained in claim 10 wherein said formng of the strip of

phot or esi st conpdises Ahmethodpef ahakifigravimegnetid dyad asf claiegalt kv elgmotldr esi st

on the wafet;,li.ght imaging the |ayer of negative photoresist to define
said strip; ’%ﬁ‘bdlg%é\?éfe@gf’ﬁg the | ayer of negative photoresist to provide

said strip. 13. Pefopé fpphisy salthdetip of photb@sRt:i ¢ head as claimed in claim 12
wherein the first layer of photoresist is light inaged only at the

| ocation where the st depningafigst pole Hiegertexer on the wiflr; 2006 15 14. A et hod of

maki ng a nmagnetic hea I i laiml i ncludi ng the steps of:
before form ng said s??l?%ng% %Bﬂ}g?%r{regg&gﬁ? g?%ﬁ’?ﬁﬁ%’ the ﬂfsrtg?le%ffcgtli){%éce | ayer
on the wafer; andortingbdig s@iprdPHBGFeist 6n e WteGap 1dyed@hdon the first pole

pi ece | ayer; for.mrgg,sai d strip of photoresist on'the wite gap |ayer; and
ion milling the 1 mdligghe wijtergandayer ard therfirst pode pieps kaer undij dhe finst palet he

phot or bsi ot PREEEe! RABLHES QR EIITHE AInERRH o bbReRHishd s ol &imed in ol aim
14 wherein the formng layer is alumna. 16. A nethod of making a magnetic
"ayer - formng alfer r aEsHEdI Ak & eHEBris heagae CmEhin daeld IS ng o
nonmagnet i cufl Bfhink ek ¥s diftainaat i ve first read gap
| 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 anid 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.



| ayer. on the first shield layer; formng a sensor and first and sec‘o?%gaﬁg
bias and | ead | ayers connected to the $énsor on the first read gap ,U
and form ng a nonmagnetic electrically insulative second read gap |ayer on
the sensor and the first and secqnd hard bjas and | ead |ayers. 17. A method
of meking a magnﬁ-i c Hemethed of makingia magegtisihend 8s ¢laimeddn lpim lripeluding: t he

first pole piece J: | i r t hod
of making a nagng%i?gee{loerg%ﬂ égﬁc é?%fﬁ’nﬁtﬁ&gﬁg?ﬁq ER%EO?@B# @ﬁgf“‘s%"g%ﬁ?@%& e

tip and thelayecond yoke are simultaneously formed in a conmon plane. 16 1 4

MAR 2006 19. A nethod_of making a nmagnetic head as clained in claiml
i ncl udi ng: before fofRHHRE @BReINEYIANN sfack ytlhakbdeast onp ol lexer ¢mbeddad t he

first pole pieceg ckéﬂﬁﬁihgﬁ{sﬂgﬁgp%eiaggyl ation stack with at | east one coil

| ayer enbedded therein ont rst pole piece |layer; depositing a |ayer
of alum na on the ent deposwalfgerlayand amadihaon tdeldntirqpedfeshndg t he wafer until

the | ayer of alumina is planar. .. A.net hod of Kin magnhet | ¢ head as
cl ai ma)(; in claim19 WHFF@ Ca?l?’l?fgﬁgl?‘?%fheﬁ’fﬁ %“ﬁ]“éggﬂ?%ﬁ?gfg]ﬁ%g - tal at

the ABS site with the wite gap | ayer being | ocated between the pedestal

and the second pole tip. 21. A nethod of neking a magnetic head as clai ned
in claim1 wheref®: dHhmethiodof npkanga ewgeetic keafl as elkagmed irhclaino 19 wéwrreiys wi t h

. @ space thepehetwesn: . and saj d space bei e.locatjon of said strip. 22.

A net hod of {h%aq%‘n%oq%p‘r?ﬁ&gaéfﬁ i&“r?e‘ge@%%‘épagltﬁ‘? ﬁb% Site VL i write gap ﬁ?df*h@emg he
steps of. bRicate@ beQVaeh fig: pddestalamanie &Qb&iﬁél@ti{)f ormng a second |ayer of
phot oresi st on the wafer with an opening in the second pol e pi ece yoke

area that defines a second pole piece yoke; and
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.



-of maki ng a magneticC

form ng said second pole piece yoke in the second pol e piece openi gg
simul taneously with formng the second pgle tip in said second pol ItMBR 2006
opening. 23. A nethod of naking a nagnetic head as clainmed in claim 22
i ncluding second nechanicall¥ pol i shing the second pole tip, the second
pol e piece yoke, 2dhe Afroethpéigl makiog aamapietie hemlcasrihimbd irDelsim 33 incRyalg: unt i |
the second pole tip | $. at. a . desi.re height. 17 1 4 MAR 2006 24. A met hod
efort ﬁ%%ndn%éhccftgf’ Phofpr ’%{i#?ﬁef fmieg the: firshpelermiedeor mi ng
the strip ofayehotoresist and after formng the first pole piece |ayer:
formng an insulation stack with at |east one coil |ayer enbedded therein
on the first pole pi ed@mipgean ingulotion tstasl with zay deasofonal aoili e Bmbbddeant i r e
waf er; and nechanp I ishing.the wafer until the layer of alumna is
Hihioh RISt R iR

pl anar. 25. A net AFPc head as clained in claim 24

wherein the first poldepgsiteien lagerest alasind oR Aekesiiad wateridi@ ABS site with the
wite gap |layer being |ocated between the pedestal and the second pol e

tip. 26. A method of meehamcallynolisling thewafer watil thedayerafalindhaismpl@arwher ei n
said formng of the strip of photoresist conprises the steps of. formng a
| ayer of negative photoresist on the wafer; |ight inmaging the | ayer of

negative photore2bst tomethod red nsakink & magpeticohehd o R%RMePiNelainh @4 Weeedi, Of
‘negative ph tofretsi ﬁt to Prov' de se}i’zd f\;{ri p. 27. A nethod of naking a
‘magnetic heg'c? 8t RYGPIFST 'AYAr 094 prdsatalwdhe ABS siterwith theswriteigep dayes beingi s

formed with i ] ween; and said space bein
Idchied BREHeh Ufe pHdbRaPandRAE ﬁ(}:%{g}@%(?g ﬁié b g

the location of said strip. 28. A ne king a magnetic head as
claimed in claim27 including the steps of: before formng said strip of

phot or esi st 26. A method of making a magnetic head as claimed in claim 25 wherein

said forming of the strip of photoresist comprises the stcp$ of:
- forming a layer of riegative photorésist 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;

2

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.




‘formng a sensor and first and second hard bi

forming a first pole piece layer on the wafer; and forning a nonmagrfeMAR 2006
wite gap layer on the first pole piece {g@ayer; formng said strip of
photoresist on the wite gap layer; and ion mlling the wite gap | ayer and
the first pole piece layer until the first pole piece |ayer is notched on
each side of the 29%ri pAomethodt of epilstg al raghtR 2086 2k8ciafned imeidind 2af

maki ng a nag&gﬁ&iﬁ head as clained in claim28 including: after formng the
wite gap | ayer, or ni ng a seed layer on the wite gap |ayer; and said
form ng of the sefePthrRghEthe Wi t : ece yoke consisting

of sinmultaneously plati nggathﬁe‘pré%g%ﬁég%{)ﬂs@ﬁ?@g ags(rél la& r%@%ﬁﬁ“ﬁ@?@%ﬁeéce
yoke. 30. A3R®t hod of naki ng a magnetic head as clainmed in claim29 wherein

t he second | ayer of foresist is.a secon ayer of positive photoresist.

31. A method of r?a‘l%iifﬁg’q‘é‘gr?gé tgeend, pol tH’sm'gltLl‘F Aeeqnd ﬁolgmmygbems@ma t he

strip i's rembyiathHayieaXigRRihomE dedondblcfh e Bhdfhle fice St Nod Of
erel

maki ng a nagnetic head as clained in claim3 ge{y%l?em ng | ayer is
alumna. 33. A nethod of making a nagnetic head as clained in claim32

including: beforg form i.rst pole piece |layer: forming a .

ferromagnetic fi P g't sh?qe@gthbgégﬁa{éwgt%a%F%ﬁ?adf%I‘?‘/ﬁ"ﬁ H'%mi%wé@rﬁm

el ectrical | thei seserdiinjerefphotetestseisch @oohd ladof peﬁti%;ﬁpfté,%g%t_ shield |ayer t |
as and lead l'ayers connecte

"to the sensor on the first read gap layer; and form ng a nonmagnetic

electrically insghative,s | ayer an the sensor d the first
and second hard bias and F@gﬁ@gfg‘%g?’%&“g‘ﬁ‘ %ﬁﬁ&‘f}aﬂ)‘f‘eiﬁk? Aign ggﬁé’ﬁﬁé?l c
head as cl athesdrip is reinaved BBoxymeh baked geactifotonienthidgie first pol e piece |ayer
directly on the second read gap | ayer.

32. A method of making a magnetic head as claimed in claim 31 wherein
the forming layer is alumina. - | o |

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.



