P1 NOTCHED WRI TE HEAD W TH M NI MUM OVERMCALD- i1
AND P2 ™ BACKGROUND OF THE | NVENTI ON 1. lpbigel d of
“the Invention The present invention relates to a wite head with a
ffrst pole piece notched at its pole tip and first and second pol e pi eces.

whi ch a--e'—su-b's-tﬁa-t—f-ﬁ-l-ﬁa#-e-t-e-e{-ed—f-mm mlling during a process of making
the not¢ REULACERSHEEPBS i on 9 thd Rel ated Art A wite head

conpri s d ond i ecgs that have first and second pole tips
term na E}Be£c$$u§£' §g% %I !%% guf{of """" and ends recessed fromthe ABS that
are can (Lﬂa """ ’ i 'rati_r_1 stack, which conprises a

plurali %ﬁt a i é’r*?gciggz ndwi ched between the first and second
pol e pi’ S a C:B*fqe t,oqage dqded in the insulation stack. A
processing circurt 1S5 connected™totHe coil layer for conducting current
(wite signals) through the coil layer which, in turn, generates

correspondi ng mgnethﬂllﬁb%mmemAnnmmman i eces. A non-
magneti-c insulative gap | ayer igvERMIMLEDEF1REBE2N t he rst and second

pole tips so that the magnetic fields fringe across the first and second
pole tips at the ABS. In a magnetic disk drive, a nmagnetic disk is rotated
adj acent to and a short distance fromthe ABS so that fringing of the

magnetic fields magnetizes ghey mm_mwlmpks. The written

circular tracks then contaln intormation in the formof nagnetized regions
that can be detected by a read head. A wite head and read head are

typically co Ine&!‘@eﬂfstg?} mgiﬂged magnet oresi stive (MR) heat: The read

head i ncl udes™ i s sandwi ched between first..aml second
insul ative gap | aYFl:[eSprédéﬁttmﬁdfnﬁon relatés ora, write head with a first pole piece notched at

~ its pole tip and first and second pole pieces which are substantially protected from
milling during a process of making the nqtch.

2. Description of the Related Art _

A write head comprises first and second pofe pieces that have first and second
pole'ti.ps terminating at an air bearing surface and ends recessed from the ABS that
are connected at a back gap. An insulation stack, which comprises 2 plurality of
insulation layers, is sandwiched between the first and second pole pieces and a coil
layer is émbedded in the insulation stack. A processing circuit is connected to the coil

.layer for conducting current (write signals) through the coil layer which, in turn,

generates corresponding r'hagnetic fields on the first and second pole pieces. A non- _

magnetic insulative gap layer is sandwiched between the first and second pole tips so

that the magnetic fields fringe across the first and second pole tips at the ABS. Ina

magnetic disk drive, a magnetic disk is rotated adjacent to and a short distance from

" the ABS so that fringing of the magnetic fields magnetizes the disk along circular

tracks. The written circular tracks then contain information in the form _of magnetized
regions that can be detected by a read head.

A write head and read head are typically combined to form a merged

magnetoresistive (MR) head. The read head includes an MR sensor which is

sandwiched between first and second _fnsulative gap layers that are, in turn,

sandwiched between first and second shield layers. In a merged MR head, the second



sandw ched between first and second shield |ayers.
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In a nerged MR head, the
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fiselds fromthe circular tracks of the rotating disk when its resistance
changes in response to the strength and polarity of the fields. A sen
current is conducted through the MR sensor, which results in voltage
changes that are received by the processing circuitry as readback signals.
The second pole tip trails the first pole tip with respect to the rotating
disk and is therefore the last of the two2pole tips to inpress information
field signals on the circular tracks. The second pole tip is bounded
base, which sits directly on the gap layer, a top, and first and second
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It is important that the side walls of the second pole tip, especially at the base,
be well formed in a linear conﬁguration so that fringing of the inagnetic fields from
the pole- fips is confined substantially to the track width of the second pole tip. If the
magnetic fields fringe from irregulai‘ side walls of the second pole tip to the first pble
tip laterally beyond the track width of the second pole tip, overwriﬁng of the circular
tracks may result which will reduce the track density of the magnetic disk. Ideally,
the second pole tip should write well-defined narrow tracks which, in turn, are read

.- by aread head that reads slightly more narrowly than the written track. This obviates

the need for guard bands between tracks.

The second pole, along with its second pole tip, is frame-plated on top of the

gap layer. After depositing a seedlayer on the gap layer, a photoresist layer is spun
on the seedlayer, imaged with light, and developed to provide an opening surrounded
by a resist wall for plating the second pole piece and second pole tip. To produce a
second pole tip with a narrow track width, the photoresist layer has to be



- 3, correspondingly thin. This relationship is referred to as the "aspect
rati o", 'which is the ratio of the thickness of the photoresist in the pole
tip region to the track width of the second pole tip. Preferably, the
agpect ratio should be on the order of three In other words, for a track
width of 1 [err]m the thickness of the photoresist in the pole tip region
shoul d be about 3 [err]m |If the photoresist is thicker than this, the side

wal | s of the second pole tip, especially at the base, will not be well
formed due to scattering of light as it penetrates the photoresist during
t he i magi ng step. Once the second pple tip i.s well forned, it is

desirable to notch the first pole tip opposite the first and second corners
at the base of the second pole tip. Here, the gap layer is bounded by a
base that rests on the fifst | | : ditbak agn £ rdibe wieleiof the
second pol e ti‘f)",“eg%odlgﬁg;ys angﬁ}lgg%lgt?\%%@?dgré\{é/apﬁ s that intersect the first
and second si dihewstid 6f the thickress efflie photoresistiprthe pele tiparsgion to thel tyackgiddhi ng

of the first po pi ece ogcurs_i i g el L ac i and
second cor ner 30%'?‘3 Fffé’ngé’ﬁﬁﬁ Ry Fre %ﬂrﬁ%ﬁ%ﬁ&%ﬁ%%"{qﬁgﬁ rﬁIsetJrg%IJeflt%{%'ce
wilth a track V\jﬂtﬁerk*?&&,&b@@&fﬁktﬁaﬁxlaflnfﬁhMGﬂxtiéldggsstdf_akdq:hmdesisth' - it:.theiplelesepond
pol e pi ece. o rior art process.foy notchi in Jirst.pole piece
teﬂt ails ign blemqnl ﬁ‘g‘dth?é:e@%@#‘&y th?n t?wa&kggmé@ea&gwgo%ng
e second po BecBiid spebid will Sot b Well us 6 svatteriig ¢ he
first and secoﬁf(}h%o e.'p?oelgg' and g?gé‘teibaé%eare typically Permalloy (N Fe).
The al umi na ni of lightws i peneiwatss the photeresis .tpgmarth' , Pthe top-of second:
pole 1ip and a top Gl it Seclia *rsﬁéiié%ul?&h%dﬁkfs%sﬁmeﬁﬁd@m@%ﬁﬁwzﬁkiey.-
U BT, |

than the gap layer. I'ng ron m . there 1 s nuch redéposition "

(redep) of al utip opposite therfirsicand sedond ernexsiak the dese. of ithe seconst paletipy Hlers, the -
redep, the mlli I on, be | S L,cal ly dite . mal.
t hr bugh t he Ia%qu“%nﬁ’wggewﬁﬁ%gﬁ?‘??ﬁ‘%ﬁﬁ t@n@%&é%‘ﬁ%j g%%a%?g The
gap | gyer| in Fbﬁebfﬂe%ﬁé@?ﬂh&ﬁﬁ@ﬁ%ﬁﬁ@gﬂﬁ%ﬁn?ﬁbﬁbﬂ?ﬂimﬁmmhﬁ
second pole piece js ,the first t e ed becaus .Shadowing: ef f ect
at the first am?%‘bﬂ%ﬂa'&ﬁtrféftsma/ﬁ?ﬁn$ﬁ%m?’§rf°§’§” ﬂeﬁ'sqg?fglf‘%F’P&ﬁ ﬁ?ﬁipg{eca.se,
the i on streamyid becaiCinithédiattl ddfabént leallPbPIhRI fiStCaridodetind ddiferdop teagd | S
renoved adj acent the first and second corners of the_second §o| e tip, in the

regi on where tlagemoNetshing prevides the fisstpolgcpicceaywith 2 track Wdfh tha noved

above the matches the track width of the second pole piece.
A prior art process for notching in the first pole piece entails ion beam milling

the gap layer and the first pole piece, employing the second pole tip as a mask. The
| gap layér is typically alumina and the first and second pole pieces and pole tips are
typically Permalloy (NiFe). The alumina mills more slowly than _the.Pgmallqy; thus
the top of second pole tip and a top surface of the first pole piece are milled more
quickly than the gap layer. ‘Further, during ion milling, there is much redeposition
(redep) of alumina on surfaces of the workpiece. In order to minimize redep, the
milling ion beam is typically directed at an angle to a normal through the layers,
which performs milliﬁg and cleanup simultaneously. The gap layer in the field remote
from the first and second corners of the second pole piece is the first to be milled
because of a shadowing effect at the first and second corners when the ion beam is
angled. In this case, the ion stream will overmill the first pole piece before the gap
layer is removed adjacent the first and second corners of the second pole tip in the =

region where the notching is to take place. After the gap layer is removed above the



-4-, sites where the notching is to take place, ion mlling continues in
order to notch the first pole piece at the sites adjacent the first and
second corners of the gap layer. Again, within angled ion beans overml|ing
of¥ the first pole piece takes place in the field beyond the progressively
formed notches, thereby form ng surfaces of the first pole piece that slope
downwardly fromthe first and second corners of the gap layer. As is known,
such overmlling of the first pole piece can easily expose |leads to the MR
sensor and the second gap |ayer of the read head rendering the head

I noperative. Even if overmlling of the first pole piece can be
controlled, there is potentially a nore troubl esone problem nanely
overmlling the top of the second pole tip when the unwanted portions of
the gap |ayer n.d RO 0 r ate for
i s over m &1 it PHPshE B @fife Bl aks o il cohftnileonded S ASRE R C
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renoves the gap Iayer exce for_a _desir portion between the first and
second pol e tPlepieps that slene ‘ER"@H’&FFU fropy th F%P'H "é’d“eﬁ)?{] the g8p lg¥et, he gap

| ayer are re e r Qmsemg second
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the ion mll |WWMW$M%IMEOE%¢MQW@MME@MMe gap
| ayer. This proce l He,

problemw th thi S%&e@(ﬁc&ﬁ“ﬁﬁﬁ\%\%@éﬁ&ﬁwﬁc@t e e‘f%q I'ng un er%t e gap
| ayer under ti\ﬁofea&mbb%omblprobbmmdnﬂglooeﬁmmnghhecﬂpoﬁtbasmondpolalupavm for..
the transfer of fleld signal s, . The dercut. r on [ OV es ;whi ch
can be fille H‘&%P’Eﬁ/m?‘gﬂgﬁ% ?‘ﬁ%dﬁfg@gﬁﬁ@rfd@%ﬁ g of
the first pol@eph@eﬁaerfofﬂﬁke@veaﬁam@me éspéeewa i iricreabell solthat'a top posipent

mlling and cl ean up Stil.]l another .proc ooses platlng .
the top and 9% '3 tsme é’aecmn%pels tip e b %famﬁsei %&ﬁft&f
protecti Ve nMefinhd) 8364, WEHARS sk taifisiiGedst\ARREoR BF iHe 380 Iefifpﬁap

| ayer. When the éetching reaches the i1nside thickness of each prot ective
netal |ayer, degedpd,cemdting in tackppervritiogt hat the gap | ayer is not undercut

In order to minimize overmilling of the first pole piece, another process

removes the gap layer; except for a desired portion between the first and second pole
tips, by a.wet etchant. After the unwanted'portions of the gap layer are removed, the
first pole.'piece is ion milled, employing the second pole tip as a mask. The only
overmiliing of the first pole piece is due to the ion milling of the notches at the first
and second corners of the gap layer. This process also eliminates siéniﬁcant redep of
the alumina. A problem with this process, however, is that the etching undercuts the
gap layer under the base of the second pole tip which is a critical area for the transfer
.-of field signals. The undercut regions provide spaces which can be filled with
Permalloy redeposited during subsequent ion milling of the first pole piece or redep
of other foreign material upon subsequent milling and clean up steps.
Still another process proposes plating the top and first and second side walls
of the second pole tip with a protective metal layer before etching the unwanted
portions of the gap laﬁfer. When the etching reaches the inside thickness of each

protective metal layer, the process is stopped so that the gap layer is not undercut



-5-; under the base of the second pole tip. It is proposed that the
protectlve netal |ayer remain in the head because of the difficulty of
renoving it. Disadvantages of this process are the difficulty of the
pl=ati ng step and the potential of the protective netal |ayer interfering
with the magnetics of the second pole tip. ' SUMVARY
-~ OF THE | NVENTI ON The present invention enploys sputtered protective
| ayers to: (1) prevent undercutting the gap |ayer under the base of the
second pole tip upon wet etching unwanted portions of the gap |ayer and/or
(2) mnimze overmlling of the first and_ second pole pieces upon notching
the first pole piece by ion beammlling. 5The result is a uniquely shaped
first pole piece. Instead of the top surfaces of the first pole piece

sl opi ng downwar fromthe first and s cpnd co s of the, gap |
top surfaces dﬂng?‘h@e paseqf thy,sesond pele tigg ElsrRS%QSEfﬂﬁ’P @5@!“%?‘68«53%?1

sl ope upward| Bfexflﬁxﬂrﬂl“&ﬁ‘é heaﬁ‘l{e@’ﬁﬂe Bf&étdxﬁ'ﬂ:@ltf%ﬂélﬂoﬁ%ﬁ.h@s@hﬁtﬁ gadlofithig f1rst
and second corners of ffg ayer. Accord e thickness of the
ppgyp

first pole pi messfar@ﬂ@dl £ thgeplating stepand mqseqsnab@%tbspmvpm@al
conponents thgg %fé"" ﬂ{% g of the gap |ayer

under the basg }%?% e sgc“gnmdthe-ﬁhg% _ ég%?‘?{ %{plgsm a material on the
top and first and second side wall's of t he second pole tip. I then ion beam
mll at an angle to a normal : t's in-fenoval of the
material fromthe flat regi O@Mﬁf Ten _ture_ and redep a
portion of this W&H‘hélpﬁseﬁtﬂnﬁélﬁoﬁlﬁﬂiﬂos& fhu |
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well formed first and second notches adjacent the first and second corners of the gap
layer. Accordingly, the thickness of the first pole piece in the field is well preserved
to protect sensitive components therebelow
To prevent undercutting of the gap layer under the base of the second pole tip .
I spuugr deposit a material on the top and first and second side walls of the second
pole tip. I then ion beam mill at an angle to a normal to the layers which results in
removal of the material from the flat regions of the write head struéture' and redep a
portion of this material on the first and second side walls of the second pole tip. This
provides first and second walls of protective material on the first and second side
" walls of the second pole tip which extend from the top to the base of the second pole
tip. I then etch the gap layer with an etchant until the etchant reaches the first and
second corners at the base of the second pole tip. The etch is then stopped and the
protective material is removed with a second etchant. It is important that the first
etchant not etch the first and second pole pieces and their pole tips nor the protective
material layer. It is also important that 'ﬁe second etchant not etch the first and

second pole pieces, their pole tips and the gap layer. The first etchant etches only the



-6-, gap layer and the second etchant etches only the protective nmateri al

| ayer. This process of renoving the unwanted gap |ayer portions prevents
overmlling of the top of the second pole tip and the field regions of the
fi*st pole piece. After the gap layer is defined | sputter deposit a
protective material on the top and first and second side walls of the
second pole tip as well as on the top of the first pole piece extending
fromthe first and second corners of the second pole tip and the gap | ayer.
This forns a continuous | ayer of protective material on these Conponents. |
then etch this continuous |ayer which res#tts in the renoval of the
protective layer fromthe first and second side walls |eaving protective

| ayer portions on the top of the second pole tip and on top of the first

pol e pi ece exg@apllayeprand iths second e&mmﬁruicmpebniynme ywteaﬁ;ieahabyalawyace'nmst he
first and second corners of the r then ion ml e to

t he normal toPFoRESY f@?’g‘"ﬂﬁﬂﬁf‘"r‘f‘g!‘@g ﬁﬂéf?%ﬂﬁ?ﬂé@&ﬁﬁﬁ‘%&?’&ﬂ g f| r st
pol e pi ecead] %fq&tsewtfaﬁdléﬁbaﬁdlélesm&?éb&%ﬁum&stlbolepﬁm nue .t hi s mlling
until the protective | rtions on the top of the second, Eole pi ece and

on top of the fi rsﬁﬁ&bﬂ@@l’ era.deﬁ@qslrmmdemﬂtgp&tewq pRthetpPg of

the top of th tip
with first ang‘nsggsg%%%é\gdr%{i W?Fkg%l ngg(ésa@rw'nfs%{’(i:‘bé‘D away- %sr%mmﬁlffktldjﬁﬂrlés)tﬁ}sgnd
Zecon(cji nolt che?zlmnede extengimgt lﬁotmmd edimmndmnd. coﬂms_oﬁﬂmmndlpddtg qadlthet art.
ccordi ngly, eaﬁpeﬁﬁa o} esgsgh.__- _ %gggﬁz ive’
conponent s un&dP é’(’mﬁ gicamt “8 A . EXPOS

desired, ‘iron F‘ﬂ'dn'diﬂlﬂﬁﬂ:oﬁﬁmd_ Dé:;nddaboﬁﬂ‘eg enmﬁigelimher } o
portlonstopanarl rst prece’ ‘épen t enoces This

will be done from the %S!ﬁé‘i Hfs‘é‘glﬂ!ﬂiﬁ@ BeGporiEs At ?ﬁﬂ’% pi ece
which will ha‘é&oﬁ&g&%dﬁ%&oﬂ"t&ﬂ"bﬂh&ﬁf&b&l bﬁ:cé’

ge
aspect ratio. If t wite gap I"§ very:thin; tin:

-

‘he or der_of" 0 [err]mor

less, | have immedigtly adiacen:the first andseeond comenyfhe gep layer. flithenyiop il abl ece
by SPChPﬁ'g”S??%?H?O 4 et OGS WAIGREAR ok B W nOife B it o o
process for npoleipices, adjasexmthsﬁrqbahé smoadepmanﬂlmmeffbls niidking imty thére
wite gap lay %rot&%vxvﬂqur _ﬁém oy 3nh _ oP -the'sec%nd_%gie plgéeea(.:nﬁ on top of the first
pole piece are consumed. This prevents overmilling of the top of the second pole tip
and provides the top of the first polé tip with first and second upwardly sloping
surfaces away from the first and second notches which is just the opposite of what -
occurs m the prior art. - Accordingly, the aspect ratio does not have to be increased
and sensitive components under the first pole piece are not potentially exposed. If
desired, ion milling can continue after removal of the protective lé;}er portions to -
planarize the first pole piece and deepen the notches. This will be done at the expense
of overmilling the top of the second pole piece which will have to be kept within
. limits to prevent a problem with the aspect ratio. If the write gap is very thin, in the
order of 0.2 um or les§, I have provided an optional method of notching the first pole
piece which includes the aforementioned steps except the write gap is not defined by
etching prior to commencing the forming process. Instead the previous process for
notching the first pole piece is employed for defining the write gap layer as well as
notching the first pole piece.



-7-; , An object of the present invention is to provide a wite head
vitth mnimumoverm ||l ed second pole tip and notched first pole piece.

Anot her object is to provide a wite head wherein the thickness of field
regions of the first pole piece extending fromfirst and second notches

I ncreases so as to provide protection for conponents under the first pole
pi ece. A further object is to provide a nethod of defining a gap

| ayer between the base of a second pole tip and the first pol e piece by
formng first and second protective |ayers on first and second side walls
of the second pole tip, the formati on of .4hese | ayers being acconpli shed by
sputter deposition followed by ion beammlling. ) Still anot her
object is to provide a nethod of notching a first pole piece adjacent first

and second cor ners, of e B Y i D010 QUAKAE & Wit hédaswikle misinund1 €
second pole tip or@ﬁgggo%&ggpke%éeéﬁf?%ﬁl%igltg(bpi.ece in field regions
ext endi ng fr ooveriailled cecdintd ipyle tip and notdied| firstpolepieteer obj ect is to acconplish

t he previous netho form.ng. a protecti | | .acent
where notching is g‘&f °§@F¢%Ma9@8mmﬁﬁgbﬁ¥%ﬁn%%§?ﬁwf%%% mils
the notches ugt the firfiepdlé Picee texithiding \foom Ifitst dndesecondnmntches! increases so & ker

obj ects and attendant advantages of the inventiqn will be appreciated upon
readi ng the fpoVigaPrRiectiondps ﬁl“i‘RﬂﬂWﬁk‘E&F‘t‘ﬂ‘g&sﬁEﬁeﬂeﬁﬁ t he drawi ngs.

BRI EF DESCRI PTI ON e rfildr oBjeet/{sN6provide a mektiod- of Wefifiing - apgapiiayer\bewee fthein
exenpl ary magnetic disk drive; . Fig. 2.is an end vi of a sligder -
with a rmagnet base afaal sesond iolel tip kandy the cfirst pale griece by, forming firgt) and second’ -
3 is an el evalionevl GV, : 1 Siddivallis OF théSetdnIpole tiplthd FotRtion SKS
and magnet i C%ﬂg%é%@ﬁ&%kgfdé%@&&%ﬁh%ﬂ@%; 4 1s_ Pl M .

of an exenpl aofythesss fayersi being pewenplished by sputter ideposition followed byniennbepset i ¢
head; P :

Still ano_thef object is to provide a method of notching a first pole piece
adjacent first and second corners of the gap layer without overmilling the top of the
second pole tip or the top of the first pole piece in field regions extending from the
notching. )

Still a further object is to accomplish the previous method by forming a
protective layer with openings adjacent where notching is to be performed followed
by ion beam milling which mills the notches until the protective layer has been
consumed. '

‘Other objects and.attendant advantages of the invention will be appreciated
upon reading the following description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a planar view of an exemplary magnetic disk drive; :
Fig.2isan end view of a slider with a magnetic head of the disk drive as seen
in plane II-II;
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks
and magnetic heads are employed;
Fig. 4 is an isometric illustration ‘of an exemplary suspension system for

supporting the slider and magnetic head;

I's an isometric illustration



Fig: 5is a partial vertical cross sectional view of the slider and
nmagneti c head as seen in plane V-V of Fig. 2; Fig. 6 is a plan view
taken al ong plane VI-VI of Fig. 5 with all naterial above the second pole
pivece renoved and a renmi nder of the coil back of the back gap additionally
shown; Fig. 7 is a partial ABS view of the slider taken al ong pl ane
VII-VIl of Fig. 5 to showthe read and wite elenents of the nmagnetic head;
Fig. 8 is an ABS view of a prior art magnetic head after mlIli a P2

seedl ayer; Fig. 9 is an ABS view of a magnetic head after enpl oying
a prior art process of mlling a gap |ayet8-and a first pole piece to form
not ches therein; Fig. 10 is an ABS view of a magnetic head after
enploying a prior art process of formng a gap | ayer between a base of a

second pole tip angyg s ishphrtiaPlétichl 8Fd8s sectional vielidd thelslidersandinaBetioheaw of a
magneti c head enpl oyi ng a pr| or art process of notching a first pole piece

after forning astieergiyplaney¥rV ¢hBign2i n Fig. 10; Fig. 12 is-an ABS view
of a magnetic headgg%ggéﬂlaﬂ%é»@ a{t/&ﬁ?l?ﬂpﬁﬁ‘r@ﬂ-’?ygﬂﬁ Qf‘mtﬁl!k&?lérﬁgal%v@omhed

first pole piece ( upvvard g top surfaces of the first pole
pi ece whi ch exbhesetond @nietmecemmheisandaremam@ryfth%cmébwk¢B®evbaeh/g9p t he
magnetic head ﬁ’ Fi 2 further processed to deepen the notches and

pl anari ze the ?’ﬁy 1ece Fig. 14 is a plan view of mask which

Irmy be egpl oyeﬂ Wi tr-tghaﬁsa@emanngmawpﬁﬂﬁshd(frmeguamngfpmmedm-a\m ofFig. §ap f :
ayer an notc | t.he ece Ei 15 is an ABS view of a-
magneti ¢ head % s’e‘ﬁ J‘B’B“p?ﬁ?”g?“tiﬁfﬁ'ﬁm rﬂfg‘?’he pr esent--pr ocesses
for defining the g¥m.|§$anAWS R4EvE BEND phOE att | thagnetd headd aRéiCmilling a P2Fi 9. -

16 is an ABS view of the magnetic head after sputter depositi ng a
protective | apeadiayer;

Fig. 9 is an ABS view of a magnetlc head after employing a prior art process
of milling a gap layer and a first pole piece to form notches therein;

Fig. 10 is an ABS view of a magnetic head after employing a prior art process
of forming a gap layer between a base of a second pole tip and a first pole piece;

Fig. 11 is an ABS view of a magnetic head employing a prior art process of
notching a first pole piece after forming the gap layer shown in Fig. 10;

Fig. 12 isan ABS view of a magnetic head, according to the present invention,
employmg a notched first pole piece (P1) and upwardly sloping top surfaces of the

| first pole piece which extend from the notches;
-Fig. 13 is an ABS view of the magnetic head of Fig. 12 further processed to
deepen the notches and planarize the first pole piece;

Fig. 14 is a plan view of mask which may be employed with an opening in a
pole tip region for defining a gap layer and notching the first pole piece;

Fig. 15 is an ABS view of a magnetic head (same as Fig. 8) prior to
commencing the present processes for defining the gap layer and notching the first
pole piece;

Fig. 16 is an ABS view of the magnetic head after sputter depositing a

protective layer;



-9-, Fig. 17 is an ABS view of the magnetic head show ng ion

_mlllng of a portion of the protective layer fromthe flat regions of the
wite head structure and redeposition a portion of this material on the
skde walls of the second pole tip; Fig. 18 is an ABS view of the

magneti ¢ head showi ng additional ion mlling of the protective |ayer from
the flat regions of the wite head structure and redeposition a portion of
this material on the side walls of the second pole tip; Fig. 19 is
an ABS view of the magnetic head showi ng unwanted portions of the gap |ayer
renoved by etching; Fig. 20 is an-$BS view.of the magnetic head
showi ng renoval of the protective |ayer by etching; Fig. 21 is an
ABS view of the magnetic head showing a first step of sputter deposition of

a layer of prot eCth mtﬁrmmbao?ﬂér&%neﬁ@mg'sﬂmh 9n ff1Bn gaflg mgﬂ for

notching the first I's an ABS V|ewo
magneti ¢ headof Iﬂmmpng@vsehymdﬁ‘gmeﬂleoﬂair mmpal ofp thepwrite digad gtrug

protective |a et ch first
and second opéﬁ%"&é’on ae?dé‘ﬂ&%P?"sx'ﬁ%%econ ékldggﬁﬂgbgygst%g&gﬂgpggd

Fig. 23 is an ABS Figet8 & ail ABS visynef the ntagnehcdfehéshmngmddiuenﬂpominﬂhng
ml1ing not Chﬂéﬂﬁp t he 'fvlgfrﬁ;'eépg‘pm ﬁ'{eeﬁ F&g{%%e? 8{ h%&%aﬁr&g‘ con@
openings int Brotesty y o) awnay;
Fig. 24 is anref§ositiond gurtiéd6f (hAGHAkAl dnaadawmsafmsemndqwuﬁourth step
of addi-tional ion mlling rrzé be -perforned t ﬁ en, t he not ¢hes_ and

pl anari ze the fi rs?lgpb?é‘ﬂ §“°W°fthe% Wingggwanied, POFtons of gnet i ¢

head prior toth%‘ﬁig‘iﬂﬁ& Gved By Vit odi ment. of the. |nvent|on far notching
the first pole piece cﬁf ure s identical to Fig. . except the

wite gap |layer i sFlghﬂﬁnlératt view of itheemggneticjeed shewingg reqqyal of the fjg.
(ngpi)zi ?ino/ral\B(?f Mggﬁ ayers'of ’{;%‘pﬁ%{ ?vgeﬁgt-zw\gﬁl n?naaf Isrecszf)ngt Z'ﬁbggi ﬁgﬁz t 31[ t he
i nvention for not cFigndl isan ABSsfiewpof thepmagnetic head showing a first step of sputter
deposition of a layer of protective material in a first embodiment of the invention for
notching the first pole piece; ‘

Fig. 22 is an ABS view of the magnetic head showing a second step of
removal of portions of the protective layer by etching to expose the first pole piece
through first and second openings where first and second notches are to be formed;

Fig. 23 is an ABS view of the magnetic head after a third step 'of ion milling
notches 1n the first pole piece adjacent the first and second openings in the protective
layer until the protective layer is milled away;

Fig. 24 is an ABS view of the magnetic head wherein an optional fourth step
of additional ion milling may be performed to deepen the notches and planarize the
first pole piece;

Fig. 25 is an ABS view of a magnetic head prior to commercing a second
embodiment of the invention for notching the first pole piece, which figure is identical
to Fig. ‘15, except the write gap layer is thinner than the write gap layer in Fig. 15;

Fig. 26 is an ABS view of the magnetic head showing a first step of sputter
deposition of a layer of protective material in a second embodiment of the invention

for notching the first pole piece;



- 10+ . Fig. 27 is an ABS view of the magnetic head showi ng a second
sfep of renmoval of portions of the protective |ayer by etching to expose
the wite gap | ayer through first and second openi ngs adjacent where first
amd second notches are to be forned; Fig. 28 is an ABS view of the
magnetic head after a third step of ion mlling notches in the first pole
pi ece adjacent the first and second openings in the protective |layer until
the protective layer is mlled away; and Fig. 29 is an ABS vi ew of
t he magneti c head where an optional fourth step of additional i'on mlling
may be perforned to deepen the notches anggpl anarize the first pole piece.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring now to the

drawi ngs wherein like reference nunerals designate like or simlar parts

thr oughout the sevesalydieys ABPURW ot ild Hakiel 9ad Bndvliff o docdnd! sEPYSTEL i C

di sk drive 30. The ive 30 includes a spindle 32 which supports and

rotates a nagmemoval of prrtivns of the protestivedaysp by stching do €¥pasy the Wtcogapaysrhi ch
in turnis co t r hstive
(VR hoaa a0 ROt Bt Bia SeciRl Sherfil et et el SR'ESHATHRAMIEL Gedpee | VP

turn, is suppdoined; by a suspension 43 and actuator arm44. A plurality of
di sks, sliders and_suspensi nma enpl oyed i.n.a | arae. capacit \,direct
access storage devfl’?’eaglﬁ?l@b;% s“%‘ﬁ@aﬁ’eilﬁgﬁgf%‘? e?f“#ﬁ‘ef’@ﬂ@ 91 R slling
actuat or arm 4@tchésinithfirst péle plecsl edjackat the fist A séebid opepiigh it the@estectivei N a
transducing relationship wth a surface of the magnetic disk 34. \Wen the
di sk 34 is rotaeeyntiythe geotertive fayseisupdled pygisand s supported on-a thin

(typically, .05 [egid BY iCasABSVieW ofthe niaghdtichead whée ah ¥pfidiial fovkthlaRplofng.
surface (ABS) 46. The magnetic head 40 may then be enployed fqor witing

i nf or mati on t @dditional fonomilling ey be perfermed tmdecnen the netehes apf planarizs the fizst 5
wel |l as for rggegﬁgminfornation therefrom Processing circuitry 48
exchanges si gna representing such informati-on. with the head 40, provides
notor drive signals, and also provides control signals for noving the

slider DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views there is illustrated in Figs. 1-3 a
magneﬁc disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magnetic disk 34.. The spindle 32 is rotated by a motor 36 which in turn is
controlled by a motor controller 38. A merged magnetoresistive (MR) head 40 for

reading. and recording is mounted on a slider 42 which, in turn, is supported by a
suspension 43 and actuator arm 44. 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 43 and actuator arm 44 position the slider 42 to place the magnetic
head 40 in a transducing relationship with a surface of the magnetic disk 34. When
. the disk 34 is rotated by the motor 36 the slider is supported on a thin (typically, .05
pm) cushion of air (air bearing) by the air bearing surface (ABS) 46. The magnetic
head 40 may then be employed for writing information to multiple circular tracks on
the surface of the disk 44, as well as for reading information therefrom. Processing
circuitry 48 exchanges signals representing such information with the head 40,

provides motor drive signals, and also provides control signals for moving the slider



to various tracks. In Fig. 4 the slider 42 is shown nounted to a head
grnbal assenbly (HGA) 49 which in turn is nounted to the suspension 43.

Fig. 5is a side cross-sectional elevation view of the head 40, which is
preferably a merged nmagnetoresistive (MR) or spin valve head, having a
wite head portion 51 and a read head portion 52, the read head portion
enpl oyi ng an MR or spin val ve sensor 53 of the present invention. The MR or
spin val ve sensor 53 is sandw ched between first and second gap | ayers 54
and 56 and the gap | ayers are sandw ched between first and second shield

| ayers 58 and 60. In response to externalllaagnetic fields, the resistance
of the MR or spin val ve sensor 53 changes. A sense current conducted
through the sensor causes these resistance changes to be manifested as
potential chaggesioud BESS. Fﬁﬁ”‘ u@'sh&é}am@ﬁm%mma 164 RER Sﬁfi]ﬁﬂalt&{s
processing CII‘CUItI‘y 48 s : The wite ad portion of
the prior art (BGAY 4P vdichiiastum mnquntedyertheawspmlen%s sandwi ched bet vveen
first and second ipgulsatd a [ gr 70
may be enpl oyed fo?i%pl ainag%Edengrg%%sggﬁ%‘ggg{egém %L‘ﬂaééejﬂlbl in t e second
i nsul ation | apaferaiﬂjuaederggd mhgnemresisﬁlvajMR)@nspliﬂvelvéM hauagarwhtalidad hird

I nsul ati on Ia e refer dto art insul tLons k". The
coil layer 643 r&ﬂﬁ 5 '\"@‘E 6#?}‘ g?féh 3?"513 fv@% 68 and
70 are sandw drabetsmﬂsﬁldfsme ﬁeﬁbnsﬁﬁ@ﬂﬁbnpmmﬁesﬂmwlvés&%oﬁﬂﬁﬁ4 The

back gZBd%eS?mﬂwEe@Jﬁ»?' P 0 0 sl P AT 940 S Db R BSRae

separated by ganfidithbdbstiwe&rfint ad 8codShichBlagedd 8 ard 60%! iespans%ﬁMefﬂaI st and _

second sol der connections 84 and 86 connect ‘| eads (not shown) fromthe MR .
sensor 53 to Mageeticdiplds,thegesigance of the MBOTspinvalvg sepser OB ichapgshid A s0se h -

01 0o 00 E il HRugify g O Rl RS ralad P Vel (=2

of a prior aras paergistichemgeset Thest potentiz) @hangeeare sherOprocsssidhycthe praessingown)

has been renoy. mJl It can be seen that this ion mlling has
not ched t he g%‘ﬁ%‘&iﬁg‘l f~‘§834 and 106. One nethod of notching the first

pol e piece |ayer ITHe wiltetltad pértion ofite prior bt hesinBlubiés 4 Eoilkigt 64hwhighis | ayer
'Nto the  ndwiched between first and second insulation layers 66 and 68. A third insulation -
layer 70 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 64. The first, second and third insulation
layers are referred to in the art as an "in_s’ulation stack”. The coil layer 64, and the
first, secalnd and third insulation layers 66, 68 and 70 are sandwiched between first
and second pole piece layers 72 and 74. The first and second pole piece layers 72 and

74 are magnetically coupled at a back gap 76 and have first and second pole tips 78
and 80 which are separated by a gap layer 82 at the ABS. As shown in Figs. 2 and
4 first and second solder connections 84 and 86 connect leads (not shown) from the

; MR sensor 53 to leads 88 and 89 on the suspension 43 and third and fourth solder
connections 90 and 91 connect leads 92 and 93 from the coil 64 (see Fig. 6) to leads
94 and 95 on the suspension.

Fig. 8 is an ABS view of a prior art merged magnetic head 100 after a P2
seedlayer (not shown) has been removed by ion milling. It can be seen that this ion
milling has notched the gap layer 102 at 104 and 106. One method of notching the
first pole piece layer 107 in the prior art is to jon mill through the gap layer into the




-12-,  first pole piece |ayer 107, as shown in Fig. 9. This notches the
first pole pi ece layer at 109 and 110. Notching of the Pl layer 107 is
desirable since it mnimzes side witing between the second pole tip 108
and the first pole piece 107. Unfortunately, the process shown in Fig. 9
results in consunption of a top surface 112 of the second pole tip 108, as
shown by the phantomlines in Fig. 9. Since ion mlling is typically
performed at an angle to a normal to the thin filmlayers, as shown in Fig.
9, the second pole tip 108 shadows the milling ofthe notching at 109 and
110 approximately 50% of the tinme while thE-workpiece is rotated. The fjrst
pol e piece 107 is overmlled in locations 114 and 116 which extend in the
field fromthe notches 109 and 110 respectively. This causes the first pole

EI eceglozmt Ohhm{% d]évp’%&rl&yeyée’i QBlsltitﬁwﬂ %hrhglkgf’mﬁieaoti:ﬂék th?ﬁrsi?!ﬁlp pimcestdyamn |1(r)17
i g. i ch undesira reduces .t he_t hi ckn e first pole ce
i ngt he field. #hi® %l%tgﬁicmglﬂf%gbgﬁ'%éﬁiﬁé) Féﬁ?ﬁ%f‘s‘"ﬁ@ﬂ’éﬁ#ﬂ % he
first pole pi e%ﬁnﬁleie%ﬁ‘hle%éﬂlﬂ poRNiP 108 41 thefiet paeﬁwéauoweUnfomnatelyThe

m |

gap layer 102 S nore slowy thanthe Pernall o e) of the firsg and
second pol e pi theqwocessrshown in Big. Siresulis incepnsumption OfrﬁthP uEfarei 1 1200f the sacprd; o

the top 112 of OHH] eldsceidd nfitiid ]S’IQF he
first pole pi egalgﬁ?;@ t gap%pkheg?ﬂa%gﬁﬁ%sw%éé bar t pslé%ess % ?%n“ nat e
mlling of thepenfqmedatah anple ts @cuomiabtl the phin dilmalayers,has showhde Fig.®,4hel 116
of the first pole ni.tJd on.of -t I n
Fig. 10. Int hWﬁB‘gﬁggqpﬁﬁhﬂg%‘ﬁs 5?5'{]’"% R’F?"@@P&%{)EAS%HQI&% h: g ucﬁ as
Nald-l/ EC[i)Tﬁ\ \él\her §0% &fih%mswhﬁ the w&gdnaeﬁs votatedlt: AThe ﬁmgbleqnm 107 ischiyemmailledn .
sal t yhydrate. Unf ortunat t.Ni ro rally
as fast as it & logations Hé“d‘ﬂg ﬁﬁ MF@?%@ I"ga’ggs ﬁ?efn‘i wgap
| ayer is under ca»el}zweaua&&hm poRsplase mqotme %m&dI}Oﬁepxhg RopL08.
This is foll owe y a prior art process, shown in erern ion
miling i s enpsuseses Fidranddd6 msishowm in Figr Lwhich Mmﬁwﬁ Mﬁﬂ 126.
The top 112 of h&s%@q tgf&ﬁn @fentd!OWN
by the prior aﬂ{e pr mp?@emtihg dgr?;&ldemkwg reg E& and 130 of the
first pole pi ebmemhehmﬁrstybbgnaedﬁﬂmmmwldsendmthehmdmopmmeel y, this
process provides c t|e nder
material s subsequen Weﬁ}‘#’gﬂﬁ%‘m 03’ ?%Wﬁ%ﬂgﬁﬁgﬁ%ﬁm
circuit the fi ﬁ&bndip‘tﬂe §i&6&ﬂ07 and 108 which results in more rapid ion milling of the top 112

of the second pole tip 108 and the fields 114 and 116 of the first pole piece than the

gap layer 102. A prior art process to eliminate milling of the top 112 of the second

pole piece and the fields 114 and 116 of the first pole piece during definition of the

gap layer 102 is shown in Fig. 10. In this process the gap layer 102 is defined by an

etch such as NaOH/EDTA wherein EDTA is (etylinedinitrilo)tetraacetic acid, disodium -

salt, dyhydrate. Unfortunately, this process etches the gap layer laterally as fast as it

etches the gap layer downwardly. The result is that the gap layer is undercut at 120
and 122 with respect to the second pole tip 108. This is followed by a prior art
process, shown in Fié. 11, wherein ion milling is employed for notching the first pole
piece layer at 124 and 126. The top 112 of the second pole tip layer is not consumed
as much as shown By the prior art process in Fig. 9 and the field regions 128 and 130
of the first pole piece are not sloped downwardly as much. Unfortunately, this
process provides cavities at the undercuts 120 and 122 which lodges materials

subsequently ion milled, such as Permalloy which can short circuit the first and second



-13-~ pale tips. Accordingly, there is a strong-felt need to provide a
wite head with a well- defined gap |ayer and notching of the first pole
piece with mnimumovermlling of the top of the second pole tip 108 and
freld regions 114 and 116 or 128 and 130 of the first pole piece 107 and
met hods of nmaking such a wite head. Fig. 12 shows a nerged MR head
with the inproved wite head portion 150 of the present invention. The
wite head 150 includes a second pole tip 152 which is bounded in the ABS
view by a base 154, a top 156 and first and second side walls 158 and 160
whi ch provide the second pole tip 152 w {fx.t he shape of a pedestal as seen
in the ABS view. The second pole tip 152 has first and second corners 162
and 164 which are i ntersections of the first and second side walls 158 and

160 with the 5 I% ' nged by
a base 168, a p %7%“0"5‘“@ ?"f%' eandswsoe %@H%eltdggp%&‘esa hé%gw!ﬁﬁ e gap
I'ayer 166 has défmed tgap bayes embnaiching ofthe ﬁrit@ohniedc?ﬁxthvlminimm evérmilling of at

f the.f d_ sj | | 1 i he b
166" TE o8 A o et B PR ot A 1B o Wa a7
152 sl ope sl i giatfirst pod\piecd Y07 srdnméthedst sfmaky mhtahenieaﬁed 154. This is due

to prior steps of nstructing the second pole tip tol,i t hogr aphy
t echni ques. The toﬁ‘gi#%W%@ega%Nﬂswdmw ﬁa %Pﬁ"qo ripg, 1 ﬁ\‘gs vi ew .

as the base lgfithe grésgﬁt xﬁ@&ﬂaﬁ Rﬁé erité Bead! 150" iRk d $EcoiE pdld tphs2 Whlfh

af orenmenti oned un ercuw g p Iayer bel ow the base 154 of the
second pol e tisgouadeddn ﬁvmwbxa @qum@pHééasdﬁrst%medﬂﬁqmug 11,
The first pol g5 f'GO]@Qicﬁ'Z) ebﬂéts&%h %fe % ?p §§dered

nta p surtace co

as deflnlngapane of orl tion, rises field
regi ons 184 asnﬁnitB&eﬂB&view ’ﬁursémdpofetiththasﬁrstpndeeopnémerSIGzMed at

To0. "¢ 1% | PO b ioBleR S of b it i ebnd g Sud {38 ol Mot wRRfne 1Y C"
first pole pibmels4d. OD&W&EMO&&Q@@WN&%WW%@%%WUG
specifically d| I ngui shes t;he resent i nve_Ft%on from

configurati on%u pﬁﬁféﬂ"dls}des ildg apd 74 éﬁg%ﬁg@m‘ﬁe
addi tional thigk&e336 bad Iflﬁ‘%vhidhra?é 10ated P iRESecliBhs 68\ firbtRd! daondodig1es 188

and 190 so as to additionally protect sensitive conponents therebel ow,
walls 172 and 174 with the base 168. It can be seen that the side walls 158 and 160

of the second pole tip 152 slope slightly inwardly from the top 156 to the base 154.

This is due to prior steps of constructing the second pole tip 152 by photolithography
techniques. The top 170 of the gap layer has the same w1dth in the ABS view as the
base 154 'ef the second pole tip, thereby eliminating the aforementioned undercutting
of the gap layer below the base 154 of the second pole tip, as shown in prior art write
heads of Fig. 10 and Fig. 11. The first pole piece 180 has a boftom surface 182,
which can be considered as defining a plane of orientation, and a top surface with
comprises field regions 184 and 186. The top surface of the first pole piece is
.- notched at 188 and 190 immediately adjacent the corners 176 and 178 of the gap layer
166. |
It should be noted that the field regions 184 and 186 of the first pole piece
slope upwardly from the notches 188 and 190 which specifically distinguishes the
present invention from prior art configurations. The upwardly sloping field regions
184 and 186 provide additional thickness for the first pole piece 180 away from the -

notches 188 and 190 so as to additionally protect sensitive components therebelow,



-14-. such as | eads (not shown) to the MR el enent 53. Methods to be
déscribed hereinafter construct the | nproved wite head 150 of Fig. 12
with virtually no consunption of the top 156 of the second pole tip 152
aAd with mnimal overmlling of the field regions 184 and 186 of the first
pol e piece 180. If desired, the wite head 150 may be ion mlled, as shown
in Fig. 13, to produce another enbodi nent 200 of the wite head. The wite
head 200 has notches 202 and 204 whi ch have been further deepened and

field regions 206 and 208 have been substantially planarized. The wite
head 200 is built at the expense of consyu ng a portion of the top 210 of
the second pole tip 152 and reducing the thickness of the first pole piece
180 in the field regions 206 and 208. The advantage of the head 200 is
that 'the ot chigsh &b ARl TR UARAPEN lotisll 6'be Bkribed Higihisehl © f of

some applications. Since considerable overm|ling been prevented prior

to the ion ni lconsinct the improveriwritg head LOmLFig. 42 H@Myry@ cowmwef the
provi ded neas f g?ojng of

t he second po:{ gsn%&ﬁﬁggé%%ﬂﬁlh gf’(?%?“}ig’gﬁ‘é‘%ﬁ‘%é’“rf‘ﬁg‘ﬁg°f. rst pol~e pi ece
are not exceds#aad 186 of the ﬁsgpole pitc@180.| Ifidesired, ¢het Writeslieag 4 5@ mmydbecidni n
met hods of const,ructi T8, tic Jheads .sho

i|lustrates aﬁmhﬁ‘ﬁ ﬁg&%ﬁ’seﬁlgngi]g prodyjes W%FW%WZ@ gé%%ﬂ"g’o&?d‘pl ece
220 and surromdlmheaimushabm&hm &a%4wmaihavaxbe&eﬁmwwepﬁeatandml ch

222 ?gece)pginén%fé% Ior ex 0S] n%& g secg Eﬁ tlg é '?I@ﬁ/ndtggadg@% Iayer

results of a %ﬂﬂ&tﬁé énsﬁ&ﬁng paﬁaﬂatmemwdﬁ&%oﬁ &hbtlszhead
which is the sane as that shown in |g 8. The gap l'ayer 168 has notches
104 and 106, &nd rrdyeing thedthinlatess ofthefiest pdsp&cqumtthqﬁelémngaeﬁmdm&qg to

renove the segg ggg,lkag %g%eheaaaﬁbmat @g%@&%ﬁagxgﬂ ve-Bee

process for con he.'gap T ayer ow a pr ess for
constructing Mh@hmﬂrbedeﬁﬁbleaﬁodsmapphcaﬁnns.f |Smne qousidergble overmilling

DY oxper TRk pIERE SO O it E a0k Sl h%"‘ts%acélh%’ Sole

tip and the ficomstrupted provided enchiifles abé taken tdlﬁ:sﬁrbenatsahawuing of itlg: top. 210 bf
deposited a ptd%t s?e%gxlldvgolle %S the E"leld regions 206 and 208 of the first pole piece are not
excessive.
Figs. 14-24 illustrate the steps employed in methods of constructing the
magnetic heads shown in 12 and 13. Fig. 14 illustrates an optional maskmg of a
major Iibrtion of a second pole piece 220 and surroilnding regions by a mask 224,
which may be photoresist, which has an opening 226 for exposing the second pole tip
152 and the gap layer 166 (see Fig. 15) for processing as described hereinbelow. Fig.
15 shows results of a prior art process after partial completion of the write head which
is the same as that shown in Fig. 8. The gap layer 166 has notches 104 and 106, as
. described hereinabove, as a result of some overmilling to remove the second pole
piece seedlayer (not shown). Figs. 16-20 show a process for configuring the gap layer
166. Figs. 21-24 show a process for constructing the notches 188 and 190 in the first
pole piece layer 180.
In my experiments the second pole tip 152 had an original height of 3.4 um
and the gap layer 166 was 0.30 um thick. between the second pole tip and the first
pole piece 180. After the step shown in Fig. 15, I deposited a protective layer of

i



material, such as chromium by sputter deposition on the top, first and

~gecond side walls of the second pole tip and first and second regi ons of

the top of the first pole piece providing the protective layer with a top
portion 230, first and second vertical portions 232 and 234 and
substantially planar portions 236 and 238. The vertical portions 232 and
234 were thinner than the portions 230, 236 and 238, since sputter
deposition builds up nore rapidly on flat surfaces than vertical surfaces.
This is because the plasm enployed in the sputter deposition deposits from
all directions within 180[err] on flat suysfaces whereas the plasnma deposits
in all directions within only 90[err] on the vertical surfaces. This is due
to the blocking effect of the second pole tip 152. The result was that the

thi ckness of %ﬁhoﬁhg%ﬁ@gﬁy%ﬁgﬁg&fﬂ c{xﬁﬁx&]téﬂ,émﬁt dndesetdtidodideess of

the vertical portibns errlm Next | Pigfn
mlled at 10[walls|oftthe sévong paledipodnddinstandserand regions of the &op of the ifiry pole

10[ err] approxi natel.x. t wo-thirds 3 Ll op
or t1 on 230 aHEERREPYHRRRS bibuicTe Blye it a e boribl 9, Tt il R velteal
(redep) of O0.pokti¢rar23namd@3Mnandsubstantially gilaher paitions 236 anch 3383 Fhe ysrticAbun by
the phantomlines in Fiq..17. Xt i ml.l e t . | to
the pl ane 1829%?‘&?%3&98I%%W%%%?%?@%@T zpé)SSOLrﬁ%jr?’ 5‘@‘6 rorrﬁnt‘:il he
top of thfe SE@Bﬁﬁ&pwﬂ@_ iamdile?-i;ﬁd[plohmnﬂits&ffaéesahm ?éiﬁcagrsdm fllhisiaallh
portion of the chromummlled fromthese portions, fur r _increa t he

t hi ckness of bagauspdhe plagma ,swp!qys_?\&n%i‘?zspana@gasm?ﬁ d??é’?l&sr ﬁﬂm M ng may
continue at T4id880oh Aafsubbdbherdds sl iepdsls id dll airedionwitkidanly ed
cl eanup of redeposited material.: The final ‘chrom umthickness Qf {he

vertical por t90Sron the Retinal spefacesaThig igdug terthg blocking effechaf the fpple-tip

overmlling o top.of the se ] Mﬂg@{g ebMoQmeSad €rrlm
ahd a portion{sg; h@?&%&ﬁégﬁmﬁewggﬁ?ﬁbﬁép’ regi )grl%s- eyond the second
pol e tip 152.the thickness\ofkthe vertichlcportions!232\and 234 was 8.2@iirh. a NaOH EDTA et chant
whi ch etched only the l.aver, .166. . The NaOH.h . 17 o EDTA
was 4. 7% by wei ghtﬁ?ﬂ*’ l?‘ﬁg “ng%/ﬂe—?tl’—_léT% %P&“ﬁgﬁ%wg%ﬁégg'ag ‘oéélrgﬂﬁ%ﬂag h@i um na
A1203 and t headprifaRRdtseamidd d?200.28 Rint GRS Milléd oo tthe toyeiportionr230 amdl -
second pole ti'ps were constructed of Pernmg] | og, W Iéez’ t]-&ﬁ etcti]%lt. di d not
attack the fipertionRB6-nd 738 Whichuresplteddn a reqegosition (redep) of 0.14 xm chromium
- 16- on the side walls 232 and 234, as shown by the phantom lines in Fig. 17. Next, Iion

milled at 35° to a normal to the plane 182 which completely removed the material

portion 230 from the top of the second pole tip and the planar portions 236 and 238.

A small."l;ortion of the éhromium milled from these portions further increased the

thickness of the vertical portions 232 and 234. If desired, ion milling may continue

at 70° and 20° to a normal to tlhe plane 182 to perform a desired cleanup of

redeposited material. The final chromium thickness of the vertical portions 232 and

234 was 0.30 um. There was a slight overmilling of the top of the second pole tip
. of approximately 0.20 um and a portion of the gap 166 was removed in field regions
| beyond the second polé tip 152.

Next, I etched the work piece with a NaOH/EDTA etchant which etched only
the gap layer 166. The NaOH had a ph of 11 and the EDTA was 4.7% by weight of
the NaOH/EDTA combination. The gap layer was alumina A1,0; and the first and
second pole pieces along with their first and second pole tips were constructed of

Permalloy (NiFe). The etchant did not attack the first and second pole pieces. The



etch rate of alum na by the NaOH EDTA etchant is approximately 750 A per
nnute.. Since the thickness of the vertical chrom umlayer portions 232
and 234 were 0.30 [err]m it took four mnutes for the etchant to reach the
corners 162 and 164 at the base of the second pole tip, as shown in Fig.
19. After four mnutes, the etch was term nated and the vertical |ayer
portions 232 and 234 were renoved by a chrom um etchant such as UTE as
shown in Fig. 20. UTE can be obtained from Cyantek Corp. The UTE etchant
attacks only the chrom um and does not etch the first and secorid pole tips
180 and 152 nor the gap |layer 166. Anot k& suitable chrom umetchant is
1644 grans ceric amoniumnitrate, 43 m concentrated 170% perchloric
acid along with sufficient water to make one liter. The gap |ayer 166,
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a top pole tip portion 252, vertical side portions 254 and 256 and sl opi ng

portions 258 #heiseomd nole timas sywioin Rigyd 9 iAfter fovs minyles, ghe etehpway termipated
experinment th ) | dﬁ}cﬁniié@(ﬁ%n = Mol
portions (not s %ﬂ%@?%%éﬁgs op%ﬁ?%%%%%ya]an Were{a so 1.10
[ err] mthi ck. aS & Bvasrshowalin [Fig. 200 TR tan beobtaibél fremcCyrntek Carpr [ThetUTEK. The
portions 254 apg 25 re thinner. for e s e ns .desclyi .

her ei nabove We{}:ﬁmﬁg%oﬁlgtﬁ%aw%?gt@%wgg@h%ﬂis@ngggﬁ% 1E(())rt I-ons
-2?8 ﬁnd 260 3hﬂd)'fsmnmalhd|ggpg£y@m6memmeﬂ.‘w&_' e tﬁﬁnﬂﬁﬁmh m#ﬁ@.ﬂ@’hﬁﬁlow ng .
of the secon ple tip,152 during sputter depgsifion. This shadow n

decr eases the%ﬂ‘?&" %m’?’aﬁgénll sonerairatd | Pﬁﬁl_'lgﬁ"%lé"*ﬂafaq%ggl_ and
160 of the segsMipieMOWatet tdmhRe’ ohé fitdr.! "Iﬂﬁ'gaﬁ'l%'e% l!gé,ddhg%vg‘iﬁ%g 202 RO Well- Of

1.10 [err]m of chrom um beyond the portions 25 n , ~as discussed

her ei nabove. formed singg jts top hastacwidth whishvmatches theawidih: of the base ofithersaeend a5

descri bed herﬁ&gq?orsgz whi ch etches away the vertical portions 254 and 256
resulting in remafning chromumportions 262, 264 and 266. It shoul d be
noted that the verThe alethodrofi construdting the moighes2is shownl iaTHgs. (R1F24y. I2firstir e

l_ i?_s dense t héébo&#e% “a%r &%ﬁ&nﬁ@m%a b?' ns;caiu & épo];ilﬁgﬁ, a%%ﬁ&v'vx? Ly Fig. 21, which -
provides a top pole tip portion 252, vertical side portions 254 and 256 and sloping
po:;ﬁons 258 and 260 on the top of the first pole piece 180. In my experiment the top
chromium portion 252 was 1.10 pm thick and field portions (not shown) beyond the
sloping f);)rtions 258 and 260 were also 1.10 um thick. The vertical portions 254 and
256 were 0.55 um thick. The portions 254 and 256 were thinner for the same reasons
described hereinabove with regard to the process steps shown in Fig. 16. The portions’
258 and 260 slope upwardly from the gap layer 166 because of the shadowing of the
second pole tip 152 during sputter deposition. This shadowing decreases the further

. the distance laterally from the side walls 158 and 160 of the second pole tip 152
' resulting in a full thickness deposit of 1.10 um of chromium beyond the portions 258
and 260, as discussed hereinabove.

Next, I etched the workpiece with a UTE etchant, as described hereinabove,
which etches away the vertical portions 254 and 256 resulting in remaining chromium
portions 262, 264 and 266. It should be noted that the vertical portions of chromium
254 and 256 in Fig. 21 are less dense than the flat portion 252 and near flat portions



258 ;and 260. Accordingly, | found that the vertical portions 254 and 256
are etched approximately five tines as fast as the flat portions 262, 264
and 266 | eaving a desirable amount of these latter portions after renoval
of the vertical portions 254 and 256. The etching step in Fig. 22 provides
the chrom um | ayer, conprising portions 264 and 266,_.w th desirable

openi ngs 270 and 272 which .open up top portions of the first pole piece 180
for notching purposes as described herei nbel ow. The thickness of the
portion 262 in Fig. 22 was 0.75 [err]m Next, | ion mlled the

wor kpi ece at an angl e of approxinmately 35fgrr] to a normal to the plane 182
until the chromumlayers 262, 264 and 266 in Fig. 22 were renoved. This
resulted in the notches 188 and 190 which were inmedi ately adjacent the
first and sec MR8 " : ilever@E pttiohd E540:34d 258 \4ed etdled and
field regi ons%4ﬁgr%§6'1%‘§%n?ﬁgé?%%gq%afwardI y _flr)om t he notches 188 and
190, the upwarappeixbpatelycfiveytimes ias £ist esﬂgq figt partions; 2Qp. 264 a0d; 266cleavingiackness
of the first p | L3 ite
nead 150, shoviai il Pl T bhidkhs SRARAAL Of hp GcpOtplitond I M 12
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the top of t hefifst polé pieet 280 Feramtchingdipssesias’described ierdintglow. WThé thidkmess whi ch
is identical to that as.showny in Fig. 13 described hereinabove: :
Figs. 25-29 sifthepetionR82 &nbig2Auee 00 i) invéntion for notching the first
pol e piece where U hgexyiib®milfid théWikpiete 2itniangle@®F bpprokitiately 35° tb aofihsler Of

0.2 [errJmor less, so that defining the wité gap |ayer. as well as :

not ching the ftorthe plasiec1§R yntdl tharchbomivoy: layersi 2620 366 a0 A66rin Figngd2 weig. 25

wite gap | ay el s AR n Btk Mo 00 paliis? bRl i, o

Fi g. 25 bei ng the firdt and setend cbrnlrsA 76 aand | 178 @t thedwmse of-thg gap Jayiet 166 anchfield t he

second pole tip 152 gnd . t.he wcit ap layer 302 atter i h

seedl| aygr by i%ﬁmﬂ"f ’r’ﬁ WSHBE&%CZ‘Sq@ngBMM%eﬁ#% 1%8\3@&19?’?*%??%? wite
gap | ayer 302 di6pe teingqieiirddlel fohprescpvifg asakficioft tidkwess of the fiest pole piesce bbovel58
and 160 of the second pole titg 152. Fi 26, sho stheammc 1§iout er,

deposi ting t heSeRHTEnFRmPIngys themsbelows f Lhervrity é‘ﬁ‘}?’q\ﬁr'r?o’ shown in Fig. 23, 1s a

-18-  porti Ongrefiméd erdbolimBist of B2 ifveniifie adddRidRAGcabioitBe Waitd lea@ ShdvhfinFg.0nd

pole tip 152, "as .
12 described hereinabove. If desired, a second embodiment 200 of the head can be

produce_gl by ion milling at 35° which results in cieeper notches 202 and 204 and

planariiaﬁon of the top of the first pole piece at 206 and 208 producing a write head
whichis identical to that as shown in Fig. 13 described hereinabove.

Figs. 25-29 show a second embodiment of my invention for notching the first
pole piece where the write gap layer is sufficiently thin, in the order of 0.2 ym or
less, so that defining the write gap layer as well as notching the first pole piece can

. be accomplished by ion milling. Fig. 25 is identical to Fig. 15 except a write gap
layer 302 is thinner than the write gap layer 166 in Fig. 15, the thickness of the write
gap layer 302 of Fig. 25 being on the order of 0.2 pm or less. Fig. 25 illustrates the
second pole tip 152 and the write gap layer 302 after removing the P2 seedlayer by
ion milling. Because of a typical slight overmilling the write gap layer 302 has slight
notches 304 and 306 adjacent the side walls 158 and 160 of the second pole tip 152.

Fig. 26 shows a step of sputter depositing the chromium layer 250 to form chromium



wel |- as ghrom um portions 258 and 260 on top of the wite gap layer. This
step is the sane as that shown in Fig. 21 except the chrom um | ayer
portions 258 and 260 now are |located directly on the wite gap |layer. Fig.
27 shows the step of etching the chrom umlayer which quickly renoves
portions 254 and 256 in Fig. 26 to | eave top portions 262, 264 and 266

al ong with openings 310 and 312, as shown in Fig. 27. The step in Fig. 27
is identical to that showmn in Fig. 22 except the openings 310 and 312 in
Fig. 27 expose portions of the wite gap |ayer instead of exposing portions
of the first pole piece 18Q. In Fig. 28 id&nmilling is enployed to ion mll _
the gap | ayer and notches 314 and 316 in the first pole piece 180. This
step is identical to that shown in Fig. 23 except the ion mlling mills

t hrough the wrpdrloa52, 294 and D56 ki Esestop andvsida twallk of deesecongspodd fip 462, 812 i n
Fig. 27 prior to notching the first ece 80 .JThe |de LI s of the
wite gap Iayewe%eﬁcli"ﬁmpg'@ P°§‘8“%?§,8 Q'F)qo%ﬁ{ ‘?‘S/mihﬂf < WFits gap) a’ﬁ‘i‘a\ﬁ‘f %elﬁsde
wall's of the V\!hbrsﬁngﬁijtﬂa@!lﬁfwnlﬁ@lg D 1Féeptdtie clbilivnl) ayBOpsitioss 258%ndp60316

are closer to the track wd he second pole ti 152 than_t hat shown in
Fig. 24. Accorimngeyo W@P@t@s@emmanlﬁm §ig. 27 shows the step pEeiehing thse si de

t t t hat
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to deepen the ﬁ&”ﬁ@g é§baﬁ?ﬂg 313 é’s’mﬁﬂg\ﬁﬁ IS‘VP‘% ’ng’ﬁ%?egaplﬁf should
be under st ood dnh%tdh@@3l’4ﬁﬁ&3§@ﬁ1 dﬁ%&ﬂﬁw&l fefe fswsnﬁé Jd¢htical t8 Thadr € not

necessarily restricted to defining '@ﬁapo a wite head or notches within
B

a first pol e tshpwnim&ig.i23saxcept dhecio mgipills irgughothe yrite gap laverthickpesiner e
an internedi at Jwﬂ%ﬁhé Lﬁ 810/ 5id fﬂjig%%afl ﬂrﬁrg@?ﬁi&hﬁghﬁ’éﬁmﬁm@ y¥er

t her eabove an he seco ocess may or notching any thin
filmlayer . whi kﬂﬁ |’§1etmdm\mllsrmftthewmmgap ih)'drﬁﬂil ayElgf 28 are: dlightly moveavartienl
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sputter etchi e closerite tiampackyveidth df thé secondipoleviip 152 eliant that shemmlFigoBé. tip
are vertical OAcc%'tdou?gqy, the process shown in Figs. 25-28 will reduce the side writing more than

the Fig. 24 embodiment. It should be noted, however, that a portion of the layers

262, 264 and 266 will be sacrificed for milling through the write gap layer portions

at the openings 310 and 312 in Fig. 27 before notching commences. A portion of the

write gap layer 318 and 320 may remain, as shown in Fig. 28, which ensures

protection of the first pole piece 180 from overmilling. If desired, ion milling may

be continued, as shown in Fig. 29, to remove the gap layer portions 318 and 320 in
Fig. 28 to deepen the notches at 322 and 324, as shown in Fig. 29.

It should be understood that the processes described in Figs. 15-20 and 21-29
are not necessarily restricted to defining a gap of a write head or notches within a first
pole tip. The first process can be used for any application where an intermediate layer
is to be defined so as to match a base of a layer thereabove and the second process
may be employed for notching any thin film layer which is below another thin film

layer. Further; a vacuum etching process other than ion beam milling may be



oytmardly{fron1top to bottom R E may be enployed if tungsten is enpl oyed

as a mask instead of chrom um Clearly, other enbodi nents and
nodi fications 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 limted only by the follow ng clains, which include all such

enbodi nents and nodifications when viewed in conjunction wth the above
speci fication and acconpanyi ng draw ngs. -20- | daim

1. A method of forming a gap |ayer, the gap | ayer having a first
portion which spaces a base of a second-p®»le tip froma first pole tip and
a second portion in a field which extends beyond the base of the second
pole tip, the second pole tip being bounded by said base, a top and first
and second si émpluyed sychamisgutree tetvhthgoarnrpadtive iun étélings (RIE3. The sputter etching

sputter depositi a protegtive,.materia n the,to nd first and second

side walls of®® ﬁg %@Wg %o 8 sfcggwéﬁﬁ °gr{'€ﬁ ﬁ%“@%;?"?ea@ rarg rf'eftffé‘ﬁpf éf‘ﬂ’ﬁwi th a

thi ckness of blitvaRdlpfiRal topeo bERbA! | RIE Mey BE eployb® If tangstdieis efiplayed abe

second pole piece ,and the gap layer in the field than a thickness of the

protective naP%@kHﬁ“@%°fﬂ@°FF¥§t and second side walls; renmovi ng

said protective MERaHA! o &fifodihbdes 3d YodiRAlibRY off ) kdVendduOWIl Bcu: 0P Of
romthe Tie and re at

the second pale tip and

! T T “edepositing, east sone of
the renoved peadiletothose ofwrdinaryskidlrin theart indew o ﬂles'e@aﬂ%mw dbergfore,ghiso
thicken the p I ye ¥ fd . :SeC S4 | 8,4.2Nd
etching the gap ayeirg' t\/(\’/inﬁ]’ﬁzg‘héh_rog@ g&zﬁgnf?ﬁ%nge@n%@]g’ %%hgfé‘gﬁf‘-%%r&% t he

field so that embodipentai ahdf imclifiqations avhenf vieted giapcdmjyretion ewith nthe.astsbve xt ends
substantially only a full width of . the base between said first and second
side wal | s ofqfﬁg%ggﬁﬁmﬂﬂ%W%P?VHgdn““M¥' 2. A nmethod as claimed in
claim1l wherein the gap layer is alumna, the pole tips are Permall oy and
said protective material is chromum - . 3. A nmet hod as cl ai ned
in claim2 wherein the first etchant i s NaOH EDTA. 4, A
method as clainmed in claim3 wherein the protective material is




renoved fromthe first and second side walls of the s th a
second etchant, the second etchant which is a chrom uﬁlﬂﬂmﬁ”ﬂlmlm

5. A method of not chi ng a second thin filmlayer wher%irr a"fifst* t hi n
fiflm layer is sandw ched between the second thin filmlayer and a third
thin filmlayer, the first thin filmhaving a base directly on the second
. thin filmand bei ng bounded by said base, a top and first and second side
wal I's and having first and second corners which are |ocated at
intersections of the first and second side walls with said base, the third
filmlayer being a -20-

. -21- pedestal with a base directly on the top of the first thin filmlayer
" and bei ng bounded by its base, a top and first and second side walls, the
'~ met hod conprising the steps of: crfaams ng a mlling nmask on the top
i of the third thin filmlayer and on the second | ayer except for first and
second openi ndsCatiMcent the first and second corners respectively of the
first thin filmlayer, @"F@’?‘g‘“ eni ngs exposing first and
second portions of >it he Z\g*ggﬁ%hgﬁ?rﬁép%ds yergpsal d forming a mlling mask
conprising the stefistofnd second pole tip layers gbLﬁrsteandjémdtpqgig Rpieqgr layerst i ve

t I th d t:h t
and second 'si AETRANEY BH 4 fap it st no, 65 e Vb dip BT bl Bifaced ¥
tﬂe fi rsth aEd thebawihf s:hnﬁeemﬁMgafplmbe)fmﬁdﬂaﬁmi : bei'ng | ess thhl ck
than a thickness of the protegctive I ond t hin
filmlayer and on lﬂEFpgaé‘fl Y e%@éé%q"gehe%a‘ﬁgwm% Rrstancf' second pole fip layers; o
protective materi akhdyhpliyRr hiviisy a Bid di6ge thd (99 sublcb 6f the first polewipflayeie

pedestal wth an etchant at a faster.rate than et chj n&et he pr tective

material on t & §E‘é§hﬂ“‘t‘h¢h¥ﬁ#‘ﬂkﬂ5&nﬂmﬁﬂ€l first of
t he téx%&fu ?S_k&ﬁ)d halief the
pedestal i s %@E&Sﬁd?@nﬁﬁ&ﬁi &t&f‘&hﬁ oﬂﬁ'\ﬁ ng said fi rs}téﬁgnd -second

portions of t Iwithsssisbbase,ithe second mlb&ydayeahdng lagedestal with arbase divently
e et A W vk L i e S £eson
corners of saiwhllsjrst thin fil,mlayer. . ;

the top surface of the first pole tip layer having first and second notches
adjacent the first and second corners respectively of the gap layer; .

the top surface of the first pole tip having first and second surface portions
extending from the first and second notches respectively away from the gap layer; and

't"he first and second surface portions of the first pole tip extending in a
direction parallel to said plane of orientation or upwardly with a slope that makes an

angle with respect to said plane of orientation.

2. A magnetic write head as claimed in claim 1 wherein the gap layer is

. alumina and the first and second pole tip layers are NiFe.

3. A combined magnetic head comprising:
a write head including: |

first and second pole tip layers of first and second pole piece layers
respectively and a gap layer, the first pole tip layer having top and bottom T

surfaces, the bottom surface defining a plane of orientation;
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6. = A pnethod as clained in claim5 wherein the thin fj

conponents of a thin filmwite head with the first thi*"l""“ﬂ%ﬁ"ﬂun ﬁunp
| ayer, the second thin filmbeing a first pole tip | ayer *and t he pedest+al
bei ng a second pole tip | ayer. 7. A nmethod as clainmed in
claim6 wherein the gap layer is alumna, the pole tips are Pernall oy and
said protective material is chrom um 8. A nethod as cl ai ned
in claim7 wherein the etchant is a chrom um etchant.

-22- 9. A met hod of defining shapes of thin filnms wherein a
first thin filmlayer is sandw ched between second and third thin film

| ayers, the first thin filmhaving a basgjdirectly on the second thin film
and bei ng bounded by said base, a top and first and second side walls and
having first and second corners which are |ocated at intersections of the

first and second side I ] i ' [ [ a
pedestal with a base d@%ﬁq ié@%n%e?"%es%%gﬁg?d t%x%\gee%ﬁ%é?n{tr#?s{e#%’bﬁfgﬁ rgand
bei ng bounded by ilagerflase, a top and first and second side walls, the
rotective | ayers of i eedarrsbevins »basdiedy 8F 5 Ryt of FETER noley
protective |layers of a [

second side walls ﬁﬁh&&%n@%éﬁﬁ@b&lnd&@?ﬂ@ﬁ&b&} ¥/top@nd fidét ahd'Secbhd sile wlll) il m

| ayer can be exposed to, an_etchant, e first, and second protective | ayers
of the etch mask mih@wmgtaaﬁtsp@pﬁfow%wﬁha{eﬁpmw&m_. ons of the chij ng
the first thin filgpd fiedeciid daPwhily With 8i6 DA% ik S Fdle BipIhyer BRIngHH Ch i S
equal to:said thickness so that .the first thin filmlayer is renmved from

said first and sedsAestal ovithea basedirectly opdlctop of the gap layer andrbing boygded ¥ | i ng
mask on the top Ofitstﬁl?e tanf;Qn&msgaLd L@oﬁ&&ﬁég@ﬂg 4Q the second.thin film
st "an nad Fng |

| ayer except for fir second openrngs adj acent the first and second
corners respectively ofthd kop Surfase of hthe firstl polé dipelayershaving first tand nsécamsic ond

i ngs ing first and secaond parti f th hin £ilml ;
ana "9S SXPO kgl afiaken? & U 428 sthf Sy ee SR S e et T i
layer and the rilling Ristopusifate bheenfilst pole tipibdvitpfirsoad sedond adrfasay SO

that mlling of said, first gnd_second. portions _notches the second_thin film
il ayer adj acent ;saiH?“Fqnlsﬁ‘te&%Bg g@%ﬁﬁq‘gﬁﬁﬂéﬁi“%ﬂ ngtg]cmgp TesRestivaln away fiom | ayer

the gap layer; and
the first and second surface portions of the first pole tip extending in

a direction parallel to said plane of orientation upwardly with a slope that
makes an angle with respect to said plane of orientation;
a'read head including;

a read sensor, first and second gap layers and first and second shield
layers; | ' .

the sensor being sandwiched between the first and second gap layers
and the first and second gap layers being sandwiched between the first and
second shield layers; and

the write and read heads being adjacent one another.

4. A magnetic disk drive comprising:
a write head including:

first and second pole tip layers of first and second pole piece layers
respectively and a gap layer, the first pole tip layer having top and bottom

surfaces, the bottom surface defining a plane of orientation;
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10. = A nethod as claimed in claim9 wherein before t”mmﬂm"m”mg a
mlling mask the first and second protective | ayers of e
renoved. 11. A nmet hod as clained in clainf10® wher i n®f of mi ng
the mlling mask includes the steps of: sputter depositing a
protective material on the second thin filmlayer and on the top and first
and second side walls of the pedestal, the protective material on the first
and second side walls of the pedestal being less thick than a thickness of
the protective material on the second thin filmlayer and on top of the
pedestal ; and - -22- _ - 23-
etching the protective material on the first and second side walls of the
pedestal with a second etchant at a faster rate than etching of the

! > a rast |
protective material on ﬁ@%aﬁ%@ﬁﬁhla%‘kdﬁdwdhéﬁ B&Qeé?ﬁﬂ:&%st%dtsg&nﬁggﬁsv\g% . of

until all of the protective materi on the first and second si

the pedestal is relapersd. 12. A nethod as clainmed in claim1l

wherein the thin filml . ' ' [ with
the first thin film beitﬁé%apslgagpfq“l"gg‘g% 21e‘ﬁ’s?g ot e?hﬁﬁ%#?r%% Ng 2 First
pol e tip |ayer andip lageranddeinglboimded hyzaid dasenaltopangd firstand sseend side walls

13. A nmet hod as gl.ai hed. i laim,2 wherein t ap layer J.s al na,
the pole tip | ay_er?%mgﬁfﬁrﬁﬂ%&?c%{ﬂﬁmﬁ’ﬁ?gPEE‘?’F%%‘P%‘PE‘H"&@F§%.om' um
]I\_lg.O-V ED?Amat hod 2 ﬁi5 ncn,s‘idé . h gahml '%&Mﬁfﬁkﬁ?4 V\:htbeh%a h
. - . met hod as cl ai in clai erejn the
second etchant is ﬁdﬁﬂ&méﬁﬁﬁﬁyﬁn e top of the gap layer an mgbp_und:d_tr;'y

its base, a top and first and second side walls; : :..as- _
‘the top surface of the first pole tip layer having first and second
notches adjacent the first and second corners respectively of the gap layer;
the top surface of the first pole tip having first and second surface
portions extetiding from the first and second notches respectively away from.
the gap layer; and ;
the first and second surface portions of the first pole tip extending in
a direction parallel to said plane of orientation or upwardly with a slope that
mé.kes an angle with respect to said plane of orientation;
a read head including: '
- a read sensor, first and second gap layers and first and second shield
‘layers; ' ’
the sensor being sandwiched between the first and second gap layers
and the first and second gap layers being sandwiched between the first and
second shield layers; and
a sense current source for applying a sense current through the sensor;
and |
the write and read heads being adjacent one another to from a combined head;
a frame;
a magnetic disk rotatably supported on the frame;
a support mounted on the frame for supporting the head in a transducing

_ relationship with the magnetic disk;
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16. -~ A nethod of notching a first pole piece wherein a wr [
sandwi ched between the first pole piece having a top and a mmﬂg “{Mﬂ““ﬂl
the second pole tip having a base, a top and first and seco e wal *
and having first and second corners that are |located at intersections of
the first and second side walls with said base, and the first pole piece
has first and second portions extending away fromsaid first and second
corners, the nmethod conprising the steps of: forming a mlling
mask on the top of the second pole tip and on the top of the first pole

pi ece except for first and second openi ngg3adjacent said first and second
corners respectively, said first and second openi ngs exposi ng nateri al
therebel ow, said forming a mlling mask including the steps of:

sputter depositing @mﬁ&&%@&éﬂﬁ&é‘aﬁ%ﬁf @ bghefié aik; and second
portions of the first pole piece and on %he top and first and second, si de

wal | s of the secondopipeing P}SNW%&‘@@FWRPWP@WP‘&%%W%‘”@ magneticy
second si de Wq{eg‘?t@ ul qze @sﬁ?&gvﬂﬁxlt%seﬁ gﬁo%idr}ﬂ%énﬁﬁédfsﬁ'm than a thickness

- 24- ect | ve mat on t I rst and second portions
of the first proceﬁsnhgaclpmm«amm connecetad tofthe ¢ambinesomagnetic bead, o thend

etching the protectdve ety al . 1 fi
of the second Iﬁfﬂné f?’i t%ﬁ%‘? ﬁﬁmgf‘ %fek g?cfgo ﬁhgrs}}%mﬁg E%‘ %hﬁj?or?c#ﬁxﬁmgt he
protective matsignal wﬂﬂtﬁefwmbiﬂedtmagﬁeiusl;ead)ﬂ?r mubllmgsn?femheof;the ﬁtagmice
| ece 0 t he segon ol e unt| of the
Br otective matqési dfgﬁ ‘qulmg E‘etpﬂ%m?'? pEthe com Mval s of the

second pole tip is renoved; and m I i ng sai d mat eri ag bel ow t he
first and second openings and the millj ng magk until first and second
not ches are forrredﬁ-n sﬁ@aﬂ%twﬁﬁéeﬁdeWWrtlons of the fi rst pol e

giagcféyer is alum na axhd %?%Esi?ﬁég%a@ g+)§i(-:§er%gr%§t E%@?%ﬁdﬁmol e ti é}g?éw e
Permal | oy, sairdspestivelscarid e gamlayen thie first poile tiprlayen baving top aad m smé‘acas, -
chrom um et chapf bottom surface defining a plane of orientation;
the gap layer being sandwiched between the first and second pole tip layers;
the gap layer having a base directly on the top surface of the first pole tip layer
and being bounded by said .base,_a top and first and second side walls and having first
and second corners which are located at intersections of the first and second side walls
with said baée, the second pole tip layer -being a pedestal with a base directly on the
top of ﬂ;e gap layer and being bounded by its base, a top and first and second side
walls; ,
the top surface of the first pole tip layer having first and second notches
adjacent the first and second corners respectively of the gap layer; '
the top surface of the first pole tip having first and second surface portions
extending from the first and second notches respectively away from the gap layer; and
the first and second surface portions of the first pole tip extending in a
direction upwardly with a slope that makes an angle with respect to said plane of

orientation.

6. A magnetic write head as claimed in claim 5 wherein the gap layer is "z

alumina and the first and second pole tip layers are NiFe.
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18. - A method as clainmed in claim 16 wherein the wite gap '

I'ocated on said first and second portions of the first pole ;l)llmmul"u"mmn”“l
first and second portions exposed by said first and second openimgst M s *
19. A nmethod as clainmed in claim 18 wherein the wite gap |ayer is

alumna, the first pole piece and the second pole tip are Permall oy, said
protective material is chromumand the etchant is a chrom um etchant.

20. A nmethod as clainmed in claim 16 wherein before the step of mlling,
said first and second portions of the first pole piece |ayer are exposed by
said first and second openi ngs. - -2421. A nethod as clainmed in

claim20 wherein the wite gap | ayer sandw ched between the first pole
pi ece and the second pole tip has a thickness of 0.2[err]mor |ess.

- 25- 22. 7, AABSHEIHePagletic sl dhpiisitigtn 21 wherein the wite gap
layer is alumna, the first pole prece and the second pole tip are
Per mal | oy, said prdtweiteihead jpeludingsl i s chromiumand the etchant is a

hr omi t chant . f ' tsn film-
chrom um et chan rst and Scond ﬁaﬁmﬁﬁﬁdy@ﬂ & ﬁr@loixﬁme@&l@poi@?%g 1dyatsh film

having a top wherein a first thi s “sandw ched between the second
thin filmand a t hirespectiviely 4nd argap layen, the first pols tip layembavinggton agddettom t op

and first and secon ' | fi d corners that
are |ocated at int ﬁ@ﬁ,ﬁgﬁ@&%&%ﬁg@%}é}g@ﬂ%ﬁ@&oﬁgﬁl ggrp’wal s with said
base, and the second t hithe gapl layeh deingisendwiched tetwezn dhefirst amdhsecend polditipg away

fromsaid first and second corners, the nethod conprising the steps of:
forming a mlling M@k on the top of the third thin filmand on

the top of the second t iiegabilhydr Ravifph baseldirbétlySdn the topsaefabelofthe irst p6le
A e S TS er and belng bounded by $ad base, 8 top aid first and second side walis. """

and having first and second corners which are located at intersections of the
first and second side walls w:th said base, the second pole fip layer being a
pedestal with a base directly on the top of the gap layer and bemg bounded by
its base, a top and first and second side walls; and

the top surface of the first pole tip layer having first and second
notches adjacent the first and second corners respecti.vely of the gép layer;

the top surface of the first pole tip having first and second surface
portions extending from the first and second notches respectively away from
iﬁe gap layer; and

the first and second surface portions of the first pole tip extending in
a direction upwardly with a slope that makes an angle with respect to said
plane of orientation;
a read head including:

a read sensor, first and second gap layers and first and second shield
layers;

the sensor being sandwiched between the first and second gap layers
and the first and second gap layers being sandwiched between the first and
second shield layers; and

the write and read heads being adjacent one another.
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material on the first and second portions of the sécohd thim fsilm
and on the top and first and second side walls of the third thin
film the protective material on the first and second side walls
of the third thin filmbeing less thick than a thickness of the
protective material on the first and second portions of the second

thin filmand on top of the third thin film and et chi ng
the protective material on the first and.2second side walls of the

third thin filmwith an etchant at a faster rate than etching the
protective material on the first and second portions of the second thin
filmand on top ofgthe fRifetichdifk frliveedMPrisingdl | of the protective materi al
on the first and secqnf??&gewa}llfks cl)f t he thlgl’d thin filmis renoved; and
mlling said nmat erd writeokdad\indlwding:i r st and second openi ngs and the mlling

rask unt il i st and sopang nalheRIPHS IANTE ik aarslobd pole AR RGO

portions of the second

- 26- 24 . respectivelye ailtbal gap layles)i the dirst rpolel Gp lay28having topnardhbotfonr st
thin filmis also | ocate n.said fir and seco ort.i ons of the second
thin filmand has ﬁ“ré%‘r* .3’°§%'E&H’Hja°ﬁo‘f‘?'ﬂ%§§§‘b°oé}g ‘?6‘§?t“§ﬁ’i d first and
second openi ngs. the gap Bfer being/Safidiehell Betwednthetidstiand Gboondpdle tigrer ei n
the first thin filmis alumna, the second and third thin filnms are

Permal | oy and sai d3#%t ective material is chronium o 26. A

met hod as claimed in '_cltﬁggaﬂ%%ﬁﬁgﬁﬂaﬂ&fe@ﬂibﬁﬂﬁtt&?s&facghfme%p% d
first and second portions of the second thin Tilmare exposed bggsal d first

and second openi ndip layer and being bowgred by sgid hasewtopand Sirstiandepcond Fdewallpe
wherein the first Jnti'ﬂﬁvifnhltﬂltsﬂﬁ%@éoﬁg%gmers which are located at intersections of the

first and second side walls with said base, the second pole tip layer being a
pedestal with a base directly on the top of the gap layer and being bounded by
its base, a top and first and second side walls; o

the top surface of the first pole tip layer having first and second
notches adjacent the first and second corners respectively of the gap layer;

the top surface of the first pole tip having first and second surface
portions extending from tixe first and second notches respectively away from
tﬁé gap layer; and |

the first and second surface portions of the first pole tip extending in
a direction upwardly with a slope that makes an angle with .fespect to said
plane of orientation; .
a read head including:

a read sensor, first and second gap layers and first and second shield
layers; }

the sensor being sandwiched between the first and second gap layers
and the first and second gap layers being sandwiched between the first and
second shield layers; and

a sensor source for applying a sense current through the sensor; and

the write and read heads being adjacent one another to from a combined head;
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bet ween the second and third thin filnms has a thickness mﬁﬂmmm
less. 28. A nethod as clained in claim?27 ”ml III

thin filmis alumna, the second and third thin filns are N Fe &nd"safd *
protective material is chrom um

-27- - 11. A nmethod as clainmed in claim9 wherein the step of
forming the first and second | ayer portions of the etch nmask includes the
st eps of: sputtering a protective material on the first layer and on
the top and first and second side walls of the pedestal; and . i on

mlling the protective material to renove2fhe protective material fromthe
second | ayer and the top of the pedestal causing renoved protective
material to be redeposited on said first and second side walls.

12. A method as ol @mi®d in claim 1l wherein the etch mask is chrom um
13. A nmethod as clained i claim 12 wherein t?{ first thin filmlayer is
al uni na and the se@oﬂ%‘%ﬁﬂﬂdlshlr?tﬁ i Sypporiethon b frames o N Fe. 14.

A method as cl ai med kippehtahdlinied oM tieCriimé Ter ﬁb&ﬁmghh@héadﬂ‘ih&m&dmﬁlg
etchabl e by said etchant and the second and third thin fiimlayers are not

etchabl e by saielgtionshipayith the magneticdisk; A nethod as claimed in claim 14

wherein the etchantg, ﬁa%a for rotatin: thejnﬁagneufdﬂf;t hod of formng a gap

| ayer, the gap | ayer I T st port
positioning means connected to the support for movmg the combmed magnetlc

head to multiple positions w1th respect to sald magnettc disk; and ..

processing circuitry means connected to the combined magnetlc hed, to the .
means for rotating the magnetic _dxsk_._._gnd to..the_posmomng means for _exchangmg
signals with the combined ntagneti_c head, for oontrolling movement of the magnetic
disk and for controlling the position of the combined magnetic head. |

9. A method of defining a shapé of a first thin film layer wherein the first -
thin film layer is sandwiched between second and third film layers, the third film
layer being a pedestal with a base directly on the first thin film layer and being
bounded by said base, a top and first and second side walls and having first and
second corners which are located at intersections of the first and second side walls
with said base, the method comprising: -

' fomting an etch xtlask with first and second layer portions on substantially only
the first and second side walls of the pedestal respectively so that the first thin film
layer can be exposed to an etchant, the first and second layer portions of the etch
mask having substantially an equal thickness;

etching the firs_t thin film layer with an etchant a lateral distance which is equal
to said thickness so that the first thin film layer is removed to said first and second

corners of the pedestal.

10. A method as claimed in claim 9 wherein the forming of the first and

second layer portions of said etch mask comprises sputtering.

i rm




whi ch spaces a base of a second pole tip froma first pol d
portion in a field which extends beyond the base of the sﬂ“lm“wmmmﬁm“
the second pole tip being bounded by said base, a top and fir§t and' second
side walls, conprising the steps of: sputter depositing a protective
material on the top and first and second side walls of the second pole tip
and on the gap layer in the field wwth a thickness of the protective

mat eri al being thicker on the top of the second pole piece and the gap

| ayer in the field than a thickness of the protective material on the first
and second side walls; -27-

- 28- renmoving the material by ion mlling or sputter etchl ng from
the top of the second pole tip and fromthe field and redepositing at | east
some of the renove prog r@%ng i fhle cbfqaﬁﬂa the fist wal | s
to thicken the proﬁectlvm;&garsl Edmdﬁa}??@te; and ss?(i:)ond Si dg wal | s; and
etching the gaﬂéeegmtlawnmrtmﬁlofshe ﬁcbmlnﬁbdﬁet#ﬁﬂ?l’%ﬂfé gap layer in the
field so that onIyS|df|rst e t ends
substantial |y onl y‘Pg T8 & RiPGhY %‘%@ﬁap%ase Leﬁﬂ(gglllgﬁ??ir,gﬁd%agde(cond
side wal | s of sdchifid siée walls phthe pedestal; and A nmethod as clainmed in

claim 16 wherein the I s alu the E%F I oy and
sai d protective na‘PEP?‘ﬁﬁ‘gltgé/E‘meﬁﬂY {g“%mw eproﬁ:%% ﬂ{a as c al med
inclaim 17 yhgiEiapert & {hbrt%s oﬁﬁﬁfp%ﬂistal%a\idﬁ@%ﬂa%ﬂ protective mateiial to be\ s
met hod as clainmed in claim18 wherein fhe protective material is renoved

fromthe firstedepagitedoenpaid £irsi @nd gseqord gide Walls-sacond pole tip with a second
etchant, the second etchant which is a chrom um etchant. R _

12. A method as claimed in claim 11 wherein the etch mask is ¢hromium.

13. A method as claimed in clalm 12 wherein the first thin ﬁlm layer is
alumina and the second and third thin film layers are NiFe.

14. A method as claimed in claim 13 wherein the first thin ﬁlm layer is
etchable by said etchant and the second and third thin film layers are not etchable by
said etchant.

15 A method as claimed in claim 14 wherein the etchant is NaOH/EDTA.

16. A method of forming a gap layer, the gap layer having a first portion
which spaces a base of a second pole tip from a first pole tip and a second portion in
a field which extends beyond the base of the second pole tip, the second pole tip
.. being bounded by said base, a top aﬁd first and second side walls, comprising the
steps of:
sputter depositing a protective material on the top and first and second side
walls of the second pole tip and on the gap layer in the field with a thickness of the
protective material being thicker on the top of the second pole piece and the gap layer
in the field than a thickness of the protective material on the first and second side
walls;
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20. - A nmethod of notching a second thin filmlayer mher
filmlayer is sandwi ched between the second filmlayer a

| ayer, the first thin filmhaving a base directly on the
and bei ng bounded by said base, a top and first and seco

S,

nd side walls and

having first and second corners which are |ocated at intersections of the

first and second side walls wth said base, the third fi
pedestal with a base directly on the top of the first th

| m| ayer being a
in filmlayer and

bei ng bounded by its base, a top and first and second side walls, the

met hod conprising the steps of: foR ng a mlling
the third thin filmlayer and on the second | ayer except
second openi ngs adj acent the first and second corners

mask on the top of
for first and

-29-  respectivel Yebvihg thef ﬂnaehaltﬁy jonfrilling crysputteretching fromt thancp s tend

openi ngs exp05|ng first, and second _portions of, the econ

dt fil m |.ayer;
sai d formi ng aesANd| Rolg tingaad feoamthe Erld podiredeppsiting a 12551 S0fe of the remdl put t er
deposi ting a er%&ﬁklxﬂﬁermbﬁme%rst%dké&néeamﬂlsttb tickehlthB prowefive material and

on the top and first and second side walls of the pedest

al, the protective

material on t nm the fisst andgecond side vallgcandn| | s of the pedestal being | ess _
thick than ghmg%ewlagrwa% e t\fgr{ﬁ&v@rthébaﬂiymtﬁ@ﬁﬂﬁd thin

filmlayer and on t

i ng

t he protecti vesothonlyedald)ﬁrstpmnén oﬁmemlwmomdinsaudamdssum Only

material on & M ERER R g tolbichlliach Aol st
all of the praipective material on the first and s

t he pedestal is renoved; and mlling said first .a
of the second thin filmlayer and the mlling mask until

' L QLGS bR

e pedesta

econd side malls of .
nd second portions
the mlling mask

has been i |l ed awgy, S0l R@hodthd dikiiid 9 cis 15 Whérsih TR ghpIefe WlalBRia) i8S

notches the second thin filmlayer adjacent said, f| rs and second corners

of said first pol¢tipsfare FWIE@}]@Y and said protective matenal is chro

18. A method as -claimed in claim i17 wherein the first etchant is

NaOH/EDTA.

19. A method as claimed in claim 18 wherein the protective material is

removed from the first and second side walls of the second pole tip with a second

etchant;"fhe second etchant which is a chromium etchant.

20. A method of notching a second thin film layer wherein a first thin film
layer is sandwiched between the second film layer and a third film layer, the first thin
film having a base directly on the second thin film and being bounded by said base,

. atop and first and second side walls and having first and second corners which are

located at intersections of the first and second side walls with said base, the third
film layer being a pedestal with a base directly on the top of the first thin film layer
and being bounded by its base, a top and first and second side walls, the method
comprising the steps of:

forming a milling mask on the top of the third thin film layer and on the

second layer except for first and second openings adjacent the first and second corners

u fm
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21. - A nmethod as clainmed in claim20 wherein the thin fi
conponents of a thin filmwite head with the first thi nn“!!mm ‘mﬂﬂipml
| ayer, the second thin filmbeing a first pole tip | ayer an

bei ng a second pole tip |ayer. 22. A nmethod as clainmed in claim
21 wherein the gap layer is alumna, the pole tips are Permall oy and said
protective material is chrom um 23. A nethod as clained in
claim 22 wherein the etchant is a chrom um etchant.

- - 30- 24. A met hod of defining shapes of thin filnms wherein a
first thin filmlayer is sandw ched betwegy. second and third filmlayers,
the first thin filmhaving a base directly on the second thin filmand
bei ng bounded by said base, a top and first and second side walls and

havi ng first f r ' | t he
first and sec %E%egt?‘%g] f% \qg}éllclgy %a%é‘{ ﬁ{%ﬁkﬁdjﬁébrad Qﬁeﬁ{ﬁ%?%% e@%tg a
pedestal with adbamdcj:onﬁntlofﬂmrsebm thoypfilef lavhe first thin filmlayer and

bei ng bounded by its. base. a t and.first. an con side walls, the

met hod conpri sing tA8 b@f'@f} adf’ﬁ?ng mask compiising c* and second protective
layers of an etch mask gputtevldepczitingal pmteemwmhdaﬁalfozrﬂie secvad thindfiich Riyere
wal-ls of the pedestal respectively sq that { t hi I m | ayer can be
exposed to an et ch#RE onthe top;and dirst and secqgd gt r P?‘Qf"éirg’ew Vet ch

mask havi ng SUbSta@ﬁdt&kdl%nﬁﬁﬁiﬁ‘ﬁhséé&hﬁkﬁemsofﬂlepedesﬁl% glkss Rk ithdnst
thin filmlayer with a first etchant a lateral distance whi.ch is equal to

sai.d thi ckness so @ﬁh&hﬂﬁ%oﬂhﬁmowquﬂ@lh@ém tlin &l dayes andoritan st

and second corners ?fthe}%%ﬁﬁ . forming & ..':| ng-noagk on the
top of the third t i n ml ayer and on the second t ‘filmlayer except

for first and second openhmgshqﬂpacmmthmlbnmm&mddldcmaihmfthe
respectively of the Iies{afwnilh' ntc]m“t a%&; ﬁxan gthelglrgtecgv Omgt oaenl ngs |
' the second thin film and on top of the pedestal until all of the protective
material on the first and second side walls of the pedestal is removed; and

milling said first and second portions of the second thin film layer and the
milling mask until the milling mask has been milled away so that milling of said first
and second portions notches the second thin film layer adjacent said first and second

corners of said first thin film layer.

21. A method as claimed in claim 20 wherein the thin film layers are
components of a thin film write head with the first thin film being a gap layer, the
second thin film being a first pole tip layer and the pedestal being a second pole tip

layer.

22. A method as claimed in claim 21 wherein the gap layer is alumina, the

pole tips are Permalloy and said protective material is chromium.

23. A method as claimed in claim 22 wherein the etchant is a chromium

etchant.
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exposing first -and second portions of the second thin f|| 5
-mlling said first and second portions of the second t hi r‘“'m?m"“‘mrml HII
the mlling mask until the milling mask has been nilled away csott

mlling of said first and second portions notches the second thin film

| ayer adjacent said first and second corners of said first thin filmlayer.

25. A nethod as clainmed in claim?24 wherein before the step of formng a
mlling mask the first and second protective |layers of the etch nask are
renoved. 26. A nethod as clained in claim25 wherein formng the
mlling mask includes the steps of: -30-

- 31- sputter depositing a prot ective material on the second thin

filml ayer and on the top and first and second side walls of the pedestal,
the protective nated) al Aoﬁxethb& o‘fldeﬁhxngl‘sﬁa;ﬁe@ﬁlﬂdnsﬂlﬁhe wikdiss adfirst thin fiedest al

being less thick than,a, kness of tive materi al he, second
thin filmil ayé"rye&ﬁosaﬂﬂ Wmseﬁ%'a’{e% ird iy Tayess, the 5‘[‘@%3‘%#@
protective ”Hh%se?dxre@ﬂ¥ Bﬂﬁlédeécﬁﬂ tmﬁ(mﬁ%ebsingb&ﬁxmby Sm@i)aﬁeh@to@&ﬁﬁﬁsﬂ W th

a second etchant at ‘a taster rate than etching of the prot ective mat erlal
on the second2ithiserond| sidexally and élpwas trﬂemﬂesfegrtdapora?ﬂsuw igh |arg;focpted at

Pemved ° mﬁ!ﬁmﬁ“?’@dgﬁ tﬁﬁlg as cI al %S%ﬂpfﬁﬂlib%’G%v%ttﬂﬁdm

renoved. in clam erelin th thin

filmlayers abeing@rnsdcmimﬂm base wireetlyf on the toni ofcthe: St thin filmtlayer fnd being hi n
" 755 PO A Al b S
claimed in clateps & wherein- the: gap l'ayer 'is alum na, .the S
forming first and second protectxve layers of an etch mask on substannally only
the first and second side walls of the pedestal respectively so that the first thin film
layer can be exposed to an etchant, the first and second protective layers of the etch
mask having substantially an equal thickness;
etching the first thin film layer with a first etchant a lateral distance which is
equal to said thickness so that the first thin film layer is removed to said first and

second corners of the pedestal;

forming a milling mask on the top of the third thin film layer and on the
second thin film layer except for first and second openings adjacent the first and
second &;)mers respectively of the first thin film layer, said first-and second opénings
exposing first and second portions of the second thin film layer; and

milling said first and second portions of the second thin film layer and the
milling mask until the milling mask has been milled away so that milling of said first
and second portions notches the second thin film layer adjacent said first and second

. corners of said first thin film layer.

25. A method as claimed in claim 24 wherein before the step of forming

a milling mask the first and second protective layers of the etch mask are removed.

26. A method as claimed in claim 25 wherein forming the milling mask

includes the steps of:
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“pole-tipsr»are Permall oy and said protective material is
29. A nethod as clainmed in claim 28 wherein the fi rstﬂmvﬂe r“ll III"IIII
NaOH EDTA. 30. A method as cl ai ned |n cIa m 2 real nn

second etchant is a chrom um etchant. A met hod of notchlng a
first pole piece wherein a wite gap |layer is sandmnched bet ween the first
pol e piece and a second pole tip, the second pole tip having a base, a top
and first and second side walls and having first and second corners that
are located at intersections of the first and second side walls with said
base, and the first pole piece has first ald second portions extendi ng away
fromsaid first and second corners, the method conprising the steps of:

- 32- formng a mlling mask on the top of the second pole tip and
on the top of the fiputér pbsitify &protevtive piatdrial of itlldsiecﬁﬂﬂt}ﬁﬁﬁhmdhﬁf)ﬁﬂd 8as

adj acent said first and second corpers re ect Ve sald flrst econd
openi ngs expos§domadtirshand 69 Wallso ed§§ﬂdd¥‘?° ﬁ‘ﬁ'g‘iﬁask
i ncludi ng the fisPRAd 9cond side walls of the pecdeRid! béihg %Qﬁﬁél& I:H&ﬁ @thiﬁl@ééi(kff' He
material on the first and second portions of the flrst%ﬁgg PI ece

and on the topPwiegtivs materialen the sepond shindilmelpyes apd onriep of the ped pol e
tip, the protectivey

the second pole tip @%rﬂkﬁaés &Pﬁ?&g ar?nzﬁtghﬁrgﬁ%g&sig&g &t e pro%)ect Ive
mat eri al pedestalt with alsccmnd atchiarg @t o fasteroate thanetching ofthé protective matqriabce

and on 1oP of b e 8SRAin fim and3 15 b i ;B8 L gf%?pfoﬁ%cﬁ%%%alecond

pole tip with emthetfirbteanid seéond sidtairﬂts ofahepédestal istrehoved. t he protgctive
material on the first and second portions of the first pole piece and on-

top of
27. A method as claimed. in claim 26 wherein the thin film layers are

components of a thin film write head with the first thin film being a gap layer, the
second thin film being a first pole tip layer and the pedestal being a second pole tip

i layer.

28. A method as claimed in claim 27 wherein the gap layer is alumina, the

pole tips are Permalloy and said protective material is chromium.

29, A method as claimed in claim 28 wherein the first etchant is
NaOH/EDTA. -

30. A method as claimed in claim 29 wherein the second etchant is a

chromium etchant.

31. A-metﬁod df notching a first pole piece wherein a write gap layer is
sandwiched between the first pole piece and a second pole tip, the second pole tip
having a base, a top and first and second side walls and having first and second
corners that are located at intersections of the first and second side walls with said
base, and the first pole piece has first and second portions extending away from said

first and second corners, the method comprising the steps of:
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tshe second pole tip until all of the protective materi al o

.second side walls of the second pole tip is rem)ved Iﬂ ﬂ“l
mlling said material below the first and second openi ngs an

Mask until first and second notches are formed in said first and second
portions of the first pole piece. 32. A nmethod as clainmed in

- claim 31 wherein the gap layer is alumna, the first pole piece and the
second pole tip are Pernalloy, said protective material is chrom umand the
etchant is a chrom um et chant. 33. A method as claimed in claim
31 wherein the wite gap layer is_also |o3ated on said first and second
portions of the first pole piece and has first and second portions exposed
by said first and second openi ngs.

- 33- 34.  fohn#iB alifillirdSmdsk dntRélob rafﬂieesedmaaow@a Iaonttlihﬂogalﬁtlieayer
is alumna, the first pole piece_and {he second etlpgéﬁ Permall
sai d protecti virshpole piese °P‘§°PE kerofirstanch srgond epeaing adjpcsnt saj chant

35. A net hodc&ﬁerglr%b&adew Nsafd ﬂfsﬂh:?dlsée&?d @;&eﬁl ??Eﬁfo@in&h&t&ia@ﬂm@ébem' i ng,

said first and secon ortions of the first i ece |ayer are exposed by
said first and secoadd fopuingragmilling maSkmduQ@gthe S’@m“élfhod as clained in claim

35 wherein the wite g Qg‘hﬁ%&%@@g%’?&g&igf&“” l{ﬂgﬁ*gﬁ&s&gﬁm&ﬁe and

the second pole tip has m or
of the first pole piece and on the top and first and second side walls of the -

second pole tip, the protectwe matenal on the first and second 51de walls of

the second pole tip bemg less. tluck than a thlckness of the protecnveanatenal

on the first and second portions of the first pole piece and on top of the second

pole tip; and :

etching the protecuve matenal on the first and second side walls of the

second pole tip with an etchant at a faster rate than etching the protective

‘material on the first and second portions of the first pole piece and on top of

the second pole tip until all of the protective material on the first and second
side walls of the second pole tip is removed; and

. milling said material below the first and second openings and the milling mask

until ﬁrgt and second notches are formed-in said first and second portions of the first

pole piéée.

32. A method as claimed in claim 31 wherein the gap layer is alumina, the
first pole piece and the second pole tip are Permalloy, said protective material is

chromium and the etchant is a chromium etchant.

33. A method as claimed in claim 31 wherein the write gap layer is also
located on said first and second portions of the first pole piece and has first and

second portions exposed by said first and second openings.
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37. , A pethod as claimed in claim36 wherein the gap | ay

Yi rst poFg pi ece and the second pole tip are Pernall oy, EIII“H manIMHIW
faterial is chromumand the etchant is a chrom umetchant* ¢

A met hod of notching a second thin filmwherein a first thin filmis

sandwi ched between the second thin filmand a third thin film the third
thin filmhaving a base, a top and first and second side walls and havi ng
first and second corners that ‘are | ocated at intersections of the first and
second side walls with said base, and the second thin filmhas first and
second portions extending away from sai d 88+ st and second corners,- the

nmet hod conprising the steps of: formng a mlling mask on the top of
the third thin filmand on the top of the second thin filmexcept for first
and second openi ngsy4adj apaemoéaéaaltﬂeasltcnmdssmmmmagqelayenieatyeﬂna,w Y,

said first and second_ openi ngs exp I al ther ai d
form ng a m | Ifsgpele piece fad ﬁegj:oinﬁ G[ ﬁ]?ermalloy, pro?ectxve gzg,tetn[al ¥

deposi ting a m@,@m&m@tﬁnmts@%mbmn@nd second portions of
m

t he second thi and on the top and first and second side walls of the
third thin film the protective material on the first and second side walls

of the millin

third thi n f| | m belsrég I é'\slsne Od(?ﬁc{aha%dg"tlﬂ ilnwévgesrelg bef rgtlg? (s)tfeéfl ve. &
material - on - said first dndeseddnd portiansiofithe Girsti pplo piece layensire msgbwwﬁtﬂwdf il m
and ontop of the third thin film and - etchlngthe
protective mat¥PORSAEHe first and second: side walls of the - third
thin filmwth an. etchant at a faster rate than et chi ng t he proiectlve
material on the first and seco rti fot con f|Im on
top of t he 36ni r ot tRgthO |a§rﬁ a 2’% H’g‘ tt%ct‘ﬂ}% $?Bt |aI on

the first and &Qﬁﬂedbetweenthéﬁfi?pdﬂ@k e&eﬂfdth@ébcbxhﬂp(ﬂehbllﬁsitﬁmhnes of@oved;
and m sald naterial below the first and second openi ngs and

the mlling nmagR ofne: first and second notches are formed in said first
and second portions'of the second thin film

37. A method as claimed in claim 36 wherein the gap layer is alumina, the
first pole piece and the second pole tip are Permalloy, said protective material is
chromium and the etchant is a chromium etchant.

38. A method of notching a second thin film wherein a first thin film is
sandwiched between the second thin film and a third thin film, the third thin film
having a base, a top and first and second side walls and having first and second
corners that are located at intersections of the first and second side walls with said
base, and the second thin film has first and second portions extending away from said
first and second corners, the method comprising the steps of:

forming a milling mask on the top of the third thin film and on the top of the
second thin film-'excébt for first and second openings adjacent said first and second
corners respectively, said first and second openings exposing material therebelow;

said forming a milling mask including the steps of:

sputter depostting a protective material on the first and second portions
of the second thin film and on the top and first and second side walls of the

third thin film, the protective material on the first and second side walls of the

AR
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39. . A.npethod as claimed in claim38 wherein the first thi
I"focated on said first and second portions of the second thi

first and second portions exposed by said first and second operfi ngs.

40. A method as clainmed in claim39 wherein the first thin filmis

alum na, the second and third thin filns are Pernmall oy and said protective
“material is chrom um 41. A nethod as clainmed in claim 38

wherein before the step of mlling, said first and second portions of the

second thin filmare exposed by said fi rs¥4-and second openi ngs.

42. A nmethod as clainmed in claim4l wherein the first thin film

sandvm ched between the second and third thin filns has a thickness of 0.2

[err]mor [ess.

third thin filgh being\lesse thinkdthars a ghieknesscofi the projgctive malgsial @R n t he

first thin 1M Segldil 43 seldd Ofo?&&ﬁdof%ﬂeds&w fhid i) ahd bl RopPbenbl eia and

said protective

ma

thin film; and
etching the protective matenal on the first and second side walls of the

third thin film with an etchant at a faster rate than etching the protective
material on the first and second portions of the second thin film and on top of
the third thin film until all of the protective material on the first and second
s1de walls of the third thin film is removed; and _

milling said matenal below the first and second « openings and the mﬂhﬁ'g mask

until first and second notches are formed in said first and second portions of the
second thin film.

39. A method as claimed in claim 38 wherein the first thin film is also

lécated on said first and second portions of the second thin film and has first and
second portions exposed by said first and second openings.

40. A method as claimed in claim 39 wherein the first thin film is alumina,

the second and third thin films are Pérmalloy and said protective material is

chromium.

41. A method as claimed in claim 38 wherein before the step of milling,

said first and second portions of the second thin film are exposed by said first and

second openings.

42. A method as claimed in claim 41 wherein the first thin film sandwiched

between the second and third thin films has a thickness of 0.2 pm or less.

43. A method as claimed in claim 42 wherein the first thin film is alumina,

the second and third thin films are NiFe arid said protective material is chromium.
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