; e3eEABB89<N=ZA6ATANW~~~w~~ METHOD OF MANUFACTURI NG SLI DER OF THI N-FI LM
MAGNETI C HEAD BACKGROUND OF THE INVENTION 5 |. Field of the Invention

i b~~0em The present invention relates to a nethod of manuf actur”l 1

of athin-fil ey head which conprises a nmedium facing su mmm,’mmmm,
faces towar *\\\NM@W\% medi um and a thiln-film magnetic head el emefg qq-

| ocat ed near llum facing surface. 10 2. Description of the Related
Art Performance *P????Fovenent s in thin-filmmgnetic heads have been sought

as areal recording denME?r@Hngmngm%ﬁgﬁLfBERa@ d. Such

%hi n-fil mmgnetic hea € conposi m nagneti ¢ heads that
ave been wi dely used. A CONMRQ§hE. A | ayered structure I5
i ncluding a recordi ng head hav %ﬁﬂﬁﬂ%@%@% i ¢ transducer for
writing and a reproduci ng head having a magnetoresistive (MR) el enent for
reading. MR elenents include an ani sotropi c magnetoresistive (AVR) el enent
that utilizes f i gnetoresistive (GVR) el enent
that utili z@éﬁg}}@ﬁ@&hlﬁﬁm@ﬂépﬂg head using an AMR 20 el enent is
call ed an AVR head o imply an MR head. A reproducing head using a GWR

el enent 9s éaFFéaoﬁt VRIHIPR An AMR head is used as a reproduci ng head
where areal density is nore than 1 gigabit per square inch., A GVR head is
used as a repr odihe Presembinvigntion rglatgp tejamethed of manufacturing aghderiafa per
square inch. It is GWR heads that have been nost w dely 25 used recently.
The per f or mthisefibn magnetipheatlwihich hemprises armpedinam faging sprface that faces y -2
AR filmwith a GWR filmand the |ike having an excel |l ent magnetoresistive
sepsi ti vi tytowaed aaecording mediamt and avwhin-filmunagastic headepemdotlaegted ack
wi dith and the MR height, in particular, my be optim zed. The MR height is
the | ength @eer ghe nddeumefacingnswfaceof the MR el enent located in the air 5
bearing surface and the other end. The air bearing surface is a surface of
t he t hi @fi RnDeagription ofiélael Rebateddrt owar d a magneti ¢ recordi ng nmedi um
Performance i nprovenents in a recording head are also required as the
performance of ®Perfophctheeiinprbeadents imtihiavdih mMdgrieticrleapdsrleayetlsednncr ease
the linear density in order to increase the areal density anong the 10

per f or mance selighitoss #fdad rberdig déwsityeoDhatddiskabdveshagidvrenged, hiSuchit is
required to inplenent a recording head of a narrow track structure wherein

the w dt h othinefildifla@edtioheady ehsdyébthpodittgthinefilne evddiotis losudsl thwgr on a
side of the air bearing surface is reduced down to mcrons or a subm cron

order. Thi shavélbBeh widely @ed. NQA édthipSite hoad idipladeifAclalyBred SQEHireg head
15 performance. Sem conductor process techniques are utilized to inplenent

such a 4 r ughdla8ing™W 26 AR A PREA hhding ARIABIiON SaBntic Rrassduigr Fdyr Oat
hei ght, in particular. The throat height is the |length (height) of pole

portions, tRA4tiHhS anB bdBaubing IR ANBY MalgR¥edresistive TMEPABnRNE g6y W t h
a recording gap lTayer in between, between the air-bearing-surface-side end

iapng the ot h?éacﬁﬁga i méléﬁgﬂ&ti%lemderhﬁ AhRRtrdist HigretodeitivRIAMRYr der to

rove the reco ng head performance. The throat” height 1s controlled by

an amount  of;d A0 ﬁ&tmﬁﬁemﬁegggm& %ﬁg@gﬁ%h@a&o&)&&g@e@ (GRER) hus

described, It 1s 1nportant to ricate we anc recordi ng an

ngg?d“d NgefieRdltt {rde JTREAYGhE TEMBEL QI TP AGR pPbd i difig HARA ddih FABENG | ¢ 25

20 element is called an AMR head or simply an MR head. A reproducing head
using a GMR element is called a GMR head. An AMR head is used as a
reproducing head where areal density is more than 1 gigabit per square inch.
A GMR head is used as a reproducing head where areal density is more than
3 gigabits per square inch. It is GMR heads that have been most widely

25  used recently.

The performance of the reproducing head is improved by replacing the



In order tq inplenent a thin-filﬁ1nagnetic head t hat achi eves high -3
recordi ng density, the requirenents for the reproducing head include a
reduction in reproducing track width, an increase in reproducing output,
and a reduction in noise. The requirenents for the recording head include a
reduction in recording track width, an i2mprovenent in overwite property 5
that is a paraneter indicating one of characteristics when data is witten
over existing data, and an inprovenent in nonlinear transition shift
(NLTS). In SRME f ] yinmg - | Dy 'hﬂ&qﬁg t] ?ﬁg”

di sk _, device gl% wﬁh%é&i‘ﬁiﬁ;ﬁﬁ% %&Iﬁ{*ﬂ a S gg ex%ellT Hgﬁgtr%rgmselgﬁg
~head el ement the e t he shider sllder
o rghtly 11 5ReerRer ARSEER Ry o VbR §ial o P B
generated b e rptat he nmedi u Ref rence |s 0.kl G 23A
Po Fl G 268 I#Féncﬁée M nlight S mff%!r sahe phfimized ERENR bightdsor a
nanufacturl Qf related art.  thin-fli magneti ¢ head, el enent. FIG
D5A t o Fl G thsdangiiothaighd bféwgeeen&@%gﬂwbﬁ%gzﬁﬁ opredin B Pibonr | ng

surface. FIG 23B to FIG 26B are crpss _sections, of the pole portlon each
par al | el® t paaxtngpuripesand ghe othercend. ocEky alrhparing purfase i asurface §f met hod,
as shown in FIG 23A and FIG. 23B, an insulating |ayer 102 made of al um na
(~A120~, f othecthimfilm magnetig headineingtowasd aamagneticirecording medivmdeposi t ed
on a substrate 101 nade of 20 al um num oxi de and titani um car bi de
01203-Ti C), f orPexfarmphnce Noprovementsaniansebrdingchdasyane aloo requived asthehi el d
| ayer 103 made of a magnetic material is formed for a reproduci ng head.
J\le)ﬁt, a botperforsmindecofgareprotincinghevelde ivfpraved.nslti iatrequiredteincreaseich as
alJum na and having a thickness of 100 to 200 nm for exanple, is forned 25
t hr ough sputhedinesy demsitiyeinbmideoto sivirease theyareal densidy anbengthe om shi el d gap
film104, an MR el enent 105 for reproduction having a thickness of tens X
-4 of rénonmiréoranarscef draradterideics of theaedordingchead.r dheatlagee shikDf isr e f or ned
on the bottomshield gap film104. The el ectrode |ayers 106 are
el ectri cal I pequivedaotiathlemenba fdcorlingdiehd ia ndiastv, track efruebing Wwhednf i | m
107 made of an insulating material such as

the width of top and bottom poles sandwiching the recording gap layer on a

side of the air bearing surface is reduced down to microns or a submicron
order. This width is one of the factors that determine the recording head
15 performance. Semiconductor process techniques are utilized to implement
such a structure. Another factor is a pattern width such as the throat height,
) in particular. The throat height is the length (height) of pole portions, that
is, portions of magnetic pole layers facing each other with a recording gap
layer in between, between the air-bearing-surface-side end and the other end.
20 Areduction in throat height is desired in order to improve the recording head
performance. The throat height is controlled by an amount of lapping when
the air bearing surface is processed.
As thus described, it is important to fabricate well-balanced recording
and reproducing heads to improve the performance of the thin-film magnetic
25 head.

In order to implement a thin-film magnetic head that achieves high



5 alunjna i,s formed through sputtering, for exanple, on thé bottom shield
gap film 104, the MR elenent 105 and the el ectrode |ayers 106. The MR

el enent 105 is enbedded in the shield gap filns 104 and 107. Next, on the
top shield gap film 107, a top-shield-Ilayer-cumbottonr pole-layer (called
a bottompole layer in the follow ng desgription) 108 is 10 fornmed. The
bottom pole | ayer 108 has a thickness of about 3 ~mand is nade of a
Jragnetic material and used for both the reproduci ng head and the recording

hoad. Next e iR Wlal ity G xR0 AGEING: A B BlBow sEhRRyd aYer 109

made of an Tnsu 1 u as an alum na hi ckness
~of 15 0.2 ~mys,..formed on, the bottompple l.ayer 108. Next..the recording
gap Tayer TOGUEGoRIREPRAHce REAFITIPE, fn RS ReC i roRO bR Sy BEE AR e o
magneti c path. xt,.a top pale tip. 110 for the recoy.di ead i,s forned on
The"Fecor o hiedpRarLisonoiabo"The rhatigments fits Tesfilitg Fadiackudg & 50 <
made of a rra%net,i c.material and, has t hi.ckness of 0.5 to 1.0 ~, m_ At the
sane time, HEU¥etiandndererding track widthqan impRovIgRRt I OVRIMELteproPeTtyo red
for maki ng the magnetic path_.in the contact hole 109a foy making the
magnet i & pathgt ingparagpetengicating pue of sharacdenistics when data 13 sadtemng gap

| ayer 109 and the bottom pole |ayer 108 are etched through ion mlling,
usi ng the teyereIisting éatpmndsaralmﬁmewtsmmnhneam@n@gep &hxﬁtrRNIp .ure
is called a trim25 structure wherein the sidewalls of the top pole portion
(the top pol e tlpgdnerpl, a fizingtymedimy-fJapmagpeticiead vsed iz phard dislkt he
bottom pole | ayer 108 are | -5 formed vertically in a self aligned
mgnner . Nexdeviemand she dikerig madeenp of & shides| aithimafiloh onagnetiphend blemeny a

i i ckness of about 3 ~,mis fornmed over the entire surface. The insulating
| ayer 111 ilwipgiforshediat the henikingfedge of the shdext o X heoslideri ghighttly Acatstdver
magnetic 5 layer 119 and flattened. On the flattened insulating |layer 111 a
first |l@yera tdcdrdingamediumfby means bf tlse anflews gendrated hylthée rotationpef the
recording head. The thin-filmcoil 112 is _~ made of copper (Cu), for
exanpl e. Nexedivdnphot oresist layer 113 is forned into a specific shape on
the insulating layer 111 and the first layer 112 of the 10 coil. Heat

treatnent is peRéferskek dlncw sield fo FIG.20EtaFIGe 264, FIGL 28B thFIG @eBice of
t he photoresist layer 113. Next, a second layer 114 of the thin-filmcoil

i s formed ognd PEGPRPEAESEEHe hA¥RamplS of BEhnufacBiihgBethvd dfayRilatel® 1S
formed into a specific shape on the photoresist |layer 113 and the second

layer 114 ofptttheh -6l mabRatic hefdleldbnt.S PRY.SIBATIFRG, 26ARSE cho
tenperature to 15 flatten the surface of the photoresist |ayer 115. Next,

as shows i Nselctibns €86h 8Rthogbimal &Pthe fireRri Suktanee’ FIES J3W td PRG! g6Br di ng
head is formed on the top pole tip 110, the photoresist layers 113 and 115

o ) e ) T3 O oy B oy Tl
,‘ ) According to the manufacturing method, as shown in FIG. 23A and FIG.
23B, an insulating layer 102 made of alumina (Al,0,), for example, having a
thickness of about 5 to 10 pm, is deposited on a substrate 101 made of
20 aluminum oxide and titanium carbide (A1,0,-TiC), for example. Next, on the
insulating layer 102, a bottom shield layer 103 made of a magnetic material
is formed for a reproducing head.
Next, a bottom shield gap film 104 made of an insulating material such
as alumina and having a thickness of 100 to 200 nm, for example, is formed

25 through sputtering on the bottom shield layer 103. On the bottom shield

gap film 104, an MR element 105 for reproduction having a thickness of tens



20 al um na,, for exanple) is formed to cover the top pole |ayer 116.

Finally, machine processing of the slider including the forgoing |ayers is
performed to formthe air bearing surface 118 of the thin-filmmagnetic
head including the recording head and the reproduci ng head. The thin-film
magnetic head el enent is thus conpleted:425 FIG 27 is a top view of the
thin-fil mmagnetic head el enent shown in FIG 26A and FIG 26B. The
overcoat l|layer 117 and the other insulating -6 layers and filmare
omtted in 3 [ W’Iﬁﬂ? cribe
the confi gu&a’ﬁ%ﬁzgﬁeﬁg %fs I der Slgm 3 Tet ?\%%eg%‘r@dnﬂ%%gtlt%\rgesftgﬁ%ggﬁ.

FIG 28 1S Dl ool diakudh ous He e ABoX HYRLE 165 A IGARkRAYT at on

of the air earing he sl , thé alir bearing
surface of the slider ;1204 s, sha uch that the slider 120 slightly
floats Overcoa{xr}eggeéfﬁ%%%?]ﬁmegﬁgﬁis a magnetic di sk by neans of the

ai rfl ow generat y {he r.otation.of e digum.In,FlL.G 28 numeral 121la
i cat oo a conSERO I Shieldh e i 107 Bath Gt wspIAbE siHeBALoBEh afon. A
thin-fil neti c. head el egent 122 is.|located near, the air-auifl ow side
end of the s, ﬂﬂngéghmg FOUtERrIRE; f&sfexsﬂmqﬁ»t%fh? g‘,’ttB’FP ?}HEL{J%%r
side of FI 28). The_ configuration of the head. elenment 1 is_shown in
FIG 26A an 1qt|1@4,§eﬁsl}4cﬂsfenés€§1#&5ban£5hq gaﬁtreasﬂaweloﬁs ﬁﬁﬁ%&ﬁ&e%
FIG 26B. The slider 120 is fabricated as follows. A wafer includes a
plurality ol08m emhedded pothe shield gap filmysi i and A8Vei nafter call ed slider
portions) each of which includes the thin-filmnmagnetic head el ement 122.
;l'ilhiés waf er is chiextromthe tprdieldogan 8lmakQy, B toprahieldrlaygreumsbettem-of whi ch
intludes a row of slider portions. Each of the bars is then | apped to form
the air beapélagayer fcaled aottorormode tayertin the foldowing dessmiptiond 188dst he
concave portion 12l b are 20 fornmed. Each of the bars is then divided into
sl i der s10120forme@. Thei otbornnde layert1i08s & thigknakeof abartg3 pimand $s 29 of
FIG 28. FIG 29 illustrates only the main part of the thin-filmmagnetic
head el emenmail2df aAnaghetin mdteeiad nadtwweddfar botd théreeproddeingllhd andible up
of the substrate 101 of al um num oxide and titani um carbide, for exanple.
The rest ofrdcordiniilibad. 25 120 is nade up of the insulating | ayer 127 of

al um na, for exanple, and the head el enment 122 and so on fornmed in the

i nsul ati ng | ayeNek®, fas shvwgie 6L 24A ahd PHG: 24B, 4 becording gap taydrad0d 127 is
the overcoat | ayer 117. As disclosed in Published Unexam ned Japanese

Pat ent Appl imgdeicfanHaisuBrtae®d A¥m (SulB 4k, arl aluianflf and Ravinga tldokhédsafof a
mat erial such as di anondli ke carbon (DLC) may be formed on the air bearing

surfacermf ¢.2qufilis €8%mddPon Thé BostbALpoleQapseVER Nekt, 9hé @Bcorfitig X IM}ee, Of
the bottomshield |l ayer 103, the bottom pole |layer 108, the top pole tip

110, and t heod @Pp#eifAly iched 14 Sodh & @ntaR hdlk G0930ot tekifE@Straghsticonal
view that illustrates the slider 120 with a
: ) path. Next, a top pole tip 110 for the recording head is formed on the
recording gap layer 109 in the pole portion. The top pole tip 110 is made of a
magnetic material and has a thickness of 0.5 to 1.0 pm. At the same time, a
20 magnetic layer 119 made of a magnetic material is formed for making the
magnetic path in the contact hole 109a for making the magnetic path.

Next, as shown in FIG. 25A and FIG. 25B, the recording gap layer 109
and the bottom pole layer 108 are etched through ion milling, using the top
pole tip 110 as a mask. As shown in FIG. 25B, the structure is called a trim

25  structure wherein the sidewalls of the top pole portion (the top pole tip 110),

the recording gap layer 109, and a part of the bottom pole layer 108 are



., protection film128 forned on the air bearing surface, the slider 120
slightly r floating over a recording nedium 140. 10 In order to inprove the
performance characteristics of a hard di sk device, such as areal recording
density, a method of increasing |inear recording density and a nethod of
increasing track density may be taken. -T®-desi gn a hi gh-perfornmance hard
di sk device, specific neasures taken for inplenenting the recordi ng head,
.the reproducing head or the thin-filmI5 nmagnetic head as a whol e depend on

whet her [ [ necording.: b MW rack density is enphasized. That is,
if priori t;ﬁ?glessl\?gﬁg%g’gf'g§(%§Ha%lﬁ§'§%{/?%§n|9gducti on in track width is
required for both recordi .head a r epr oduci head, ,faor exanple. |f
priority is gi \%Jﬁx{,@q 1%@3&1’?%@1#5{5%] og@ig?lﬂ??’nﬁf e?@@éﬁ&?qvéﬂg@or the 20
reproduci ng,head to,i nproye the,.reproduci out put gnd tq . reduce the half
Wi dth of t HIFiEees ahEPRYE ot FOTRIRRNES theiantine Sadaner o THEGDPRIATRE t ho

di stance between_the hard di sk pl atter d the s|lider_(hereinafter called a
magnet i c spayes 11ins peligheddo zﬂuriféﬁgio gh‘i)fOIQEO]@&lE@léiaélétﬁhesmﬁgﬁetéauare
inch, a magnetic space of 15 to 25 nm for exanple, is required. 25 A
reducti &n ilavemdhdapd flattened.s achi eved by reducing the amount of floating
of the slider. A reduction in nmagnetic space not only contributes to . 0.
an i nprovenent On thedlatieneskinsulatinglayer 1dAd firstddpex 112 of a thinefilmal doilyi dt h
of the reproduci ng output of the reproducing head, but also to an

i mpr ovenentisimadé fordhenndictioptyperecprding hend. e (bhelthnig-fikaaoil T isol | owi ng
is a description of the problemthat arises when the 5 nagnetic space is
reduced. | mate ofcopperdCy), foappamplef Next,ai photeaesisglayerl18ds dbrmhéd sl i der
1 has been perfornmed on a rotating tin surface plate through the use of
di anond sl unty a specifiexshape®n the indulAtinglayey 131 amel thel fikss lapeat 11héfthep t he
slider 120 have different hardnesses. For exanple, a conparison is nade

bet ween0 aldoill. nHeaptreetméntaisperforaniduat & apbdifie témperatura todlaatércthat eri al
used for the substrate 101 a nagnetic material such as N Fe used for the
bot t om shi edudfdceydthd PRotdresisbtiyer 130! Ndxty&seddt lalybe 1190f figd thihFflnd 10)
the top pole layer 116 and so on~ and alum na used for the insulating |ayer

127. The hajpdnggerméd ohltiephvtevesitt 1ayek 113, arNexs, aaiitdfedist laher 4153 est
while that of NFe is the snallest. 15 The hardness of alumna is small er

than that Gbridkd Hhﬂﬁéfbgééiﬁé sBAfe bhith8 iﬂﬁt&&%@tqge@m Sh&hEkeddillaybat Of
Ni Fe. ) The slider 120 includes a plurality of lTayers having different

har dnesses gy dfife @ASC Héa%qrealtfmédlti i8 pelfoifled!dia bedifil Q@ﬂ]p@f"at%ré iy surface

pl ate through the use of dianond slurry as an abrasive, differences in
level HqBY rsibd tROaMRBYoF bife pRMBESibAMyRg 195 f erent hardnesses. For
I

exanple, as shown in FIG 29, a differenCe of about 1 to 2 nmin level is

created bet weenythe ais%ﬁ%fr?r{a %[;F%c?.aﬁ’@z& and TRIBGdH & &gfpéslggﬁy%@’ﬁ I@é fie O

e?anﬁl e, that i's a’layer _ a magnetic materi _ , an end
iger 157" SO R PR ottt 10,
| ayer 127 BAtHLITHEA the el cBHRESY “Ee 300 pol YRR 176 a8 B Y4 1 1S

case. 11 ShhkSATERubAoL FUALAY PoEBRSTAGRO) DRRRELRSRRIR U FEFPT 11
20 alumina, for example, is formed to cover the top pole layer 116. Finally,
machine processing of the slider including the forgoing layers is performed to
form the air bearing surface 118 of the thin-film magnetic head including the
recording head and the reproducing head. The thin-film magnetic head
element is thus completed.

25 FIG. 27 is a top view of the thin-film magnetic head element shown in

FIG. 26A and FIG. 26B. The overcoat layer 117 and the other insulating



air bearing surface and the surface of the substrate 101 closer to the air
beari'ng surface, the protection elm 128 being excluded. 5 If the thickness
of the protection film128 is 5 nm as shown in FIG 30, the difference in
| evel is about 10 to 12 nm between the surface of the head el ement 122
closer to the air bearing surface and thé-surface of a portion of the
protection film 128 that corresponds to the substrate 101, the surface
.being located in the air bearing surface. If the distance between the

slider 10 1%2%95;‘1 n&tfﬁnfgfeo&ﬂhtg?d I am$40 when the slider 120 is flying is

10 nm the magnetic Space, t I's, the distance between the nmedi um 140 and

~t he surface of Rgﬁfrpﬁgediseljx delfozgg(lio‘.?%ﬁ(r# B%gﬁeﬁﬁzf% iﬂqg surface when

the slider 120 1S ying, 1S abou t hagheti c space is
per 15 squardapaeadt aeRiBE B soRethiLof B B ot Bithe  FROTCC o
e o SRR e o ekt Bl
e B e bt gt R
difficult to reduce the na%netic space of the related-art thin film

magnet i ¢ hebé0 isshapedisushthabthe slider 120 slightdy flonts ever aprcgydingraedium

performance of the reproducing head in particular to a suffjcient degree,
such as an sughras/@meagnatic @lﬁk%yelpﬁéaﬁl@f Elge airflowt genarated byithe refation ofa f

w dth of 25 the reproduci n?‘ohead. As a result, the problemof the related
,aét i s t hatthehmedivmor [a#dGo28tmunerald 2iasindikates e convex hprfioniendi t y
recording increases and -10 the yield of the hard di sk devices decreases.
| n Publ i sheguigeealal heihdicatans asonPavenortippl iA éhinofilthienagaagdobedd (1996), a
nmet hod of manufacturing sliders is disclosed wherein the step of |apping

t he ai rllbeaelemgpns 12248 decadéd nkar the diroutiflowpsidtendeef thedir beaxtingmsubface

i nsul at or surroundi ng the nmenber nmaking up each thin-filmmgnetic head

el enent is cfithdasdiden 120rtthat isnen ¢he mppoae sidecafifiF.28)1 o Theeonfigheatiomof ng up
the head el enent, so as to make the nenber protrude further than the

i nsul at or. the hdtidseleamnti kP2:is showavinr F1G. 26AanddFTG.c26B\dor bxamplel i s
created in the 10 air bearing surface of the slider between the insulator

and t he nenPertionCRARIG: @8adorrddponds to @16 268.required to form an
unnecessarily thick protection
The slider 120 is fabricated as follows. A wafer includes a plurality of
15  rows of portions to be sliders (hereinafter called slider portions) each of which
includes the thin-film magnetic head element 122. This wafer is cut in one
) direction to form blocks called bars each of which includes a row of slider
portions. Each of the bars is then lapped to form the air bearing surface.
Furthermore, the convex portion 121a and the concave portion 121b are
20 formed. Each of the bars is then divided into sliders 120.
FIG. 29 is a cross-sectional view taken along line 29-29 of FIG. 28. FIG.
29 illustrates only the main part of the thin-film magnetic head element 122.
As shown, the greater part of the slider 120 is made up of the substrate 101 of
aluminum oxide and titanium carbide, for example. The rest of the slider

25 120 is made up of the insulating layer 127 of alumina, for example, and the

head element 122 and so on formed in the insulating layer 127. The greater



filmto reduce this difference in | evel. Another problemis that, if the
magneti c space is reduced, the slider is likely to collide wth the
recordi ng medi um and danage to the nmedium 15 frequently results. To avoid
this, it is required to enhance the snoothness of the surface of the

medi um However, the slider easily stickKé-to the nediumif the snpot hness
of the surface of the nmediumis enhanced. Zb solve this problem techniques
.are disclosed in Published Unexam ned Japanese Patent Application He

o 507840 (580 UM SHA AR BHe b amioge, et Ao oL o 1

L T i BB
G 065 20 PI0RL PIOTN; o ARl ! € Pap R RRR i of £ ateBR bHER P idiong:  ace
o ov ded 1 11Tk eabeRdDLO) B e dradinn thevis brarint ssfack o) ASIEEI20 orrent

when the flying surface of the slider is progessed. In this publication the
fol | owi By finrag eaﬁapsf&@m&ommu@ra?wap@@pﬁ&%g%owmlﬂsal&m 198etR&:t i on
filmin the recess. The first nethod is to forma protection filmthrough
sput t er i ng kottomimiete layer 1985 the tarepaleiti 116 and thestan poladayen 1Hrandpot he
slider and a surface of the head el enent |ocated closer to the flying
surface, amh.t FIGEQisa eropswgctiondlagewdhat pdusiirptesrtheslider 120rwithvee a
portion of the protection filmon the flying surface of the ..~ slider. The
,s.scond met Howtéctionofilne 128fopned oncthei air beavingsvirface; the shider 12(:skightly e
ssurface including the flying surface of the slider and a surface of the 10
head el enerflodtovgoest & remedingmetinhildOng surface then to expose only a
portion of the organic filmon the surface of the head elenent and then to
renove 10he por tImordek to improyathe péiformaicochdmctéristids dfm hard Qesk f or ned
over the entire surface through sputtering, and the rest of the organic
filmis findkdvige, sachwuecredbrddovdivngrdenisity, 4 @tdthiod W inkreabmgdinéar Publ i shed
Unexam ned Japanese Patent Application Hei ?-230615 has a problemthat,

al t hough t hecéidihg deasity aerd a bdedhod of irdreasingiteael dendity sidy be taldn.t he
slider is flattened, it is difficult to obtain a desired shape of the

medi um f aciTydesigh addghfpdrfsrnsanddchardsdisk device, Spédific meaduiréditdlvdh for
above-nentioned protrusion is provided on the 20 nmedium facing surface. In

Publ i shed agamenethgliHeareesrlifgtRad, ﬁmiéggeah@mgﬂﬁadldrﬂ@ﬂﬁ-ﬁm99), a

techni que is disclosed to prevent the slider fromsticking to the recording

medi umpswheqgbRetdc ROAY 8% ial whbke déyeitbrPR hebKerdifodi$dco¥dinkdRn@ltyldie air
bearing surface of the slider, and the corners of the air outflow end are

25 renoved, i hEizBgar i : b &l (but
ot paral | 4 P T PR e,

rgot- L -rbubtioh B Ird KIS relRHRN Tor b ARUATInGhdad ARP Por¥oRubihg

prevent the sli rom st cki ng e nmedium It I'sS I npossi
elimnate tfg (diedd Sl5hsR. i N level in the air bearing surface between the
portion corrgspondﬁg{ng 0 the head el enent and the other part. It is

therefore diff iﬁ'?)'riorgt?r i@%t& ﬂﬁeﬁ%@&&ﬁ‘)g density, it is required for the

20 reproducing head to improve the reproducing output and to reduce the half
width of the reproducing output. Moreover, it is required to reduce the
distance between the hard disk platter and the slider (hereinafter called a
magnetic space). To achieve areal density of 20 to 30 gigabits per square
inch, a magnetic space of 15 to 25 nm, for example, is required.

25 A reduction in magnetic space is achieved by reducing the amount of

floating of the slider. A reduction in magnetic space not only contributes to



5 space. OBJECT AND SUMMARY OF THE I NVENTION I't is an object of the
invention to provide a nethod of manufacturing a slider of a thin-film
magneti ¢ head for achieving lowflying sliders, and for 10 obtaining a
desired shape of the nediumfacing surface of the slider. A nmethod of the
invention is provided for manufacturing &-slider of a thin-film nmagnetic
head, the slider including a nmediumfacing surface that faces toward a
~-recording nediumand a thin-filmmagnetic head el enment | ocated near the
medi um f aci ng: T [ af . ] e
I 4§ 1ﬁ§r'i'§@e%ent fhetHEELteg?gdﬁ?ﬁgg é%x%ﬁﬁt LRg aslteﬂﬁtﬁﬁlgﬁ Sl?lﬁ'l(}]% EHa'T{ ﬁgdt?lp

medi um facing s ace in a naterra or rmaki ng

‘material in i . e hj ty.] t ,a part of the
medi um f aci %gtlﬁguljra 5‘%:%1,?01@%?ﬁtﬁtaéﬁyerrggg%ﬁcgﬂé ﬁgaghla%éagﬁ?o(}?faper ence in |evel
between a portion of .t.he, nmedium.facin urface correspondi ng to the head
el enent and“??lléwfﬂjﬁntd?%%lﬁé’ve Y %Wf%%riboéﬁﬁﬁet?g? 1&&%& that the portion
of 20 the nedi um facing. surface corres di n o the head elenent is

| ocat ed cl oser ﬂ}e?@l" Bt A ?cﬁ@&}%ﬁfﬁﬁﬁrgpiqr%ég?t arises wihen the rest
of the nedium faci ng surfa e.%(fcc r&i}ep to thz rre,tho? f the invention, at
| east a dparBagpetinsbagss g -nglorb gr ALt dARMEG ol ARe A1F begmpg 5
reduction is achieved in difference in 25 | evel between the portion of the
medi um f aci $Hyiacerefdbe sbider 20 ashaenparieamerhan fgratatingdimsurfage phatet and
the rest of .the medium facing surface. 13 Alternatively, the portion of

t he nedi um threngh theuse of diamppd ghuay.dop esampde.t he recordi ng nedi um than at
| east a portion of the rest of the mediumfacing surface. According to the
method of the iAwdnralify oftthateziadp that makei upytheslidenl 20rhave different f ace may
include |apping of a surface of the material to be the nedium facing
surface. Thieandmelsas. ofFarrexamplena compasisonis iade betweens alumingmeyxidé
formng a protection filmover the nediumfacing surface after the step of
et chi nd.0 | nandtisasiome catlide pheat &ca caranicl mateyalbhesedafde thé sdbstratel101:ke
carbon. The nethod of the invention may further conprise the step of

form ng a cmageatipmdtenial snch he NiFetweetli fon the bottoihshiebd hyedrd03; bke
invention may further conprise the step of formng a protection filmover

t he medi umBatompode tdyesd O8] the tdppolettip 100, thertoprimlé heyereldiéuand a6 ong
surface, wherein a portion of the protection filmis etched in the step of
et ching. | nidalimaseusddforthotigsilacingflayer 12y. bTheddedabsbfralantinunke
carbon. The protection filmmay have a thickness greater than or equal to

the differ ejii@e hdlttapivedarbiie isltbeRRbatcdt wiild {iatBTNFD ik ahb Ren At ace
bef ore undergoing the step of etching, the portion corresponding to the

head eligmenthe BAFdAdss! FAFEMEINR N Ehn@NleP thihChsE£6L alfiminhien BREHLR] aCi Ng
surface. According to the nethod of the invention, a convex portion may be

formed on thediGal catbidd)® ol for e EhatWiNiFR, i n the step of etching.
According to the nethod of the invention, ion mlling or reactive ion

etching may be prediiisr 196 ikd60eSh g@ﬁﬁliw%ﬂﬁ?%ﬁ% HpredAaGit @iﬁ&&ﬁé’sbs% the

iAvention, etching may be perforned through focused 1 on beamin

the step of, iy deribBd! hiﬁéﬁ%\?ﬁdeﬂ%@m%eafo&mﬂMé@edpiawtﬂf‘@d’gﬂmy be

nmade with reference to an en
the use of diamond slurry as an abrasive, differences in level may result

20 among the layers having different hardnesses. For example, as shown in
FIG. 29, a difference of about 1 to 2 nm in level is created between the
insulating layer 127 and the top pole layer 116, for example, that is a layer
made of a magnetic material such as NiFe, an end of the top pole layer 116
being located behind an end of the insulating layer 127. A difference of

25 about 4 to 5 nm in level is created between the insulating layer 127 and the

substrate 101, an end of the insulating layer 127 being located behind an end



the medi um.facing surface in the step of etching. According to the nethod
of the invention, in the step of etching with the focused ion beam the
medi um faci ng surface nay be shaped such that a portion thereof between an
air-inflowside end and an air-outflowside end 5 projects further toward
the recording medium In this case, inthe step of etching with the focused
I on beam the nmedium facing surface nay be shaped such that an arc is
.formed between the air-inflowside end and the air outfl ow side end.

According tdp+}0Sy BFH&%’l@i ti;k?tlhfa oy dlgﬂé?%ﬁk%%% 1BYENE ol t!o”?bﬂi’e 10 a

magnet or esl St Ive enent en t e nagnetoresistive el enent

TDeteen a0 b EhEur e L o L ﬁ TR REATBIGHE S, Bt ioygt her

end may be ‘contr he S ocused i'on”bedm

175 mindt Dol G elin i ‘34‘)“5%"‘%2@?&%?* P fnd ot
magnet i ¢ |£?@F§16mﬁ%ﬁ ﬁbeﬁﬁ%WQﬁPEa{ﬁH} ﬁ%@??m%‘w ég?fbsed to each other and
Bet ueendt he. pol Sa&?m%%égépffméé‘% o Rlm SRS hary peron e FRage o

thin-filmcoil_at least a part_of which is placed between the 20 nmagnetic

| ayers and thﬁshffalfeétfeflrldﬁwlﬁé ahﬁghéﬁhte 1|2aw@rb°etW|eﬁnébeuwfﬁve of tbe headt h of

t he pole portions between an end thereof located in the mediumfacin
surface anclemenbiR2clasen torble pir hearingpnefgce andithe susfacerofapantiop el th the
focused i on beam Oher and further objects, features and advantages of the

venti on helproteciiopalim dﬂ&éhammﬂyemmﬁl&wethmﬂub@w-ertg 19dsthe puifope - 15
I EF DESCRI PTION OF THE DRAWNGS FIG 1A and FIG 1B are cross sections

for illust rheing dpcated spthaakrbearingswrfate.a Ifthedistancerhatiwean the slgder
thin-filmmagnetic head elenment. FIG 2A and FIG 2B are cross sections for
i |1 ust a8t i nkPOeamsd tee tévardmgimetdioms 140Gvhen the dlidasl20 B fiFing is30 amg the G 3B
are cross sections for illustrating a step that follows FIG 2A and FIG
2B. magnetic space, that is, the distance between the medium 140 and the

surface of the head element 122 closer to the air bearing surface when the

slider 120 is flying, is about 20 to 22 nm. When the magnetic space is of

such a degree, attainable areal density is limited to about 30 gigabits per

15  square inch.
As thus described, the related-art thin-film magnetic head may have a
) difference in level in the air bearing surface of the slider 120, the portion
corresponding to the head element 122 being recessed behind the other part.
As a result, it is difficult to reduce the magnetic space, and to improve the
20 recording density.
Sinee it is difficult to reduce the magnetic space of the related-art thin-

film magnetic head as described above, it is impossible to improve the

performance of the reproducing head in particular to a sufficient degree, such

as an improvement in the reproducing output and a reduction in half width of

25 the reproducing head. As a result, the problem of the related art is that the

error rate of the hard disk devices for high density recording increases and



_~ FIG 4A,and FIG 4B are cross sections for illustrating a step that
follows FIG 3A and FIG 3B. 10 FIG 5A and FIG 5B are cross sections for
illustrating a step that follows FIG 4A and FIG 4B. FIG 6A and FIG 6B
are cross sections for illustrating the configuration of an exanple of the
thin-filmmagnetic head elenent. FIG 710s a top view of the main part of
the thin-fil mnmagnetic head 15 el enent shown in FIG 6A and FIG 6B. FIG 8
.is a bottomview illustrating an exanple of the configuration of ~ ) the

air beari th%y%@g‘gt% }M}a %%ggg%ce%l%lfe%g%g a cross section for

i1 lustrating I'na ne uring sliders of a first

"o step that i ol HoRUBEFR BhexfraibbdIabdnods BalbrdatuGRba bl blaopdli ng o
he sur  acd 10PBh B Bethorl HARSRRHT eI dest 1 dizeloBl witedfh Pl befiing Jan
head” ol oncrléPBIng 1P S BBFInECRHFRAEe 21 P SLUFFS BRAHAE ROt HAAT o 1 1 st
enbodinment., FIG 13 is a _cross section for iIIustMa,hiiinr]g;a step i.n_a net hod

of  -18 ndraviatensurguedingthe memberduakinenp sar mymagnetie headn
FIG 14 is a cross section for illustrating a step that follows FIG 13 and

i | 1 ust r at eelement s eraded|ipghmoye tngyen marnay compared tathe wembear recor di ng
medium 5 FIG |15 is_a _cross section for iJlustrating a stg‘gei n a met hod of
manuf act ur imgkiig upitbe bead elément, sotasdiomake she membew/pratrude fumtler 16 is a
cross section for illustrating a step that follows FIG 15 and __~
il ustrat eshaneahelingelatet.i ght |y floating over the surface of the recording
dium 10 FIG_ 17 is a cross section for illustrating a step in a nethod
of manuf act uri nig tHis dectmiqhe chdwenerha greéatidiffemencef int lewel isvernaiedin theG. 18
Is a cross section for illustrating a step that follows FIG 17 and
i | | ust 18t esair beashgdarfaceiaflthe gliflbnbetwepmther insataton mhddheahemberincor di ng
medium 15 FIG 19 is a cross section for illustrating a step in a nethod
of particular. It is therefore required to form an unnecessarily thick protection
film to reduce this difference in level.
Another problem is that, if the magnetic space is reduced, the slider is
likely to collide with the recording medium, and damage to the medium
15 frequently results. To avoid this, it is required to enhance the smoothness of
the surface of the medium. However, the slider easily sticks to the medium
) if the smoothness of the surface of the medium is enhanced.
To solve this problem, techniques are disclosed in Published
Unexamined Japanese Patent Application Hei 8-287440 (1996), Published
20 Unexamined Japanese Patent Application Hei 8-293111 (1996), and
Published Unexamined Japanese Patent Application Hei 11-120528 (1999),
wherein a protrusion is provided on the medium facing surface of the slider to
prevent the slider from sticking to the surface of the medium.
In Published Unexamined Japanese Patent Application Hei 7-230615
25 (1995), a technique is disclosed to flatten the flying surface of the slider,

wherein a protection film made of an insulating film is provided in a recess



manuf gcturi,ng sliders of a fifth enbodi nent of the invention. FIG 20 is a
cross section for illustrating a step that follows FIG 19 and illustrates
the slider slightly floating over the surface of the recording nedium 20

FIG 21 is a cross section for illustrating a step in a nethod of

manuf acturing sliders of a sixth enbodiri#nt of the invention. FIG 22 is a
cross section for illustrating a step that follows FIG 21 and illustrates
.the slider slightly floating over the surface of the recording nedium 25

FIG 23A a e cr ' ' ' . '
met hod of R g*lgéc(% ﬁgﬁl‘g&rnat}&héﬁ?\&frﬁqﬁni tr%gﬁee (lpéle#eéa# S&é{lgﬁn@ﬁ? ﬂ%ﬁ%g{r?%ff’g? ggl art.
«-17 FIG 2 a FL.LG 24B are «croess._seations. fop.qll.ustrating a step that
foll ows FI éﬁe;@ﬁegﬁﬂpﬁc&sseﬁgaf pggﬁc%ﬂgn H;%EOI nglférsig'a Sseggr&&i ons for
illustratin st ep that, f ows F 24A and F 24B. 5 FI G [ 26A.and FI G
268 ar o o duetheilsig diSpsed to Mimidethetoteetion i ifiilis et nddt Winent
FIG 27 is a top, vi e& of the relatgﬂ-@a t thin-film magnetjc head el gnent.
FIG 28 i s methodistedeena prajestion fityg ¢ HO%Qa%vféeepgmér& pieRkae surlase of
the air bearing surface of the slider. 10 FIG 29 is a cross_section taken
al ong | Pne 1291u%9ng>1thr:ﬂ@naeurfﬁ1:@f the slider and,a sustace oh the bead elementt i ng
the slider slightly floating over the surface of the recordi ng medium
DETAI LED DHseredTiaer tp theidyinreserires andbtiapeiredlying susfacerafdhe shder ment s
of the invention will now be described in detail with reference to the
acconpanyi rig air toemeeve 4 portien shthaiprasectiomfilmran thenfipidignsurfacss of: e
invention is applied to a slider of a thin-filmnagnetic head (hereinafter
sinply cal |skidea sTheeejondrmetbod ticto foxs: a photisengitiviecrganie Slmioxeethe a
medi um facing surface that faces toward a recording nediumand a thin-film
magnet i ¢ headirel améave inchaling the flyingsurface bfthed slideriaridasurfaetef¢hee i s
now made to FIG IAto FIG 6A FIG 1B to FIG 6B, and
10 head element located closer to the flying surface; then to expose only a
portion of the organic film on the surface of the head element; and then to
remove the portion of the organic film. A protection film is then formed over
the entire surface through sputtering, and the rest of the organic film is
finally removed.
15 However, the technique disclosed in Published Unexamined Japanese
Patent Application Hei 7-230615 has a problem that, although the flying
) surface, that is, the medium facing surface of the slider is flattened, it is
difficult to obtain a desired shape of the medium facing surface of the slider,
such as a shape in which the above-mentioned protrusion is provided on the
20 medium facing surface.
In Published Unexamined Japanese Patent Application Hei 11-185418
(1999), a technique is disclosed to prevent the slider from sticking to the
recording medium, wherein a convexity is formed on the air inflow side of the
air bearing surface of the slider, and the corners of the air outflow end are

25 removed, such that the air bearing surface forms a specific angle (but not

parallel) with respect to the recording medium when the medium is at rest.



FIG 7,to describe an exanple of a nethod of manufacturing the thin-~Im25
magneti c head el enent of the slider to which the first enbodi nent of the
invention is applied. FIG |Ato FIG 6A are cross sections each orthogonal
- 18 to the air bearing surface. FIG 1B to FIG 6B are cross sections of
the pole portion of the head parallel tdZhe air bearing surface. In the
nmet hod of this exanple, as shown in FIG | A and FIG 1B, an insulating
Jayer 2 made of alum na (Al 20~, for exanple, of about 5 Nmin 5 thickness
is deposited on 1 i j i i bi de
(A1205-71 O, Tort ol hoWErer pchoUER 1R efifc B0 Drbv M MIER: O

-layer 3 is . .0duGl no: . . I |l ayer 3 is
made of a n%g{lller%q %ﬂlﬁgttél?ﬁ%ﬁféﬁdgﬁ]’gtsI%é?‘ﬁ(gﬁgfboly%gﬁg%%g%aﬁ%?L‘%ﬁggée about
3 Vim The hotiom,shi.ekd l.ayer i el ectively.forned on f.he 10,insulatin
Cayer 2.t nrSCEHAOIR R GeATEE Sarfars bt EePE th Ppiiot el hatiading b he Repa ™ | "
Next, al thoygh not shown,.an insulati | ayer,. m na, for exanple, and
havi ng a th‘?Li Wé‘gé‘"glf&‘z‘? qthex part: T'Iglls %ﬁ%@dlﬁi‘:‘ﬁ{)tj‘?ﬁ%\‘?é CHARERSEG r e
surface.  The insulating layer is then polished through chem cal mechani cal
pol i shi Ry (¥¥9S§; for exanpie, so that the bottomshield layer 3 is 15
exposed, and the surface is flattened. Next, as shown in FIG 2A and FIG

2B, on the bottomshield layer 3, a bottomshield gap film4 having a

t hi ckness of _about 20 to_ 40 nmeor exampl e, is forned as an insul ating
film Next, OBJEGT ANDSUMMABY QEFBEUNVBNHONng a t hi ckness of tens of

nanoneters is formed on the bottomshield gap 20 film4. An end of the MR
Aelaf:mant 5 is | obdsaan ohiectnf thennpentiomgo previde @ Bethorhef mRnuifactuningsa may be
formed through selectively etchi.n%1 an MR filmforned thr ough Sputtering.
The MR el ersditer®faethindilanmeigneticthead for achigvingroywrélying elidexs, andffor m t hat
exhi bits magnetoresistivity, such as an AMR elenent, a GWR elenent or a

t unnel 1fagmditeinisgst desiredidlpectfcimermediuas fNdrg suafasaiof thé skhdect r ode | ayers
6 having a thickness of tens of nanoneters are forned on the bottom shield
gap film4. TheAahethodaddéhe igesrgidh s providedforimranufactinting coslidatafch t o t he
MR el enent 5. Next, a top shield gap film7 having a thickness of about 20
to 40 nm fthinddanmagnetie Headrtlte slidemninchsdihgta mediwhfhoimgt diafiwt that shi el d
gap film4 and the MR elenent 5. The MR elenent 5 is enbedded in the shield

gap fil s 4fasssitotvarthe rédoedingt inedivtimrida thin-filmthaghétiehdadalkerhehts 4 and
7 may be alumna, alum numnitride, or dianond-like carbon (DLC). The

shiel d gap IbtAted readthe médand fadifg Saefachr OTHE nddthod @odiiiss thidtbpabf:vapor
deposition (CVD). ,,. Next, a first layer 8a of a

t op- shiigl d-formehg Ch it b Fapil s N & il A hflebill Rbd F6¢ hidtkiAg RRE kAARRO! €
| ayer) 8 is selectively forned on the top 10 shield gap film7. The bottom
pol e layer theimateisl iAtlAliARgRE heGd BRREAEand etching at least a part of the
’ ) medium facing surface, such that a reduction is made in difference in level
between a portion of the medium facing surface corresponding to the head
element and the rest of the medium facing surface, or such that the portion of
20 the medium facing surface corresponding to the head element is located
closer to the recording medium than at least a portion of the rest of the
medium facing surface.
According to the method of the invention, at least a part of the medium
facing surface is etched. As a result, a reduction is achieved in difference in

25 level between the portion of the medium facing surface of the slider

corresponding to the head element and the rest of the medium facing surface.



and used far both reproduci ng head and recordi ng head. The first |ayer Sa
has a thickness of about 1.0 to 1.5 Vim The bottom pole layer 8 is nmade up
of the first layer 8a, and a second |ayer 8b and a third | ayer 8c descri bed
| ater. The first layer 8a is located to face at |least a part of a thin-film
coil described 15 later. Next, the secdd |ayer 8b and the third layer 8c

of the bottompole layer 8,..each having a thi.ckness of .about 1.5 to 2.5

2 ne arbEEh ARy, WE oo o1 P BECE TR S P e bt
pol e portj,on of the bott.om pole |ayger and |.s_coO cted t surface of
Phe t Pt iy SrosdieReupibtatn Y fast 2 Babipaphift ast of bt i

-l ater (on.the upper side of FIG 2A and FIG 2A). The third layer 8c is
provi ded Fﬁ?nﬁgﬁﬁgg?fng the first layer 8a to a top pole |ayer described

| ater, and is |ocated near.the center. Qf the thin-filmcoil, described
ater. A porti BRCUIINRGS Sh dae b otathe ST e the FeH0I & FEPERENGE an
end |ocated farther, from.the air.bear,i surface 30. The .position.of this
25 end deFSHT FREIPR AT FUM AR JBRBIE PLATIHACE ] PReTERTTE [hyer
8c of the boétonl olefjayer 8 . -20 may be made of Ni Fe (80 weight %N and
20 wei ght P&t §f?egFuNi?8I¥ﬁ§uﬂ%F&ht % Ni and 55 wei ght % Fe) as a high
saturation flux,density material, and formed through plati.ng, or nmay be nade
of a material ?BEhngghﬁgNogrﬂﬁéZPNCBE°H rh f%g%ﬂﬁﬁﬁp??%xﬂﬂbﬁgngOF
material through sputtering, 5 Alternatiyely, a materjal such _as CoFe_or a
Co- base alGFDIGUE HSLESHo TS 8V Dhe Sasdiii BRI BXTIAERSTIS A EFP! may
be used. Next, as_shown in FI 3A and ngi 3B, ag i ns Iapéag film9 having
a _~ thi cRH&EBEof IRIE 7SS (tHeoPEKEHPRSIIB Y B enaffeokAtamanduifsce. f
Next, a photoresist is patterned through a phofoljthography process tg 10
form a frSAEPYhot TEﬁomﬁ?h?éétf th IRBRAYGR t At HITEREY (corusife ttheo®i§® £F ame
pl ati ng. Next, the thin-filmcoil 10 nade of copper (Cu), for exanple, is
formed byfqrmaing HCapyveay PORHBARN the Pagection filinf r ane. For exanple, the

t hi ckness of the coil 10 is about 1.0 to 2.0 gmand the pitch is 1.2 to 2.0
Vim The frameThs tMehodembvite inyeRHEnd MR nid themeroanprios thiditsPesfa 15
portion for connecting the coil 10 to a conductive |ayer (l|ead) described

| ater. Nef@rming apypicstiorfidm gyen Hae ppresliumyfaging sarfrge iaftpr e pter obf

~~ alum na, for exanple, having a thickness of about 3 to 4 ~mis forned
over the &mping the meddumripcing syrtagen yhegpit aportion: petheypretspiantfimpugh
CwWP, for exanple, until the second layer 8b and the third |layer 8c of the
bot t om 20ipEfehachirthg step ek pttung. ahy thifecase.f the pratectign: Bleoman khough
the coil 10 is not exposed in FIG 4A the coil 10 may be exposed. Next, a
recor di ngmgge phydampndrlile errban. i A protsgtinat Bhn anayfhaaee ghtlbikkasgss | s
0.2 to 0.3 hum) for exanple, is fornmed on the second |ayer 8b and the third
| ayer 8c &fcatge thent ermepdiad tp fasr ddfesgpeedd lgvel bpeveas ghatmartionagkthe 25
11. In general, the insulating material used for the recording gap |ayer 12
may be al medinm dacimignewriace rhedere anglergeiog- thostere obeiehing et%ieaps)rtapn
silicon -21 nitride-base material, or dianond-like carbon (DLC) and so
on. The reewespagdippte ahehendl elgmeand, padr aickaast at pexsiarh of phe rest afthe CVD.

medium facing surface.

According to the method of the invention, a convex portion may be
formed on the rest of the medium facing surface in the step of etching.

According to the method of the invention, ion milling or reactive ion
etching may be used in the step of etching.

According to the method of the invention, etching may be performed
through the use of focused ion beam in the step of etching. In this case,

alignment of the focused ion beam may be made with reference to an end of



Next, a portion of the recording gap layer 12 located on top of the third

| ayer' 8¢c is etched to forma contact hole for making the magnetic path. 5
Portions of the recording gap |layer 12 and the insulating layer 11 that are
| ocated on top of the connecting portion 10a of the coil 10 are etched to
forma contact hole. Next, as shown in-B#G 5A and FIG 5B, on the
recording gap layer 12, a top pole layer 13 having a thickness of about 2.0
10 3.0 ~mis formed in a 10 region extending fromthe air bearing surface

30 to a po.rttﬂe%e@irhrﬁg%’cci? shp%g%g;rlrtﬁglsﬁﬁsaf&ghﬂ{%t he bottom pole |ayer 8. At

the sane tine, a con ve I'ng a thickness of about 2.0 to 3.0

'%’hlg" i Epf ol o | ABFeEY R foltbd AIRHBTRbLMod IR e 406 of Bidbipk Wik Bho o1
pol e | ayer

FPormed 1 n (eSOl PR i MaftR aicind BytRE 54 be'BHBSa S ERE £2) o1 15

may be nade of. Ni Fe ight %.Ni. and 20 weight, % Fe) or, a high

o5y urat | on RArHen fbezeal petiEeeh am At ieioN:sid PRd BRd 3B AT SRS wei gh
% Fe) through.plafing, or %@% be madg of a, .20 eri.al such as FeN ?r FeZr N
as a hi §h SHeificks Frler tpwardhthe spcardingmeditm.o hthis cageripthe step o
Alternatively, a naterial such as CoFe_or a_Co-hase anorphous paterial as a
hi gh sat ur #tebingwith thedesuspdigndeam, thaynedium faring suriase sway beehaped
frequency characteristic, the top pole |layer 13 may be made of a nunber of

| ayers of iswshdhataniarsis fampeyd betwrenathe aimgnlewesife padambthe awer mal | oy,
for exanple. Next, the recording gap layer 12 is selectively etched through
oty  -22 endflowgsideendg the top pole layer 13 as a mask. The dry etching
anéy be reactive ion etching (R E) using a chlorine-base gas such as BCl2 or
Cl2, or a fl uorAcerdiagdoghe methodaf theinventdms,)thedreadvelapleat nvax inclade
second | ayer 8b of the bottompole layer 8 is selectively etched by about
0.3 t 010. 6 amagmetorghis§ivarejementyrand the lepgth of thecaagnetorasistivmedement ur e as
shown in FIG 5B is thus fornmed. The trim structure suppresses an increase
in the eff dutiveentancerid thatbf oatddanctheamedinnn dhciagrmyfrei and thexothener at ed
during witing in a ,~ narrow track. Next, as shown in FIG 6A and FIG 6B
an over coaterdamey bercontralediimnthe step fof etchiagmich thavoouged ibhbekmess of 20
to 40 wnis forned over the entire surface. The surface of the overcoat

|l ayer 17 is t heAcdokr@ingeioatheandthvdost thedhvehkivn) tHedlies] elehicadanapr e f or med
on the overcoat layer 17. Finally, lapping of the slider including the
foregoi ng liaykide: h firee hiapmetid laperd Mdnatdeeord mdAEdtidlayst nfaartieallpf the
thin-filmmagnetic head including the recording 15 head and the reproducing

head. fhe tc'%hﬁléd {0 dERWIRLE Cadle3fiwdlicHRitludss dt st NP IBiRdthd fikat ahd S 2
top view of the main part of the thin-filmmagnetic head el enent shown in

FIG 6A andiebdd nfidnetiedhPbrs inlR1dIME nedietipdle p%?ti@ﬁgof)ﬁ@seﬂtﬁb%achnsm ating

layers and films are onmtted. 20 The thin-film magnetic head el ement of
i D' s exanplgheP Ry pisedliRCredisHs U haFddSf the! hdlRuh TatinkatatadePUFaY 2

cordi ng nedium (air bearing surface 30), the reproducing head and the

di . Co i . ) duci

head | not udBEe s e B B B A e e T op
hield | . f LB G E SRRE S

Eol?ionsag?BYﬁgg%ggg%ﬁgéﬁFéthféggﬁé%aé%gtﬁggﬂ#g%ﬂgﬂ%gﬁgMEQ?ér onéa si de of

th i bnb i . . . t i VR

ol omone¥s- HEeBfb Al IevAEE wid 1AL RSPAPRTEF he b BBkl THadMeh 40 T 1ng

the t 90 Shiych kol iRl poll BoRGSRL BLARACAS ChAChUIST 140G R T ERUAR Bl Vet 8

and the top™p nagnet | coupl'e 0 eac fer “each of which
i ncl udes at, Least gne er.. The :hottem pol e yer.8 and the.to | e
ayer 13 | ferBRcustics st BSHibed $Ra28hY BF BRkpusAIE d 350 ot BREARE ARG ons
on a side %hgthe ai,r. bearing surface 30. The recording head further

t

i ncl udes: fochsgAdPndeamy” - | ayer 12 placed between the pole portion of

t he bottom pol e | .ayer and the . . .
P Othe%- and8 furtnher (t]bjects, features and advantages of the invention will

25 appear more fully from the following description.



pole portion of the top pole layer 13~ and the thin-filmcoil 10 at |east a
part 'of 10 which is placed between the bottom pole layer 8 and the top pole
| ayer 13, the at | east part of the coil 10 being insulated fromthe bottom
pole layer 8 and the top pole layer 13. Reference is now nmade to FIG 8 to
describe an exanple of the slider to wrilh the nmethod of manufacturing
sliders of the enbodinent is applied. 15 FIG 8 is a bottom view t hat
dllustrates an exanple of the configuration of the air bearing surface of
the slider. E]q;hg N MMPORAWIAGGsof the i~ slider 20 is shaped
such that -t gms i grSCZ% S I?)ghtq?/qfflf%ats over a recording nediumsuch as a
-magnetic disk b S e{giL.Ll r i . medi um
IecHa ] FIGC18'drb c?&sgfe%ggﬁ% 9k %&gﬁﬁ%g%@%}ﬁ gﬁb

In FIG 8 nunera a l n_dl cates ‘a convex I on _

o oot e S RE P3h S A et FRBNERS 5Pl ST ABRte, o
ey T N
11 1o debor IUPNMEIGethaBdd ittt act ur  ng sl i ders of the enbodi ment. FIG

9 is a cross section for -24 illustrating a _step of the manufacturing
method. FIG 10FIG. 3AandEIGe3Biazn cress sectigus ff%zﬂlﬁtyt@ts%a stethato] | ows
FIG 9. FIG 11 is a cross section for illustrating a step that follows

FIG 10 andfdllowssFia:24 andfiG&B-s| i ghtly floating over the surface of a
recording medium FIG 9 to FIG 11 are cross 5 sections taken along |ine
9-9 of FIG 8, WherdAranshF]G¢ 4B argicnogsesections forillnstrnténg astep thrat s shown.
i/ the method of the enbodi nent a wafer utilized includes a plurality of
rows of porfallows FIGO3A enddiG 3B (hereinafter called slider portions) each
of which includes the thin-filmmgnetic head el enent 22. This wafer is cut
in 10 die dir ectFlGn5AarbFIGLSBare creds sedtibns forcidbistdting ashep tltatudes a r ow
of slider portions. Each of the bars corresponds to the slider material of
t he i nvent i followseRIG. 44 anddi¥6+.i4B.FI G 9, each of the bars including the
portions to be the sliders 20 is lapped to formthe air bearing surface 30.
The greater par FIGS6AfartdEIG) 6B are 200dssentidrs fir iblustfatingitisd ¢a@ifipulation

al um num oxi de and titanium carbide, for exanple. The rest of the slider 20
is made up of ah bRampielofthethin-film mapeietieheald elem@n®ta, for exanple, and the
head el enment 22 and so on fornmed in the insulating | ayer 27. The greater

part of the insEi@t 714 altepiew 6f the Einiart 00 dhe thivefilm magfethd headt he
above-stated lapping is performed on the slider 20, differences in level in

t he ai rigeagletbntWhbdain3PIG c8A landaFIoshe | ayers having di fferent
har dnesses. Lapping is perfornmed on a rotating tin surface plate through

the use of an apy@sB\s aMitedn viewr illabtrafing!dH éﬂazﬁﬁw&i the@nigtdRftn b Whi ch
an al kaline lubricant is added, for exanple. In this case, nechanical 25

Iaopi ng is PRy ARG sWdibscd sFthedllidag. | ayer 27 together with the bottom
shield |ayer 3, the bottompole layer 8 and the top pole layer 13 that are

made  -25 of ma.eéiiggrm&rmkﬁn%}muabgﬁhgg%(tgp_(iﬁi etRod8f f Or med on the

insulating layer 27 made of alumna wth the ine slurry. It is thereby
ible th . ' [ ' th

el at i ng oy Bag iz plilcen B RIERL opionk B PAPRAERENEE "The bott om pol e

layer §@nd thepyap;gol g cg?glsg%ggioﬁ%’or HiudtFalilB ASstbp that RAWVEFTIGL G 0ugh

| appi ng" Wi th the above- ne
FIG. 11 is a cross section for illustrating a step that follows FIG. 10 and

illustrates the slider slightly floating over the surface of a recording medium.
FIG. 121is a plot for illustrating an example of the waveform of
reproducing output of the thin-film magnetic head element of the slider
25 manufactured through the method of the first embodiment.

FIG. 13 is a cross section for illustrating a step in a method of



al kaline slurry to elimnate the difference in the | evel between the

i nsulating layer 27 and the substrate 1. A difference of about 4 to 5 nmin
| evel is thus created between the insulating |layer 27 and the substrate 1,
the insulating 10 | ayer 27 being | ocated behind the substrate 1. In this
case, the difference in |level between t-Hé surface of the head el enent 22

| ocated in the air bearing surface 30 and the surface of the substrate 1
Jocated in the air bearing surface 30 is about 4 to 5 nm In the follow ng
step of thi i . 1 ist film31lis
sel ectivel yﬁ)fag%%'ugﬁ{g ?11%3&38?? ?‘\cl)gr%c{c))l?d tE k]? Ogl}lg eggg??}\é;ﬂ%%g%é 30 of the

sl ider 20, the ti S I . t

i nsul ating | aye??97l.123%>%% 5’552%%%%8'}?5518%% %ﬁlﬂg%dﬁtgi)gg‘éﬁ?oﬁo&sf??%hf%a nfi he
air bearing.,surface 30 w,th &he toresist filma3l a mask,. This etching
5" oref er antpiFes ehn shieC el BRRARE Rk she skthbe BF 1Be FRRURE  ng. 20
The anmount of this etching is 5 nm for exanple, that is equal to or
greater t haPedM¥0ei f ference in | evel between the surface of the head

el ement 22 cl osgr to_the air beari r}g slirface 30 and .t he su}&];f’gc of the
substratle 1 cl o¥&¢- 48 1¢ peress sasbign;tag 1liustraldee aetep Anahmet i ment t he
substrate 1 is etched in this step of etching the portign of the air
bearing surmanafaguring slidessofa thirdembodimentef thejprentienr i bed et ching
achieves a reduction in the difference in |evel between the portion
correspondi ng t 81Gha6heacross segtiondar tilustpating atgtep gbat fdlowsoFl@spoandng to
the substrate 1 in the air bearing surface 30 of the slider 20 before the
protecti on Hlustratesithe sliderslightly doating.aviey the wurface of the tenordmgondi ng to

1 head el ement 22 is |ocated closer to a recordi ng nmedium 40 than at

| east a parmediumhe portion 5 corresponding to the substrate 1. In order to
decrease the difference in |l evel between the portion corresponding to the
head elHhent 22FiGd17heamoods sectionrfor Hiastdatingacstepensuinethet ef 1, it is
preferred that these portions are |located in one plane. a Next, a convex
portion 2lamambhfactaeingpslédgre of adousthberabodiment ofitheliGvedtioB, for exanpl e,
are formed in the air bearing surface 30 of the slider 20. The air bearing
surface 30 is tFIG. $Bdpadrosscdectiontfor dustkating a2dtep lthabfdllowd PIGs1Duad t he
recordi ng medi um by neans of the airflow generated by rotation of the

medi um  Nexillustfateh @W6 slideFslightly flobtiagiuver ¢kt isaffake oftRS rédriiigred over
the 15 entire surface of the air bearing surface 30 to protect the head

el ement 22. mbdeamr ot ection film 28 may be made of dianond-1ike carbon
(DLC). Finally, the bar is divided into sliders 20. In the step of formng

t hef Conreeéé por t FOQ. 203s adodd R cEiORTY BlRALAEIAR aZtBp iR o MRtRéd oPeari ng
sSurt ace

manufacturing sliders of a fifth embodiment of the invention.

{ ) FIG. 20 is a cross section for illustrating a step that follows FIG. 19 and
illustrates the slider slightly floating over the surface of the recording
medium.

20 FIG. 21 is a cross section for illustrating a step in a method of
manufacturing sliders of a sixth embodiment of the invention.

FIG. 22 is a cross section for illustrating a step that follows FIG. 21 and
illustrates the slider slightly floating over the surface of the recording
medium,

25 FIG. 23A and FIG. 23B are cross sections for illustrating a step in a

method of manufacturing a thin-film magnetic head element of a related art.



of this enbodi ment, as shown in FIG 11, a portion of the edge of the air
20 bearing surface 30 is chanfered, the portion being | ocated on the
air-outflow side in the nei ghborhood of the head elenment 22 (that is, on
the left side of FIG 11). In the case of the slider 20 manufactured

t hrough the nethod of the embodi nent, ifl4he thickness of the protection
film28 is 5 nmand the 25 di stance between the slider 20 and the nedi um 40
when the slider 20 is flying is 10 nm as shown in FIG 11, the nagnetic

space, that is, {QE2dAShRIPEG. 248 ar® et R liffs Mll&i@t&@iﬁéj stdirtisatr face of

the head element 22 closer to the air bearing surface 30 en the slider 22

‘is flying, %Oﬂoaﬁem'hggr%@?ﬁgm_iz%ﬁpace attained by the slider 20 is at

| east 5 nm smal magnet i ¢ space of the related-art slider 120

shown i n FI G 3§ycSoRacaraihliy 461 L8 LIBULABIL o WRflB31d RSty BLEN 19 1 5

performed on the por he air bBearing surface
before the protecty { | i rmed, such that a reduction is made in
t he di ffereﬁ%@v‘fsﬁﬂ(g%%gg?ﬁé%z% portion corresponding to the head
el ement 22 and Rt r pondi ng to.the bstrat e 1 .. sych that
t he port&on cor ﬂépgﬁ i“ﬁ’gpF ]g@l@ fEe ﬁ%"ffg S&Fté%%??élf yeéafeglcglfte@m&ﬁﬂgxer to
the nmedium 40 than.at | east a part of the portion corresponding to the
substrate 1magmetisheadalemsnt | m 28 is then formed over the entire air
beari ng surface . As a result, according to.the enbodi nent, no.difference
or al nost no di Figr éhavaitep vismepf ¢ W%@é@m%@w ’E‘ﬁ‘gnﬁm’éﬁé‘a ed¢meRt head
el ement 22 15 closer to the air bearing surface 30 and the syrface of  the
'StbPSt rate 1 cl o¥d6. 28 is pbottom yiaw ilhystrating an @mmmetquh&tqopzigwa@% of
sutface of the head el ement 22 closer to the air bearing surface 30 is
| ocat ed cl othe airdeapinertage ofdherfdiderhe surface of the substrate 1 closer
to the air bearin& surface 30. As a result, the lowflying slider 20 is
achi evel) that FIG. 39isdressosectiontitakenmdong 11@9%93%%0@%1@}52&{ t ai ned.
According to the enbodi nent, the reduction in the nagnetic space allows an
i nprovenent in FHE. BOps acuedsspctionfor illwsirating dhe slider shightly floatigrover t he
reproduci ng head. It is thereby possible to inprove the recording density.
FI G 12 shotise surfaceofithe retording meedifiox.m of reproduci ng out put of the head
el ement 22 of the slider 20 manufactured 25 through the nethod of the
enbodiment. In FIG 12 "PW0' indicates the half wi dth of the reproducing
output. The half wdth PW0 is the tinme required -28 for the reproducing
out put to r BETAHEDDESCRIPTIONGFTHH PREFERRED EMBODIMENTS:g to the
enbodi ment, the reduction in the nmagnetic space achi eves an inprovenent in
the overswite pPegliisd ehbbiienémewfdhagnvedtion will arot be describel Andewiihent
a portion of the air bearing surface 30 of

with reference to the accompanying drawings.

D) [First Embodiment]
A first embodiment of the invention is applied to a slider of a thin-film
magnetic head (hereinafter simply called a slider). The slider has: an air
20 bearing surface as a medium facing surface that faces toward a recording
medium; and a thin-film magnetic head element located near the air bearing
surface.
Reference is now made to FIG. 1A to FIG. 6A, FIG. 1B to FIG. 6B, and
FIG. 7 to describe an example of a method of manufacturing the thin-film
25 magnetic head element of the slider to which the first embodiment of the

invention is applied. FIG. 1A to FIG. 6A are cross sections each orthogonal



5 the slider 20 is etched. It is thereby possible to formthe air bearing
surfdce 30 into a desired shape, such as the shape in which the portion of
the air bearing surface 30 corresponding to the head el enent 22 is |ocated
closer to .~ the nmedium 40 than the portion of the air bearing surface 30
corresponding to the substrate 1. 10 Acd8rding to the enbodinent, the
anmount of Iloating of the slider 20 is further reduced since the portion of
the edge of the air bearing surface 30 is chanfered, the portion being

ocated on ffyhedit peutibWrflde gfeﬁ? R R B?é)@n%k shtlﬁ REBFIR sotent 22

(that is, [Second Enb rrent I 5 Reference is

‘now made topc!:rh%h o]%h@g%a lp%ragiél #(pg z§ﬁ~rﬂe d of manufacturing

sliders of a~secon e |nve |on G 13 is a cross section

f il f
Lo o S B R A MRS 3 oL TP

i t FIG 13
S, )RS 38t e K5 B BRI i L

only the main part of, the head el The st f t he met hod
of ¥ hi o Sentucibgiee iv Qmwtfgfqrrarsaggfr %ei @%Pﬂgf\wweﬁ eand HRPHR ng
the portions to be the sliders 20 to formthe ai.r Rearing surface 30 are
simlar to qaﬁbl"sec@é@a)ﬁq)h@rf?mplénb&ﬂ%%t he ingdating ayen A @ttgm In the
following step of this enbodinent, as shown in FIG 13, the

phot or esi stshieldnlager 3ds fameed fordhe reproduring head. pg‘rhﬁlh%t(mi Shfféd:lfl}‘elb%ar i ng

surface 30 of the slider 20, the portion corresponding to the head el enent
and t he isnsadeof agagnesic material such amRermpHey anddiast o thicknessofi m 32 i s

formed on a part of the portion of the air bearing surface 30 corresponding
to 5 the suilmutad eml. Thechgibonmhielddayer Bns selecﬂvasrefdrmed omegthieng convex
portions described |ater that have the function of preventing sticking and
so on. 1Qextinselatimglnyes 2tdwrovghplating stithh aphotoresist filin aba mask,Honr i ng
surface 30 Js_ | with the photoresist filnms 31 and 32 as nasks. This etching
i s preferabdwaniple. eiNexitnaithough ast shownj ah imsplatingdager ofalummina; fivi ng. The
anmpunt of this 10 etching is 5 nm for exanple, that is equal to or greater
t han t he didxatiglecand haviwveh thivkness of A¢o Syithafor exantple, iscfadmedarventha?
closer to the air bearing surface 30 and the surface of the substrate 1

closer to tdmtir durfeR! | IThesimstibttnglhyel fis thérs poliblostl thaughlvhemibal rate 1 is
etched in this step of etching the portion of the air bearing surface 30.

'-._ 15 Thrieeianios] polishing €EMP)D ésk é}lafxb% gso EhatstiWottomFHreld4ye £ 81y €X
0

portions 33 are formed in the parts of the portion of the air bearing

surf acqs30 GokéRATIHOstdadd i athehddt e 1, before the protection film 28
is formed. The convex portions 33 have the funct| on of preventing sticking

B0, M, SRR K s mSIG o et ot gt |
.pﬁr tion bottom shield gap film 4 having a thickness of about 20 to 40 nm, for example,

is formed as an insulating film. Next, an MR element 5 for reproduction

having a thickness of tens of nanometers is formed on the bottom shield gap

20 film 4. An end of the MR element 5 is located in the air bearing surface 30.

The MR element 5 may be formed through selectively etching an MR film

formed through sputtering. The MR element 5 may be an element utilizing

a magneto-sensitive film that exhibits magnetoresistivity, such as an AMR

element, a GMR element or a tunnel magnetoresistive (TMR) element,.

26  Next, a pair of electrode layers 6 having a thickness of tens of nanometers are

formed on the bottom shield gap film 4. The electrode layers 6 are



correspondi.ng to the substrate 1 in the air bearing surface 30 before the
protection film28 is forned. Alternatively, the portion corresponding to
the head elenment 22 is |ocated closer to the recordi ng medium 40 than at
| east a part of the portion corresponding to the substrate 1 (except the

portion 25 corresponding to the convex "psttions 33). In order to decrease
the difference in | evel between the portion corresponding to the head
-el enent 22 and the -30 portion corresponding to the substrate 1, it is

preferred t {iabeidiinCoodicbtel &@W&emwrtwm a%grsﬁaargdd JGIh T the

convex portlon 33) "are located in one plane. Nex convex portion 2la

R e e L EE T L PN

inthe air ear ng sur e'alr earlng surface 30
oy LR ﬁ%}%@ﬁé@g@ BB s R
2arfs ace of n@ﬁgﬂerbt ?@Bgﬁ&fé\ SIPS ‘% gl&ns gnﬂ '131 SEH tﬁg The
Par 15 C.%&%ﬁf@ﬁ%&%ﬂ&‘m% 4?%”4‘% "kEsC ér?ﬁﬂ?ﬁa?ha&mnane _
e T T R
ai'r-out P?,vﬁ%égcfsnﬁgwéfnéq?é%%wigﬁr Eq?xééské&a?emﬂek?c%ée?t hat 15, on
the left side of -- "~ FIG 14). According to the embodinent, the portion

the air bearN%t,smﬁﬁfc]éYQDSB@f@rtéptﬂbée rleyerensnbottom pdetlayenr med | s
hed. As result, the air bearing 20 surface 30 is formed into a desired

s hape suc h(%memétemellnd\a brttemepale kaxsr) Sds seleatively fosmedran et topg
sticking, as shown in FIG 14. According to the enbodi nent, the convex
porti ord 33shield gap fibm T.n Th@bp@pnspdfe layer $is masle offa miagnatic materialg
surface 30 corresponding to the substrate 1. As a result) the convex
portions 33amd ased fortbrthslepredudog headaad xcovdingdead. t her fxstrlayemy8aedi um
40 when the nmediumstarts to rotate, and reduces a shock when the nedi um 40
rotati ng shhdg a thickaesd afpaldutro0 o ildhpwmandhe b@ktom pole layer 8 is made up of
the first layer 8a, and a second layer 8b and a third layer 8c described later.
The first layer 8a is located to face at least a part of a thin-film coil described
15 later.
Next, the second layer 8b and the third layer 8c of the bottom pole layer
’ ) 8, each having a thickness of about 1.5 to 2.5 um, are formed on the first layer
8a. The second layer 8b includes a pole portion of the bottom pole layer 8
and is connected to a surface of the first layer 8a that faces toward a
20 recording gap layer described later (on the upper side of FIG. 2A and FIG. 2A).
The third layer 8c is provided for connecting the first layer 8a to a top pole
layer described later, and is located near the center of the thin-film coil
described later. A portion of the second layer 8b facing the top pole layer has
an end located farther from the air bearing surface 30. The position of this

256 end defines the throat height.

The second layer 8b and the third layer 8c of the bottom pole layer 8



t he slider .20 touches the nedium 40. The remai nder of configuration,

functions and effects of the enbodinent are simlar to those of the first
enbodi ment. [Third Enbodi nent] 5 Reference is now made to FIG 15 and FIG
16 to describe a nethod of manufacturing sliders of a third enmbodi nent of

the invention. FIG 15 is a cross sectir@¥Tor illustrating a step of the
manuf acturing nmethod. FIG 16 is ~ a cross section for illustrating a step
that follows FIG 15 and illustrates a F 1 slider slightly floating over

the surfacemgl K madeof NiFe B0 'g#ﬂ'f%?ﬁc:i%q%;h &ﬁd@iﬂwb@}ﬁ"’/@Fe%,%xaNfF& (45°S

sections takeh along Iine 9-9 wherein only the main part of the

'head, el eMeneghelol A5 HIGeRt APPe)s 4 BpEARARLRN ALK AoABOHIqFERG  aken

until | apping perfornmed on ar 1 ncluding the
liders 20 [ ' In C re. s 0, e of
e .20 e b e TEBRT: A R0 R Ryt BENEBEPS, O
enbodi nment ho in FLG .5 ~the,protection film?28 is, forned over the
ontire sur B A bk sathtatioh Shd ettty htetiel shsPuek spteRiEy ol erent
22. The protection film 28 may be na f di nd-1i ke carbon (DL . The
Chi ckneds ARErRylra mAtAnA] P80 COMB i COpase ATaQuipe MeteRialas aqual
to or greater.than the giff(ference in |Level between the surface of the head
el enent 22 highsaturation fuy; densuy material may beqpedng the surface of the
substrate 1 closer to the ai,ngéari ng surfagﬁ 30. Next, the photgresi st

. oPPo

film3l is sel eNexteasshosminFIG. 8AandbFIG o3Boan insulatingfilm Srhpvangpace 30

of the slider 20, the_portion correspaonding to the head 25 el enent 22 and
e insul at ut pi : -l'm is
i nsul atthigknespeof abput A3 1@ 63umds formed ovrr themrntivessurfage. | m 32 |
formed on a part_of the portion of the air bearing surface 30 -32
correspondi ng tNexha phefsresisicispatemedibronghk aqthatplitha@rapby precessdp
maki ng convex portions described |ater that have the function of preventing
sti cki g anforsoa Sramenat, shewaniusgdifor pwktiogibe thin-&lwirodl thypugbdrarhet he air
bearing surface 30 5 with the photoresist filns 31 and 32 as masks. This
et ching i s platingr af¥ext, the thin-film coil 10 made of copper (Cu), for example, is
formed by frame plating through the use of the frame. For example, the
thickness of the coil 10 is about 1.0 to 2.0 pm and the pitch is 1.2 to 2.0 um.
The frame is then removed. In the drawings numeral 10a indicates a
15  portion for connecting the coil 10 to a conductive layer (lead) described later.
Next, as shown in FIG. 4A and FIG. 4B, an insulating layer 11 of
/ ) alumina, for example, having a thickness of about 3 to 4 um is formed over
the entire surface. The insulating layer 11 is then polished through CMP,
for example, until the second layer 8b and the third layer 8c of the bottom
20 pole layer 8 are exposed, and the surface is flattened. Although the coil 10 is
not exposed in FIG. 4A, the coil 10 may be exposed.
Next, a recording gap layer 12 made of an insulating material whose
thickness is 0.2 to 0.3 um, for example, is formed on the second layer 8b and
the third layer 8c of the bottom pole layer 8 exposed and the insulating layer

25 11. In general, the insulating material used for the recording gap layer 12

may be alumina, aluminum nitride, a silicon-dioxide-base material, a silicon-



dry etching such as ion mlling or reactive ion etching. The amount of this
etching is 5 to 10 nm for exanple, that is equal to or greater than the a
~ difference in | evel between the surface of the head el ement 22 closer to
the air bearing surface 30 and the surface of the substrate 1 closer to the
air bearing 10 surface 30. In this enbodilment the protection film28 is
etched in this step of etching the portion of the air bearing surface 30.
.The substrate 1 is further etched in this step in sone cases. Through the
above- descr 4 [ . ti.on 4 are forned
in the part%mggeﬁ?%g%%ﬁr%} ﬁ&ﬁ%&;} ﬁkgé:g%lﬁ%%ﬂggg)aéggogfod@;g%?respondi ng
to the substr . i J preventi ng
sti cki ng an%ecé%tﬁg%_gaip g?'ﬁlg ngén%’p plé %%@@gatr%é& Eigéﬁlf%}% gﬁ‘sl&gg}illlgeovrekévlbh t he
difference in lgvel between e portj.on caorres in Q_the d. el emrent
25 and the por t]BRbAPIRETALAHE P RR BRJaFFE TR0 eh Bpgf of SR 4F1:F]
surface 30., Alternatjyely, jhe portig or espanding to the. he 20 el enent
35§ 2T ocatlager B Loetchga o o cLiinsadtohdif bt Rzkiae Hle sSaetktsbithr 1 he
portion coryespondinhg to the substrate xcept the partion,correspondi ng
to the donvRartiameaidtie resrding gep Cx 7 abdBa s HAGing Iober dhEaat ATd cvel
bet ween the portion corresponding to the head el enent 22 and the portion
cor r espondi legated amtorsefiihecanaeqting portion A0psf the col 40 amgeatehedq fagms a
(except 25 the portion corresponding to the convex portions 34) are | ocated
in one pl areontaghdrolet he convex portion 21a and the concave portion 21b as
shown in -33 FIG 8, for exanple, are forned in the air bearing surface
'Sckseof t he sli deNezt .asihowr in BHar dAqnduFIGcEB 3 the rénosdisiggamilayec 12 hat

the slider 20 slightly floats over the recordi ng nedium by neans of the

ai rf | ow gertepaiode lagerrld having athickeessefiabout 2.0-tm 810 ym isferrbed ins di vi ded
into the sliders 20. In the step of formng the convex portion 2la and the
concavdQportegion &tending frermthe hirdvdamingsmiface 36 @o af pdrbion entoypdofitdret , t oo,
as shown in FIG 16, a portion of the edge of the air , ~ bearing surface
30 i s chanfthisdilayelScpdithe bottom polellager 8d An theeanie time! hlcowdatctdeei n t he
nei ghbor hood of the head elenment 22 (that is, on the left side of 10

FI'G 16). | naybe16deeinyd atthitkakiglef akiht R0 wd 300 el forhed b bekennesteddoof
the third empbodinment, if the thickness of the protection film=28 is 5 nm

and the di stharpgoitioat WeesE theethshifilal coilD1@andThbeoppalalaydd 188 in cbatsdti der 20
is flying is 10 nm as shown in FIG 16, the magnetic space, that is, the

di stance 15yhttheahitdRyeScoitHd battdnt b@leauyélas%anmhgﬁeﬁ@my ehgpreat 22

closer to the air bearing surface 30 when the slider 22 is flying, is 15
nm  The s agRkéto thRaGeh 3hé abnkdt Rrld fHemed ikethefbrtdndn tdppst the thixdnal | er

than the magnetic space of the related-art slider 120 shown in FIG 30.
layer 8c.

g ) The top pole layer 13 may be made of NiFe (80 weight % Ni and 20
weight % Fe) or a high saturation flux density material such as NiFe (45
weight % Ni and 55 weight % Fe) through plating, or may be made of a

20 material such as FeN or FeZrN as a high saturation flux density material

through sputtering. Alternatively, a material such as CoFe or a Co-base
amorphous material as a high saturation flux density material may be used.
To improve the high frequency characteristic, the top pole layer 13 may be
made of a number of layers of inorganic insulating films and magnetic layers

25 of Permalloy, for example.

Next, the recording gap layer 12 is selectively etched through dry



Accordi ng t.o the enbodi nent thus described, the portion of the 20
protection film28 is etched after the protection film28 is formed on the
air bearing surface 30 having differences in |evel) such that a reduction
is achieved in the difference in | evel between the portion corresponding to
the head el ement 22 and the portion coridsponding to the substrate 1 in the
air bearing surface 30, or such that the portion corresponding to the head
25 element 22 is located closer to the nmedium 40 than at | east a part of

the porti O%teﬁfﬂog?%@fi%ilﬁmtcipopélb?aféibﬁ 58hSmask EXPROUrY RecHIAE thP Be

correspondi ng t the convex portions 34). As a result, according to

the enbodi ”i"e'&ﬁ:tiy@?o&'Eaﬁéht‘i%%@ﬁmpﬁsiﬁg%ﬁlog@e%éﬁfe%r&ﬁﬂa& B@g‘dg B, G gated

bet ween the surface o ead e inc I'ng the pr ctrfon film

28, the surgace bein g i 5 a

surface of fﬁﬁ%ﬁggg@?ggﬁégﬁ% Fg?eﬂr,“r}ﬁo %g&gﬁdlggl@ffi f\tg&stu? %g’egmgg_rlgyépgb

Al ternativelpy he, surface of t.he head gl enent .22 .includin he protection
(1 im oa, 1 it themotiea paféfpver Su8ReREaYRly SERCR BT ARGt L 1006 08 irghEh]

| ocated _cl oser t.o the.medium 40 than,the surface of .the su rate 1.closer
o the & r BeaRiAn SREder 5Amale s A sai piruchis dhehas i P10 B sz e
achi eved, 1% that hﬁ‘ a. reduction in the nagnetic space i& attained as in
the first medte trie SRIGtHre SupRLesas R ingrsase i the edectivetrack t he
magneti c space_allows an inproyenent in the reprodyci ng output and a
reduct i on | Widthiduefaripazmeiamel 3 maenetic wﬁea%r.atﬁ duging wrdHg Bbasi bl e t o
i nprove the recording density. 15 According to the enbodi nent, the portion
'ob the air 1Bﬂ?@f@Wrﬁga?J&rface 30 is etched. As a result, the air bearing
surface 30 is fornmed into a desired shape, such as the one having the
convex porti onstnt,faSrShpmléhFIGngﬁéﬂndlﬁ@,6&§m¢maﬂawd7 ebalumg, di ng
to the enbodi nent, the convex portions 34 are fornmed in the 20 parts of the
porti olOof fohexamplédraving asthi¢kness 36 20dor4dsporidiformed oveethaipatirate 1. As
a result, the convex portions 34 prevent the slider 20 fromsticking to the
recordi ng nedface 4Thehsanrfadecofithéiaverct@atdayen 17 ithet Batiened andep.adse(goa
shock when the nmedium 40 rotating shifts to a stop of rotation, and the
slider 20 tshowhmdot blectrdies mrd forn2éd Thehe evaravdélaydr TonfFigallyt lapping
functions and effects of the enbodinent are simlar to those of the first
enbodi ment . of the 3hdeFdneludidgtiedforegdihg Reyarsdn perfosmedvtofaria the &G 17 and
FIG 18 to describe a nethod of manufacturing sliders of a fourth

embodi ment karifesurfiean 80 of thé-tkin-filin inSagneatiobhéad bedluding the rebrdihgati ng a
step of the manufacturing nmethod. FIG 18 is 5 a cross section for

i1l ustrati ngad $hdbhé Béprodakimpkedd. G THe tlindfiirh Iniggndtichead slemtiait isl i ght |y
floating over the surface of a recording nedium FIG 17 and FIG 18 are
cross sect s dodgfibted.ong line 9-9 of FIG 8, wherein only the _~ main
part of the head elenent 22 is shown. a The steps of the method of this

enpodi ment t akeRI@NY id a taPRidid of Shel fhaift a2t BEthOthihPRInk Magdrdiclgéaty t he
pagrtions to be the sliders 20 to formthe air bearing surface 30 are

simlar to dibmen} SRSwainl MRS 64 8hd FUR YR Bihereds tBE 0YErcoRt Flyer 17 add the
followi ng step of this enbodinent, as shown in FIG 17, at l'east a portion

of the air &%%tb@ﬂir?é{ﬂéﬁﬁﬁllgge&faﬁd‘ﬁlrﬁéiai’@Bm%PceH.S etched through the use 15

of focused 1on beam (FIB) so as to reduce the difference in | evel
bet weeny The thin-film magnetic head element of this example comprises the

!

medium facirg surface that faces toward a recording medium (air bearing
surface 36), the reproducing head and the recording head (induction-type
electromagnetic transducer). The reproducing head includes the MR
element 5 and the bottom shield layer 3 and the top shield layer (bottom pole
25 layer 8) for shielding the MR element 5. Portions of the bottom shield layer

3 and the top shield layer on a side of the air bearing surface 30 are opposed



the portion corresponding to the head el enent 22 and the rest of the air
beari'ng surface 30. Etching with the FIB 100 may be perforned either on
only the portion of the air bearing surface 30 corresponding to the
substrate 1, or on the entire air bearing surface 30. 20 If etching with
the FIB 100 is perforned on only the porddon of the air bearing surface 30
corresponding to the substrate 1, alignnment of the FIB 100 is nade with
reference to the interface between the substrate 1 and the insulating |ayer

27 in the ajd oQapsthad wiiild BrEMIP eledeerit 5 @ﬂ&@é&%tﬁ&%ﬁé&@yﬂ%&[&%ﬁ@ FI B

100 to etch the substrate I. The direction of 25 scanning

lateral di rg&&bﬁrmﬁglhdjra r 3%nd & %Lsgﬁgjdolr&xg{..t hogonal to the draw ng sheet

of FIG 17 or any ot I rection. anouht of etching -36 of the

1 Ut e e RO D RO
22 i i 30 he .
o T 22, 648395 igh Yl o RG3Kd RGRUA RS AR SRR SR 1 o
f d b f f th
100 i i i i 0, | FI B
o0 L B SR, 9B 5o BB B B BRERE T

surface 30 (on.the left _side of FIG 17). Xt, scanning.is rformed with
the FI B 100Pewionsaprosed &oeackother %E%Wﬁ&ltﬂ’r fegaanson aiside f the.ae. t he

difference jn level is made _jn the air bearing 1Q surface 30 at_first while
the head el beasang suriage 30ne Thexgrending head durther ipeludgsdheagcording ®apne

substrate 1, Therefore, alnost only the substrate 1 is etched with the FIB
*130 until tlever d2mlagechbetwaen thearole portipniof the hottap poledarersd andrthece i s
elA mnated, the substrate 1, the head el enent 22 and the insulating |ayer
27 are et chpele pptioniof the tempele lapemhdrandrthe thintfilan coil APt lesstd partiofon of
FIG 17, the direction orthogonal to the drawi ng sheet of FIG 17 or any

ot her diG ecwhich isTHacedrbetweeay thethrittarg pole layer Siaed the toplpaletlayents,rhe | 00
is 5nm for exanple, that is equal to or nearly equal to the difference in
| evel bet weathlenkipartrdfdbe cofl Ihkeingddseladed fiton? the bottem poletlhgemBrandear i ng
surface 30 and the surface of the substrate 1 closer to the air bearing
surface 20 & topfpdlaédayeralB.el ement 22 and the insulating | ayer 27 are al so
etched with the FIB 100, the anmbunt of etching is greater than the

above- ment i onedRdfdréreceisasow made/td FIGS 8 thdesadlk ahexaniple 2f thelshider to

insul ating |layer 27 are also etched with the FIB 100, the MR height and the

t hr oat hei ghidhathemethed ofhlanthfioturmgcsliders lof the ebodimentis Mfpledd:hi ng.
The MR height is the length (height) of
15 FIG. 8 s a bottom view that illustrates an example of the configuration of the
air bearing surface of the slider. As shown, the air bearing surface of the
: ) slider 20 is shaped such that the slider 20 slightly floats over a recording
medium such as a magnetic disk by means of the airflow generated by
rotation of the medium. In FIG. 8 numeral 21a indicates a convex portion
20 and numeral 21b indicates a concave portion. A thin-film magnetic head
element 22 is located near the air-outflow-side end of the air bearing surface
of the slider 20 (that is, on the upper side of FIG. 8). The configuration of
the head element 22 is shown in FIG. 6A and FIG. 6B, for example. Portion
A of FIG. 8 corresponds to FIG. 6B.
25 Reference is now made to FIG. 9 to FIG. 11 to describe the method of

manufacturing sliders of the embodiment. FIG. 9 is a cross section for



the MR el enent 5 between an end thereof |ocated in the air bearing surface
-37 30 and the other end. The throat height is the length (height) of the
pol e portion of the recordi ng head between an end of the pole portion

| ocated in the air bearing surface 30 and the other end. Through the
above-described etching with the FIB 10&4as shown in FIG 5 18, no
difference or alnost no difference in level is created between the
substrate | and each of the head el enent 22 and the insulating |ayer 27 in

h b . . : e e . Th :
ot ness. of Lharaie A3fopDf PR Abu b SEIRAL | FIO 01 it mReriolYe
th 1 . t ti 21b . s FIG 8,
for exanpl elotapuSafitd #hon i SAMGRYFIEC0! BHG 1 i88 ORbekBtls ™ 0 Oy
ir b i Ng. f 30 h h t th | i 0 i ghtl

s AL MATBPRICY i tPel Wity
o for med_ofertippavetthe piiace s Qe medtim™ b B0 B RAHE L85 pross

tect the head el 22.. T [ fil 8 h d

i arond-4 i KEAMBGAKPBEIE HRe SAPEEHISE: Bheteie GG LBETHER FITAES i s 3 to
5 nm for exa . Finally, the bar is divided into the sliders 20. In the

|l e
step of forh?‘;;gelemer&ﬁg/@)@wli-i on 2la and the concave portion 21b in the
air bearing surface 30 20 _of this_enbodinent, as shown in FIG 18, a
portion of the baigee stethpd ofithe embpdimenta mafer gtilized inelnfes apluralityefi t i on
being | ocated on the air-outflow side in the nei ghborhood of the head
ghement 22 Yawsmef partions tothe sliders 20dbergingfter callod slidex pertionse eaeh phie
slA der 20 manufactured through the nethod of the 25 enbodinent, if the

t hi ckness owhidleinsludescthedthinifilm m@gnetis headaiement 28i s {Time walfest iseaart inhe
slider 20 and the nedium 40 when the slider 20 is -38 flying is 10 nm as
shown Y0 Fl Ghe dBectitne torfgme blarks palled banaeacls of wihichiingudesca bewvodshidene
medi um 40 and the surface of the head el enent 22 closer to the

portions. Each of the bars corresponds to the slider material of the

invention.

Next, as shown in FIG. 9, each of the bars including the portions to be

the sliders 20 is lapped to form the air bearing surface 30. The greater part

156  of the slider 20 is made up of the substrate 1 of aluminum oxide and titanium

carbide, for example. The rest of the slider 20 is made up of the insulating

,) layer 27 of alumina, for example, and the head element 22 and so on formed
in the insulating layer 27. The greater part of the insulating layer 27 is the
overcoat layer 17.

20 After the above-stated lapping is performed on the slider 20, differences
in level in the air bearing surface 30 result among the layers having different
hardnesses. Lapping is performed on a rotating tin surface plate through
the use of an abrasive which is alkaline slurry containing diamond to which
an alkaline lubricant is added, for example. In this case, mechanical

25 lapping is performed on the insulating layer 27 together with the bottom

shield layer 3, the bottom pole layer 8 and the top pole layer 13 that are made



air bearing surface 30 when the slider 22 is flying, is 15 nm The nagnetic
space attained by the slider 20 is about 5 to 7 nmsnaller than the
magnetic 5 space of the related-art slider 120 shown in FIG 30. According
to the enbodi nent thus described, etching wwith the FIB 100 is perfornmed on
at least a portion of the air bearing s@face 30 of the slider 20 _~ before
the protection film28 is forned, such that a reduction is nade in the
difference in |level between the portion corresponding to the head el enent

22 10 and %ggﬁﬁ@h&@ﬁaﬁi %hﬁ%%%ﬂﬁcél%tﬁﬁ!@éé%eﬁ&lﬁgﬁ Bh%ﬁé'?itéhlﬁti'n 28 Is

t hen forne e entire air bearing sur a result, according

to the enbogi , } Ce:.ar.1al . 1 ffe L L ql S
cr eat od bor 5en 2 e OF ahhERCFIR o ARRinB Py “IER Rekhy Fiinle:
beari ng surface,30 and surf.ace qf. the substrate ¢l oser.. tq 15 e air
bear i ng surticelagst RS diRFutp i 6vels briepURRL TS ile TORRlnk Ve 40° Tha
is) a reductiogn in e netic ace [ s.attained. corgjn 0 the \ )
erbodi rent andgastiat the DR sieldag.o; enaban iots farend 41 s torehete]
t he reproduci ng_qutput and a reduction in half width of the reproducing
head. I® i slaﬁ’ﬁéllaby possible to inprove the recording density FIG 12 shows
an 20 exanpl e of the waveform of reproducing output of the head el epent 22
of the slider 2 igdmpossible howayes fipongh lapningavish theaboypzaentienred
According to_the enbodi ment, the reduction in the magnetic space achi eves
an i mpr ovenadkaling siwaydesliminate the differgnge 11 fthe lexed %@twgeméh@nnwl@t;nai ng
to the enbodinent, at |east a portion of the air bearing 25 surface 30 of
the slider lager 27 amdhide substratad. Fifpdiffegence of aboutet t0) nyo dnilened is shasr m
ithle air bearing surface 30 into a desired shape, such as the shape in -39
whi ch t he paeateshbetiweencthei insuldinglayen 2z tle sabsteatechdhagnselating head
el ement 22 is located closer to the nmedium 40 than the portion of the air
bear i ndOsurlager 23 being loeapahbielnand: thetdwbstrase tl: atle this daseothié differentéen
enbodi nment, the amount of floating of the slider 20 is 5 further reduced
si nce the pewvtllsstwalentthe satfpeealf thhdeadrelémmant 28 lecatbddr the aisbeddnger ed,
the portion being located on the air-outflow side in the nei ghborhood of
t he head el sirfade ARandthe sugfaconfthe sibdtrats domitediftsthd 8jr bekadng di ng to
t he enbodi nent, the head el enent 22 and the insulating |ayer 27 are etched
W th the Fld&wlid 3Giabdig Ate8mmof etching is controlled, 10 so that the
MR hei ght and the throat height are controlled. Precise control

In the following step of this embodiment, as shown in FIG. 10, a

15 photoresist film 31 is selectively formed on the portion of the air bearing

surface 30 of the slider 20, the portion corresponding to the head element 22
;\) and the insulating layer 27. Next, etching is performed to etch a portion of

the air bearing surface 30 with the photoresist film 31 as a mask. This
etching is preferably dry etching such as ion milling or reactive ion etching.

20 The amount of this etching is 5 nm, for example, that is equal to or greater
than the difference in level between the surface of the head element 22 closer
to the air bearing surface 30 and the surface of the substrate 1 closer to the
air bearing surface 30. In this embodiment the substrate 1 is etched in this
step of etching the portion of the air bearing surface 30.

25 As shown in FIG. 11, the above-described etching achieves a reduction

in the difference in level between the portion corresponding to the head



of the. MR height and the throat height is thereby achieved. According to

t he enmbodi nent, alignnent of the FIB 100 is perforned with reference to the
air-outllowside end of the air bearing surface 30, for exanple. The entire
air bearing surface 30 is then etched through scanning I5 with the FIB 100.
As a result, the flatness of the air be&6ng surface 30 is inproved,
conpared to the surface | apped through the use of a surface plate. ( ~
JFifth Enmbodi nent] Reference is now made to FIG 19 and FIG 20 to describe
a met hod of ' Lele ddih 1 3 tavention.
FIG 19 is %@%ﬁ&ﬁ%ﬁ%@%?éﬁ?ﬁ oror?ﬁlﬁ)st ra%?%gﬂggglt)ée‘agg%% Péll%tgﬂgrrg?\ﬂf acturing
‘et hod. FlI i i: i takhi g . | ows

F G 1o and ik platd 30 DEAELIAG Xhefirt tht pibicifioh MFRe iy Berhll 00
recordi ng ium..FLG 119 and_ Fl 2 e £rass,. sections  take l,org |ine
06 o FY o Kiretayel s e PpeRinshop e G ARnSHE AR A E 0B R o
25 The nethqd of, this embodi nent includes steps simlar to . the steps of the
fourth enbodPHETP 4 L5EQR ﬁngs}%ﬁirbn@ai“satp%ﬁg?ﬁé#% ﬂl"n@“ﬁ%ﬂn i ncl udi ng

-40 the portions tq.be the sliders 20 to formthe air bearj.ng surface 30,
25 show | eoRFaponding i e SUBRFA Dok QFioE R0 dREraRer thE HGTShAR 1610 of
each of the sliders 20 is etched ta’&%gh tmelgc}f the FIB 100, so as to
reduce the RRtWesndhepartionsperespanding to the elgment d2and the rertien ¢ he

head el ement 22 5 and the rest of the air bearing surface 30, as shown in
FIG 19. |mqrn@emﬂnmmgm%wpﬂtmtethn&memé@nrﬁértg,at thesecuntions et i on 21a
and the concave portion 21b as shown in FIG 8, for exanple, are forned in
the air bealocatgdsordnecpla®e. of the slider 20. The air bearing surface 30 is
t{hus shaped such that the slider 20 slightly floats over the recording
medi um by 10 nmelext,of canvexaiartionyé lgemrd atcorcane portian 2hb e shhwnnisdil(m
Next, as shown in FIG 20, the protection film28 is fornmed over the entire
surfacdOof 8,Her ekamipderamdosued e shgain bearing evtfact80wé dble elidew0. 2TheThe
protection film 28 may be made of dianond-I|ike carbon (DLC). Next, convex
portions 35airdehringesiirfivecd®is thus shidpedfsuchdhhbdhe 8hded 20 elightlyefloads part s
of the protection film28 in the portion corresponding to the substrate 1.
The convex @artthenrscédihgweeditm by nodansrofahe pirfiem igengratbd i vogation ofind so
on, and may be made of dianond-like carbon (DLC). Finally, the bar is

di vi ded i ntghetmaediidlhders 20. In the step of formng the convex portion 2la
and the concave portion 21b in the air bearing surface 30 20 of this

enbodi nent, as Ness showrsin FIG. 21 piet prodecdiort fibn &fie fofmed@vat thdeari ng
surface 30 is chanfered, the portion being |located on the air-outtl ow side

in the mei g aadad of e 4i8ddasingRitacdB( tdpilotbé therhdddcelbficnt Bide of

FIG 20). According to the enbodi nent, the convex portions 35 are forned in
the The protection film 28 may be made of diamond-like carbon (DLC).

( ) Finally, the bar is divided into sliders 20. In the step of forming the
convex portion 21a and the concave portion 21b in the air bearing surface 30
of this embodiment, as shown in FIG. 11, a portion of the edge of the air

20 bearing surface 30 is chamfered, the portion being located on the air-outflow
side in the neighborhood of the head element 22 (that is, on the left side of
FIG. 11).
In the case of the slider 20 manufactured through the method of the
embodiment, if the thickness of the protection film 28 is 5 nm and the
25  distance between the slider 20 and the medium 40 when the slider 20 is

flying is 10 nm, as shown in FIG. 11, the magnetic space, that is, the distance



25 parts of, the portion of the air bearing surface 30 corresponding to the
substrate 1. As a result, the convex portions 35 prevent the slider 20 from
-41 sticking to the recording nedium 40 when the nmedium 40 starts to

rotate, and reduces a shock when the nedium 40 rotating shifts to a stop of
rotation, and the slider 20 touches theZ2@edi um 40. The renai nder of
configuration, functions and effects of the 5 enbodinent are simlar to
.those of the fourth enbodi nent. [Sixth Enbodi nent] Reference is now nmade to

FIG 21 a”gyleﬂv@en%ﬁe?ﬁediﬁi? Ebl&%datﬂérl;édé?&fcﬁf_tﬁﬁ’liéfaﬂcélHHem %) élg%rrstocﬁlea

si xt h enbodi nent o e 1 nvention. Fl 1 is a cross section ftor
“illustrati . -i [ i S
section for}:g|r ?F%@?‘?asﬁﬁ%&?@ggkﬁ &g;é hfdg? ?g\?é %’ 15%%%' i ﬁ}ﬂeg?ggﬁ é@éa
slider slightl ' At e aSUL e [ r di di_u ElG 21
and FI G 2%’133% ay,ragrgé& ggé;?‘lg%’hg%f 2&@% ag?%aﬁéﬁ?%eséggelg*ﬂ% ge g}‘.{aﬂ?&’cei n only
the main part of .the head, el e t 1.S _sho The steps of the nethod of
thi s enmbodiREfe Ofﬁ%ﬁeqaﬁﬁq ary %{Eﬁg‘ﬁrn@ @qvgnbx\g@?gr ﬁ@d on the bar including
the portions to,be the sliders 20 to formihe .air bearing surface 30 are
i Lar Ot o't he ARGt e SRbSdinias RuelscriBed olehing b perierTasd oR | he
follow ng step of. this. enbodinent, as s |n FILG 21, the entire air
bearing surthgdortionof the@ispearing syriage gﬁgféhetsﬁﬂeaaﬁjheﬁ@e@@ RFOteat9Iy o
Z00. In this enbaodinent, the anpunt of et¢hing with the FIB 100 is, greater
in the air-fils E8e Srareds sinch that parednetion is dnthiechifferense orevelst of
the air bearing surface 30. As a result, the air bearing surface 30 is

st}aped suctbetwgenithe postion sarieepordingttadhgiheadiflemens 28anththepertion

‘ailr-out f1 owside end projects further toward the recording medium 40 (this
shape i s heoetesppndin®® thel suhstrate o oownch ithpethe portidn eorrespondingite
preferred that the air bearing surface 30 has the shape of the cylindrical
sur f acd0 t Ithe liead element 229s flogated closer to the wediumnd0 than ahldasiraspais ofnd
and the air-outflowside end, or the shape simlar the cylindrical surface.
Al t er nat i vethg portignepiwespehdipe toudie ssbstratedf  The protection film 28 is then
formed over the entire air bearing surface 30.
As a result, according to the embodiment, no difference or almost no
difference in level is created between the surface of the head element 22
15 closer to the air bearing surface 30 and the surface of the substrate 1 closer to
the air bearing surface 30. Alternatively, the surface of the head element 22
) closer to the air bearing surface 30 is located closer to the medium 40 than
the surface of the substrate 1 closer to the air bearing surface 30. As a result,
the low-flying slider 20 is achieved, that is, a reduction in the magnetic space
20 is attained. According to the embodiment, the reduction in the magnetic
space allows an improvement in the reproducing output and a reduction in
half width of the reproducing head. It is thereby possible to improve the
recording density. FIG. 12 shows an example of the waveform of
reproducing output of the head element 22 of the slider 20 manufactured

25 through the method of the embodiment. In FIG. 12 ‘PW50 indicates the half

width of the reproducing output. The half width PW50 is the time required



shape,. a donme shape or a cone shape nmay be acceptable. In the foll ow ng
step of this enbodinent, the convex portion 2la and the 5 concave portion
21b as shown in FIG 8, for exanple, are fornmed in the air bearing surface
30 of the slider 20. The air bearing surface 30 is thus shaped such that
the slider 20 slightly floats over the-i28cording mediumby _,) neans of the
airflow generated by rotation of the nedium Next, as shown in FIG 22, the
.protection film28 is formed over the 10 entire surface of the air bearing

made of i Aup e FoARUnbDf AR 30 FR Sfiperdott Y BERRY ke R VHITEY  0°
sliders 20. 1n &g st o Ve @B Mo hORNRICHRS i (A Ahanand sph, concave

portion 21b int earing surtaceé NI's e Shown in
FIG 22, a rtion of the e of 1t h | i rfacq. i

chant or ed-. 4Rie1s8 e BAPRL TR B e vshinrird baPPaisy M Bl e in bR

nei ghbor hood of ,the,head el enent .22 (that |.s n,the ] eft side,of FI 22) .
According Lo ¢ HACERBE e eXapedinfent 8 fortigh of The Al heating siEfen Meth ¢ e
FIB 100, As.a result . th nt. of etching,with.the FIB 100 is 20

cont 1 ol Ped tralidsh 2045 sdeaadhn.fodo Shereby doseibie bo im Hhe sifeaebIB Bu1Ect o med
into a desired shape, such as the crgwn shapev@(:,_scrilbed a_bov% According to
t he enbodi mthinto@desired shane, sych apithe shape pn whighthe papiaen of the ix her eby
possible to prevent the slider 20 fromsticking to the recording medi um 40
when t he nekfaringienrface 8@ coxyespenrdiag tathetheadalement 225 émﬂd\ﬁg@ﬁr toe

medi um 40 rotating shifts to a stop of rotation, and the slider 20 touches
tRe medi um the. mediung 4Prhancthei prationgsf thewir bearing surface @ ¢oaresponding f ect s
‘0of) the enbodinent are simlar to those of the fourth enbodi nent. The
present i nvertheembstrateil.|imited to the foregoing enbodi nents but may be
practiced in still other ways. For exanple, the invention nmay be 5 applied
to a tHOn-fil mAcgndingtodwoerdbodineeniy the amsaditrof floatingefsheslider 20 is

i nduction-type el ectromagnetic transducer, a thin-filmnmagnetic head

dedi cat ed tfmrthertredgcedsinchdbe portiondwt the rdgy pbtld antbearaynsuiface Bansducer

.~only, or athin-filmnmgnetic head that perfornms reading and witing
wi th an i ndshainifered,\the prirtiohrbeing bedated bnahe dirceutflow side in the

neighborhood of the head element 22 (that is, on the left side of FIG. 11).
[Second Embodiment]

15 Reference is now made to FIG. 13 and FIG. 14 to describe a method of
manufacturing sliders of a second embodiment of the invention. FIG. 13is a

:\') cross section for illustrating a step of the manufacturing method. FIG. 14 is

a cross section for illustrating a step that follows FIG. 13 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 13 and

20 FIG. 14 are cross sections taken along line 9-9 of FIG. 8, wherein only the
main part of the head element 22 is shown.

The steps of the method of this embodiment taken until lapping is
performed on the bar including the portions to be the sliders 20 to form the
air bearing surface 30 are similar to the steps of the first embodiment, as

25 shown in FIG. 9.

In the following step of this embodiment, as shown in FIG. 13, the



10 According to the nethod of manufacturing a slider of the invention thus
described, at least a part of the nmediumfacing surface is etched, such
that a reduction is achieved in difference in |evel between the portion of
t he nedium facing surface corresponding to the head el enent and the rest of
the medi um faci ng surface, or such that 2%re portion of the nedium facing
surface 15 corresponding to the head elenent is |ocated closer to the
srecording nediumthan at |east a portion of the rest of the nediumfacing

surface. ﬁﬁ%t : A i ' ‘o Lt S
possi bl e f‘gp}?ogpm t teﬁlrlriégiqd%ng%%fg#lﬁsl}gfg? aegg{ng?&[ﬁ%ﬁgﬂ %ﬁh@i anltil %@ghg) sired
shape. Accoyldi ] ' : t i fi y be
20 Tor med. QRIS et f RIS, The OFubR tBH B IMER BRI RAN Hbplenc 222
formed on the,protection el m this case, .it is_possibl 0 event the
Sl der 1rorfitd PRGiRleBRe el O SherBiife pime LuRORRESEE SRS R R o
the inventipn, the convex.portion y.,be .forned on t of the jedium
faci ng. sur fIQEed @R PAFGF THecPSSEIom thiho it BprBug SHafach J0earFripopding to
magneti ¢ head el.enent. It _is thereh ssihle t revent the slider from
Sticking t GheruhsErade & nfsl'h?emqufemgt Bl A2 s e JO% akine seRVRLPORian
I nvention, through_ etching with the focused ion beam . the nedi um facing
sur f ace nay‘i%éng’ﬁgﬂé'ifrstbég hayg the E@nﬁm Pﬁhrqvnetlévgf stiking andiseeon.
air-inflowside end and the air-outtl owside end projects further toward
the recordi ng ntextetchingiis performgd toeseh pipertionof the arbearing surfaee 30r om
sticking to the recording medium According to the nmethod of the invention,
t-Qe | engt h withtthe phegorestatdtims 31 end| nanmasksneThisetchbing iserederablycat ed
ig the medium ~, ~ facing surface and the other end may be controlled by
et chi ng w tdrytétehing suphuasen wallingon relactive i etahiing pothe bingount efthis ol
this length with accuracy 10 According to the nethod of the invention) the
| engt h 16f tdtehing is fpom;, famexzanples bhathiserphal lie oe gredter dhau the differevediinm
facing surface and the other end may be controlled by etching with the
f ocused i orlebeldmtweenithetsuefasbof the hieheléement AL rchdser o thé angbéaning h
accuracy CQbviously many nodifications and variations of the present
i nventi on lsurface 30and ibhe surfackef thegkubgtkateht clser to tleaair begwing surface
therefore to be understood that within the scope of the appended clains the
invention gy Ha thigembodimeht elis\babstiriten] asetehediihithid stgpdfeechibgdhe
portion of the air bearing surface 30.
15 Through the above-described etching, as shown in FIG. 14, convex
portions 33 are formed in the parts of the portion of the air bearing surface 30
1 ) corresponding to the substrate 1, before the protection film 28 is formed.
The convex portions 33 have the function of preventing sticking and so on.
At the same time, a reduction is achieved in the difference in level between
20 the portion corresponding to the head element 22 and the portion
corresponding to the substrate 1 in the air bearing surface 30 before the
protection film 28 is formed. Alternatively, the portion corresponding to the
head element 22 is located closer to the recording medium 40 than at least a
part of the portion corresponding to the substrate 1 (except the portion
25  corresponding to the convex portions 33). In order to decrease the difference

in level between the portion corresponding to the head element 22 and the



-45 What is clainmed is: 1. A nethod of manufacturing a slider of a
thin-Til mnmagnetic head, the slider including a nmedium facing surface that
faces toward a recording nmediumand a thin-filmnmagnetic head el enent

| ocated near the medium5 facing surface, the nethod conprising the steps
of form ng the nediumfacing surface in3 material used for making the
slider, the material including the head el enent and ,~ etching at |east a
part of the medium facing surface, such that a reduction is made in

cor E ceponai PEFA e iele o BRY Eé‘gﬁr?%ei’?ﬁéﬁﬁﬂ?ﬁé‘qﬁégﬁh% LR
cor  espond (SRR i BorbidfsBEsRPnfing BNERARYTK bBFPR SR KRated 1 e um

than at |east a,portion of the rest of the nediumfacing surface. 15 2. The
met hod acco?®f RtfM% claim 1 wherein the step of forning the nedi um facing

surface includes, | apping of a surface of, the material .to t he nedi um
facing surface. x?,-[tﬁxg 9%@%’%8%*&%%3?@4@%?%%&?0#6?? ﬁgﬁ 48 g t he
step of 20 mng a protection filmoyer .the medi um facin urface after
the step of {"‘g‘é’c%’i fgﬁ mmpt}‘%@rﬁégmadaeégeam e313NE SHIACS &Qrf%rti‘Prﬁhl%ﬁE 20.
protection filmis made of dianmond-I1ike carbon. 26 5. The net hod accordi ng
to cl ai m 3, Theeinbeaning sutfage 301s thueghaped such thatthegshideraiQelighdy ti on on
the protection film_6. The method according to claim11, further conprising
the step of floatisiiviey the seearding mediummbhyomeansof the airflow generptedbyace after
the step of formng the nediumfacing surface, wherein a portion of the
pbot ecti on tdtatiohoishe meedlinm.t he step of etching. 7. The nethod according
to/claim6 wherein the protection filmis nade of di anond-1ike carbon. 8.
The net hod accolNeixhpst shosvmimFEGwAdy Hienprdtectporofibmt2&is formediowsr ghe hi ckness
greater than or equal to the difference in | evel between the portion of the
medi um¥aci emtisusddace ditherar bedengaiurfade30 tt pyotedt thecleathelememt@2.t i on
corresponding to the head elenment, and at | east a portion of the rest of
t he medi um The ippotestivh#ilm 28 mathbe meddeoof diaammd-like carlom(DLC).wherei n a
convex portion is forned
Finally, the bar is divided into the sliders 20. In the step of forming the
convex portion 21a and the concave portion 21b in the air bearing surface 30
of this embodiment, too, as shown in FIG. 14, a portion of the edge of the air
15 Dbearing surface 30 is chamfered, the portion being located on the air-outflow
side in the neighborhood of the head element 22 (that is, on the left side of
) FIG. 14).
According to the embodiment, the portion of the air bearing surface 30
before the protection film 28 is formed is etched. As a result, the air bearing
20 surface 30 is formed into a desired shape, such as the one having the convex
portions 33 for preventing sticking, as shown in FIG. 14.
According to the embodiment, the convex portions 33 are formed in the
parts of the portion of the air bearing surface 30 corresponding to the
substrate 1. As a result, the convex portions 33 prevent the slider 20 from

25 sticking to the recording medium 40 when the medium starts to rotate, and

reduces a shock when the medium 40 rotating shifts to a stop of rotation, and



on the rest of the mediumfacing surface in the step of etching. 10. The
nmet hdd according to claim1 wherein ion mlling is used in the step of
etching. 11. The nethod according to claim1l wherein reactive ion etching
is used in the step of etching. 12. The nethod according to claim1l wherein
etching is perforned through the use of JFlocused i on beamin the step of

et chi ng. -47 13. The nethod according to claim 12 wherein alignnment of
.the focused ion beamis nade with reference to an end of the nedium facing

surface in E&%lﬁ&@@fou@h&?hﬁ@meﬁiﬁﬁ q4ghe nmethod according to claim12
p Ing, t

wherein, in the step of etc e nedium facing surface i s shaped such
-that a portion reof . V@qg o~ Qb I~ S| d an
ai r-outfl ow si dzﬂgﬁg&grng(?éerc S OB ﬁ%‘ﬁ%tim?gfm%cg‘gbh%ﬁdeéc%efc&gﬁgﬂ?r%di um |0 15.
The met hod acgokrding to clajm. 14, whergj,n, ~in t tep . of etching, the
medi um f aci {8 gmeé%§ﬁe§l%i§5§8%?ﬂ§%ofﬂ§ ﬁﬁsﬁ eﬂhﬁoﬁy%r med between the
air-inflowglde d the air-outflowside end. 15 16. The net hod
accordi ng t%’r’%ﬁ‘i‘dﬁ@}mé'ltgl n: the head el enent includes a nagnetoresistive
el ement> and a |epgth of the nagnet Sisti enent . bet ween an, end
Cher eof B ocat odRPIPIERES 1RGN, madeingiGols el 1 TG deseibecnmertod of
controlled in the step qf_ etchi ngg 20 17.. The methaod according to claim 12
wher ei n:  t heapafactariagessiders of adbird empodiupentefitbeilaventian. afliGa134%8nd
magnetic | ayer magnetically coupled to each other each of which_includes at
| east one |crpes seatinn for iHustyatingacsten ofdyaananufagierisgimethodi ndIFadldsi c
pol e portions opposed to each other and placed in regions on a side of the
'nﬁdi um f aci mgrassrseetden fomidluspmting asten thatdfolowaddi.t Keand idugizatasgns of
the first and second magnetic layers and a thin-filmcoil at |least a part
of whi ch i sslidexcdighitht fleating heer thed@unfagmefia tedoagimgsmeditnns MG 48 dadom t he
magnetic |ayers and a |l ength of the pole portions between an end thereof
| ocat ed0 n FHa. I dreicnobasectipmutakencalang lirtecd-9tdf I Ge &l wheretmonkyl thed i n t he
step of etching.
main part of the head element 22 is shown.
The steps of the method of this embodiment taken until lapping is
performed on the bar including the portions to be the sliders 20 to form the
air bearing surface 30 are similar to the steps of the first embodiment, as
15 shown in FIG. 9.
In the following step of this embodiment, as shown in FIG. 15, the
’ ) protection film 28 is formed over the entire surface of the air bearing surface
30 to protect the head element 22. The protection film 28 may be made of
diamond-like carbon (DLC). The thickness of the protection film 28 is 5 nm,
20 for example, that is equal to or greater than the difference in level between
the surface of the head element 22 closer to the air bearing surface 30 and the
surface of the substrate 1 closer to the air bearing surface 30.
Next, the photoresist film 31 is selectively formed on the portion of the
air bearing surface 30 of the slider 20, the portion corresponding to the head
25 element 22 and the insulating layer 27. At the same time, the photoresist

film 32 is formed on a part of the portion of the air bearing surface 30
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f,.,) bearing surface 30 is chamfered, the portion being located on the air-outflow

side in the neighborhood of the head element 22 (that is, on the left side of
10 FIG. 16).

In the case of the slider 20 manufactured through the method of the
third embodiment, if the thickness of the protection film 28 is 5 nm and the
distance between the slider 20 and the medium 40 when the slider 20 is
flying is 10 nm, as shown in FIG. 16, the magnetic space, that is, the distance

15 between the medium 40 and the surface of the head element 22 closer to the
air bearing surface 30 when the slider 22 is flying, is 15 nm. The magnetic

space attained by the slider 20 is at least 5 nm smaller than the magnetic

o

space of the related-art slider 120 shown in FIG. 30.
According to the embodiment thus described, the portion of the

20 protection film 28 is etched after the protection film 28 is formed on the air
bearing surface 30 having differences in level, such that a reduction is
achieved in the difference in level between the portion corresponding to the
head element 22 and the portion corresponding to the substrate 1 in the air
bearing surface 30, or such that the portion corresponding to the head

25 element 22 is located closer to the medium 40 than at least a part of the

portion corresponding to the substrate 1 (except the portions corresponding to
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EDEDDG EEE~ s@r?ace 30, and the surface of the substrate 1 closer to the air bearing surface
30. Alternatively, the surface of the head element 22 including the
protection film 28, the surface being closer to the air bearing surface 30, is

(,ﬁ) located closer to the medium 40 than the surface of the substrate 1 closer to

the air bearing surface 30. As a result, the low-flying slider 20 is achieved,

10 that is, a reduction in the magnetic space is attained as in the first
embodiment. According to the embodiment, the reduction in the magnetic
space allows an improvement in the reproducing output and a reduction in
half width of the reproducing head. It is thereby possible to improve the
recording density.

15 According to the embodiment, the portion of the air bearing surface 30 is
etched. As aresult, the air bearing surface 30 is formed into a desired shape,

) such as the one having the convex portions 34 for preventing sticking, as
shown in FIG. 16.
According to the embodiment, the convex portions 34 are formed in the

20 parts of the portion of the air bearing surface 30 corresponding to the
substrate 1. As a result, the convex portions 34 prevent the slider 20 from
sticking to the recording medium 40 when the medium 40 starts to rotate,
and reduces a shock when the medium 40 rotating shifts to a stop of rotation,
and the slider 20 touches the medium 40.

25 The remainder of configuration, functions and effects of the

embodiment are similar to those of the first embodiment.
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, ﬂ) main part of the head element 22 is shown.
( The steps of the method of this embodiment taken until lapping is
10 performed on the bar including the portions to be the sliders 20 to form the
air bearing surface 30 are similar to the steps of the first embodiment, as
shown in FIG. 9.
In the following step of this embodiment, as shown in FIG. 17, at least a
portion of the air bearing surface 30 of the slider 20 is etched through the use
15 of focused ion beam (FIB) 100, so as to reduce the difference in level between
the portion corresponding to the head element 22 and the rest of the air
) bearing surface 30. Etching with the FIB 100 may be performed either on
only the portion of the air bearing surface 30 corresponding to the substrate 1,
or on the entire air bearing surface 30.

20 If etching with the FIB 100 is performed on only the portion of the air
bearing surface 30 corresponding to the substrate 1, alignment of the FIB 100
is made with reference to the interface between the substrate 1 and the
insulating layer 27 in the air bearing surface 30. Next, scanning is
performed with the FIB 100 to etch the substrate 1. The direction of

25 scanning may be the lateral direction of FIG. 17, the direction orthogonal to

the drawing sheet of FIG. 17 or any other direction. The amount of etching
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5 If etching with the FIB 100 is performed on the entire air bearing
surface 30, alignment of the FIB 100 is made with reference to the air-
outflow-side end of the air bearing surface 30 (on the left side of FIG. 17).
Next, scanning is performed with the FIB 100 to etch the entire air bearing
surface 30. In this case, the difference in level is made in the air bearing

10 surface 30 at first while the head element 22 and the insulating layer 27 are
recessed behind the substrate 1. Therefore, almost only the substrate 1 is
etched with the FIB 100 until this difference in level is eliminated. After the
difference is eliminated, the substrate 1, the head element 22 and the
insulating layer 27 are etched. The direction of scanning may be the lateral

15 direction of FIG. 17, the direction orthogonal to the drawing sheet of FIG. 17
or any other direction. The amount of etching of the substrate 1 with the

) FIB 100 is 5 nm, for example, that is equal to or nearly equal to the difference
in level between the surface of the head element 22 closer to the air bearing
surface 30 and the surface of the substrate 1 closer to the air bearing surface

20 30. Ifthe head element 22 and the insulating layer 27 are also etched with
the FIB 100, the amount of etching is greater than the above-mentioned
difference in level.

If the head element 22 and the insulating layer 27 are also etched with
the FIB 100, the MR height and the throat height may be controlled by

25 controlling the amount of etching. The MR height is the length (height) of

the MR element 5 between an end thereof located in the air bearing surface
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Through the above-described etching with the FIB 100, as shown in FIG.
5 18, no difference or almost no difference in level is created between the
substrate 1 and each of the head element 22 and the insulating layer 27 in
the air bearing surface 30 before the protection film 28 is formed. The
flatness of the entire air bearing surface 30 is thereby improved.
Next, the convex portion 21a and the concave portion 21b as shown in
10 FIG. 8, for example, are formed in the air bearing surface 30 of the slider 20.
The air bearing surface 30 is thus shaped such that the slider 20 slightly
floats over the recording medium by means of the airflow generated by
rotation of the medium.
Next, as shown in FIG. 18, the protection film 28 is formed over the
15  entire surface of the air bearing surface 30 to protect the head element 22.
The protection film 28 may be made of diamond-like carbon (DLC). The
) thickness of the protection film 28 is 3 to 5 nm, for example.
Finally, the bar is divided into the sliders 20. In the step of forming the
convex portion 21a and the concave portion 21b in the air bearing surface 30
20 of this embodiment, as shown in FIG. 18, a portion of the edge of the air
bearing surface 30 is chamfered, the portion being located on the air-outflow
side in the neighborhood of the head element 22 (that is, on the left side of
FIG. 18).
In the case of the slider 20 manufactured through the method of the
25 embodiment, if the thickness of the protection film 28 is 5 nm and the

distance between the slider 20 and the medium 40 when the slider 20 is
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5 space of the related-art slider 120 shown in FIG. 30.

According to the embodiment thus described, etching with the FIB 100
is performed on at least a portion of the air bearing surface 30 of the slider 20
before the protection film 28 is formed, such that a reduction is made in the
difference in level between the portion corresponding to the head element 22
10 and the rest of the air bearing surface 30. The protection film 28 is then
formed over the entire air bearing surface 30.
As a result, according to the embodiment, no difference or almost no
difference in level is created between the surface of the head element 22
closer to the air bearing surface 30 and the surface of the substrate 1 closer to
15 the air bearing surface 30. As a result, the low-flying slider 20 is achieved,
that 1s, a reduction in the magnetic space is attained. According to the
\ ) embodiment, the reduction in the magnetic space allows an improvement in
the reproducing output and a reduction in half width of the reproducing head.
It is thereby possible to improve the recording density. FIG. 12 shows an
20 example of the waveform of reproducing output of the head element 22 of the
slider 20 manufactured through the method of the embodiment.
According to the embodiment, the reduction in the magnetic space
achieves an improvement in the overwrite property of the recording he.';xd.
According to the embodiment, at least a portion of the air bearing
25  surface 30 of the slider 20 is etched with the FIB 100. It is thereby possible

to form the air bearing surface 30 into a desired shape, such as the shape in
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chamfered, the portion being located on the air-outflow side in the
neighborhood of the head element 22 (that is, on the left side of FIG. 18).
) According to the embodiment, the head element 22 and the insulating
- layer 27 are etched with the FIB 100, and the amount of etching is controlled,
10 so that the MR height and the throat height are controlled. Precise control
of the MR height and the throat height is thereby achieved.
According to the embodiment, alignment of the FIB 100 is performed
with reference to the air-outflow-side end of the air bearing surface 30, for
example. The entire air bearing surface 30 is then etched through scanning

15 with the FIB 100. As a result, the flatness of the air bearing surface 30 is

improved, compared to the surface lapped through the use of a surface plate.

7N

) [Fifth Embodiment]
Reference is now made to FIG. 19 and FIG. 20 to describe a method of

manufacturing sliders of a fifth embodiment of the invention. FIG. 191is a

20 cross section for illustrating a step of the manufacturing method. FIG. 20 is
a cross section for illustrating a step that follows FIG. 19 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 19 and
FIG. 20 are cross sections taken along line 9-9 of FIG. 8, wherein only the
main part of the head element 22 is shown.

25 The method of this embodiment includes steps similar to the steps of

the fourth embodiment taken until lapping is performed on the bar including
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difference in level between the portion corresponding to the head element 22
5 and the rest of the air bearing surface 30, as shown in FIG. 19.

In the following step of this embodiment, the convex portion 21a and the
concave portion 21b as shown in FIG. 8, for example, are formed in the air
bearing surface 30 of the slider 20. The air bearing surface 30 is thus
shaped such that the slider 20 slightly floats over the recording medium by

10 means of the airflow generated by rotation of the medium.

Next, as shown in FIG. 20, the protection film 28 is formed over the
entire surface of the air bearing surface 30 to protect the head element 22.
The protection film 28 may be made of diamond-like carbon (DLC).

Next, convex portions 35 is formed through the liftoff method, for

15 example, on parts of the protection film 28 in the portion corresponding to the
substrate 1. The convex portions 35 have the function of preventing sticking
{ ) and so on, and may be made of diamond-like carbon (DLC).
Finally, the bar is divided into the sljders 20. In the step of forming the
convex portion 21a and the concave portion 21b in the air bearing surface 30
20 of this embodiment, as shown in FIG. 20, a portion of the edge of the air
bearing surface 30 is chamfered, the portion being located on the air-outflow
side in the neighborhood of the head element 22 (that is, on the left side of
FIG. 20).
According to the embodiment, the convex portions 35 are formed in the
25 parts of the portion of the air bearing surface 30 corresponding to the

substrate 1. As a result, the convex portions 35 prevent the slider 20 from
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5 embodiment are similar to those of the fourth embodiment.
[Sixth Embodiment]

Reference is now made to FIG. 21 and FIG. 22 to describe a method of
manufacturing sliders of a sixth embodiment of the invention. FIG. 21isa
cross section for illustrating a step of the manufacturing method. FIG. 22 is

10  a cross section for illustrating a step that follows FIG. 21 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 21 and
FIG. 22 are cross sections taken along line 9-9 of FIG. 8, wherein only the
main part of the head element 22 is shown.

The steps of the method of this embodiment taken until lapping is

15 performed on the bar including the portions to be the sliders 20 to form the
air bearing surface 30 are similar to the steps of the first embodiment, as
) shown in FIG. 9.

In the following step of this embodiment, as shown in FIG. 21, the

entire air bearing surface 30 of the slider 20 is etched through the use of FIB
20 100. In this embodiment, the amount of etching with the FIB 100 is greater

in the air-inflow-side end and the air-outflow-side end than the rest of the air

bearing surface 30. As a result, the air bearing surface 30 is shaped such

that the portion between the air-inflow-side end and the air-outflow-side end

projects further toward the recording medium 40 (this shape is hereinafter
25  called the crown shape). In this case, it is preferred that the air bearing

surface 30 has the shape of the cylindrical surface, that is, an arc is formed
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bearing surface 30 of the slider 20. The air bearing surface 30 is thus
shaped such that the slider 20 slightly floats over the recording medium by
means of the airflow generated by rotation of the medium.

Next, as shown in FIG. 22, the protection film 28 is formed over the

10 entire surface of the air bearing surface 30 to protect the head element 22.
The protection film 28 may be made of diamond-like carbon (DLC).

Finally, the bar is divided into the sliders 20. In the step of forming the
convex portion 21a and the concave portion 21b in the air bearing surface 30
of this embodiment, as shown in FIG. 22, a portion of the edge of the air

15 bearing surface 30 is chamfered, the portion being located on the air-outflow
side in the neighborhood of the head element 22 (that is, on the left side of
) FIG. 22).

According to the embodiment, the air bearing surface 30 is etched with

the FIB 100. As a result, the amount of etching with the FIB 100 is
20 controlled portion by portion, so that the air bearing surface 30 is formed into
a desired shape, such as the crown shape described above.

According to the embodiment, the air bearing surface 30 is crown-
shaped. It is thereby possible to prevent the slider 20 from sticking to the
recording medium 40 when the medium 40 starts to rotate, and to reduce a

25 shock when the medium 40 rotating shifts to a stop of rotation, and the slider

20 touches the medium 40.
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induction-type electromagnetic transducer, a thin-film magnetic head
dedicated to writing that has an induction-type electromagnetic transducer
only, or a thin-film magnetic head that performs reading and writing with an
induction-type electromagnetic transducer.

According to the method of manufacturing a slider of the invention thus
described, at least a part of the medium facing surface is etched, such that a
reduction is achieved in difference in level between the portion of the medium
facing surface corresponding to the head element and the rest of the medium
facing surface, or such that the portion of the medium facing surface
corresponding to the head element is located closer to the recording medium
than at least a portion of the rest of the medium facing surface. As a result,

the low-flying sliders are achieved, and it is possible to form the medium

. facing surface of the slider into a desired shape.

)
10
15
)
20
25

According to the method of the invention, the protection film may be
formed over the medium facing surface, and the convex portion may be
formed on the protection film. In this case, it is possible to prevent the slider
from sticking to the recording medium.

According to the method of the invention, the convex portion may be
formea on a part of the medium facing surface other than the portion
corresponding to thin-film magnetic head element. It is thereby possible to

prevent the slider from sticking to the recording medium.
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portion thereof between the air-inflow-side end and the air-outflow-side end

projects further toward the recording medium. It is thereby possible to
5 prevent the slider from sticking to the recording medium.

According to the method of the invention, the length of the
magnetoresistive element between an end thereof located in the medium
facing surface and the other end may be controlled by etching with the
focused ion beam. It is thereby possible to control this length with accuracy.

10 According to the method of the invention, the length of the pole portion
between an end thereof located in the medium facing surface and the other
end may be controlled by etching with the focused ion beam. It is thereby
possible to control this length with accuracy.

Obviously many modifications and variations of the present invention

15 are possible in the light of the above teachings. It is therefore to be
understood that within the scope of the appended claims the invention may

! ) be practiced otherwise than as specifically described.
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medium and a thin-film magnetic head element located near the medium
5 facing surface, the method comprising the steps of:

forming the medium facing surface in a material used for making the
slider, the material including the head element; and

etching at least a part of the medium facing surface, such that a
reduction is made in difference in level between a portion of the medium

10 facing surface corresponding to the head element and the rest of the medium

facing surface, or such that the portion of the medium facing surface
corresponding to the head element is located closer to the recording medium

than at least a portion of the rest of the medium facing surface.

15 2. The method according to claim 1 wherein the step of forming the
medium facing surface includes lapping of a surface of the material to be the

( ) medium facing surface.

3. The method according to claim 1, further comprising the step of
20 forming a protection film over the medium facing surface after the step of

etching.

4. The method according to claim 3 wherein the protection film is made
of diamond-like carbon.

26

5. The method according to claim 3, further including the step of
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a portion of the protecﬁon film is etched in the step of etching.

7. The method according to claim 6 wherein the protection film is made

of diamond-like carbon.

8. The method according to claim 6 wherein the protection film has a
thickness greater than or equal to the difference in level between the
portion of the medium facing surface before undergoing the step of etching,
the portion corresponding to the head element, and at least a portion of the

rest of the medium facing surface.

9. The method according to claim 1 wherein a convex portion is formed

on the rest of the medium facing surface in the step of etching.

10. The method according to claim 1 wherein ion milling is used in the

step of etching.

11. The method according to claim 1 wherein reactive ion etching is used

in the step of etching.

12. The method according to claim 1 wherein etching is performed

through the use of focused ion beam in the step of etching.
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ion beam is made with reference to an end of the medium facing surface in

the step of etching.

14. The method according to claim 12 wherein, in the step of etching,
the medium facing surface is shaped such that a portion thereof between an
air-inflow-side end and an air-outflow-side end projects further toward the
recording medium.

10

15. The method according to claim 14 wherein, in the step of etching,

the medium facing surface is shaped such that an arc is formed between the

air-inflow-side end and the air-outflow-side end.

15 16. The method according to claim 12 wherein: the head element
includes a magnetoresistive element; and a length of the magnetoresistive
‘) element between an end thereof located in the medium facing surface and the

other end is controlled in the step of etching.

20 17. The method according to claim 12 wherein: the head element
includes: a first magnetic layer and a second magnetic layer magnetically
coupled to each other each of which includes at least one layer, the first and
second magnetic layers including magnetic pole portions opposed to each
other and placed in regions on a side of the medium facing surface; a gap

25 layer placed between the pole portions of the first and second magnetic

layers; and a thin-film coil at least a part of which is placed between the
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