; €3eE9B0014H5B96x9T9 METHOD OF MANUFACTURI NG SLI DER OF THI N- FI me“mmm
HEAD BACKGROUND OF THE | NVENTI ON *16616b* 5 1. Field of the Inv

present inventionrelates to a nethod of manufacturing a slider of &gooze
thi'n-fil mmagneti c head whi ch conprises a nedium facing surface that faces
toward a recording nmediumand a thin-fil mlmagnetic head el enent |ocated
near the nediumfacing surface. 10 2. Description of the Related Art
Performance i nprovenents in thin-filmmgnetic heads have been sought as

areal recording densi tymTﬁ@ﬂ@mﬁw]ﬁ@mIN@g@%g ?ﬁgch thin-film

magneti ¢ heads include conposite t m magnet i c t have been

w dely used. A conposite headmpi ?ﬁhﬁ¥mh@‘ﬁ ucture 15 including a
recordi ng head havi ng an indggﬁﬁgﬁﬁn&gne i rarg u]%‘ép for witing and a

reproduci ng head having a magnetoresistive (MR) el enent for reading. M
el ements i nclude an ani sotropi c magnetoresistive (, AVR) el enent that

utilizes th a i resistive (GWR) ele m
utilizes thi‘%@b@@t{m Q%rmmmg; using an AMR 20 el mm\“\\ \\\\\m\\\\\\\\\
call ed ap ANR he rr sjnply. an MR head. A reproducing head usi ng a “@/&R"
el enent Bs Jall{}%@d%f@%"g}éﬁonm AMVR head is used as a reproduci ng head
where areal densjty is nore than 1 gigabit per square inch. A GVWR head is
used as a repr odtia¢ REeseREdnFeRien Felkates ﬁféﬂﬁ‘%tyholﬁs‘) aapufaciurings glidex of per
square inch. It i s GWR heads that have been nost_w dely 25 used recently
The per f or mthtw fidm megnetisrhaadcwhisheorapriges apmediaan f3cingsuxtaced hagdaces 2
AVR filmwith a GWR filmand the |ike having an excel |l ent nmagnetoresistive
si tivity.towardaecovding madjum tamdna thift-filmuohgaetic headelement lorpted ack
wi gith and the MR height, in particular, may be optim zed. The MR height is
t he | engt h (eardhe)mediunefaciag samfhcef 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 thi hOfi I2nDesgription ¢fthe RelatedArbwar d a magnetic recordi ng medi um
Performance i nprovenents in a recording head are also required as the
performance of aPerprmduce ngpheaanestsiinphinddm iagreticcpddsdiateobeercr ease
the linear density in order to increase the areal density anong the 10
per f or mance sohightias aréeal recdrdihgt densitycaft khindodisk attivebchaxiriczvasddi SSudk i s
required to inplenent a recording head of a narrow track structure wherein
t he wi dt h ofthirwfilanshalgaetiecadsdacludedionusiie thin-filac aiafredicleeadsapieit on a

side of the air bearing surface is reduced down to mcrons or a subm cron

order. Thi s havdtBbenSwitidy @ised heAfcdedpiisite! Had iahadaiofa lakerddesudiwe head
15 performance. Sem conductor process techniques are utilized to inplenent

such a $§1 UGhéluBingBXel6¥dihg Heald hfvingRat ifTudtidnGhBghEib tAtnddiRel F60at
height, -~ ~ in particular. The throat height is the |length (height) of

pol e porti OREitihBaind & repRiducPns hehd REIRE hemABhEtora8tive (MR ElegRGH BE her
with a recording gap |ayer in between, between the air-bearing-surface-side

e 251 and t he »gf fiRlg. MR ABnRrite SALHE AN Anisbfrepic RRigBREoresiiRe (AMR)N or der

i nprove the recordi ng head performance. The throat height is controlled

by an amuniighehf BRANELINEN AN AMR ofRERAhAS Sidht HSghctoPEdSEve CAMR)

element that utilizes the GMR effect. A reproducing head using an AMR

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



As thus described, it is inportant to fabricate well-bal anced recordi ng and
repr oduci ng heads to i nprove the perfornmance of the thin-filmmagnetic 25
head. In order to:inplenment a thin-fil mmgnetic head that achi eves high
-3%recording density, the requirenents for the reproducing head include a
reduction in reproducing track width, an-2mcrease in reproducing out put,
ang a reduction in noise. The requirenents for the recording head include a
reduction in recording track width, an inprovenent in overwite property 5
that is a i-5ql 1 f oS A i kid.en
p%&ﬁi(n }ﬂi?ﬁl \!v;]tgi & VRN Gndl th%hﬁi@ﬁéﬁ&iﬁzéﬂ ezcallieit ﬁé%ﬁg%o?ﬁ’s‘fs’tfde

over existing data, and an I nprovenent in non ar transitio

(NLTS). In oa WaJer e WotRANE tJ i ard
i sk devi ce ARGy, ALEHARELAR" pkGwh iR RURE doiHaAR AR Bk ™ O
el enent bei ng. {.or med. .at trailing. e of .t he slider., Thq siiger . .
ol fontly 11 QRdsBAFEE i MR Beldib o BAsilEr Shob 8 chebeifled o The Mi§ Beieh is
generated by.,the rotati.o f the nediu f nce i s . now nmade 1o FIG 23A
Do F & o the enedh Beighplhetwien minrnd of She IR FiSmedt NBRIA the it o of
manuf act yri ng rrethodef;r;f a rel atég&i1 art .thj -fi.Iﬁma, neti g head el epent ., FI G
23A to FPG PrgaIng guriage anfiyhentheppadeadhectiy REgENE Swragens apiriges ofng
surface. FIG, 23BtqQ FIG 26B are ¢ross sectjons of the pole portjon each
paral | el to thed n'rﬁcisbmawt&m% cing: by akdh MAgRetAC Fegoning medigyyet hod,
as shown in FIG _23A and FIG 23B, an jnsulating |ayer 102 made of _al um na
(~120~, for exanBeEOrmaRCHIMPTOYRIBRASI drecarding head are algg requized gsitheqd
on a substrate 101 nade of 20 al um num oxi de and ti_tani um car bi de

011203- Ti C) ,perfornesnespofa repsaducing head inbmpravedy 1hyerequiped fo pagrease
shilel d I ayer 103 nade of a magnetic material is fornmed for a reproducing
head. Next, theHineamdexsdity ih gederftolincrease vhe @areal density amomgrtheat eri al
such as alum na and having a thickness of 100 to 200 nm for exanple, is
formed 29 t Iperfoymapes charnacteristicshaf thetreoomdihgdieadl aylorachieve thist tdsbot t om
shield gap film 104, an MR el ement 105 for reproduction having a thickness
of tens - 4reqiiredntonimhplemedrnt € reavedingNesad ofia marrowftradkestruotierel wherainl 06
are fornmed on the bottomshield gap film 104. The el ectrode | ayers 106 are
el ectri cal | ywheowmitthtofdop @ridbottéincgpdese sandWichihigthe racdirding gaplldyegapnfa | m
107 made of an insulating material such as 5 alumna is formed through

sputtering, did¢ oftherphrcbedating barface ioredived dbvgapo icrondy, a ishibniitral enent
105 and the el ectrode |ayers 106. The MR el enent 105 is enbedded in the
shiel d gap fordes 1DHisawwitithOig.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 A reduction 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



Next, on the top shield gap film 107, a

t op-shi el d-1 ayer-cum bot t onpol e-|1 ayer (called a bottom pole layer in the
foll ow ng description 108 is 10 formed. The bottom pole | ayer 108 has a

t hickness of about 3 umand is nmade of a nmgnetic material and used for
both the reproduci ng head and the recordirdgy head. Next, as shown in FIG
24A and FIG 24B, a recording gap |layer 109 made of an insulating film such
as an alumna filmand having a thickness of 15 0.2 umis formed on the

bot t om pol ¢ JeyflinkQfbnstifX the Hifyireneht] RE th3RebAIRICiARTEAE BRIGASR! Y

etched to forma contact ho_e 1 or neking a"magnetrc path. Next, a top
1001 n' {he piteHsRinsRpahAfg AL WigtiC o icRbhce  FEOANLEG. Glbdls ¥l
material and h .t hi ckness 0 : . I 0
magnetic | ayaerg(illél%ﬂé%%%a ﬁgléa nrgt%’iuél%ﬁ'}é%’gtrsiqgﬂlllés&?%)? g}argélﬁg?a rlrgglluﬁ% %he

e shown | n Tedultivainadibfing Sadk width, AL EPR IR R ES SRR
as shown in ; ’ a e
bottom pql e | ayer 108 are etched, t hrou ibon mlling, usi the to ol e
P, 1107 By * hkdh a TRraiioR akRHAE SR dhadalieriti ehen A5 pEeatteR m o5
structure wherein,the idewal(is of the top pole portion (the top.p éhp
110), the reqy&rcﬂwl@géar%.m apgmprqyemephin ngphingar GEARIHPPA fq@‘kﬁT :08
are -5 formed vertically in a self_ aligned manner. Next, .an insulating
layer 111 of al uln generad, a dyingitepe ﬁbxn'ﬁgnan@anwﬁbggd&seéﬂm hard digk s
fornmed over the entire surface. The insulating_ layer 111 is polished to the

sutfaces of device apdpbedike is made awoofianelidery adhie fm mpagmeticcheadielement
fildttened. On the flattened insulating layer 111 a first |layer 112 of a

t hi n-fi | m cddingdormed at dhethailingedge efitheydidlere c Theishigenslightiph@oatsiqvelri | m
coil 112 is made of copper (Cu), for exanple. Next, a photoresist |ayer 113
is fornmd0 i m vecrdinginediumhby meamstdfdhe mdrflow igegetratedrbyl thie rotatiomeof fhest

| ayer 112 of the 10 coil. Heat treatnent is perfornmed at a specific

t enper at ur e medfumtten the surface of the photoresist layer 113. Next, a
second |l ayer 114 of the thin-filmcoil is formed on the photoresist |ayer
113. Next, a phoReferened id nywrmadés to FlGoL2B8Ado0i NiCh 2640EHG f 23B b H1&. @6RB,he
photoresist |ayer 113 and the second | ayer 114 of the coil. Heat treatnent

i s perfornedd FiGs 2Ftofdesctibopey @tamplet of d manudhétrmringemethodafa nfatdde

phot oresi st layer 1I5. Next, as shown in FIG 26A and FIG 26B, a top pole

layer 116 f qirtithén-fRaOmdighdticdithd sleientEd FOG. 2BA todPI(P.26A hird cAddd, t he
photoresist layers 113 , and 115 and the nmagnetic |ayer 119. The top pole

layer 116 i Sseltidfis @hch oFlRinal t60he birrbedits sasfaber NEIGOR3BNOFEIG. 26Bt, an
overcoat layer 117 of 20 alumna, for exanple, is forned to cover the top

pol e layer Igh@. crbid8ddtionseicthieole posion ieach pharalel & thdediribealritil Sarfabs

forgoing layers is performed to formthe air bearing surface 118 of the

hg'gn- film magnet Ageor@atl tdshe ' HiatifhtRirie flethod), Aakbvai 6n HTE. 23N 204 FICH
d. The thin-filmnmagnetic head elenent is thus conpleted. 25 FIG 27 is

a top view oigphg, iﬁﬂdlafihkgrw@ﬂmeﬁ wactbeafial%ln@ﬁﬁmgbg%rié}a'ﬁ_h@er RatiRNe

FIG 26B. The overcoat l[ayer”117 and the other insul ating ayers and
LT LS O ot B Sob IR SRR 1 30,10
same. Fbf  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
256  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



28 is a bottomview that illustrates an exanple of the configuration of the
air 5 bearing surface of the slider. As shown, the air bearing surface of
the slider 120 is 'shaped such that the slider 120 slightly floats over a
recordi ng medi um such as a magnetic disk by nmeans of the airflow generated
by the rotation of the nedium In FIG 284nuneral 12la indicates a convex
portion and s_ nuneral 121b indicates a concave portion. Athin-film
magneti c head 10 el enent 122 is |ocated near the air-outffow side end of

the air beardeaidthéfers i9fornhéd.S! NEgE, algdir Ofafdcticde R ekd 806 RRE Torhea o
FIG 28). The configuration of the head elenment 122 iS showmn in FIG 26A

The i ider 135 T GEATCR edf Buplg: TnbiecleabRo RN dte ERAEURNT®S: 1
i e i nol uceRtet RE MIFSRAAR RS cad ol aront 122, This waior s cut
<1 dorpor 1 ons. NeXbif BP S 4pE Hn® InZ bR Een Thiiabink natetiA fudy ay
e 20 1 B mAISTHRGS doTAG AV SR BPHERRE, [ RRRRle, o0l PRI BIERCE B
1 st at e iy Ofna helsiment FOF B P elecirorieRgaet 106 hcThe B RAmenty

As shown, the greater part of the_ slider 120 is de up of the substrate
101 of al ummﬁ%%@géd&%mﬂ%ﬁﬂm&(géptﬁlﬁé ?@‘bﬁ“gi]é??pl e. The rest of the
slider 25 120 is_rade ug of the insulati ng | ayer 127 of alumna, for

e,x;mpl e, and t heNeshoretharton shighd gap il §07ftonsghield daxerewmrbattom-| ayer
127. The greater - art of the insulating layer 127 is the overcoat

| ayer 117. Awleilayencetiedra bettpinsprld lwmxmﬁglwefw lominestescriptiond 18838i cat i on
Hei 9-63027 (1997), for exanple, a protection filmof a material such as

di anondilDke formiedn (Thieottem pde layercl0O®has hdhackndssafiabgut 3rimcndis t he
slider 120 5 in order to prevent corrosion, for exanple, of the bottom

shi el d | ayermade of aheagoetio materiallandousebfor hoth thepeproduding head, andhthe he
top pole layer 116 and so on. FIG 30 is a cross-sectional viewthat

i | lustrates teherdihgdweadl20 with a protection film 128 formed on the air
bearing surface, the slider 120 slightly floating over a recording nedi um
140. 10 | n or der Nest,i agghoven tih &FI0e 24 amd FEGe B4Ba at recorsding gapl layeh d09 di sk
devi ce, such as areal recording density, a nmethod of increasing |inear
recordi ng danadé yf andnsulatihe filef suchcaean iabgmina findgend hayingy théckwdsgnf To
design a hi gh-performance hard di sk device, specific nmeasures taken for

i npl ementi Nn@.Rhén i€ frhikd dén mna%otﬁohmbmgdmbsg DR, tHe FdebrdiRigzdp 1aeS
magneti c head as a whol e depend on ether linear recording density or

track densityod & gaiidl ékted tBdFbrinsa cordtapt holel 1094 forGhMRing & rha@kdtic
density) a reduction in track width is required for both recording head and

regroduci ng dighd, N&it, @tepRiote tipf 110 for'thefebsrdahy Heatds fbrifed ohader di ng
density, it is required for the 20 reproducing head to inprove the

reproduci ng yaeéRith Tagef §09SA the ortiérlt TTRé té1Boletizp AA0OGE Rla ! bPHT -
Moreover, it is re%%aﬁedgfo reduce ?’r?e gi stance bet \/\Qg(r)l el?ﬂﬁfé hard di sk

platter and ﬁlgg?édzi%ﬁ?a{teﬁ'mra‘ﬂ 4 8thfnesd oPO.rH.aﬂf‘ﬁk)i fmSPAGGhe shtn&EthEVE

areal density to 30 gigabits per square iInch, a magnetic space of 15

to 25 ngp f = ' f &, . [ [ j is
achi evedlby DaBiEGPIAer F1d B!k piapnbricSiber e KnBORE hAIARTRe © |
magnetic s D%Qgﬂgﬁc BQJ(:H i A6 bR E 019 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



_8. an inprovenent in the reproducing output and a reduction in the half

w dth of the reproduci ng output of the reproducing head, but also to an

i mprovenent in the overwite property of the recording head. The foll ow ng
is a description of the problemthat arises when the 5 nagnetic apace is
reduced. In the prior art, |apping of the8air bearing surface of the slider
12Q has been perfornmed on a rotating tin surface plate through the use of
di anond slurry, for exanple. A plurality of materials that make up the

slider 120 h@yg odiJerdl gn%gga[n%é]tg??gﬁedﬁﬂﬁnﬁ%pnpl e, a conparison is made

bet ween: al um num oxi fumcarbide that is a ceranmic materi al

used for the sub t . | j S ; for the
bottom shield | a@tg%ﬁl&m%ﬁgtlgg? ? g%ri{ %}):ng %@%nalg(&?e’?%gmégglaﬁﬁg % | p 110,
the top pol e,l.aver 116,an o_on;e and.al umna used fos t{heninsul ating | ayer
197, The” haritissrot e SR taBREA SvEF HER ofFE shffah T ThEE=Glarife.
while that of N IS t spal l.est. A5 T har dness , of um is smal.ler
than that - onaPh L hiPoltFast B Hie puefires SbPdeadoS i LLARdhe BasnAte o
Ni Fe. Thg slider (120 includes a plurality of layers having different

har dness@s 28Yehdd9d atfened f this slider 120 is | apped on a tin surface
pl ate through the use of diapopnd slurry as_an abrasive, differences in

| evel may resul t Ongtheiatdened insplatingdayen d1hadinst darernblZefea thin -fitgy coil
exanple, as shown in FIG 29, a difference of about 1 to 2 nmin |level is
created bet vieanade fon wheinductignrtyperecordingdepte tIhe thandilmged 11268 f or
exanple, that is a |layer made of a magnetic material such as N Fe, an_end
%Lpt he top poadelofgeppear€weforeiaranleed Nesh adhotoresistdnyendld s formedg
ltayer 127. A difference of 25 about 4 to 5 nmin level is created between

t he i nsul at iingo hzspecificogshapedon bke indidatingdayert 11khandihe dirst layambl of they

| ayer 127 being |ocated behind an end .9 of the substrate 101. In this
case, t@ didoiler dlext treatment is pexrformed attaospecific teanpexaturd to flattacthef t he
thin-filmmagnetic head el enent 122 closer to the air bearing surface and

t he surf ace surfadecofshbythodbmsistllagénitl. t Nektya sdcontidayemijl 4$of flecthint fibm
protection film 128 being excluded. 5 If the thickness of the protection
film 128 is doilngifomned vathe phétioresisPlayelrd18i f Nextna photoresistilayer abdus 10
to 12 nm between the surface of the head el enent 122 closer to the air
beari ng sur ffapmedridtd Aaspetificadmapelomtiophotresikt 1dyer 18tand tlie séédnd ladBr
that corresponds to the substrate 101, the surface ". being located in the

ai r bearing B éfabe coill (Heatdirehtmeait bepaermbdat sl dpieificlenipbratige ttbe
recordi ng medi um 140 when the slider 120 is flying is 10 nn) the nmagnetic

space, tbat fiftteh BRe dusfaddof the pPhOEsrebitt lapski 118.140 and the surface of the
head el enent 122 closer to the air bearing surface when the slider 120 is

fllying, is aboutNgQt,tds showiilin Wien 26Acan®EI6! 26BS A6 pole MyeTUdl® forddar ee,
attainable areal density is [imted to about 30 gigabits per 15 square

'{_rlﬁh As th%c&’ﬁﬁﬁ?'lﬂﬁq’istﬂ?ﬁnééloﬁtﬁﬁ'ﬁbtp&l@tﬁ)’ 110, ihegHRbrcidtaagerPy18ave a
di-fference in level in the air bearing surface of thé slider 120, the

portion corrgspeislhig tm)@ I??En@ﬁ@??}%!ref@)t T‘}?ezto?ﬁ%%lgtlﬁféieff@fé Rieldest 4 he

other part. As a result Isd cult tore e magneti c space, and

to inprove Hﬂﬁgﬂ?ﬂ% ﬁg&;eﬁejiaqgu %iP&%W(NfFJ).S fﬁe&iiﬁyh{r%xtscggf eiae1 176¢

magneti c space 0 ated-art t m magnet i ¢ hea escri bed

above, bh | SubfASHR! Salplo N MEhdd ¥ ASLE THERF Bl 1aLF 116" GGG head

in particular a’ suf gree, such as a nprovenent |

repr oduci ng . i i n: - Wi . [ i
noad. As. o gt fiRedig B ehs hipidtndint e Yoftoing hS BN o
t he hard di devi ces.for. hi ensy ecqr.di Lncre 10 the
yield of tnhiRaHedEbeRnk SUHECHLA SR At WA Rl thamalte U
o di'scl bsedSRHERBE BepAd L CRTOHBHAhetG. af fe DTG TBHRRSUE0eR ( ne.
sliders is pTrforned such t hat 3n 5 insul ator surrounding the menber making
up each thi F1¢ment it seepetedel enent is eroded in a nmore uneven manner,
h Ki I k h
b or 1 U251 ur t nerF G tahis R4OP NITH 2t re tan AIBARSERLH RS €1 TnBRk SkpwhdNgr oot
di fference iﬁéfﬂ\/ﬁg{ i(siﬁcir&}ea%%j i'E%éhe 10 gir bfﬁ&i ngdg}lljrftce of htgnslider
bet ween t he ap t4%-ne pPVexcogh tayer g rang ¢ng gLhqydnsp g
required to forman unnecessarily thick protection filmto reduce this
difference in level. Another problemis that, if the magnetic space is

reduced, the slider is likely to collide with the recording nedium and
darmage to the nmedi um



16 frequently results. To avoid this, it is required to enhance the
snoot hness of the surface of the nedium However, the slider easily sticks
to the nmedium if ‘the snoothness of the surface of the nmediumis enhanced.
To solve this problem techniques are disclosed in Published Unexam ned
Japanese Patent Application Hei 8-287440-(61996), Published 20 Unexamni ned
Japanese Patent Application Hei 8-293111 (1996), and Published Unexam ned
Japanese Patent Appl i cation Hei 11-120528 (1999), wherein a protrusion is
provi ded o gﬂéﬂ % ggn afiacer@fot he slider to prevent the slider
0

fromsti Ckl ng t e sur ace 0 the medi'um I n Published Unexani ned

Japanese Patent Appligal tfpow%aae%gace A BRER0 14 abd e 1 S

di sclosed to fla I ng suar e slider, Wherern a protection
filmmade of an. |nsJat| OVI 11 produ
bet ween ¢ he SrtsaptatioR e dlidPe aindh e Rd, ot obiEifne el FRE-

slider is prggess I n_thi on t he fo nd sggond.
methods ar o 4 % i)gtf@ntampwitﬁﬁﬁt ILEXAR q?ﬁ”thqgmf’ Pg b gir
first met to forma tlonfl m t hy.ough utteri r th
entire s fgbr@rsnsﬁer{?aﬁﬁgeﬁ ifley; s SBOVACES I Tl g perifan of she dbdsz o
of the head el erent | ocated closer to the f] g surface, and to Iap the
f1ying surfakéd Eﬁshﬁi@dsﬂ“l‘a’e?h@&hﬁ@ld(?r Aefshe Xi”& pleatsavesm recer¢ing wed

filmon the flying surface of the slider, The second nmethod is to forma
phot osensi t | sn;: yanagnetiedinkeby meansm fithe ajrflow@enerateddnnthe netation af
surface of the slider and a surface of the 10 head el enent | ocated closer
Qat he flyi nthesmeflaan. t foFie 28pumerahilyla indicatesra eonvaxepentipmandf i | m on
t’hd surface of the head el ement and then to renove the portion of the
organi ¢ fil muiepabl2th indicitdsma conaaverportiomed Acthin-file magnetic bead ace

t hrough sputtering, and the rest of the organic filmis finally renoved. 15
However ,10t heelememtiIQ2dsdoecatied secrithe RPairbitied-sithe endiof tble Aipberasng Rarfade
Application Hei 7-230615 has a problemthat, although the flying surface,
that is, theofrtihaislidefrad@0n@Ghatiis, ancthefupper gifle 86 FIGs 28).at The eonfighration of
difficult to obtain a desired shape of the nmedium facing surface of the
slider, suchthesheadéleptentn]2discdhdvine inRiGe 26Anand #EG. 268, forseéxample.pr ovi ded
on the 20 nmedium facing surface. In Published Unexam ned Japanese Patent
Appl i cati on Piettionl CISTFIE Z8 85¥2¢espondsaoPIGU26Bs di scl osed to prevent the
slider fromsticking to the recordi ng nedium wherein a convexity is forned

on the air infl ophgistidesfl 2018 fab¥ichRA dbllows adewaler ivheddsde pludilitytdre
corners of the air outflow end are 25 renoved, such that the alr bearing

sur f ace 15501 NFowas SMFTEionG tohe alde%t(hé\&tinaﬁéabméa sMﬂélhpéﬁsiiﬁi%() leakR ofRehich
recordi ng nmedi um when the nediumis at rest. -12 In this techni que,

however, al tinglgibsi thel thiRgHs Blfmetichai®slenidit Bid. deThikvafestis etit i ohe t he
medium it is inpossible to elimnate the difference in level in the air

bfj” ng sur f(ﬁ?é‘ct'&ﬁ{ Y& fitm Blodkarcallen Wk @ﬁéﬁ%@ﬂﬁ@hﬁﬁclﬁzﬂ@s ey 6f sH@eY and
ot her part. is therefore difficult to reduce the nagnetic 5 space.

OBJECT AND ¥ O abhfof t Y HMES %‘tﬁén 12ppdd it tlﬁ=]c afrﬁ%a‘rm’f BhifAget O

provi de a nethod of manufacturing a slider of a thi n- | m magneti c head for

achi eving | %ft'h)%ﬂl%ré,'ﬂf}{é ?’ig)rh% T 20 %ﬁ&“tﬂéfi 99?] r‘i;ﬁ)% Papaof the

medi um faci ng surtace o A net nt| on 1's provided

el udi 20 8 BENRE @8?*%?“% e §F thep UrigRe E‘*m%’?#‘?afzecf)? di ng. medi um and

a thin-film g nﬁid}c 2‘5' £ Q c%s%%@honal 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



| ocat ed near the medium facing surface. The nethod conprises the steps of:
15 formng the nediumfacing surface in a material used for naking the
slider, the materi‘al including the head el ement and etching at |east a part
of the ; _~ nmediumfacing surface, such that a reduction is nade in
difference in |level between a portion of "the nedi um facing surface
corresponding to the head el enent and the rest of the nmedium facing
surface, or such that the portion of 20 the medium facing surface
correspondi LS he 1heas: ﬁigﬁﬁ%’@} 10% ik enalod P38%erd P11 he recording medi um
t han at Ieagltgaa portilon oft therest 01% tﬁe rrlé iaumgieacﬂng surface. According
to the method of i j . Aol ath R3[4 i i .
AR GNRL PlbliGhed EREadBH aBank O PRECH MbpBEAN Hof 5o

surface is etche resu on 1S achie

| evel betwe o of _th dium faci syrface of.the slider

cor r espondi ﬁ% GPQE? Kgé%@ag) re%’é%ﬁ{ewqtﬁceu?%glgmo&% ‘ﬁ‘@%ﬁ’aﬂ} ﬁ'ﬁ‘fel? ag idﬁﬁmond'
surface. Al t er natd the.portion of the nediumfaci surface, |
ocat ed ol odiké RO DLE) Hiav S AB3ed PRithh aif Beehbe SHpBRt dne SR ad .
of the di um faci ng surface. Accorging to .the thod of .t jnvention, the
ot ep of " Por v OER &0 RERY Utk eI GG ERAE IRy Of Hha oM aiPplaser 405 thace
of the material to he_the nedi ﬂmfaci g surface. The nethod of the

i nvention r’rERPtFQFPt ?IWQ%é g tep tigr 130, edoprRale dayesnli6 apddeer

t he medium facing surface after the step of etching. In this case, the
protection fQ0-mFkS- Hd15egrossrsegtionahyigw khatHlusdratesthe shides d 26rwithea
invention may further co%i se the step of form ng a convex portion on the
grﬂz}t ection fRnotectionefilmt Hhfosmedqen the aint bearingpurface e didarr12Qskightlyt ep
of /formng a protection filmover the nediumfacing surface after the step
of forning tfieatingipven 4 zecordingmedivm 3A48rein a portion of the protection
filmis etched in the step of etching. In this case, the protection film
may be dfide of dimoxshed-toiikeproae tba peFformmmeatharactefristiosrofya handdisk

t hi ckness greater than or equal to the difference in | evel between the
portion of tdevicesduohnasaent)recortlanedendity, @ method)of npreaswngtlapeanf et chi ng,
the portion corresponding to the head el enent, and at |east a portion of

t he rest of reberdingidemsitycimd)aanethadeof iAcreasing grack ddmsityetnagcbeotalidie

i nvention, a convex portion may be forned on the rest of the medium facing
surface in tTeedatign achightpiformaice haed disk devibe, specificmehstifes takeanforon,
ion mlling or reactive ion etching may be used in the step of etching.
Accor di ng t driplememitiinstind rddoedingvieedd, the repsddumgnghpalioriibelthindiln hr ough
the use of focused ion beamin the step of etching. In this case, alignnent
of the figcuspdghétic headasay wikleagpend bh wkéthies MiRalrGeddrding dehsity-ob4 t he
medi um facing surface in the step of etching. According to the nethod of
the inventi gpack Behdify 3§ 8mpHastied)i Mhad ikDiftgieorifLissaven 86 tRAK derdify, I UM
facing surface may be shaped such that a portion thereof between an

?'&' i nfl ow SedfcEpd iRRFaddwidil RdudMeBiod botRFecording Behd drid féiﬁbdh@ﬁ?g‘ d

t recording medium In this case, in the step of etching wth'the focused
ion beam thAediuRdmpld)g surface may be shaped such that an arc is
formed between fhe air-inflowside end and the air outflow side end.

Accor di ng to therapiding RigibaR th MHRAL refording dBReRy St SR uikEy féi@egggn t10 a

magnet oresi stive élenent, and the |l ength of The nagnetoresistive
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



bet ween an end thereof |ocated in the nediumfacing surface and the other
end may be controlled in the step of etching with the focused i on beam
According to the method of the invention, the head el enent nmay include: a
first magnetic |layer and a second nmagnetic |ayer nmagnetically 15 coupled to
each other each of which includes at |east8one layer, the first and second
magnetic | ayers including magnetic pole portions opposed to each ot her and
pl aced in regions on a side of the medium facing surface a gap |ayer placed

bet ween t he . ' . ' 1 C [
Chi n 11 m cort TapRRiaheRt iftht Repiddiind BRuARZANEa HRRARIOR in METMIERIG
| ayers and i t ' 14t d e length of
t he pol e por%ﬁs E’g?é\g&ei?gan Bﬁggpﬁg g%#x%}ﬁgg:g}gefa@?%%edlﬁga? Eﬁl% faci ng
surface and ih er. .e ntrolleddn th . of .etching with the
f ocused ion_lll?eﬁﬂqq;e&%grﬂgtr}%a %ﬁ?ﬁ'ﬁg porﬁ’?% s?ft?lgéieg?é&%gg&&agdyan_t ages of the
BRI EF DESCRI PTI CREROPIITsRIp Aesentptibf OF thf arohlal Wi 556 whendbie  ons
for illustratin step in exampl e, of a nmethod of ufacturing a
thin-fil na@ﬁg?‘chﬁB&geéﬁﬁ‘%}?@é- ER%%hER%oa‘lfi %PPZ’BgQ ¢ AYsReardBei ons for
Il lustrating ar,fStepﬁté}Qatl' fférqlaﬁmblzl G %@ g‘r;%t FI G %ﬂl/sté FIF_G ‘?ﬁ} andlgee 3B
are cross sePdeeso §l194¥s AHhgean PLEeT on 8|IOARNE LD SuriaehplateG

2B. FIG 4A and FIG 4B are cross sections for jllustrating a step that

fol l ows FI Gthgpughdheuse dfpliampnd, durspfonexample.58 are cross sections for
illustrating a step that follows FIG 4A and FIG 4B. FIG 6A and FIG 6B
arg cross sect i ofAplnpality of matenialsthaganale pdbezliden 120 baveeduffarent of t he
t'hi.

‘hi/n-fil mnmagnetic head element. FIG 7 is a top view of the nain part of
t he thin-fi|kandngsses.c Fenexarsple, emompatisaniyd madedetgrennalumipuspxide G 8
is a bottomview illustrating an exanple of the configuration of the air
bear i ng 18ur fand tivanium carbiderthatiisa ceramiematesial ssed fontleosubdtratet 101iag a
step in a nethod of manufacturing sliders of a first enbodi nent of the
i nvention. 2faghé&lic Mateyial stichss Nilte ioed faxr thel batsomaghielgl layer d031 tizg
follows FIG 9. FIG 11 is a cross section for illustrating a step that
fol | ows FI Gbdtéoransble layer 108, the top pole tip 110, the top pole layer 116 and so on;

and alumina used for the insulating layer 127. The hardness of aluminum

oxide and titanium carbide is the greatest while that of NiFe is the smallest.

15 The hardness of alumina is smaller than that of aluminum oxide and

titanium carbide, and greater than that of NiFe.
a ) The slider 120 includes a plurality of layers having different hardnesses

as thus described. If this slider 120 is lapped on a tin surface plate through

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



illustrates the slider slightly floating over the surface of a recording
medium FIG 12 is a plot for illustrating an exanple of the waveform of
reproduci ng out put* of the thin-fil mmagnetic head el ement of the slider 25
manuf actured t hrough the nmethod of the first enbodinent. FIG 13 is a cross
section for illustrating a step in a nethéd of -16 manufacturing sliders
of _.a second enbodi rent of the invention. FIG 14 is a cross section for
illustrating a step that follows FIG 13 and illustrates the slider
slightly fl O@Hfl{é%\ﬂi‘é%fat%hﬁlls.urlfnaﬁﬁs hsd, 'lﬁer(ﬁﬁ?{]éi'ié:@q?rl@%lqg‘ab%uﬁﬁqo 4511%3 a
or tep a nethod o acturing sl

Cross section I'1Tustrating a step I'n nmanu ers

of athird | t e g -] | '

1 st rat i ngb Rt He Rl fadFof he i bidgnelt héa PR, E27 1188 tEhe
slightly floating over the supface of th ecordin ium 10 FlG. 17 is a
crose. sect | cRXIBRrE trAtacs AR 1B Sullnce, b8 SBkSHAT: TR ifRer A BkGiE | der s
of a fourth enbodi nent of .t he inventi.on. .18 i ross section for

11 st rat | ngbeRISRE Suriase: tha bistEcmnt L g heing exetvdids " he o f dor
cross el on f off e GhiEIRHAS tRoREBIP TR A5 RS hoPH h GG Sler s
of a fifth enbodi pent of fhe invention. FIG 20 is a gross_section_for
illustrati ngtq'g’ «Sﬁégemxn feafﬁl sabatdo g lannni%aemgw thesurfase i thehead
slightly floating over the surface of the recording medium 20 FIG 21 is a
cross secti oxlementi}22 elosen totdenix hepring snrfeeeand ghe srniace of aporgion efjer s
of a sixth enbodinent of the invention. FIG 22 is a crass section for

i I-\ust r at i ngthe Brosectiomfilmol 2% vhatrogrespondsdoithe sabstrase 103ethe surface

sl iyghtly floating over the surface of the recording medium 25 FIG _ 23A and
FI G 23B ar ébeingdecatediindhe dipbearingsturfadeng Ifthe dptancabebvernithe slider
manufacturing a thin-fil mmagnetic head el enent of a related art. -17

FI G 24A0andl20 end2h8 racarding ssedivot 140 svlianr the slider 1320 oflping isplQ hat, the

follows FIG 23A and FIG 23B.
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.

Since 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 25A and FIG 25B are cross sections for illustrating a step that
follows FIG 24A and FIG 24B. 5 FIG 26A and FIG 26B are cross sections
of the related-art' thin-filmmnagnetic head elenment. FIG 27 is a top view

of the related-art thin-filmnmagnetic head element. ,~ FIG 28 is a bottom
view illustrating an exanple of the confil@ration of the air bearing

surface of the slider. 10 FIG 29 is a cross section taken along |ine 29-29
of FIG 28. FIG 30 is a cross section for illustrating the slider slightly

floating ov t %g’]ker? ' ium DETAI LED DESCRI PTI ON OF
THE PREFERR%?@%&Wa%d re ‘:'re‘ﬁgée%&jéeér%g% iments of the invention will
now be descri bedy|i i 1 I d j .

(R st empodi nont) PABERREY Uhedheh el Silificsd RaiEaR ARRTRANNY Hofd B0R4]
slider of a ghipyfilm netic ad (herei;naftef. si called a slider).
The sl i der rHIS96) ¢ meBBEOF it sHud is diadblh VbRt spst b
faces toward a recarding nmediumand a in-fil m.magneti c ;hea | enent

| ocat ed noar 2PRIEHIS pEheRTNE driaces obdhdrliderd iF PRGHTRABIRAER | A ¢ o
FIG 6A _FIG 1B to FIG 68, %d FI 7 tq describ n exanpl e of .a nmethod
of manuf &ct dﬁlﬁﬁﬁatpﬁéum% 1pg esnwgéﬁ?ém RGP &7 “Bim magngtiebeads
whi ch the first enmbodi nent, of the invention is applied. FIG 1A to FIG 6A
are cross sedemens iggroded ima geeng unevergmagnegcompaned-to the menthere. FI G
1B to FIG 6B are cross sections of the pole portion of the head parallel
to the air baakingupihehead elamens, seas ol make thememhan protudes fistther n FI G
| Aand FIG 1B, an insulating |ayer 2 made of alum na (A12G38) for exanple,
gf~about 5 -thanitl® imsuladesss is deposited on a substrate 1 made of al uni num
OXDde and titanium carbide (A1203-TiC), for exanple. Next, on the

i nsul ati ng | ayerImthis technigwes howester, aygreas diffefencadd level isiceeatedrindtie ng
head. The bottom shield |ayer 3 is nade of a nagnetic nmaterial such as

Per mal | @9 aradr hearingt suirfkeecsfsthef slideriet®eamthiednbalatorantithe dnémper it i s
selectively forned on the 10 insulating layer 2 through plating with a
phot or esi st pgartivudsr. a Inis khedeforeeregugted toNexi, aminheoedsanily thivk\protaction

insul ating layer of alumna, for exanple, and having a thickness of 4 to 5

N.m for exdilph €0 rédudecthiedifferencelin lewdlire surface. The insulating |ayer
is then polished through chem cal nechanical polishing (CW), for exanple,

so that the bottAfvtHergirdbleiy & that, 3f fle Mrapeeerd, spaod i fedwvded] 8keé slider is
flattened. Next, as shown in FIG 2A and FIG 2B, on the bottom shield

layer 3, a HikdlpnbebllRldwtdptie *etoAdifginBivin! 4hd ldagssgerfo €HOed?@m! 0 40
nm for exanple, is fornmed as an insulating film Next, an MR elenent 5 for
repr odugbi Ofrequently 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



having a thickness of tens of manoneters is fornmed on the bottom shield gap
20 film4. An end of the MR elenent 5 is located in the air bearing surface
30. The MR elenent’ 5 may be formed through selectively etching an MR film
formed through sputtering. The MR elenent 5 may be an elenent utilizing a
magnet o-sensitive filmthat exhibits magnéloresistivity, such as an AMR

el ement, a GWR elenment or a tunnel nmagnetoresistive (TVR) elenent,. 25
Next, a pair of electrode |ayers 6 having a thickness of tens of manoneters

are forned g%'otcfﬁ%eﬁ%iﬁ%g rﬂ%’lg |s§d9f"9nﬁi t:h@ Kead B nf R hOHIEhé ﬂéﬁﬁ% lsgrﬁfcg of

-12 el ectri 'y connecte he MR el enent 5. Next, a top gap film
. . . . 5 . : .

i nSE‘:V;P?nS i e&éﬁo“ﬁéﬁﬁgrgo B, sﬁ?éﬁhﬂl‘l@a@‘%ﬁ% ﬁ%@@?ﬁgg@%@éﬁ%&@ﬁhe
VR 5 | . . . _ . . 5
R4 SO AT,
(hroudh spucPERRGIETE l@ﬁaﬂlrﬁ 5?‘3%9?&38%15%8%&‘%'%%:‘{%? :yemaﬁ?fnﬁlrﬁwlgfa%;
bgtyfrgm pBe ﬁn&iz%?@%ﬂ a%@r%&%%%?%ﬁm@%ﬁf f§¥1§%ﬂ‘g‘eéee3%%%pﬁhm 7
he 8 i . .

¢ epr oduci ng IRERALHas ol R ot dnh todap g dls o SHEGAR G hEISHES of
about 1.0 to 1.5 ~m The bottompole layer 8_is nade up of the first |ayer
8a, and a se¥oaRite wmevep novbioa afitbeprotgationsiilmonctheslvinggurtacerpkths r st

| ayer 8a is |located to face at least a part of a thin-filmcoil described
15| at er. Neslider; hd'hecssegand mgtdrodgs tafermisepheofosensifiverorganist filmoviesithem

polVe | ayer 8, each having a thickness of about 1.5 to 2.5 Vim are forned
on the firstentixecsurface miu@mm flwipgr swetiacenef theeliderpaidea surtacerfdhet he
bottom pole layer 8 and is connected to a surface of the first |ayer 8a
that fad®s thewd elemeat locateddtlosprdathedfingdawtadehthien to expgseronlys upper
side of FIG 2A and FIG 2A) The third layer 8c is provided for connecting
the first | ayatiodeof thecorgapipfilm drather surface obte: headelement; and theat tod near
the center of the thin-filmcoil described later. A portion of the second

| ayer 8b f actemgovethd partjor ef theyergamis fikm. e ddprotectimd filwmristhenffommetrovezi r
bearing surface 30. The position of this 25 end defines the throat height.
The second |theasntiie andaédthiotightspuvaiingCand thé eedtaifitheopganid fikeis8 - 20
may be made of NiFe (80 weight % N and 20 weight % Fe), or N Fe (45 weight
% N and 55 fikhlfrefifoked. as a hi gh saturation flux density material and
formed through plating) or may be nade of a material such as FeN or FeZrN

as a hi gy sat ur aHowevet,WthetRbEhigue diselobad ih Published ThéRihiYbd Japanese
Alternatively, a material such as CoFe or a Co-base anorphous nmaterial as a

hi gh sat ur atPgfent | Appliteition Hel 7290625 Heya b@obﬂ%ﬁﬂthé‘@ﬂtho%%hsﬁlﬁvﬂyi&% FI G
3A and FIG 3B, an insulating film9 having a thickness of about 0.3 to 0.6

3121%3 gLO;”Sﬁs(}?"gzlﬁ‘(ifet, Eggl; ;H‘F,) E{/lé %}%dégggi?gn%ﬂfacé of IRé Qlidet 8 flatteRall! Rriged
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.



10 forma frame (not shown) used for making the thin-filmcoil through
frame plating. Next, the thin-filmcoil 10 nmade of copper (Cu), for
exanple, is formed by frame plating through the use of the frame. For
exanpl e, the thickness of the coil 10 is about 1.0 to 2.0 um and the pitch
is 1.2to 2.0 Vim The frane is then renod2d. In the drawi ngs nuneral 10a

i ndicates a 15 portion for connecting the coil 10 to a conductive |ayer
(lead) described later. Next, as shown in FIG 4A and FIG 4B, an

i nsul ating | ayer f 2 I : i 3
to 4 umis for negigi\l/%rtet e ent P?{eﬁgﬁﬁ%g@l%r%gq???g?lgtl‘% Eﬁgﬁ ayer t%ff ]ﬂgﬂ#then
polished thr h f.ar, g i o) ! r1.3by: -third
| ayer 8c of ?ﬁ% %t(%\@ 851@(}}1;8))3?%%15%’@?q%i%}){e)gﬁk%g@e%?mg@ﬁ ttﬁ% dslgtré? gfégeelug

fl attened. t hou the,caoil 10 .S t,_ exposed in. Fl G 4A the coi 0 _nay
e exposed. RS ithe i ERring SuriRed PR a3 R o o Frraiiontive 0 the bepd
whose thickness is 0.2.to 0.3 hu ar .exanpl e,.d.s f,ormed on 1 he second
ayer 8b anclomentandihegdet sathy {ta i pifigultdparinseehe aaghelic t ne
insulating layer 25 11. In general, the insulating material used for the
recordi n§ gadfPA8yer 12 may be alumina, aluminumnitride, a

silicon-di oxi de-base material, a silicon -21 nitride-base material, or

di anond-1i ke carbon (DLC) and so on. The recording gap |ayer 12 may be
fabricated through sputtering or_ CVD. Next. a portion of the recording gap
| ayer 12 | ocdQ@BJ&EGRANG SNMN%@RSBQFdTF%E}éNV%NhOM ched to forma contact
hole for making the magnetic path. 5 Portions of the_ recording gap |ayer 12
angd the insul ati Itgslaaygweqtloiiﬂmma'eetmodetmvm a spetbodiafanannfasturing a
porti on 10a of the coil 10 are etched to forma contact hole. Next, as
shown in Fl Glides efradthindilns Bragnetickead fusratibieyvingdowaflyingislidexst apdfor e

| ayer 13 having a thickness of about 2.0 to 3.0 umis forned in a 10 region
ext endi A f rabtainiaga dedieed shape af theemediumdfagingsuriface ofitheoglidér.t he t hird
| ayer 8c of the bottom pole |ayer 8. At the sane tine, a conductive |ayer
16 havi ng a t hi cAmesthodfofdhelinvéntionds provided ifer framddcturing acdideectfed t o
the portion 10a of the thin-filmcoil 10. The top pole layer 13 is in
contact wi t hthifdilihimagreticcheil; thé slider imtludingalmediape fadngmarfavgrihiatcal | y
coupled 15 thereto through the contact hole fornmed in the portion on top of
the third | #gess fowarthe reegrdipgg enddivar and anthin il mrackeetidhdwd éRMaei ght %
Ni and 20 weight % Fe) or a high saturation flux density material such as

Ni Fe (45 weilgbdte®idarahé mddivah Faéinkdtataded A mekhéd B8mpeise8RUe agep@op of

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

nat eri alj5t hrig@ing BHé hsditsh fa‘c\,liﬁ% blfacl h ¥ maté@hPased foruaBkasy €l0E6lidér, @
Co- base anorphous material as a high saturation flux density material nmay

be used. To th@%ﬁt’&iél"i%cmcﬂh?fth%%@Meﬁi@%&ﬁﬁﬁ& kk&Hing atllBRst X PaPObELAAY T
13 may be made of a nunber of layers of inorganic insulating filns and

mﬂg_”ﬂ i ¢ | ayRe§ivdR fRéinBaFde0¥uck Chats 3ERhEHoNEX nadcid diffePbréd th BAR] | ayer
1271 s selectively etched through dry -22 etching, using the top pole

layer 13 as jatiRek-a poicH ¥f GlChicasniBMchf & %A VserbSPbridiaRitb $he Mdal Usi ng

a chlorine-base gas such as BCl2 or Cl2, or a fluorine-base gas such as CF4

or SF6, for e?é(ﬁ@m ng'\%fgraeg% gftl"géegl%{agu%:a%ﬁtnﬁt Hhed, Q)‘i"gl&ghttﬁm PR Bo ffﬁ lof 8

is selectively etche rough rgon ion mlling,

for exagpl €.¢p@ 4 bailim Phehb WG R &Qp{@ghgﬁ%g t}lx:’e'?’hieﬁdteiﬁié\ne%ﬁ]e{]%g%te;ﬁ;e trim

structure suppresses an I rcrease In Ive trac

R R L s T e e S

for exanpl e, havi ngéa thicapcess of 20 to 40 umis forned over the entire
surf ace. Théngm AIBE ¥ Sver coat layer 17 is then flattened and pads

t sh f I d . th t | 7. Finglly,
[ appi ng of t ho <KIHERTED U F5RHLof BROUIeRar g aeastet NEFy el theampian m

the air bear surf.ace 30 of .the thin-film eti.c d i,nclugdi ng the
recor di ng tj (r:ll%g surface is etched. Es a resu{t, a reH%gtr}on 18 ac ﬁ‘avedr%n (ﬁgler cehin

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.



15 head and the reproducing head. The thin-filmmagnetic head el enent is
thus conpleted. FIG 7 is atop view of the main part of the thin-film
magneti c head el ement shown in FIG 6A and FIG 6B, wherein the overcoat

| ayer 17 and the other insulating layers and filnms are omtted. 20 The
thin-filmmagnetic head el enment of thi]saexarrpl e conprises the nmedium facing
surface that faces toward a recordi ng nedium (air bearing surface 30), the
r epr oduciMtETREAYebhdhenBortien odithg medim; idging sBrlacg e leratad Slr?éﬁﬁéf’l c
transducer). The reproduci ng head includes the MR elenment 5 and the bottom
shiel d | &p&rregosding medipm ghﬁ@l at ledadr 2 (pitttasmofdihe pest| of Ehe gredipym
shielding the MR elenent 5. Portions of the bottomshield |ayer 3 and the
top shi elf@cingysirfage.a side of the air bearing surface 30 are opposed -23
to each other while the MR elenent 5 is placed between these portions of

t he bottom shifdcgrdingito Fhenmathedt op theiiavantigpertheTstepr et derming Hhad

i ncludes the bottom pole |ayer 8 and the top pole layer 13 magnetically
coupl ed tmedizuh faring suofalce chaylinchidentdnnieg oft a Issafacesobtize Imaterial The
bottom pole layer 8 and the top pole layer 13 include pole portions opposed
t o each dichdre aredlihiorfetcedgismrfamgi. ons on a side of the air bearing surface
30. The recording head further includes: the recording gap |ayer 12 placed
bet ween t he pdihe poethah of thheidnrton polg fasther 8camgbrisee thel stqpordfi on of
the top pole layer 13; and the thin-filmcoil 10 at |east a part of 10

whi ch i s fptadegl abptoteetiohhflnh atvies rtheome diwyefacingtirfave afipr pheestkpyedr 13,
the at | east part of the coil 10 being insulated fromthe bottom pole |ayer
8 and t hetthingiolla kialserads. tiRefrpesttion Silaivwhapde htadd 6f dahmrmiBsikei be an
exanpl e of the slider to which the method of manufacturing sliders of the
enbodi nerdarbenaphecthethodFbGthe irveativdl hody \fuftderheédmblkisestiatsesp adf
exanpl e of the configuration of the air bearing surface of the slider. As

shown, tf‘f@rxﬁiilﬁ%be@'ﬂ\fb& portict enahet protetticieril?0 i s shaped such that the
slider 20 slightly floats over a recording nediumsuch as a magnetic disk

by means of thgheimetiovd genehat ﬁ@véﬁhdr@tﬁltayoﬁlﬂﬁueih@oﬁ?léémmknstlﬁof8
nunmeral 2la indicates a convex portion 20 and nuneral 21b indicates a

concave [FefhiRg-a ﬁrétfycﬁnhl filth "R@RetheCritddme tRIB R tsudPades aft@PQh@%t@?%f t he
air-outflowside end of the air bearing surface of the slider 20 (that is,

on the UFIB%&%@HeQﬁedﬁ'lﬁl f§&1nng§\§rf§@6‘f\kIEHféih'eP?oPtfioﬁ ke tﬁ@%ﬂo@é&ﬂﬁ{‘hhﬁz i's
shown in FIG BA and FIG 6B, for example. Portion A of FI'G 8 corresponds

to FIG 6B etéReReheiedGRep DKL thotfik Gas?, ttHeFﬂx‘éteétloﬁ HIAEHeLy BR the

met hod of manufacturing sliders of the enbodi nent. is a cross
section fiabde 524idrhbNal{ied cBPhén ST PRe CHroEé@uF@'?Hfrﬁ?&é’j 'h@\g'enEttB@a{né:slsG- 10
is a cross section for illustrating a step that follows FIG 9. FIG 11 is

a Cross Sgehign ﬁ%{e : s+ gz%]l[ﬁ); 'tl?? dirretéfte! ﬁf‘"le\;e@lﬂé%W? ehl fite E;Qrﬁ&&i of J:hng

illustrates a s oati ng over the surface of recor

medi um Fh&didnt &clfﬁgsujr}acaer Eef:orrgsﬁndergoing the step of etching, the portion

corresponding to the head element, and at least a portion of the rest of the
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



5 sections taken along Iine 9-9 of FIG 8, wherein only the main part of
the head elenment 22 is shown. In the nethod of the enbodi nent a wafer
utilized includes 'a plurality of rows of portions to be sliders 20
(hereinafter called slider portions) each of which includes the thin-film
magneti c head el ement 22. This wafer is cld-in 10 one direction to form

bl ocks call ed bars each of which includes a row of slider portions. Each of
the bars corresponds to the slider material of the invention. Next, as

shown in FI : s o 1G] dadi rtions to be the sliders
?hteg:n?&ﬁﬁﬁ tfﬁéngirkﬁlrgﬁédesm tHe é‘b@? 3 et i

20 i s | appe orm aring surtface 30. The greater part 15 of the

slider 20 is nmad al b i PQ? : i
carbi de, for exa‘?r%%bgflﬂ{%{é&glei{ﬁ%ﬁ&tﬁhgt}iﬁ %Veermgu Pg%ngﬁﬁéiﬁﬁ 0 h%%é%'tﬁrfhe
i nsul ating | [ 2. | uii na, E & and so
on forned i rﬁgﬁseedlzlﬁgfﬁea%h%ﬂﬁ %ﬁ §19 .é%gélgrrf%g‘?glra%? Fﬁ%?ef%fg&??é% éti ng

| ayer 27 is the overco lLayer 17?..20 After,the, abqve-stat | appj ng &S
per f or med orpqrﬁ'é’nsq ea%‘?ftbfé?%&f‘f%?’& A ﬁlqee%q ap %%lraqw%ﬁﬂgagﬁ?g&é%r face
30 resul { anon he | ayers hayi,ng di fferent hardnesses. Lappi i
performetl orPERIRH SHTUHET FORALH FRareop Mo Utign ArEIs Ceseh i Ao SIFROfve
<. added, " f GRobimE i e fornpal BaBeamho B meca Wi BrgoS Tajchs SPARaTor
i s added, . : e 8%on
t he insulatinghé%%ﬁr 27 to ethea}g&th tE bott{om shi el d éay rthf:;,!;51 the bottom
pol e | ayer Su& AXx 3¢ PP ween tag AN Hede enga #¥etic
materials while chem cal_ etching is perfornmed on the insulating | ayer 27
zzagﬂe) of al urdutflowi-sidetemd. al kal i ne slurry. It is thereby possible that

| #/ost no difference in level is created between the insulating |ayer 27
and each of the Aetordingsto Sledmethed ofthe invensions the dlead edgment majiindude op
pole 5 layer 13. It is |np2§§|ble, Sﬁmﬁzﬁéﬁ Eﬂ&gﬁgh | appi ng mﬁﬁhhége
above- nmdfit i cnechgriekareisistivel elementpand ithe dengt i magnetoresistiveedemens|
bet ween the insul ating Aagﬁéméilanqbthgh;ubiirate 1. A %gffe;SP%E;Of about
4 to 5 nm i rbeteeeh amsend tbe cadied én hbemedivn fanhgsirfgce apdrthe7othed t he
substrate 1, the insulating 10 | ayer 27 being | ocated beﬁ;gd the substrate
1. In this carkmayhse corftielled e the stepvef etobingwith the foensed mmobeaime head
el ement 22 located in the air bearing surface 30 and the surface of the
substrate 1 | ocaAesrding tetls methad ofithes inveartéor3@he headmlémént may nm | n
the followi ng step of this enbodi nent, as shown in FIG 10, a 15
phot or esi st jhtlude34 fisst IRAGRtiY Rlyer atidn® decond hagpeticilayerohaighetiaallybear i ng
surface 30 of the slider 20, the portion corresponding to the head el enent

22 and ghe idaplad ideadiayier2achNPwhicRiiabiudesiat 1084t sidRG et Ghet fidstaand
portion of the air bearing surface 30 with the photoresist film31 as a

mask. This efegbhd ;ﬁaé@d@i@taﬁ@a@inelddmm@gheﬁcwpaﬁt_icbm@dsbarw é¥ch
reactive ion etching. 20 The anobunt of this etching is 5 nm for exanple,

tj:jt i's equalthbPafll flaeat i rdgions bhia sidblofthsGReditint B¥@hg RatfRENa tsga@
sufface of the head el ement 22 closer to the air bearing surface 30 and the

surface of 986 SHRTbA Hetwoeht |tﬁé?blé Poltihbf tHeeRFdt R BstichAd tnaBneti® this
enbodi nent the substrate 1 is etched in this step of etching the portion of

the air beanhgsynhas nidfie okt 168N pirfbfwhich id HRcaPBYRwes tha bed

et ching achieves a reduction in rence | tween the portion

di . ~ . .
The supgdy aitheieie FdiEing e AT, the HREnbIF LBRAH, Ol SOYIGaPI 10 O
. . . . el . i

Phe hoad ol denpRtr ot bRSTRRrighs BELREL) K5 dhd WEcBELdcR RN AELFROBRLTD 0

I t t. of t j j t
deor case t nd e S ERELAHE B o R RERDY PRbBsbiIEaTH 85k sBirfofetchin AR ' ©
head el enent Z%Pand t.he kForti on corresponding to the substrate 1, it is

preferred tﬁil;?f* ‘I’}‘ésseglﬁgr 9%8%hs are located in one pl ane.

Other and further objects, features and advantages of the invention will

25 appear more fully from the following description.



Next, a convex portion 2la and a concave portion 21b as shown in FIG 10 8,
for exanple, are forned in the air bearing surface 30 of the slider 20. The
air bearing surface 30 is thus shaped such that the slider 20 slightly

fl oats over the recording nedium by nmeans of the airflow generated by
rotation of the nedium Next, as shown inl&tG 11, the protection film 28
is_formed over the 15 entire surface of the air bearing surface 30 to
protect the head el enent 22. The protection film28 may be made of

di anond-1i k EMES@I@PTIBN@FWHE'W%QWIﬁgsm vided into sliders 20. In
0 1

the step of e?g?m ng the convex portion a and the concave portion 21b in
por 1 on of -t he elig oh RoF A 1R dRO bt B O0QNER oo Hapl

head ol emon b e Rbchif of bR w hib " e Bipll Bouibng. "F1
hi ckness of t hof KooEBcLRIG: 7198 (rosiseromdor Fugsa i sateD Sucen ¢ ne

slider 2Q ang. the i 4 n.the slider 20 is flying is 10 nm as shown
in FIG 91, toHew tf‘g]aglaw uﬁrat is, the distance -27 between the

medi um 40 and the _surface of the head el enment 22 ¢loser to the air bearing
surface 30 when FHa. 3fiand F1G. 3B greyarags sechions farillysfratingastep tatce
attained by the slider 20 is at |least 5 nmsnaller than the nagnetic space

of the rel atfolowstFKy.i2handHIGHRN in FIG 30. 5 According to the
enbodi nent thus described, etching is perforned on the portion of the air

?esri ng surface BiGo#Atansd EIGd4B are apessosestions for dlesiratingfd stepthats

o¥ned, such that a reduction is made in the difference in |evel between

t he porti on folowedfiéhdBAhgniddFihaéBead el enent 22 and the portion
corresponding to the substrate 1, or such that the portion corresponding to
10 the HRO@ad el enBHE. 82 aml FHGabBdirel cvesy sdctionisdordiustratifigtshstepathateast a
part of the portion corresponding to the substrate 1. The protection film
28 is then ffollowsd i er4A haddflid.r4B.ai r bearing surface 30. As a result,
according to the enbodi nent, no difference or alnost no difference in | evel
i s created bet weFIG! 6A and FHG c6Bfart leeodresedtiohs fenillwstrdtinglthe eonfiguirdidoni r
bearing surface 30 and the surface of the substrate 1 closer to the air

beari ng sur fefem éfampld ef that thiatilm niwgiatid hexd olenidist. head el enent 22
closer to the air bearing surface 30 is |ocated closer to the nedium 40

tAgag ﬁ quls ;Jr f aceFId. 7heatbpshiswiof the dhaTepattfithe thin-flevmapgaectidHeade 30.
15 element shown in FIG. 6A and FIG. 6B.
FIG. 8 is a bottom view illustrating an example of the configuration of
Q the air bearing surface of the slider.
FIG. 9 is a cross section for illustrating a step in a method of
manufacturing sliders of a first embodiment of the invention.
20 FIG. 10 is a cross section for illustrating a step that follows FIG. 9.
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. 12 is 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



the lowflying slider 20 is achieved, that is, a reduction in the nmagnetic
space 20 is attained. According to the enbodi nent, the reduction in the
magneti c space all'ows an inprovenent in the reproduci ng output and a
reduction in half width of the reproducing head. It is thereby possible to
i nprove the recording density FIG 12 shows -an exanpl e of the waveform of
repr oduci ng out put of the head el enent 22 of the slider 20 manufactured 25
through the nethod of the enbodinent. In FIG 12 "PWO0' indicates the half
wi dth of they ep &'\!ﬁ'i sIPddA3WYe-a J&%nh@rﬁbt‘f&%éht%ﬁ%e ifvbAfioh! M required

-28 for the repro u0|n output to reach 50 percent or greater of the peak

val ue. Accordi nggyg 448s grﬂ}sﬁgeg@dﬁon fog(illﬁgfyﬁ‘ﬁﬁiﬁﬂ sh%bf faﬁ%fs A ﬁ%égd

achi eves an II’TpI’ ovement int overwite prope recor

the st g 2upErERRTle BRbr B ARlif o O o RO MR 0 g

surface 30 intqg.a desired shape, such as the shape in which the portion of
the air bear a rface 30 corresponding to the head el ement 22 is | ocated
cl oser t therre Q than the por ea| beari ng,.,surface 30
correspo i ng togﬂ'}e 4B &rGrasesect POPO* dﬁB?{)“ %%S%“}aﬁ%%‘i}’r?aﬁfa t he
anount of floating of the.slider s furgher ced since the portion of
the edge of Mgauiactuging s g iy é’é“iém@dé%ﬁé’?éﬂe IRYRERN-t i on bei ng
| ocated on the ajir-outflow side in the nel hbor hood of the head el enent 22
(that is, on theFL@t164p acress m@omfpfl peizasing xataRithaiiollowss iter 1 ande
IS now made to FIG 13 and FIG to describe a nethod of manufacturing
iders of aillnséentessheslides ﬁhgbtlytﬂ@tma/@vﬁnféw synfage afthesregordings secti on
f illustrating a step of the manufacturing nethod. FIG 14 is a cross
section for Medimrating a step that follows FIG 13 and illustrates a
slider slightly floating over the surface of a recording nedium FIG 13
and 20 AOG 14 aF¥Gcildds agross sectionafornllustraging aetep i afmethed ¢f, wherein
only the main part of the head elenent 22 is shown. The steps of the nethod
of this enboiamedfactuairegsliddansioflasfopirthyeibodiment of themvdrdidmr i ncl udi ng
the portions to be the sliders 20 to formthe air bearing surface 30 are
simlar to the sFE@s18fis alurods setiomnfoodllnetratingsa 2tepstimtrfollows|FIG.917 Andt he
following step of this enbodi nent, as shown in FIG 13, the -29
phot or esi st illustratés the shtder slighktly floatingdover theessidiide afithefrecbsliagr beari ng
surface 30 of the slider 20, the portion corresponding to the head el enent
22 and the imediwhai ng | ayer 27. At the sanme time, a photoresist film32 is
formed on a part of the portion of the air bearing surface 30 correspondi ng
to 5 thqssubstraFeGl19T8a dr6ss ictinSfor fillhBtratinigsa BEalid 8 meeedng convex
portions described |ater that have the function of preventing sticking and

so on. Next,m@hGifddtaring sleddrelofRdfifth edhbddimditidfithe iabehtionai r bearing
surface 30 with the photoresist filns 31 and 32 as masks. This etching is

QL e ag!c Y. ﬂlrg eFEGI 90 i§ H CRo@Psdctivn Tok 11108tratingtR St p/ hdtABLEWR FITH 19'88d
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.



10 etching is 5 nm for exanple, that is equal to or greater than the
difference in | evel between the surface of the head el enent 22 closer to
the air bearing surface 30 and the surface of the substrate 1 closer to the
air bearing surface 30. In this enbodi ment the substrate 1 is etched in
this step of etching the portion of the alf-bearing surface 30. 15 Through
t he 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

correspondi ng togyhe %%Ahb,fﬁ& Flﬁéé?BbeﬁfeQ{rSsé %&ti&h@%fﬁl‘lﬁé‘trﬂtih%! £§té§r§t§f:&r med.

The convex portions ave t unction of preventing stickKing SO on.

At the sane f?ilms ?IG.%&%SWFK?. ieved in the difference in |evel
€ por

bet ween 20 t Ion corresponding to the head el enent 22 and the portion
oot eati on 111 m B4CT BRI RIC, 2o ek o SeobBRl B8 iU ARRe ¥l Blek ' [0

| cast a par (0P R G RERAIG B i ng 1o 1 he subsirate 1 (except the
Phe. oif16rence | RIGesBR i LG 26RBmB rb R seettops AL R AP R P BIRED

el ement 22 and the . -30 _portion corresponding to the substrate 1, it is

preferred tm@gpﬁ%éwaérqlewt( except the portions corresponding to the
convex portion 33) are |located in _one plane. Next, the convex_ portion 2la
and the concave Pé%: 2das 218p yiew pkhe relatedprt thyn-filklp magngiiehead element
in the air beari ng surface 30 of the_slider 20. The air bearigg surface 30
iré t hus shaped sb&@. 28as athpstamiview ilgstnating ay expomle o vhe conligurationipfig
ai um by nmeans of the airflow generated by rotation of the medium Next,
as shown i n theGuirbearingsyrfaceet thenslidérm 28 is forned over the 10 entire
surface of the air bearing surface 30 to protect the head el enent 22. The
protectil®n fil m FEGnRY iba aresiesestion takemdalong dinea2$@9 ofHIG..28:i nal |y, the
bar is divided into the sliders 20. In the step of form ng the convex
portion 2la and Fb@. 801nsawrogmsadtiom fothllnstratimgdihe didar slightly flaging®vet
this enbodinent, too, as shown in FIG 14, a portion of the edge of the air
15 bearing sthef saafa@Oof theafeeofdingdnedhemporti on being | ocated on the
air-outflow side in the nei ghborhood of the head elenent 22 (that is, on
the left side of FIG 14). According to the enbodi nent, the portion of the
air bearing surface 30 before the protection film28 is forned is etched.

As a resul t,DETAILED BRESCRIPIION ORTEHEPREFERRED EMBODINMENTSI shape,
such as the one having the convex portions 33 for preventing sticking, as

shown insFl G 14Préfesidiémboliinéhes sidhedniBition Witl AW \HXdéietibedria dbtad €
formed in the parts of the portion of the air bearing surface 30

cor r espondi nGjthOrdféhenzt 16 tthaaRedmpAfiyihg @fdtvingst he convex portions 33
prevent the slider 20 from25 sticking to the recordi ng nedi um 40 when the
Tegi um st ar tiFikdt Eab3Hfnedt)d
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 Dbearing 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



reduces a shock when the nmedium 40 rotating shifts to a atop of rotation,
and -31 the slider 20 touches the nedium 40. The remai nder of
configuration, furictions and effects of the enbodinment are simlar to those
of the first enbodinent. [Third Enbodinent] 5 Reference is now nade to FI G
15 and FIG 16 to describe a nethod of mek@dfacturing sliders of a third
enbodi nent of the invention. FIG 16 is a cross section for illustrating a
step of the manufacturing nmethod. FIG 16 is a cross section for

i |lustrati ngtoat}%tﬁpbte ?fngf %ﬂ&&& TG, 19 t6 MG biBUSEd &loss s@ctﬁ&ﬁé’@f tl?cé b%t ly

floating over the surtac a recording nedium FIG 15 and 10 FI are

Cross secti tfo%k(?ﬂ I}IS)E[S}‘QS %fvbﬁleQ:Fﬁtﬁé alfllgeangng‘@ﬁ?fa%ien only the main part

of the head “el’enen e steps o he met hod of this enbodi nent
the sl iders 20t o bR 3F b Shobgle, HBsnbBOHOLTY. LARREFIGOTR b8 70
Chi s embod riBARIARRRE FaR . Tyt & A1 Bung (A1.0) tor eRafpiie) 3 PN it o over
A e T P RO ey
(DLC). The thickness of t,&(i protection film28.is 5 nopm 20 for_ex | e,

that is equatarbideyAlgdsiG) fonaxample. i Next oncthe insplating fayercdf padom

surface of the head el ement 22 claoser to _the air beari ng surface_ 30 and _the
surface of tshdeldlayer Btis farmed doy theoranreducingdhead. ngThe bpttom shielddayer 8he
photoresist film31 is selectively formed on the portion of the air bearing

face 30 ds made of pamagnetic materisl snelh ag Slermallayiand has a thickaess of5
él gnent 22 and the insulating layer 27. At the sane tine, the photoresist
film32 is fahowd pm. a The bodom shielblayiesd isfselentively fommed ay ther f ace 30
-32 corresponding to the substrate 1. The photoresist film32 is used for
maki ng d6nvdunsplating layetthronegh plating withta photoresist filmcas amask,foevent i ng
sticking and so on. Next, etching is perforned to etch a portion of the air
beari ng sur fexaple. 5 Nexthaltheughatod rsheiwat, aii insalaing bayabfzdunmaks forThi s
etching is preferably dry etching such as ion mlling or reactive ion
et chi ng. Thexaamplel anll Kdviag a thickness of 4 to 5 um, for example, is formed over the
entire surface. The insulating layer is then polished through chemical
mechanical polishing (CMP), for example, so that the bottom shield layer 3 is
15 exposed, and the surface is flattened.
Next, as shown in FIG. 2A and FIG. 2B, on the bottom shield layer 3, a
' ) 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,.

25  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



etching is 5 to 10 nm for exanple, that is equal to or greater than the
difference in | evel between the surface of the head el enent 22 closer to
the air beari'ng surface 30 and the surface of the substrate 1 closer to the
air bearing 10 surface 30. In this enbodinent the protection film28 is
etched in this step of etching the portiohof the air bearing surface 30.
The substrate 1 is further etched in this step in sonme cases. Through the
above-descri bed etching, as shown in FIG 16, convex portions 34 are forned

in the partsel@étrié&ﬂyﬂﬁﬁfﬂe@fbcpfo tihenat bldasand 59 N@&E,%ﬁorgg?%gd g?brﬁﬁﬂ@ﬁ‘d? ng

to the substrate 1. "The convex portions 34 have the fu preventing

sticking an ﬁa‘ﬁﬁl i i j i i he

di fference ﬁ#ﬁﬁggreﬁ t}ﬁé]f[%/lé%n t e‘%ozrﬁta?oo%o %?&t@ggg%ﬁilpza’al%gbﬁgﬂhdea el enent
22 and the [ e i ] i i ri
surface 30. %ﬁr" {'llea&nﬂlaé |ﬁ\i/%1| @?a?%teﬂ%gﬁ?%%?%g#ﬁé@%ﬁ%%ﬂﬁgﬂ@oﬁﬁgghe%ﬁfl% el'ement
22 is |locat loser .t0.a recqrhdin i t ha l,east »a rt. of.the
portion cor ﬁ@?ﬁ%‘%&% fbs ™R e@ﬁ%‘it"?é@g&%@@ggﬁﬂ% agﬁﬂ oﬁggdpg‘é?&%i ng
to the cgnvex portjoq 34)...1n order to rease the difference in.leyel
bet ween Bhe TaPuaote gl e 5 4 fud TERET Heattiming, afaitHe Biridon
corresponding to the substrate £t LS preferred.that these portions
(except 25 t%ilaacrqndsﬁﬂe&ar %Sﬂi&q‘hgt etabée@mﬁirsaﬂﬁ 7 raay b formadh od
in one plane. Next, the convex portion 21a and the concave portion 21b as
shown in -@SOFBESPB,WGFHFE@Rﬁhﬂp&alé’@@wgﬁﬂﬁﬂtﬁ% @NDYi r bearing surface
30 of the slider_20. The air bearing surface 30 is thus shaped_such that
ﬁ slider 20 s|Ngkt.|a/firstdayer Sacf a tap-shield-lnvey awsabetiany nelertayesr t he
i./fl ow generated by rotation of the medium 5 Finally, the bar is divided
into the sl ilbereinafiericalledea botépmapoledayenl @ isrselectinedx formed on thedonnd t he
concave portion 21b in the air _ bearing surface 30 of this enbodi ment) too,
as showd0i n shield gap filmpbr t The bettonh poledigaen is made of aanagnetic materml30 is
chanfered, the portion being |ocated on the air-outffow side in the

nei ghbor hoocand usérk fardanthetepareducing headeand gecoydinghbeadf t The dorsblayer 8a

FIG 16). In the case of the slider 20 manufactured through the nethod of
the third ertida thicknesd of Alkouthl.Okodss ped. tThe pottoat polenlayet Sid@nade aprofi
and the distance between the slider 20 and the nedi um 40 when the slider 20
is flying i she@irnlager 8dyand arsebord ladytey Sthendragihitd tayeraBradedchibiedilated he

di stance 15 between the nedium 40 and the surface of the head el enent 22

cl oser to tHphafirstlager 8a islodaaed tdTasdatldabe aydrdof athinSiliv yoid deséribdd
nm The magnetic space attained by the slider 20 is at least 5 nmsnaller
t han thesmadaedr ¢ space of the related-art slider 120 shown in FIG 30.
According to the enbodi nent thus described, the portion of the 20

protection fil mR8xt,thetsebend e 8t hadrhetthird layet Bef TBe bottoni etk Riyekhe
air bearing surface 30 having differences in |level, such that a reduction

iq@achi eved § Rabhha¥ihf arthiciendss dfabsht RS WERB |iSaROforhd G0 the SRS Hiyes t O
t' head el enent 22 and the portion corresponding to the substrate 1 in the

ai r bearing gr P s &dndayed 88 ihBRIdesEp MR PorfiBnTthe WREYHh Pold Payirs head
25 elenment 22 is located closer to the nedium 40 than at |east a part of

the portion Lif [FERNLPLS 8 subface Y2The Hrst layeP Sacitat Bl i a2
corresponding to
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

25 end defines the throat height.

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



- 34 the convex portions 34). As a result, according to the enbodi nent, no
difference or alnost no difference in level is created between the surface
of _.the head €l enent 22 including the protection film 28, the surface being
closer to the air beari ng 5 surface 30, and the surface of the substrate 1
closer to the air bearing surface 30. AI't%Qhatlver, the surface of the
head el enment 22 including the protection film 28, the surface being cl oser
to the air bearing surface 30, is |ocated closer to the nedium 40 than the

surface of thgyyednhaaio? NiFé' (@PSWeight LANi3id Q@Wélﬁﬂt %lFé)a%? NiFe €65 @

result, the Iowflyl ng slider 20 i s achieved, 10 t a reduction in

the magnet| Cwﬁ%ﬁ?‘% NG 4Hid 85 Wﬁﬁﬁ % Fe} A€ ai ﬁtsa%ﬂﬁf%ﬂ%% denfst ekl aﬂzg{:fa? the

enbodi nent , eductlon I e magnet1 c space allows an 1 nprov

the repr oduc epr 49
head. It is éﬂﬂcggog‘# Q%P@%ﬁ%%#%ae‘; pﬁ%éeecé\#%l ng glef"rllrsgl b ggfﬁgcror di ng
to the enbo ort.ion of alr bear.in rfa e30|s etched. As
a result, er%rﬁ hs&hﬁgﬂlgsastW?Qgg Psn%‘f mea&ef'%E iﬁ' Wlét& lélﬁlzgpe such
as the ope h n con for entin i ckin shown
" FIG ??6. teBhivey m%qﬁsrﬁﬁﬁ n‘?&%%a&%w BTIPBAGS Bterialas fred
in the 20 parts of the rti urface 30 correspondi ng
to the subst esafur"‘}l@o'g%r"‘é‘s ’is‘ %’aﬁ E’;{"‘y g‘b‘f‘ls 34 prevent t he slider
20 fromsticking to the recordi iu en the diu tarts to
rotate, and redulest ,é%smnmé*‘rl%t @éﬁ%‘glﬁ‘i& » PG IRSN IR 1a% Ins vingaop of
rotation, and the slider 20 touches the nedium 40. 25 The remai nder of

fi gur at i dhickneseof ahoub QB tg Pdonm igormed oven sherentire surficai | ar to t hose

the first enbodi ment. -35 [Fourth Enbodi nent] Reference is now made to
FIG 17 and FI G Negt,tophetoresistimpatteresd Hirongh s nhetelithgeranhseprocess 4o
fourth enbodi ment of the invention. FIG 17 is a cross section for
i | | ust r 30i ndormsa fianes (noteshawink usad for myakinghtde, thindilm goil $heough frsgue
section for illustrating a step that follows FIG 17 and illustrates a
slider sligiplatingl oMNextgthe thintfikm coilfl{cmade of copper (Cwy forcekampld;lis. 17
and FIG 18 are cross sections taken along line 9-9 of FIG 8, wherein only
t he mai n parformbd tyefrhasdp latangthirofghi theaisevef. thé feamee p Forfexaneplepthod of
this enbodi nment taken until lapping is 10 perfornmed on the bar including

t he porti onghickrdess ofithe kcoildlsisZ(boud ¥.0tor2thgmeand bheapiteh isur.2 36 2.BQnar e
simlar to the steps of the first enbodinent, as shown in FIG 9. In the

fol l ow ng stFhe ffanidistiptrhowd., hstlehdrawingshumeral, 108 inddestiesa porti on
of the air bearing surface 30 of the slider 20 is etched through the use 15

of focugsd iprtieadst chhctiPthe 0id10Mte a eshdirtivedagies (leadndesdribddElbr.
bet ween the portion corresponding to the head el enent 22 and the rest of

the air bearing Nukf,3@Sshdvn B FIGN2AMAD FIGE 4B, BnlidSuliing tayeer f1o6fed
either on only the portl on of the air bearing surface 30 corresponding to

g substr at@uihinf! fo?bxaneple hh{rﬁlgah '%hi&%bé‘ of §bk51it6‘3? €0 4Qum 30 fdrméed eVerd
wi-th the FIB 100 is perforrred on only the portion of the air bearing

surface 30 GREMEATALIrMLel O THEInHISinA 18yeh 1 PId etBpdlisHed oL R (3101@ i's
made with reference to the interface between the substrate 1 and the
insul ating lggygkarapld, uitiEtHY SecBRAThPEr S A3 Dird\Brer S2GTHREHbttSM
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 pum, 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-



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 drawi ng sheet of FIG 17 or any other direction. The anount of

et chi ng -36 of the substrate 1 with the FIB 100 is 5 nm for exanple,
that is equal to or nearly equal to the uBiference in |level between the
surface of the head elenent 22 closer to the air bearing surface 30 and the
surface of the substrate 1 closer to the air bearing surface 30. 5 If

etching wt %i‘tﬁ@eﬁ%e]l:ggtéﬁap%ifﬂéﬁ%ﬂdﬂgé E@rb%ﬁt(iljl%)aﬁﬁdQS%&f.”Q{‘ﬁé’rface 30,

alignment of t I's mde Wt erence to the air outflow side end
of the air i i ) scanni ng
is performa(bjlee %B%cﬁggf%f‘ %gaié% égggezﬁbkﬁék%ﬁt%g%gﬁ @‘@E%é}z%é’r% ace 30. In
this case, the difference.in vel | ' h ir _bearing 1 urface 30
ot Tiratowni et NexRRORbR of PN bedsRaRE g Rl PlokeRifbh ¥ B2 pB8 FhBEC o
behi nd the bst Lat e erefore, al t,oply the sybstrate 1l is.,etched

o th the Fi HA7B5 A pfched S Gy & paRtagt Bhlq frana KEeXthe iabgtio nethe, *f he
difference ig elim ed, the substrate_ 1, t head.el.ement 2 d the
Mhsutat | o | BonRALING TectRiing EARIegEF deiandhihs HeLMHAAAYRE b Ehthire

| ateral 15 direction of FIL.G 17, the direction orthogonal to the draw ng
sheet of FI docatedym tgn obthegonnecking mtwnh@aaﬂ&hﬁ cayt 1@ @zaetghast tq farm a
substrate 1 with the FIB 100 is 5 nm for exanple, that is equal to or
near |y equalcondaethkolgi fference in | evel between the surface of the head

el ement 22 closer_to the air bearing surface 30 and the surface of the
ﬁst rate 1 cl oshext,asshovan in Jd&r. iSigand FiGe 6B20n3be recoxdinglgapdayer i8na 22
nd the insulating layer 27 are also etched with the FIB 100, the anount of
etching is dopaade layemld heviiga éhickmess nbabeitf 2.6rterit0 pim is formed I at he
head el ement 22 and the insulating |ayer 27 are also etched with the FIB
100, t hdOVR regighextemding frorhthataihbeagingssyfasce 3otat a portidnion 2P of the
controlling the ambunt of etching. The MR height is the Iength (height) of
t he MR el eneiitirdldyer\Becf the battbm pele idyer & atAtdtliensarhe thne, Heandactiselr f ace
-37 30 and the other end. The throat height is the length (height) of the
pol e porti orlagér 16havingathickdessdf abbue20 tors.0nan & foritedtd be poriheédtad to

| ocated in the air bearing surface 30 and the other end. Through the

above- descr ifhedhdtion T0h v tHe tHia-finB cdA.0. aTlstoppdld 1iyéx 18 id th chdtact
difference or alnbst no difference in level is created between the

substrate 1 with thachiff 1dyee deasfihelwitith pdle Biyérigend Rsagdticadly eoifpled? i N

the air bearing surface 30 before the protection film28 is forned. The
15 thereto through the contact hole formed in the portion on top of the third

—h

layer 8c.
() 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



flatness of the entire air bearing surface 30 is thereby inproved. t Next,
the convex portion 2la and the concave portion 21b as shown in hD FIG 8,
for exanple, 'are forned 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 medi um by means23f 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 I t |
di anmond- | i ke&?g%%r}%(ﬁ D%%:l)l.g%%?{éh]i%é’%g?sdsgé‘nééhégp p?%tléergﬁ gﬁc}glﬁgsnng% bies 3to
5 nm forex&m& 1~ I : ' YA | ' 2 In
the step of orhﬁ%ﬁgla?ﬁgé}gigl v(ggE?)Ell‘ré Plp%% cﬁ%ﬂg%?qs ﬁghgtgﬁgfé\%g I%gh({ﬁgglzﬁgal n
the air bear} SURT Q of ~tshi [ as\sh i n Fl 18
portion of tﬂg&éggg’ a%% eg[aﬁguégraso(é‘g‘ﬁ Pﬁﬁ;ﬁﬁ? fg‘éﬂgb‘ei sl\lzeﬁigmer %e(fpn&r}gyﬁglﬂﬁ on
being | ocate n .t ai r-outfl ow. side in,the .nejghborh f e head
ol enont 22 (e Habtord palf Pyt issdEetifeli: R RS G PRuf A fR.0 G Epuen
slider 2Q manuf actured..t hrough the method of the 25 enpbodi ne Lt £
Thi cknesd ofa1Ho8 IDRIRULNRLPHENARBI | A §LrAtaeUrR 2 GhoraH B EBG: RBuls e
slider 20 an th% rrﬁgliumAO when the slider 20 is -38 . flying.is 10.nm as
shown in FI dOTHgd. ¢ Hehe HimeStTHCIYTE SUPPTRZHes an increase iy the: i¥gelRckhe
medi um 40 andgi_rhe surface of the head el.enent 22 cl osgr to the air bearing
surface 30 whidthidue to pxpansion jof apmagpgtic fluxigenerater duringRritingmae
attained by the slider 20 is about 5 to 7 nmsnaller than the magnetic 5
space of thengmpmackst slider 120 shown in FIG 30. According to the
Wodi ment thus described, etching with the FIB 100 is perforned on at
| east a portion Diexttas shawniaFlay 64 andFEG36Boanovercoait dayer2li7 pbaliminge
protection film28 is fornmed, such that a reduction is nade in the
di f f er ed@e iforlezaniplpchaving a thickoess of2Q to 40 3o igiforgnedovérthrentiesd ement
22 10 and the rest of the air bearing surface 30. The protection film28 is
t hen forned swface; h&lensurfacepf threavencgatlayeadd isGhendlatterediand peddsdmditng
to the enbodinent, no difference or alnost no difference in level is
creat ed bet vehmwiher sledteadesafretfoemedanh thecommtodtPlayerd§r tRinallg lapping

bearing surface 30 and the surface of the substrate 1 closer to 15 the air
beari ng sur fefahe3idefdineludeng the férvegoimpylayleys itgpenforiaed 20 forimahbisgved, t hat

I's, a reduction in the magnetic space is attained. According to the

enbodi nent, Kdwingsuefac®80iof thBehiwdilel maghpticheald invkudingithe revsring i n

15 head and the reproducing head. The thin-film magnetic head element is
thus completed.

() FIG. 7 is a top view of the main part of the thin-film magnetic head
element shown in FIG. 6A and FIG. 6B, wherein the overcoat layer 17 and
the other insulating layers and films are omitted.

20 The thin-film magnetic head element of this example comprises the
medium facing surface that faces toward a recording medium (air bearing
surface 30), 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



t he reproducing output and a reduction in half wdth of the reproducing
head. It is thereby possible to inprove the recording density FIG 12 shows
an_20 exanpl € of the waveform of reproduci ng out put of the head el enent 22
of the slider 20 manufactured through the nmethod of the enbodi nent.
According to the enbodi nent, the reductioB3i'n the nmagnetic space achieves
an.i nprovenent in the overwite property of the recording head. According
to the enbodinent, at |least a portion of the air bearing 25 surface 30 of

the slider 2f éasc}%g{é%qvmlé Bhé MRFell@méﬁ@g iéﬁ)lé&&ﬂ&%@h ﬂ?fé%éipg)hﬁohg_off?h@

the air bearing surface 30 into a desire ape, such as the ape in 39

whi ch the poﬁ&t{tBﬂl é81£%£&;3 %g&?hgg?ggﬂeq&z@;’%}hcorrespondi ng to the head

el enent 22 is loca e Ium an the portion of the air

beari ng surface [ i t h bsirate 1, Acgprdi to th
enbodi nent, the %&%96@88:}‘%S‘P%Hﬁﬁb‘iesﬁ#?bsqﬁodgrpok)la}%er??ﬁg{%ﬁgrtop é’d’g%ed
since the poytion,of the .edge of air,bearing ,supface 30,i§ ch ered)
The por t1 on JAYeRdS BaEPESRY euplef-toRAchiGRPE PAG Phwich FRstBRBS ARdtAR or
the head el enent 22 (phat is, on.the left sigde of F 18),., .Acgording to
the embod metRe Laes: 1THa hovkireols vanch end th S0P bl pvER I8 nshuds OB ¢ hed
with the FIB 100, and thg am)ugt ﬁf etafii n(% s controlled, . 10 that the
MR hei ght anBoRtinsepnosed ieiegsh osher apdlecateddn regonsan 8 gifde off theakhe MR
hei ght and the throat height is thereby achjeved. According to the
enbodi ment, bearangsHriase 30ne Thegreco ingwg*rﬁber m%deaaftgeéﬁ@@dﬂagm
air-outffowside end of the air bearing surface 30, for exanple. The entire
i+ bear i ng layer d2olaced betwran the pele nortiongf thedattory pole laser § andrths 100.
aresult, the flatness of the air bearing surface 30 is inﬁ)roved,
conpar ed t o pédle poutibnsé the e polclayey 3i hudtbe thin-filmueoibt@ apleass a paitf ofh
Enbodi nent] Reference is now made to FIG 19 and FIG 20 to describe a
met hod 30 mewbickcisplaced betwiesrs the battbinf poledapenis amdt theftopipmle kaseert 13)rthe

FIG 19 is a 20 cross section for illustrating a step of the manufacturing
met hod. FI G atleastpartcofithe @ik10 bridginsultest fromi the botsompdla daydros lamds
FIG 19 and illustrates a slider slightly floating over the surface of a

recor di ng netheutop pdlGlayer Bd FI G 20 are cross sections taken along line
9-9 of FIG 8, wherein only the main part of the head elenment 22 is shown.
25 The net hod of Refersneerizxonowamade o [BIGeS tot dgaeriberan exarmpld ofthsd sliderofo t he
fourth enbodi nent taken until lapping is perforned on the bar including

-40 the portwhith tie Wethéd of hdnifactirihg sfiders éftheaimbbdiaienttispplisge 30,
as shown in FIG 9, and at least a portion of the air bearing surface 30 of

each of 15he FI(G0®isa PAtiom eicih€Hat 1hitehteklm sibample sftheroR atidfl o¥TheO
reduce the difference in | evel between the portion corresponding to the

head el enentaj2dbearitipisuirffcd 66thetdliddie As'sHYA,ithe ik bbafifgdhrfa®e SN in

FIG 19. In the following step of this enbodi nent, the convex portion 2la

ftgj the concaidriv is shaptdsieh tHitWheidlidek G0 slighthy flBxfy et a ?éc%r&ﬁ{gmd in
t air bearing surface 30 of the slider 20. The air bearing surface 30 is

thus shaped pgafurhhaichidiea hdHRIti2Risk Byoficas ff 8RE 21 FURY gbherdteadydi ng

medi um 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



10 neans of the airflow generated by rotation of the nedium Next, as shown
in FIG 20, the protection film28 is fornmed over the entire surface of the
air bearing surface 30 to protect the head el enment 22. The protection film
28 may be made of dianond-1ike carbon (DLC). Next, convex portions 35 is
formed through the liftoff method, for 1524xanple, on parts of the
protection film28 in the portion corresponding to the substrate 1. The
convex portions 35 have the function of preventing sticking and so on, and

ex portions 35 have | revent | g and so on, ar
The ot dore SDUHRTRER ApBRrERe Pt ideink wihol. ETG 38Vig ol sEfion™ ©

concave por go‘i“zlg:%l%%ag{)}}g&%t@d fhﬁtgilgggeﬁg.fsgc%ﬁﬁ’. PRI cfdlsTeBHBAGOEN! . 2

i
. 8
shown in FI on-o he air 'bearing sur

chanfered, t . | ' | ; flow side hn.the

nei ghbor hoodﬁ &ﬁf%tténggaﬁgéRgﬁ%g‘%q@‘ggdf?‘ﬁaw%%{% 111;1]1%!.’ éeggfsﬁldéfﬁ lg(;]ftﬁf:l G 20).
Accordi ng tost he enbodipent,.the.convex,.porti ons 3 e,fo i,h the 25
par s of t helBRREGRenERT Ruttacr obadprortias medling ERf: 2eR ik 4 s Gioes
substrate 1. .a result, the copye tjons 35 prevent the slider. 20 from
“a1 st ol ngsecHionndaken Slane Enscup Ghi i Stharkin ki the weta part of the
rotate, andrégd(i:ces a shock when the nedium 40 rotating shifts to a stop of
rotation, andeddelementeg2 mshewmnes the medi um 40. The remai nder of
configuration, functions_and effects of the 5 enbodinent are simlar _to
those of the fouf®khemaihododthe pmbadinenssavatarytilieadinchedes a pluralitydef t o
FIG 21 and FIG 22 to describe_a nmethod of manufacturing sliders of a

s(ij)t h enbodi ¥ase ofportians tekmsliders 29 eremaftercalledsslidesmartionsdheach of
iL/ustrating a step of the manufacturing method. FIG 22 is 10 a cross
section for whichsincdhudesthe grinffilh magndtiohgad-element 22d Thisnwafeatissus in
slider slightly floating over the surface of a recording nedium FIG 21
and Fl G1022 enedirection $e form idocksicalled bang dacheofowkicbfinEludes® rowefelideon| y
the main part of the head elenent 22 is shown. The steps of the nethod of
thi s enbodi neontionsk e Eacht of thedmrisegrrespofdpto the slideomatheiabaf thecl udi ng
the portions to be the sliders 20 to formthe air bearing surface 30 are
simlar to timveatiops of the first enmbodinent, as shown in FIG 9. In the

followi ng step of this enbodinent, as shown in FIG 21, the entire air
bearing surface BRxofad sisoweh id IR O, ieackof bkel bhks inudhdingethessor@ions 1B be

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

15 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



20 100. In this enbodi ment, the amount of etching with the FIB 100 is
greater in the air-inflowside end and the air-outfl ow side end than the
rest of the air bearing surface 30. As a result, the air bearing surface 30
i s shaped such that the portion between the air-inflow side end and the
air-outflowside end projects further towdhd the recording medium 40 (this
shape is hereinafter 26 called the crown shape). In this case, it is
preferred that the air bearing surface 30 has the shape of the cylindrical

surface, thags fn?ﬁ{,’?ﬁg ?%&tér?a&g QYR hemﬁc;al %?&Hﬂ%lrig fp'éﬁ]ogh{%/i]' (IS}% h]r?g"iﬁérl?lgaﬁg ce.

and the air-out e end, or the shape sim Ica
Al ternativel r : , . h a cone
Shape may. beiyear BpHE of AR ¥ith S RUkORe SR, B BB ARCPh1cE
convex portign,2%a and t 5. concave portio b as shown in Fl G, 8 r
exanpt e ar i ol difreRe F A B0 RE AL e Rk LB i et lasippyenal o
bearing surface 30 igs, thus shaped ch t he slider, 20 gli ly floats
over the r ec%'i’@ Fﬁ&‘ Hi&‘?%ﬁ?%n}r@?%ﬁﬁ g?yetrh:g%gF &’P&?JP Bgf?eltaéﬁ’ég BJ&P hb‘%/!éﬁl? Ba{eof
t he nedi xt, .as shown in FIG 22, the protection film28 is forned
over thevl0 €8  surface of the air beari ng surface 30 to protect the
head el enent 22._The protection film 28 may be nmade of_ di anond-|ike carbon
(DLO). Finally, ltisimpossible; however, farpugiclapping witl the phoyeimentapned
form ng the convex portion 2la and_the concave portion 21b in the air
bearing sur f2lkaling sharmytoselimpnateher differenceimtherlerelbetweensthminguating
the edge of the air 15 bearing surface 30 is chanfered, the portion being
| oqat ed on tlayeni2i-and thesnbstoate b t Adifferencemflabout ditothomhuulpvel dsrbhas 22
&Hat is, on the left side of FIG 22). According to the enbodi nent, the
ai r bearing eeatetbet3tearstha isadating laydre2TFaBdthe substiate ds the ingwatagunt
of etching with the FIB 100 is 20 controlled portion by portion, so that
t he air Ifearlaygr irticang l1aGited bebhimdbthe aubstxatieli r bal thisajase, thecdifferenbein
crown shape descri bed above. According to the enbodi nent, the air bearing
surface 30 ilevelbetweemaghedsurface of thechedd elemsent22 1dcated ay tind airkemtinger 20
fromsticking to the recording nmedium 40 when the nedium 40 starts to
rotate, and durfac03@and the suirfade offtthe substratdi Llvcdted i thid aig bdaring to a
stop of rotation, and the slider 20 touches the nedi um 40.

surface 30 is about 4 to 5 nm.

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



-43 The remai nder of configuration, functions and effects of the enbodi nent
are simlar to those of the fourth enbodi nent. The present invention is not
limted to the foregoing enbodi ments but nmay be practiced in still other
ways. For exanple, the invention may be 5 applied to a thin-filmmagnetic
head dedi cated to reading that has no i ndd@€fion-type el ectromagnetic
transducer, a thin-filmmagnetic head dedicated to witing that has an

i nduction-type el ectromagnetic transducer only, or a thin-filmmagnetic

head that pedibfioift 2°A4d BHe POLtiA icbiRB8pvhdihtid tHMMtPitelVREthe air
el ectromagneti c transducer. 10 According to the nethod of manufacturing a

s i der of 't Nod g Bhiae O BP9 belbrd ARSHroReBAGh (0 S8%s MMM

facing surface 1s etched, such that a reduction 1 s achieve

in |evel bet oyt m f.aGy r rs lkng to
t he head el e‘&rrgﬁfh%r}\gd? ’nfeﬁelr g@ttﬂjonf &pﬁ% ms\éil.i %t?;tglgglgﬁg ue??%%rel? 9%1@3{3%{1}@ hat
the portion Qf the nedi um.faci su e 15,correspagndi to,the head
cl'enpnt 1o 190saR 4 REotfind Sepfubulo P B G PRRN B8 HoBbB”. bor ¢ on
of the rest of the di um f aci surface. a result he,lowflyin
oliders Bre Qermebvadioe fath SRR 101 B cpleid Featentn the efRenid i irvelce
of the slider into desi yed shape. Accordjng t he nmethod of the .
i nvention, t WﬁleBtti’@tl?Q}'ﬁmF‘i‘FW &60%?%@33&@%@%@5@@&%?%%
surface, and the conyex portion may be formeg on the protection film In
this case, i%TFesR9Hingtet %SB\Q%R%# 1;itds preteared thath these porHons arpe
recordi ng nmedi um ,Accordi' ng to the nethod of the invention, the convex

tion may lgeated;ineenep AR€oart of the nedium facing surface other than the
ggbti on 25 corresponding to thin-filmmagnetic head elenent. It is thereby
possi bl e to previgKtitheonvaxieertianndda apdia eepeayetnostionZdbnhshomiionkIG. - 24
According to the nethod of the invention, through etching with the focused
i on bear}% t e fordxample.dinedormetiandhesir bearingpafacecdD oi?rehe slide20.t | The
t hereof between the air-inflowside end and the air-outfl ow side end
proj ects furdindearimgssurfacec30 éxthus shapetisuch that the sliderd/slhelstdy floatso 5
prevent the slider fromsticking to the recording nmedium According to the
met hod of t hweirtherecamling medianybly méansef theyabflomegersraterl by eotatiomef ween
an end thereof located in the nmediumfacing surface and the other end may
be control | ethetmediuohi ng with the focused ion beam It is thereby possible
to control this length with accuracy 10 According to the nethod of the

i nvention, the |Negtasodhdvne ip@I&. 1d; thoprdtettionfilan28 islfariesdover tlrat ed in
t he medi um facing surface and the other end nmay be controlled by etching

Wit E t ha5f ot duifadicefthel diribeairiify slnfago30itblpeoteet €hehead elérnent 29t h

HEh aceur aC’I)‘/he protection film 28 may be made of diamond-like carbon (DLC).

(D 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



Obvi ously many nodi fications 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 clains the invention nay
be practiced otherw se than as specifically described. -45 What is
claimed is: 1. A nethod of manufacturing 2a7slider of a thin-filmmagnetic
head, the slider including a nmediumfacing surface that faces toward a
recordi ng mediumand a thin-fil mnagnetic head el enent | ocated near the
medium 5 fach O SN fiRchedhils QH(Wh&%ﬁPfdch'oNhé!i’l%aat ?&iefii ngﬁéﬁﬂ& e
medi um facing surface 1nh a material used tor making the slider, e

mat eri al i ncl.udi ng. I s l; pant. of .
medi um f aci n%llllgll? rg? hﬁg&%@*@m{}%@%‘éﬁ %% Eéljgyﬁ'} é§|§§rn | ffghgn%g g|&lrglgllcevel
bet ween a portiaon of. t di um 10,f acing surface correspondi ng to the head
el enent and ﬁ%eraég?lngp%@%%ﬂn‘?é Ec?%%a’gﬁpf%ég)m%ﬁers ﬂheag]at%tbcort i on
of the medium faci suf face cor.r.es ding to ad elenent is |ocated
closer to th@%@@é:}gﬁﬁﬁ %é?%ﬁ]silﬂﬁﬁqu sllhé?g'snc“thGrgﬁon of the rest of the
medi um faci ng surface., 15 Th t hod accardin oclaiml erein the
step of %orm’ ng RN %ﬁ%@ﬁ@ﬁ@@f‘&ég“? Peld »|e$§|bm$glswr g4 9Be of
the material to be the nediumfacing surface. 3. The nethod according.to
claim1, furthesporsionef herpirearingspriaceod0pfthe shder 20 betoreiths protestinm

t he medi um facing surface after the step of etching._ 4. The nethod

accor di ng t ofilin Z8risFormedesuch thatn eductianismadeiin the differensedndsgyel i ke
carbon. 25 5. The nethod according to claim3, further including the step
of~ 46 f or rbetyvesncthevrortionr corvespomding tpithe bead elementr22@mndrihe pertion
éc}ordi ng to claim1, further conprising the step of form ng a protection
filmover thorneshomdingte blyge substrate if oxsuchhthatt the pdrtioar earnesnomeingdoum
facing surface, wherein a portion of the protection filmis etched in the
step of 16t chihegheadl elEnsemte22 xdloaatrak closer toothe! miedivinwictheimat lemspmaopaxttafon

filmis nade of dianond-1ike carbon.
the portion corresponding to the substrate 1. 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
o: ) 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



8. The method according to claim6 wherein the protection filmhas a

t hi ckness greater than or equal to the difference in | evel between the
portion of the medium facing surface before undergoing the step of etching,
the portion corresponding to the head el enent, and at |east a portion of
the rest of the mediumfacing surface. 9.28he net hod according to claim1
wherein a convex portion is formed on the rest of the nediumfacing surface
in the step of etching. 10. The nmethod according to claim1 wherein ion

ML Lng [ UsPiht RebRALAAPoRM ! (oAt chlpertRft BPROMeRSE PRSpRALLGLA! M 1

wherein reactive ion etc I's used 1n the step o i ng. e net hod
Focused Ton bear A EFL SpbRilient M YoRhBRM B ML BRR, g (o
Co an end orehEvehart BRFRvdinghLfh HEEHHRIRLoRERThY bt B Fpelhdihe BoSATCE
rechog accor 0 ML el L SRl s O 6P o G RS ™
ecor i ng moeHISTHUNS SUthit ol dbaELS BPISGPle o PR AR REREIE SHHARhC
For med bet wolhAtE SpFure PRERe, GG AihecFtrRe in MRG0T Pevian BEdanarr 15 16,
The nmethod according to claim 12 wherein: the head el enent_includes a

magnet or esi haayingparfase 38 rgreespending 5 thenhead glaments2? &g logated elesex to
bet ween an end thereof |ocated in the nmediumfacing surface and the other

zng i s cont rtbelmgdiuvm 4dthanctheporiamefthe 2w bearingsurfach 30 carrespanding o
im12 wherein: the head el enent includes: a first magnetic |layer and a
second magndvithelsapstratadnetical |y coupl ed to each other each of which

i ncludes at | east one |layer, the first and second magnetic | ayers including
magnet i Ad0pol e poAtiordmgppptiscembodiment,dhecameanut pf foating of theislider @0 ia
side of the nediumfacing surface a gap 25 | ayer placed between the pole
portions of fubtherireducead directhedortipnodfi thel edgeraf thedia bearingfsurfaco80 isait

| east a part of which is placed between the -48 magnetic |l ayers and

i nsul at ed f rohanifeeedetdegiortiondyeing lacited dretlgt Airedutfloer gidednphet | ons

bet ween an end thereof |ocated in the nediumfacing surface and the ot her
end i s cont n@igkborhvodhd thedeadf eleinehit 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
(D 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
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10%&: () -yt 10'l(ﬁ(e(a gao/nn urtlace 30 is thus shaped such that the slider 20 slightly
floats over the recording medium by means of the airflow generated by
O rotation of the medium.
i Next, as shown in FIG. 14, 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, too, as shown in FIG. 14, 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. 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
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[Third Embodiment]

5 Reference is now made to FIG. 15 and FIG. 16 to describe a method of
manufacturing sliders of a third embodiment of the invention. FIG. 15is a
cross section for illustrating a step of the manufacturing method. FIG. 16 is

() a cross section for illustrating a step that follows FIG. 15 and illustrates a
' slider slightly floating over the surface of a recording medium. FIG. 15 and
10 FIG. 16 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

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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Next, etching is performed to etch a portion of the air bearing surface 30

5 with the photoresist films 31 and 32 as masks. This etching is preferably
dry etching such as ion milling or reactive ion etching. The amount of this
etching is 5 to 10 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
10 surface 30. In this embodiment the protection film 28 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 some cases.
Through the above-described etching, as shown in FIG. 16, convex
portions 34 are formed in the parts of the portion of the air bearing surface 30
15 corresponding to the substrate 1. The convex portions 34 have the function

of preventing sticking and so on. At the same time, a reduction is achieved

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

s,
K

element 22 and the portion corresponding to the substrate 1 in the air
bearing surface 30. Alternatively, the portion corresponding to the head

20 element 22 is located closer to a recording medium than at least a part of the
portion corresponding to the substrate 1 (except the portion corresponding to
the convex portions 34). In order to decrease the difference in level between
the portion corresponding to the head element 22 and the portion
corresponding to the substrate 1, it is preferred that these portions (except

25  the portion corresponding to the convex portions 34) are located in one plane.

Next, the convex portion 21a and the concave portion 21b as shown in
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5 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. 16, 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
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

£
“

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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including the protection film 28, the surface being closer to the air bearing

5 surface 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
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 a result, the air bearing surface 30 is formed into a desired shape,

such as the one having the convex portions 34 for preventing sticking, as

O

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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5 a cross section for illustrating a step that follows FIG. 17 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 17 and
FIG. 18 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
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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element 22 closer to the air bearing surface 30 and the surface of the
substrate 1 closer to the air bearing surface 30.
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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the air bearing surface 30 before the protection film 28 is formed. The
{,ﬂ) 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

5 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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1(09;5 & () - S& 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 is, a reduction in the magnetic space is attained. According to the
a embodiment, the reduction in the magnetic space allows an improvement in
L
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 head.
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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element 22 is located closer to the medium 40 than the portion of the air
bearing surface 30 corresponding to the substrate 1.
According to the embodiment, the amount of floating of the slider 20 is
5 further reduced since the 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).
(.) 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.
O [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. 19is a

20 cross section for illustrating a step of the manufacturing method. FIG. 20is
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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10B 10 U 10 {}¢ portions to be the sliders 20 to form the air bearing surface 30, as shown
in FIG. 9, and at least a portion of the air bearing surface 30 of each of the
sliders 20 is etched through the use of the FIB 100, so as to reduce the
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 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. 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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The remainder of configuration, functions and effects of the
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. 21 isa
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
O 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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5 concave portlon 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
() 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-
156  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
O 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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embodiment are similar to those of the fourth embodiment.
The present invention is not limited to the foregoing embodiments but

may be practiced in still other ways. For example, the invention may be

5 applied to a thin-film magnetic head dedicated to reading that has no
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.

10 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

15 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,

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

. facing surface of the slider into a desired shape.
According to the method of the invention, the protection film may be
20 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
formed on a part of the medium facing surface other than the portion
25  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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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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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 protection 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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a length of the pole portions between an end thereof located in the

medium facing surface and the other end is controlled in the step of etching.



