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THI N- FI LM MAGNETI C HEAD BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention The present invention relates to a nmethod of manufacturjng a
slider of a thin-film magnetic head which conprises ammmmwmwgﬂmg surface
that faces toward a recording nediumand-a thin-film el enent

| ocat ed near the medium facing surface. 10 2. Description=*séiéshe Rel ated
Art Performance inprovenents in thin-filmmagnetic heads have been sought

as areal recording dergi F J ; " ed. Such
thin-filmmagnetic hexg%ﬁqpu@g @éﬁﬁgﬁéﬁm&ﬁm@ﬁgu c heads that
have been wi dely used. A co b b Sl | ayered structure 15
i ncl uding a recordi ng head mﬁkﬁﬁﬂ%@&% o tic transducer for
writing and a reproduci ng head having a magnetoresistive (MR) el enent for
reading. MR el enents include an ani sotropi c magnetoresi stive (~1MR) el enent
that utilizes ff iant. magnetoresistive (GWR) el enent
that utili Mk%ﬁ&%ﬁﬂé@hﬁwgﬁkﬁ ng head using an AMR 20 elenent is
called an AMR head or _sinply an MR head. A reproducing head using a GWR
el enentdi s leHigld@of sheslpventitn An AMR head is used as a reproduci ng head
where areal density is nore than 1 gigabit per square inch. A GWR head is
used as a repr dihedinegentiayentiongelates fo danethod dfmanufacturing @ didgaiofas per
square inch. It is GWR heads that have been nost w dely 25 used recently
The per f or thincBlmmagneticheadiwhichycireprises a imepdiove fadiyg supfage that faces
I e~~W~~W~ 2 1 OCT 200Z -2 AMR filmwith a GWR filmand the |ike having an
cel l ent tasgard arecording medéwmni dnd/ atthin\filmrmaghetdt head epahént locatedt h such
a3 the reproducing track width and the MR height, in particular, may be
opti m zed. néhethdinledigint facing herfheengt h (hei ght) between an end of the MR
el enment located in the air 5 bearing surface and the other end. The air
bear i n0 sulf Deecription sfitlhiaRelatbdtAre t hi n-fil m magnetic head facing toward a
magneti c recordi ng nedium Performance inprovenents in a recording head are
al so required Ferfdrmarefimprovenents ia thepifildiifidptebicdtbads Havierleead. It is
required to increase the linear density in order to increase the areal
density anpogghits areal recording density of hard disk drives has increased. Such

thin-film magnetic heads include composite thin-film magnetic heads that
have been widely used. A composite head is made of a layered structure

15 including a recording head having an induction magnetic transducer for
writing and a reproducing head having a magnetoresistive (MR) element for

O reading. MR elements include an anisotropic magnetoresistive (AMR)

element that utilizes the AMR effect and a giant magnetoresistive (GMR)
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
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10 performance characteristics of the recording head. Zb achi eve[ I?iQETiZUUZ
is required to inplenment a recording head of a narrow track structure
wherein the width of top and bottom pol es sandwi ching the recordi ng gap

| ayer on a side of the air bearing surface is reduced down to mcrons or a
submi cron order. This width is one of tI factors that determ ne the
recordi ng head 15 perfornmance. Sem conductor process techniques are
utilized to inplement such a structure. Another factor is a pattern width

such as th r hel ' rtd gul@r . The thr ei,ght s the length
(hei gnt) - 0PN 6 ifh ANenest RRd 6 ik dlhg el ER(aIRR Silertpresfot 'S 1
each other wth. a re di n lLayer in. hetween, between,the
T bear | nGusitivie. Attarnafydiha nattero. width alG s bR FRGNGIER tragk: nr oat
hei ght is desifed,.i rder .to i.nprove the recording. head perfarmance, The
throat hei JRALR gné&ﬂ?iéﬂel&gﬁfy inpaztieuiar, WY b APtHE 4eaen The R ReIgBaIS ng
surface is rocesse@i.e_As thus descrihed, it is_inportant to fabrjcate
wel | - bal anégﬁl longth, (Geight) hatwesn anearof the MB elempenplesased Hethparor mance of
the thin-film magnetic 26 _head. In order to inplement a thin-filmmagnetic
head that denriagsurfacgrand the athecendooThexnir bearigayriacesistasurfage of
requi rements for the reproduci ng head i nclude a reduction in reproducing
track wi dt ithe ghin-filmenagnetic he@g faning toward punagretic recoedingtmeditim. noi se.
The requirenents for the recording head include a reduction in recording
track width, arPerfpmemeedmprovemeatsin aaegordpeg hgad are ailso xeqmiredr ssiieer
i ndi cating one of characteristics when data is witten over existing data,
d an i npperfemmaince nf aceprodaing haadiis improved. t I M fjuirddtagpresade, a
fflying-type thin-fil mnmagnetic head used in a hard di sk device and the |ike
i s made up thé lmeak iddasity dntobder fd ineremgtheiarehbdensitye amongttheng f ormed at
the trailing edge of the slider. The slider slightly floats over 10 a
recordiog wegformabice Fharsctefistibeobilid teovrdiapdicaided Toyachieve thigtit @ of the
medi um Reference is now made to FIG 23A to FIG 26A, FIG 23Bto FIG

26B, and Flréguitdd t6 itipleihbhea d8cardiiihead bf 4 nifeiw agddK étidctidt Mltbrein a
related art thin-filmmgnetic head elenent. FIG 23A to FIG 26A are cross

16 secti ongheakktIPbf tioaRd bottent ?ﬁeaisén_aﬁi’é’ﬂiﬁg therbésiding php 14533 drPa FI G
26B are cross sections of the pole portion each parallel to the air bearing

surface. Agidy 6fthg dif bbRfinganifaeis vbdecedEddvll to AFicAA Y 4 Bubinferoa3A and
FIG 23B, an insulating |ayer 102 made of alum na (A120, for exanple,

having a t RigdneshigtyialP i ore bt factdts thit d@fé@ﬁdib@‘ih@@gﬁbr&i&%hé@de 101

made of 20 al um num oxide and titanium carbide (A120g- Ti for exanple.

Next, 99t hiefoRsidkidh! NSehAUfidutie prch eRHhiflcs dhel AYBSe AR BRI 2

magnetic materi a
such a structure. Another factor is a pattern width such as the throat height,

O in particular. The throat height is the length (height) of pole portions, that
is, portions of magnetic pole layers facing each other with a recording gap
layer in between, between the air-bearing-surface-side end and the other end.

20 Areduction in throat height is desired in order to improve the recording head
performance. The throat height is controlled by an amount of lapping when
the air bearing surface is processed.

As thus described, it is important to fabricate well-balanced recording
and reproducing heads to improve the performance of the thin-film magnetic

26  head.

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



Is formed for a reproduci ng head. Next, a bottomshield gap film Qﬁﬁd?
of an insulating material such as alum na and having a thickness %f 02
200 nm for exanple, is forned 25 through sputtering on the bottom shield

| ayer 103. On the bottom shield gap film 104, an MR el enent 105 for
reproduction having a thickness of tens3-2 1 OCT 2002 -4 of manoneters is
formed. Next, a pair of electrode |ayers 106 are forned on the bottom
shield gap film 104. The el ectrode |ayers 106 are electrically connected to

mierial o E3rd§3§ dsﬂi’fé%)t&%- B ﬁ%@?ﬁ%&ép?ﬁﬁ%ﬁﬁf&?ﬂ&?ﬁ%?t on’

the bottoms . ?gp (@ 104@_ g HIXﬁIeI enent 106 and itihe el e tr ayers
106. The MR® 1“8 ’Pa 1"1 CUMLEAGE VR HE IR P AP YR TP PR S AUP 7.
Next, on the t Shl eId , . .
t op- shi el d-4 J@wbml iﬁ%r?ws?meeza foz $hg reearding Be%mc&yé? 8 n the
fol |l ow ng deﬁcrl ption) 108 is 1 r‘P'HgéHEd The bottom pole | ayer 108 has a
t hi ckness dedypdoR 1n recqrdipgtyag AN ENREQeEIeRL IRAverwEIte PTEPeRI¥d f or
both the re?l roduci ng head and the recordi ng head, Next, as shown in FIG
24A and9F| ¢hapisa parameseryindicaing png ef Chmctﬁi'éﬁél@fwhw datalsWrites i | m such
as an alumna filmand having a thickness of 15 0.2 ~mis forned on the
bot t om pol eveagaistigdatee and athimpreyemsintdn gomlinepe traxgstion shife (NA/TS).
etched to forma contact hole 109a for making a magnetic path. Next, a top
pole tip 110 fomn gérerabeoflyinggtypedhin-filinomagdetio head used an di lnuy'tbéqskl ayer
109 in the pole portion. The top pole tip 110 is nade of a magnetic
terial antévivesand the Likeas maide tp 6f 4 slider) ahthin-fim Mueneticthdaidrelemen?0
gnetic |layer 119 nmade of a nmagnetic material is formed for making the
magnet i ¢ pdicing formhed abtheattailing edg®fitHeoslidorki Thetshideratightlydloass bveNext )
as showmn in FIG 25A and FIG 25B, the recording gap |layer 109 and the
bot t omlpol & texpedingGiedivim dlyaheand 6f theodirflow genkerated, byuthebthtiontofpheol e
tip 110 as a mask. As shown in FIG 25B, the structure is called a trim25
structure whed®inn. t he sidewalls of the top pole portion (the top pole tip
110), the recording gap |ayer 109, and a part of the bottom pole |ayer 108

are Reference is now made to FIG. 23A to FIG. 26A, FIG. 23B to FIG. 26B,

and FIG. 27 to describe an example of a manufacturing method of a related-
art thin-film magnetic head element. FIG. 23A to FIG. 26A are cross
16  sections each orthogonal to the air bearing surface. FIG. 23B to FIG. 26B
are cross sections of the pole portion each parallel to the air bearing surface.
O According to the manufacturing method, as shown in FIG. 23A and FIG.
23B, an insulating layer 102 made of alumina (Al,0,), for example, having a
thickness of about 5 to 10 um, is deposited on a substrate 101 made of
20 aluminum oxide and titanium carbide (Al,04-TiC), for example. Next, on the
insulating layer 102, a bottom shield layer 103 made of a magnetic material
is formed for a reproducing head.
Next, a bottom shield gap film 104 made of an insulating material such
as alumina and having a thickness of 100 to 200 nm, for example, is formed
25  through sputtering on the bottom shield layer 103. On the bottom shield

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



~ ~ocr 2002 5 fornmed vertically in a self aligned manner. Next 1aD 0
insul ating layer 111 of alum na, for exanple, having a thickness Z)f E}Ju? ﬂg
~ mis fornmed over the entire surface. The insulating layer 111 is polished
to the surfaces of the top pole tip 110 and the magnetic 5 | ayer 119 and

flattened. On the flattened insulating-1&ayer 111 a first layer 112 of a

thin-filmcoil is made for the induction-type recording head. The thin-film
coil 112 is nade of copper (Cu), for exanple. Next, a photoresist |layer 113

is formed i pe nsul h flrst
50070 e Bl R Bl AR AL 188 e b
second | E{;e e boiicp sFfkla et 168, Oné MoRleaSine lon BYE Beseall ™ 1y o
113. Next, hot S a s formed into a specific shape on the
phot or esi st tfghﬁh\ght‘ﬁ @%395 | ayer 114 of the coil. Heat treatnent
is perfornmed at . a specifi ¢ tenpe ure to_ 15 flatten the surface of the
pho!toore3| st | ay@?“l%StoPI‘@ﬁ?ld gf’g’éﬁBM Timade of apapsulaging watenid such gy pol e
| ayer 1%}6 faor the rgcor%gg head |%tforg1rr§.d on thle tothpotlg)?cttlphiejjg t he
phot ore i stal PHV@MS ory rppghAptterin ohexammple; par the Lo & g e
| ayer 116 is made of a magnetic material such as Permalloy (N Fe). Next) an
overcoat | il 1Q$7tb@fMﬂjelamtr195 ansk thexelegtirede layersilf6d %/‘beMB@rlemhatt op
pole | ayer 116. Fll?al ly, nachllgelfdggr chﬁzl ng of the slider including the
forgoi ng | alféris ensberddedoimntdw shieldgan s 304 apeal0hg surface 118 of the
thin-fil mmagnetic head including the recording head and the reproducing
Pstad The t hi n-Nextyonetiecop shivldgapl fimei07; s toprebieldipyatadn-RBtdhG. 27 is
op view of the thin-filmnmagnetic head el enent shown in FIG 26A and

FIG 26B. Tiuledaymrdoalied abottoii polrythin théfollowingldestrigtion108 @CT 2002 - 6
| ayers and filmare omtted in FIG 27. Reference is now nade to FIG 28 to

FI G 3Qot o fapmedi bEhé hetwen polilagbt 008 dastahthicknékalof aibdue 3nah e Bf
manuf acturing the sane. FIG 28 is a bottomview that illustrates an

exanpl e of rhhde 6PAMhguictid Matefial f.d aked orlissthi the wpréditn@hehand fider . As
shown, the air bearing surface of the slider 120 is shaped such that the

slider 120 mbodihg hehlloats over a recording nmedi um such as a magnetic disk
by neans of the airflow generated by the rotation of the medium In FIG 28

nuneral 12la i nqe£na8shewaCiVEIG PIMA bl FIG Mfﬂcoﬂ(ﬁﬁg Zgaﬁwlla aF 3892
concave portion. A thin-filmmagnetic head 10 el ement 1 ocat ed near

the air-outhhauoshs (inﬁﬂﬁtﬂxfg ﬁl'i!ﬁ—‘ sﬁéH aQ%ﬁrdlﬁﬁnﬁﬂrﬁlﬁPEn&fhaerﬂﬁg althﬁ%rneag Bf (that
is, on the upper side of . The configuration of the head el enent

iﬁ?r es &%ﬂﬁ?‘-? &“%ﬁeﬁ‘%%g%“?ﬂ% ‘E#t@dmﬁﬁ’%bgﬁ 180 TN Rl phting RerTRSer 0,
cal  ed ol | O Eqiartibligjctdod 8 forf] aRRRIACEROI P00 £6: nlEL: f BEABME [ 21 g
fberrent 12%1atil;.h' Ne%,ff'ioﬂ Bol%%p o %iethe recording head is formed on the
recording gap layer 109 in the pole portion. The top pole tip 110 is made of a
magnetic material and has a thickness of 0.5 to 1.0 um. At the same time, a
20 magnetic layer 119 made of a magnetic material is formed for making the
magnetic path in the contact hole 109a for making the magnetic path.
Next, as shown in FIG. 25A and FIG. 25B, the recording gap layer 109
and the bottom pole layer 108 are etched through ion milling, using the top
pole tip 110 as a mask. As shown in FIG. 25B, the structure is called a trim
25  structure wherein the sidewalls of the top pole portion (the top pole tip 110),

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



direction to formblocks called bars each of which includes a poy ggszghger
portions. Each of the bars is then |lapped to formthe air bearing Surf .
Furthernore) the convex portion 12la and the concave portion 121b are 20
formed. Each of the bars is then divided into sliders 120. FIG 29 is a
cross-sectional view taken along line 2%29 of FIG 28. FIG 29 illustrates
only the main part of the thin-filmmagnetic head el enent 122. As shown,
the greater part of the slider 120 is made up of the substrate 101 of

al um num Oé.i de (gmd b t]fnj um c&:?gi de,. for exanple. The rest of the slider 25
120 i s nmaddoifpedrerticallyn 2 seialignedapanser. oc "o inina, for exanple, and the

head el ement 1 nd so on fornmed Ln. the insulating |layer 127. The greater
7 2 5002 - Nl angreviagng ayes i ihoF Rlaraid, Jor thmiles bodingar | ayer 117
As discl osed, in Published Unexam neq Japanese Pateni Appljcatiqn Hei
9- 63027 (1§g#,ne%? 2houp} em 18 fgrme &%?ﬂ? PPW%ﬁuaéaﬁ&t eﬂlalm aHngs
di anondl i ke carbon (DLC) nmay be fornmed on the air bearing surface of the
slider 120 layemlldrigpolisbed tefhe surfgeesef ihe topgole fippidband the magnsticom
shield | ayer 103, the bottom pole |ayer 108, the top pole tip 110, and the
top pol & | dgxer lilDcandfattened. FIG 30 is a cross-sectional view that
illustrates the slider 120 with a protection film 128 fornmed on the air
bearing surfacd)n theflatiesed ihgdlasinigylayey 111 adinshdayerek] 2:0fraethincfilmg coiddi um
140. 10 In order to inprove the performance characteristics of a hard disk
devi ce, sudénemiedioedhe imdwctibmtyptaresotdingdeadt h@heathinfidmeedil di2 is near
recordi ng density and a nethod of increasing track density may be taken. Zb
esi gn a hingidegef dopperiCa),far exainple. daNexic a phptordsiat lapas 11 2is forined f or
ti pl enenting the recording head, the reproducing head or the thin-filmlb
magnet i ¢ heénatb aspecifib shapée enahd insulabisigtiayer 1k and the diret lyeddnidfther
track density is enphasized. That is, if priority is given to track

densit Y0 acoRAUHen®trdatnienddk petfdiined atrespicificitdmpelrute tefattdnrthehead and
reproduci ng head, for exanple. If priority is given to |inear recording

density, i fgutface 8fithd fHotoeésibtRiydP 11801 Ndke, gedofddayér 17Psthe thive-film
reproduci ng output and to reduce the half width of the reproduci ng out put.

Moreover, ichilli§ fdrafid 6:12¢hé phbestusiat 143erdilBl 2Nkt PR pHREdrebis 14l 1% K
platter and the slider (hereinafter called a magnetic space). To achieve

areal - densigbym g ix?tglé SpeeiOb AN 6% tﬁgghiﬂ}f@éi@t 143 113 AIRDEKS sdcoRBAaFer®f 15

to 25 nn) for exanple, is required. reducti'on in magnetic space is

achi eved by 14544l BGiL NBloRT BNt ib BetbRglef atd SRl Rimpdraifticd | o0 i

magneti ¢ apace not only co utes t an | nprovenent

in theygeprRits figk %P%%)%tomgr@dﬁg%gtilgg%li %5_he hal f width of the

r epr oduci ng out put erep ucing h ut also to an inprovenent in

the overwite FN%@?%% égﬁ%ﬁi?ﬁﬁ;{(ﬁ%&'&ﬂ@ F*i@'?‘%ﬁ%'&?oh?gd}]@!ﬂﬂg 118 fBr the

description of 't arises when t et1’c space iIs

(§auced: | el hota 8 forol P PR O BAIE (81 110AC SN ARY S, 112 511 der

120 has beén pertorned oh a ro ace
and 115 and the magnetic layer 119. The top pole layer 116 is made of a

magnetic material such as Permalloy (NiFe). Next, an overcoat layer 117 of

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

25 FIG. 27 is a top view of the thin-film magnetic head element shown in
FIG. 26A and FIG. 26B. The overcoat layer 117 and the other insulating



t hrough the use of dianond slurry, for exanple. A plurality of enpal
that nmake up the slider 120 have different hardnesses. For exarrgﬁi)mz;;Fl 2002

conparison i s nade between: al um num oxide 10 and titanium carbide that is
a ceramic material used for the substrate 101 ~ a magnetic material such as
Ni Fe used for the bottomshield | ayer 108; the bottom pole |ayer 108, the
top pole tip 110, the top pole layer 116 and so on~ and al um na used for
the insulating |layer 127. The hardness of al um num oxi de and titanium

carbide is t i t hat Fe is the smallest. 15 The hardness
of alum na l%iggrsgéﬁfhﬁt%yryl{lﬁgﬁm FP(ff;ufyn7 num oxi de and titani um carbi de, and
greater than t of Ni.Fe. The I I|ty of |ayers
havi ng di fferezﬁe#‘?ﬁ?léﬁ?elgs%’??sa ?&ﬁ?%@@' ?‘ﬁ? ﬁggcriiﬁ 120 is | apped
on atin su Iate hth use, .o lurry.as an a ive,

't fer encesomh Pnﬁﬁirh BE AP HenpayeLuHAR e Samq-e%‘?f

har dnesses. Fpr xanpl e, wn in FIG 29) . a difference of a o to 2
nmin |evel2§182 %féPE’dWBEﬁ Pﬂ'é'af“?%%ﬂl grample 88 gxatiopolit gﬁ%’(’)

| ayer 116, for exarrple that is a |layer nmade of a magnetic materi al such as
Ni Fe) a® erhfmng sarfaemotibieslideyer nboweb Hlae Wd@ﬁaémg)ewfﬁep ahthendlidgr t he
insulating |la 127. A difference of 25 about 4 to 5 nmin level is
created bet walmedrsyghéhah@m sljdar 1207slightly featsayer maresonding medivml of
the insulating | ayer 127 being | ocated behind an end 2 1 OCT 2002 _9. of
t he subst r atvehigpla magneticalisk by memes of tHecrizflow gemerated by theatngatios ofo 7 nm
between the surface of the thin-fil mnagnetic head el enent 122 cl oser to
L_Se ai r beathermedinmi.ackn HhG. 28 awuneral d21afindivatesud someexepdbibncamder to t he
{ai)r bearing surface, the protection film 128 being excluded. 5 If the

t hi ckness cxiuxhbmlpﬁ‘libam&mteé alcond®& portiommA teindilmvmagnefictheadd, t he
difference in level is about 10 to 12 nm between the surface of the head

el enent1012Zlemeaen22ds 1dtated nedethe aig-cutflowesidarddiofehe air bexring sarfaest i on
of the protection film 128 that corresponds to the substrate 101, the
surface beigfghketiderd20thdtasfon theappewsiddof RIG. 28). t'The donfigueidicdéfeen
the slider 10 120 and the recordi ng nmedium 140 when the slider 120 is

flying is l}hehdadidlemeneneRiis skowacn FIG!265and madizsmmeeimﬁﬁen_ t he
nmedi um 140 and the surface of the head el enent 122 closer to t air

beari ng surpa¢Rn'Of FIGE 28!cof@spdrds teFIGy26B. i s about 20 to 22 nm Wen
the magnetic space is of such a degree, attainable areal density is limted

to about 30 gi Ophé kHd&C12d B S¥Rated QEk’olloQﬁstW%a@@ﬁﬁfclMabhﬁ-ah% ared-art
thin-filmnmagnetic head may have a difference in level in the air bearing

surfacqpof s c?x’lggﬁansl £be Tsﬂﬂeféoﬂhfekéiﬁa%i rcﬁﬂ@&’ BHH&%B&&H&? eﬁgi‘?f fsapnt

122 being recess ehind the other part resu ficult to

reduce the ;pORRkIthe TRAFAIMARHghStié Hgﬁ@\éferﬁ@ﬁ’t 122. This wafer is cut in one

O direction to form blocks called bars each of which includes a row of slider

portions. Each of the bars is then lapped to form the air bearing surface.
Furthermore, the convex portion 121a and the concave portion 121b are

20 formed. Each of the bars is then divided into sliders 120.

FIG. 29 is a cross-sectional view taken along line 29-29 of FIG. 28. FIG.

29 illustrates only the main part of the thin-film magnetic head element 122.
As shown, the greater part of the slider 120 is made up of the substrate 101 of
aluminum oxide and titanium carbide, for example. The rest of the slider

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

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



20 recording density Since it is difficult to reduce the magneti ¢ $3C%k 2002
the related-art thin fil mnagnetic head as descri bed above, it is

i npossible to inprove the performance of the reproducing head in particular
to a sufficient degree, such as an inpraovenent in the reproduci ng out put
and a reduction in half wdth of 25 the 7r'eproduci ng head. As a result, the
problemof the related art is that the error rate of the hard di sk devices
for high density recording increases and 2 ~ OCT 2002 - to the yield of

the hard digg¢t devhe BsulfSh Q%%}.IZTESRHQHV@P&ﬁtW'med Japanese Pat ent
Appl i catiorﬁlglei 8- 339511 (%9 6), a nmethod of manufacturing sliders is

di scl osed wher eAé‘ding)séﬂﬁﬂP%lilsﬁQ&mfa n%HrJaB‘ﬁ%éé'Pa%i{tf&%ﬁ&anoﬂH%i

sliders is performed such that an 5 I nsulator Surroundi ng t'He nenber naki ng
up each thi ' ' Y cH}eadmi IVA ner,
cgrrpar ed t091?%%%;%&’%%%‘%%&%%%ﬁ{emﬁéeté%ﬁe enent, ag%ﬁ%rs@t&gl ayrré:;t(g"t"F'lgcg,\@'nrnarrber
protrude f h ' I s i . eat
G 1 er ence 14 bR TPLCnkP B BlRbd ohFblls? bEEEHP oo MVEY Blidef180 P2
bet ween_t he i nsul ator and the nmenber in repgular. 1t ,i.sqther €
Fequi r el t anveBnet B STavRBE b BeioRy B amagu L L6 BirtormsHifls BERE A0 e
difference,in |l evel., Ano r.problemis t, 4f the eti ace is
reduced, t ROOm Q’BLe layer hbgi tgbpet ‘i?p&ﬂrﬂ’ it’d’eimtaﬁdt% ttogdgﬁ‘g r’?'y rmﬁffﬁfs‘énd
damage to the ' 15 frequently.resulis,.Zb avoid, this, it .is. yequired
to enhance %eﬁ%%@s@%& S?%E"é&l”ﬂ%\‘ﬁéi‘ﬁ ﬂfwrﬁaith%&aﬂ\éégﬂnﬁﬁg slider
easily sticks to the nmediymif _the snmpoj hness of ,the _surface of _{ he nedium
@ enhancedrotacsiondilp 128 fermed gndhe aix bearing surface, theslidsr o tﬂlsqﬂrbsri shed
exam ned Japanese Patent Application Hei 8-287440 (1996), Published 20
Unexanmi ned fingasineaverprecardinggnedisan dd0Hei 8- 293111 (1996), and Publ i shed
Unexam ned Japanese Patent Application Hei 11-120528 (1999), wherein a
protrudfon is pincendgedo mprone thegperformancecharpeteristios of jpchand disk 1 o

prevent the slider fromsticking to the surface_of the nmedium
device, such as areal recording density, a method of increasing linear

recording density and a method of increasing track density may be taken.
To design a high-performance hard disk device, specific measures taken for
implementing the recording head, the reproducing head or the thin-film

156 magnetic head as a whole depend on whether linear recording density or
track density is emphasized. That is, if priority is given to track density, a

O reduction in track width is required for both recording head and reproducing
head, for example.
If priority is given to linear recording density, it is required for the

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

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

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



| n Published Unexami ned Japanese Patent Application Hei 7-23061522% QCIIQQﬁBZ
a technique is disclosed to flatten the flying surface of the slider,
wherein a protection filmnade of an insulating filmis provided in a
recess 2 1 OCT 2002 -11 produced between the slider and the head el enent
when the flying surface of the slider i-8processed. In this publication the
followng first and second net hods are disclosed to provide the protection
filmin the recess. The first nethod is to forma protection filmthrough

sputtering Qv i | i i t he
slider and agx lgﬁu?#ogggl%% 1{;?\&%@ #éé%’%cgnrééﬂﬂqgca e% t}gﬁl%és%drrpﬁba?#elg@"@&h
surface, an o lap the flyin face aqf the sljder §0 as to renove a
portion of ‘gﬁée 5?%&@@[3}%0%1)@[]03%? heP W&e}é‘iﬁ(*’g)&g 33?0 ?(h@n, .~ slider. The
second nmethod is to forma photosensitive anic filmover the i entire
surface i ndMAdPKEmERLIY ﬂger&fﬂ'ieakr@pﬂtyt?f&i’glrﬁﬁ%‘?dlﬁﬁ eQ}isurface of the 10
head el enent | qcated cl.oser to the flying surface then .to exposge only a
portion of theqﬁhggmwmguw SEHBLion;of ABe PEPDICHL S AFISSHBRR tARG t hen t o
remove the portion of the organic film A protection filmis then forned
over thé emagretigspacedsraducad Ipthegriorartalapping of the aprbeayingr gani ¢
filmis finally renoved. 15 However, the technique disclosed in Published
Unexam ned syaface®f theglidex 120 bas been perfasmer arsagotnting tin pimbiatecplattat |
al t hough the flying surface, that is, the mediumfacing surface of the
slider is ftheougnthi use of diagidrid slurry, for example.a desired shape of the
medi um facing surface of the slider, such as a shape in which the

ove- nent i onedA phatality iof materialothatadake uphthe2dider di20ndvecdifferent f ace. |1 n
iPUbl i shed Unexam ned Japanese Patent Application Hei 11-185418 (1999), a
t echni que ilmrdnesdessefot example i cdrhparibonl és mifaderbettvieek! slmnhimum @xidecor di ng
medi um wherein a convexity is formed on the air inflow side of the air
bear i ng0surdmbktitafiuihearbidelthat i3radcdrhmic aiaterinl used for the substfdteviGdne are
25 renoved, such that the air bearing surface forns a specific angle (but
not paral | ghagnétidmateriabsudtoas NiFe &god dorthebstitomn siield lafer 108 the i s at
rest. 2 1 OCT 2002 -12 In this technique, however, although it is
possi bl e t Goptoay pole layer 108d¢He fopqsBls tipcki0)ghe @op PoldREer M6 iaind & on;
i npossible to elimnate the difference in level 1n the air bearing surface

bet ween t h%ﬂaomn@i@laqweaq%p@ﬁ@iﬁmaﬁnﬁneyaem.el'plﬁ@nhrmstdm@ﬁﬂﬁﬁmpart :
It is therefore difficult to reduce the magnetic 5 space. OBJECT AND

SUMARY OF okiffs &MY E¥ERG \chrhiflods tBDLRSteRl while chaY BINIFS id thobRIMIREr.2

met hod of manufacturing a slider of a thin-filmnmagnetic head for achieving

| ow- 1 y5ng rild Ak dhesd df la.il%iri'é)isoé?ﬁ 168 DhrR RS AdmipaRoRte W Medi um

facing surface of the slider. A nethod of the invention Is provided for

manuf act ur ighe ndusl dadBide0bnd drdhidrithhl tRGREN Fehead, the siider including a

medi um facing surface that faces toward a recording mediumand a thin-film

(Tjenetic head eheIbRied PAPLESIRA philaIEE OF Yel8 Hadth SA6R: hiRdiBLDO]

nprises the steps of rm ng e nedi um'facin ace In a materi al
used for makimastd8cibsde ¥ 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 1s created between the
insulating layer 127 and the top pole layer 116, for example, that is a layer
made of a magnetic material such as NiFe, an end of the top pole layer 116
being located behind an end of the insulating layer 127. A difference of

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

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



the material including the head el enent and etching at |east a pazt1 ﬁhTt?,@?
medi um facing surface, such that a reduction is nade in difference'i e
bet ween a portion of the nediumfacing surface corresponding to the head

el ement and the rest of the mediumfacing surface, or such that the portion
of 20 the nedium facing surface correspgnding to the head elenent is

| ocated cl oser to the recording nmediumthan at |east a portion of the rest
of  the medium facing surface. According to the nethod of the invention, at

| east a par f the di facj,ng surface.jS etched. As a,resylt, a
educt fon gt EﬁPE%fégF‘? 1Tk 1t case, the i mceaeﬂw@asahauﬁgwo%f the
medi um facing surface of the slider_corresponding to the _head el enept and
the rest obebNeenths sHriagep thesthipaialm magleriierd elomens 1A desesip By, the
portion of the nmediumfacing surface is |ocated closer_ to the recording
medi um t har@l&bea@agtsuafqgem%cﬁhecﬂwt&r@ of¢he sybstrate ARlicloser se thgyabur f ace.
According to the nethod of the inventi ong; the step of form ng the medium
faci ng sur fogasingssurface, thie preteption fidm B2&beingexchidadie naterial to be the
medi um faci ng surface. The nethod of the invention may further conprise the
st ep of 5f or m ndf &he thickuvessoof thel protecsion film 128iia f rimc asghewnfiadIGf3®kr t he
step of etching. In this case, the protection filmmy be nade of

di anond- | i khe dafféxemce Thdevaltidiabowt 10 be 12 mm betweenrtlye surfabeof tlenheade t he
step of form ng a convex portion on the protection film The nmethod of the
invention whemént 192 closerps tlseairtbeasimpsifadeodand blye suifhodé 6f & ipoRtibh lofn over
the medium facing surface after the step of form ng the nedi um facing
urface, whheeroteztipafilnd 128 thaieorpédsondsito thé isubsiratel10hethe durfde step of
efiching. In this case, the protection filmmy be made of di anond-1ike

carbon. Theepi@lrRatédin flid dirayringvdirfadedi IR0 Qisti @ Betwidearnthe siRi@wal to
the difference in | evel between the portion of the nmedium facing surface

bef or e19nda20inDtHd ectidiRgthediugh 120 ,wlséiﬁt}mﬁd&mszsrﬂﬁagag 10GrhOtHd'e
head el ement, and at |east a portion of the rest of the nediumfacing

surface. Aqsadsdtidsgde! (atiB] {Higtarida%etWe6A the MediuhP 146 hnlQhei ON MRY be
formed on the rest 'of the nediumfacing surface in the step of etching.

Accordi ng tQ,t8 oM@ﬁ@aﬁEléxﬁé’nﬂ Iyﬁefoi;%nto {2 He I&rﬁ% é?irfé%g&hbi{%hiaon

etching may be used I1n the step of etching. Accor to t net hod of the

i nventi on, [ : : . I, ghWﬁ% f ! beamin
the step ofﬁgtgggggégﬁhﬂgﬁlggﬁég‘{sg@g%??éﬁ#mnt 0 tﬁegmgggg}gggﬁlggenhggam may be
made with r e . : . 2 - . i faci ng
surface i n'st‘tal %as{b?g’e%’?atg%&%pgegﬂ%'c‘gg?’%‘}xﬁgﬁ?%%ton%?#gtdgﬁogﬁgﬂsﬁ%enti on,
in the;step ggree{ ing with the focused ion beam the nmedium facing surface
may be shapg such"that a portion thereof between an air-inflow side end

o 201 10U AW 0y R RSt S B AR gl o
d’j‘ cing sur fd?ﬁgre%x irtl) Gfevseli iR %ﬂe 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



such that an arc is forned between the air-inflowside end and thg gCT 2002
outfl owside end. According to the nethod of the invention, the head

el ement may include 10 a nagnetoresistive el enent, and the length of the
magnet oresi stive el enent between an end thereof |ocated in the nmedium
facing surface and the other end may bejgentrolled in the step of etching
with the focused i on beam According to the nethod of the invention, the
head el enent may include: a first magnetic |layer and a second nmgnetic

| ayer magnetical,ly oupl o _each ot her each of which includes at |east
one | ayer, %i’ﬁé’lﬂdr(gﬂtiﬁﬁ@rgéﬁ%ﬂaem%E??reaF%ers i ncl udi ng magnetic pole
portions oppos 0 ch her and, pl aced i.n regi,ons on a.si. e

medi um f aci ng ?&f’abﬁ&a&dgﬁtaexwedpﬂmse% stk ApRicabon I'E‘E}rdqqﬁgééiﬂf t he
first and second nmagnetic |layers and a_thin-filmcojl at |east a part of
which is p|(&8%& Bangkhod offranuiachymingskiders/is diselased whereindherstepof ne
magnetic layers. |In addition, the length of the pole portions between an
end t her eoflappingthe ain bearingsurfaces of theyskidersds perfoymedesushithatand may be
controlled in the step of etching with the focused i on beam O her and

f ur t her bobjinsulator sunronndingtheanembezgasking umea¢h thint filsn magnetisshegmbear
nore fully fromthe follow ng description. 2 1 OCT 2002 -15 BRI EF

DESCRI PTI Ondl@aenitits eaded Nica mbfe ufigvem tharnEr, dnpareddtodhe membieons f or
illustrating a step in an exanple of a method of manufacturing a thin-film
magnet i ¢ heaakimgew the hEhdeleidert) do Ak Go n2dkeatlse measisergaotiutsivroher
illustrating a step that 5 follows FIG |A and FIG 1B. FIG 3A and FIG 3B

e cross shahitheinéwlatod. | ustrating a step that follows FIG 2A and FIG
2B. FIG 4A and FIG 4B are cross sections for illustrating a step that

fol lows FIG 3Anafids Eééﬁnigﬁb, Hdwdviet; a preatrdifibrdnceiB 1avél iSlcosdteddatthens for
illustrating a step that follows FIG 4A and FIG 4B. FIG 6A and FIG 6B
are crges sefbefAngisarfdcklofshe Shdadbéturenthe iGRItbPANd the member in
particular. It is therefore required to form an unnecessarily thick protection
film to reduce this difference in level.
Another problem is that, if the magnetic space is reduced, the slider is
likely to collide with the recording medium, and damage to the medium
15 frequently results. To avoid this, it is required to enhance the smoothness of
the surface of the medium. However, the slider easily sticks to the medium
O 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 TUnexamined 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



of an exanple of the thin-filmmagnetic head elenent. FIG 7 is zﬂoa Emg
of the main part of the thin-filmnmagnetic head 15 el enent shown H F Z\

and FIG 6B. FIG 8 is a bottomview illustrating an exanple of the
configuration of the air bearing surface of the slider. FIG 9 is a cross
section for illustrating a step in a netbed of manufacturing sliders of a

first enbodi nent 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

illustratin t | | El ] '
slightly f|Pﬁaﬁlﬁef@%%@?h@‘%sﬁ}ﬁgicﬂé‘d&h%‘?er@é%'?hﬁ’é%%ﬁ s h&f‘gl“i‘gﬁu&s"% pl ot
for illustrati an_ exanpl g of. the wavef grm of roduci ng oyt put of the
Lhi nef i1 m HgeUHeE i BENe e o T thie Pblicate Phe lotbiine firsh ot tondion 1 he
met hod of the first di rent. FJ 13 i .crpss.section for .l lustrating
a step in A0RHOGSATS ls‘ﬁ%segewo hel%""?f%f%lﬂ“aﬁf‘ﬂr‘? §e§P?‘H’§r 5’145’\9 é“s econd
enbodi nent of .the invention. Fl Gnuéf ifl a %LOSS section for illustrating a
step that fBetheddstedorm a pretection Sl through sputtering over the eptire surfaey over
the surface of the recording nedium 5 FIG 15 is a cross section for
i | | ustr8tidgcladingphe Ayingeanface ofthesslidenand 4 surfare abthe bead elament
enbodi nent of the invention. FIG 16 is a cross section for illustrating a
step that fletdtedslasesto the fying surface, amdstotlap theifliing surfgice lof the slidemg over
the surface of the recording i nedium 10 FIG 17 is a cross section for
i | | ustrati mg as totrepnave apoidioof tie puotedticot fihnrog Ble flping sofrfacefafitheh
enbodi nent of the invention. FIG 18 is a cross section for illustrating a
,aéep t hat fslidenwsThé €ecand methdd isustformnes photosehsitione argapiet film bvemtheng over
itHe surface of the recording medium 15 FIG 19 is a cross section for
i |l ustrati reptiresuefacerineluding thie fifimpswifacd of theglilerdardsa stirfacé of tie
enbodi nent of the invention.

10 head element located closer to the flying surface; then to expose only a

portion of the organic film on the surface of the head element; and then to
remove the portion of the organic film. A protection film is then formed over
the entire surface through sputtering, and the rest of the organic film is
finally removed.
15 However, the technique disclosed in Published Unexamined Japanese
Patent Application Hei 7-230615 has a problem that, although the flying
\) surface, that is, the medium facing surface of the slider is flattened, it is
difficult to obtain a desired shape of the medium facing surface of the slider,
such as a shape in which the above-mentioned protrusion is provided on the
20 medium facing surface.
In Published Unexamined Japanese Patent Application Hei 11-185418
(1999), a technique is disclosed to prevent the slider from sticking to the
recording medium, wherein a convexity is formed on the air inflow side of the
air bearing surface of the slider, and the corners of the air outflow end are
25 removed, such that the air bearing surface forms a specific angle (but not

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



FIG 20 is a cross section for illustrating a step that follows R & 0C9 2002
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 nethod
of" manufacturing sliders of a sixth enbodi ment of the invention. FIG 22 is
a cross section for illustrating a stepighat 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 nmethod of uf acturing.a thin-fiim netic head el enent, of ..g rel ated
ot o0 oot i Henins) Byt Ach B IS roke POt SrSIERE bhe kit

Il lustrati a st t hat, foll,ows EI.G. 23A and FI.G .23B. . Fl 25A and FI G
5B ar o or dbun stickbog £ s RiedRiS, e impossBicls chimitat fielA and
FI G 24B. FI.G 26A.apnd FIG 26B are cross secifions of the relgted-ayt
thin-film ﬁﬁb‘ﬂé{‘it eﬁé&E"%‘%ﬁéH&'@"ﬁ%@“’%ﬁ? ROTEOR QHTE%PBPH%%W&%‘W{ art
thin-filmmagnetic head eﬂ_lement. EIG 28 |s a . hottomview illustrating an
exanpl e of el¢ypenbandhe sthempant. « heistherglone difficulitozedueg theymagnegisr © 10
FIG 29 is a cross section taken along line 29-29 of FIG 28. FIG 30 is a
cross sBctisPAcq.or illustrating the slider slightly floating over the
surface of the recording nmedium DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 15 Preferred enbodi nents of the invention will now be descri bed
in detail with reference to the acconpanyi ng drawi ngs. [First Enbodi nent] A

first enboddBEBCTANDhSUMMARY OF THEINVENTIOMN: slider of a thin-film
magneti c head (hereinafter sinply called a slider). The slider has: an air
beari ng sur flade anobjectedithendvaition tupfovide & maé¢thbdof manufactumng acor di ng
gdi um and a thin-filmmagnetic head el enment | ocated near the air bearing
surface. slider of a thin-film magnetic head for achieving low-flying sliders, and for
10 obtaining a desired shape of the medium facing surface of the slider.
A method of the invention is provided for manufacturing a slider of a

thin-film magnetic head, the slider including a medium facing surface that
faces toward a recording medium and a thin-film magnetic head element
located near the medium facing surface. The method comprises the steps of:

15 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 facing surface corresponding to the head
element and the rest of the medium facing surface, or such that the portion of

20 the medium facing surface corresponding to the head element is located
closer to the recording medium than at least a portion of the rest of the
medium facing surface.

According to the method of the invention, at least a part of the medium

facing surface is etched. As a result, a reduction is achieved in difference in

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

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



Reference is now made to FIG |Ato FIG 6A, FIG 1B to FIG 6B, nzagdoflreguﬂ
to describe an exanple of a nmethod of manufacturing the thin-filr

magneti c head el ement of the slider to which the first enbodi nent of the
invention is applied. FIG |IAto FIG 6A are cross sections each orthogonal
2 1 OCT 2002 -18 to the air bearing su Pace. FIG 1B to FIG 6B are cross

sur T ace. ke AR PURPEbH T O (R moaRtl Al Surkdte Blofgled BRiSeRT 5
insul atingel Ay 'i‘dﬁl%"?xg@dlﬁfm ah @léfgtzgngtgﬁ rf‘)&"i"@fe restf of’“l?@é’tmg‘ fqf 1N S
e i

t hi ckness is p05| on a substrate 1 al um num oxi de an titani um
carbi de (g @,IJ‘,%O%I , for exanple. Next, on the insulating |ayer 2, a
bottom shie ayer 3 is formed for the reproducing head The bottom shield

lﬁ?ﬁ&niséso?aa cirafhd ¥ 1tHte 5o PRGB! b e Uy fiBobT Y] S BEAoBIE the
1

ohsk f obdin ¥ “R%Eﬁif e mal dRUAP 1 Bning %*‘é?ﬁ?ﬁf&%ﬁéﬁ ﬁy%te“a# 3 2
al um na, JO{I}%%&%@%& faac'?g F%\H a t_h| cknese of 4 to _5 ~ m for _exarrpl e, IS

formed over I're surface. The |nsulat|ng | ayer is then polished

LQ[?E%“sﬁ?ZTdﬂyer i @%t§§Lose th et f e BB Rtk Bles Wi o
gap 11 | i & BESieklidh, dth & tt@%ﬁ%‘ﬁ%‘l’fa&ﬁ%@ur i %fi*srnS?Q W %fi?'nihd
thi 22@22*2@4&23 f"mﬁa?%%%h P aYGeIE dan ol HeORIEHY S R 1 o

4. An end 2 the t s 1Qc int i bearln urf . The
MR el ement: may be et%% f’grdgug nvs?ellé)glt qur@‘c |C°mgﬁls ﬁ?? oﬁorred
t hr ough §.§utter|n nelement ut|I|Z|nga

magnet o- HEiRE & g‘%’ﬁ% ?%réio%gﬁ%&et%roﬁ%% %135 1&l stivi ty, such as an AWR

ﬁg)etrr;sn; pai ?\%ﬁéelenén‘gﬂ?%‘ge ﬁa&%‘upgre%e e]tﬁl%&e Lk i"t?ﬁeg S Uit r’ig PEdrPan net ers
T G 20097k & BECEER Bireo%vr?i%dmteﬁ“newe fFeg A steRf tep ?%S i
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el emrent 5. enent ed.i.n the shield fllms4ad7
The T neularhEes et FAD O SRBMLE dhdthiA FHe B PRtETom sy B o,

A el b5 O e R e ey
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.

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

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

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

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



Next, a first layer 8a of a top-shield-layer-cumbottompole-laye | OCT 2002
(hereinafter called a bottompole layer) 8 is selectively forned on the top
10 shield gap film?. The bottom pole layer 8 is made of a nagnetic
nmat erial and used for both reproduci ng head and recordi ng head. The first
| ayer 8a has a thickness of about 1.0 +p41.5 wn The bottom pole |ayer 8 is
made up of the first layer 8a, and a second |ayer 8b and a third | ayer 8c
described later. The first layer 8a is located to face at |east a part of a
thin-filmgpil descripbed 15 Jater,, Next, sthe .second | ayer 8b and the third
| ayer 8c o%ﬁ?ﬂée‘ﬁﬂfnt %?‘éﬂjia%"y’é’rt}g’, S@B&M@%}Pﬁg a thickness of about 1.5
to 2.5 Vim are foryred . on the firs ayer 8a. The, second, | ayer 8b includes
a pol e portionA$eox egﬁettb%meagpé O&ab%ﬂn‘eer&milg the strr otetchingmit thece of
the first |ayer 8a %hat faces foward, a 20 recording gap | ayer .descri bed
|l ater (on defusadjen bepme the madimmiacingisyrfare may berslaned seeh thatia sc i s
provi ded for connecting the first |ayer 8a to_a top pole | ayer described
| ater, and PoEtiowthereef geweetm@n aanindlovppidenend and am aimasflowaride ened
later. A portion of the second |ayer 8b facing the top pole |ayer has an
end | oclt eprojectsHurtherdomand the re¢nyding medivmac dn3his gase, pothe step off thi s
25 end defines the throat height. The second | ayer 8b and the third | ayer
8c of the lettiingwith éhé foomsed ion BedmOeHe atiumAfacing sindacenmydie shadped( 80
wei ght % Ni and 20 weight % Fe), or NiFe (45 weight % N and 55 weight %
Fe) as a hisgth thatianarois formeddsstoicey thetadr-imflownidd endaddttheaigh pl ating,
or may be nade of a material such as FeN or FeZrN as a high saturation flux
ensity mabatflew-side endlh sputtering. 5 Alternatively, a material such as
@Fe or a Co-base anorphous nmaterial as a high saturation flux density
materi al may becderling b6 ¥he nitth6d 0fthé invention; fhehdadlelemaft my indhideat i ng
film9 having a thickness of about 0.3 to 0.6 E.imis fornmed over the

ent i r e1gur hahagndRrésistive Blinte1ts hat the leaEthesMdd mAgRc@ledstitobRIhddwgr aphy
process to 10 forma frame (not shown) used for making the thin-filmcoil

through fr aepwedhhead the¥éof 16étted HhRhé inhédiasi faclfy FasfcOhnd ABRVthe V) . for
exanple, is fornmed by franme plating through the use of the frane. For

exanpl e, tRadtMag be%gu;aneahﬁ_tﬁeiste&@fé&hﬁ@w&thlt& fotugedicibélid, the pitch

isl.2to 2.0Vim Th rame is then renmoved. In the drawi ngs nuneral 10a

i ndicates a 15 T»Jr;diﬁ tb¥he S‘:Pé’tgg&tso'g'ﬂﬂe Eﬁ‘@exﬁfﬁé t&%ﬂgﬁgae&%@ﬂﬁgdﬁé ﬁ | ayer

(l ead) descri bead ter. Next, own I n

| nsul ati “giirxéliiﬁé: dalﬁr&f m@ H&i@?ay&%n&%@%ﬁlﬁgﬁ}ﬁbﬂg llgy{éxhﬁxﬁ Efigalfy about 3

to 4 wnis tornmed over e entire surface. e insu I'ng Payer T1 is then

pol i shg@ EPB%H t%chfo%exgéﬁp(%ﬁvhﬂﬁtgﬁkhfﬂg ﬁqgQ%%A§%§%ﬁ%ﬂg?}§t Lig third

| ayer bottom ayer are exposed, e ace’is
1 ened B ek 0 UYL DB e 15, 10, T
ose b ChRamh pfhebasd ol B d BB o AR R BB 0N
Sl 2O ) GRS R L B R i o7 e
oL L0 O G505 R BB B S o iR S 0208
e RS WA b e R s, RS0 Thel 1
o B o e Sl A0 LSRR LML A RhblS o 1o
o e oL 0 ROl 008, ol 05, 0L LBl S A L S,

a top pole layer 13 having a thickness of about 2.0 to 3.0 ~mis fornmed in
a the focused ion beam.

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

25 appear more fully from the following description.



10 region extending fromthe air bearing surface 30 to a portionzop[Hﬁpzmﬁ
the third |l ayer 8c of the bottompole |ayer 8. At the sane tine)"a
conductive layer 16 having a thickness of about 2.0 to 3.0 ~mis fornmed to
be connected to the portion 10a of the thin-filmcoil 10. The top pole

|l ayer 13 is in contact wwth the third Lgger 8c of the bottom pole | ayer 8
and magnetically coupled 16 thereto through the contact hole fornmed in the
portion on top of the third layer 8c. The top pole |ayer 13 nay be nade of

Ni Fe C80 i % N [ 9 hi gh saturation flux density
mat eri al Qﬁ%ﬂﬁgm@gﬁwgw@wﬁm ght / Fe) through plating,
or may be nade 0 i such as FeN oy EeZrN as a high saturation
flux density naﬁig’%ﬂf‘mrféﬁfﬁ P@SFﬁﬁ‘.’u%Slé)NﬁP?Vépﬁg %8teR 1B 418 such as
CoFe or a Co-base gnor pgg)us terial as a high saturation flux density
material meSxaERPlad @ methed of mapufackuringa thingfilon masnetickead element. ¢ he t op
pole layer 13 may be made of a nunber of |ayers of inorganic insulating
filns and nagneFfQ!- 2ApadFIE5 2B areeraap isegtionsofor dluatratingnestep thiaé r ecor di ng
gap layer 12 is selectively etched through dry 2t ocT Zoo2 -22 etching)
usi ng t Pe tfoﬂowell“eIG-ely%eandélﬁslB- mask. The dry etching may be reactive ion
etching (RIE) using a chlorine-base gas such as BCl2 or Cl2, or a

fl uori ne-base gBEGs3A andFIG-8Barserss SectiensfopliHustuaking 4 stepsthatnd | ayer
8b of the bottom pole layer 8 is selectively etched by about 0.3 to 0.6 ~.m
t hrough 5 dboHowsiKiG. @A and&FIGE 8B. exanple. A trimstructure as shown in FIG

5B is thus forned. The trim structure suppresses an increase in the

fective trackFIG.oA adddFIGh 4B asaeross sedticngdog ilhsiratinga giepahated during
itinginaf.., narrowtrack. .Jt Next, as shown in FIG 6A and FIG 6B,

an over coatfollows FIG! 34 ad BdGN3B. 10 for exanpl e, having a thickness of 20
to 40 ~mis fornmed over the entire surface. The surface of the overcoat

llayer 1@ is thenl 64 had IR BB areléross 8bctidiafor ifl@stratingtd QL@P&hﬁte formed
on the overcoat layer 17. Finally, |apping of the slider including the

f or egoi ng |fgllews FIC. AN 4xd Ped. #B. form the air bearing surface 30 of the
thin-fil mmagnetic head including the recording 15 head and the reproducing

head. The thi n-fidi "6 ARAATIG: 6B RFE &o8EBEtidnS foF !iﬁumgﬁhgttﬁ@ coﬁﬁ?unﬁci&? a
top view of the main part of the thin-filmnagnetic head el emenl shown in

FI G 6A andgh; KR~ nd the other insulatin
%f_a{n%xa‘iﬁple%ﬁh@ tgn{ hfm"fﬁgﬁ{iﬁ?‘%, h%lé‘? %len}ani‘ ( g

| ayers and filnms are omtted. 20 T magneti ¢ head el enent of

thi | . i f o ; '
relcgrgixﬁg rrgdicum %';?r %ngl‘l ng gur ea%gygg?, %ﬁ@%ﬁyﬁro ﬂ%lﬂl%g ﬁ%lgg %ﬁdat he

di ' is [ d . Th duci
recor dyBg {},@gﬂgﬁggwhllﬁwlg%?%@ﬁlﬁg%net| c transducer) e reproduci ng

head i ncl ude elene ttomshield layer 3 and the top

shield Laver (OfAanaPhhugh LB led s S0 e IRSLBI B
0,8 1 oS BB SRR PRRAE, , 2,1, OCT 2002 123 U0 each ot ber
bot tom po o 1 ayiiCs atRe Spien frPiRpabifed B FrR ofin ed to oach
o et <201 atacHbRSLSRR oL bR i TR, POl LV
Ihgggt fe gp![ Ee: e?mdﬂgi_saq arlégg ég‘&ﬁ%fp ﬁﬂaiy;lﬁpr%%{r{gng 8 elf)r Eh%%efoﬁgWs P}& 9. ¢O" ding
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



| ayer 12 placed between the pole portion of the bottom pole |ayel B0&Td2002e
pol e portion of the top pole layer 13~ and the thin-filmcoil 10 at |east a
part of 10 which is placed between the bottom pole |ayer 8 and the top pole
| ayer 13, the at | east part of the coil 10 being insulated fromthe bottom
pole layer 8 and the top pole |ayer 13:1Beference is now made to FIG 8 to
describe an exanple of the slider to which the nethod of manufacturing
sliders of the enbodinent is applied. 15 FIG 8 is a bottomview that

|IIustrates an f, the, confi gur air bearing surface of
the sii der I @f?ﬁngt@éemf%ssﬂnﬁ’ge Shefihhtt Wpdnkerlidh 50 | shaped_
such t hat thes 20 slightly fl,oa [ a recordi i c
magnetic di sk béfﬁge&hgs %f:rqs @e%ay 107 fw@@ﬁr@?a{geesap thatioew cﬁiaﬁgi%ﬁ. um
In FIG 8 numner al a_convex portion 20 a numer 21b

i ndi cat es dﬂé’éf'f‘@&% ff tlyhﬂ?atm RYeRtheetyrda tafgt |58 ngz is

| ocated near the air- Outf|0W—SI de end of the air bearing surface of the
slider 20 (mﬁdxums, on the upper side of FIG 8). The configuration of the
head el ement 22 is shown in FIG 6A and FIG 6B, for exanple. Portion A of
FI G 8 Oorrespoflfs. 1isa GrosgBection fufillustnasinga stap imaaethoriof 9 to FIG

11 to describe the nethod of manufacturing sliders of the enbodi nent. FIG
9 is a crossanufactoringaliderfof-a third 2@tioditent|ofithe imvergion.st ep of the

manuf acturing nmethod. FIG 10 is a cross section for illustrating a step
that foll ows FIFGO16 id d5crobi section forallusteatinga step thdtl foHowatFIGy 16 aidp
that follows FIG 10 and illustrates a slider slightly floating over the

urface of ilustatesithrgslidet sliphtly floating ovérl the sirfacecofthesecdrdingt i ons t aken
{iDong line 9-9 of FIG 8, wherein only the main part of the head el enent 22
is shown. Imedfignret hod of the enbodi ment a wafer utilized includes a
plurality of rows of portions to be sliders 20 (hereinafter called slider

portiong) each PIGWMT idha trusk deetion fotr illistraitidgm BBt & tndihad ofl enent 22,
This wafer is cut in 10 one direction to form bl ocks call ed bars each of

whi ch i ncl Liﬂﬁﬁufac't@ﬂ/n fslidetsI6f a W&h%ﬂ%odﬁ&%ﬁt%ﬁ'th@ﬁx@ftﬁnﬁorreSpondS to
the slider materi al the invention. Next, as shown in FIG 9, each of the

bars incl udi ng ghg, IB)fsté. BFths 'sBetiSn FhGIIHstR R AP ATERIWE FICRNIT dlp 2 1

beari ng surface 30 T e greater part 15 of the slider 20 is nmade up of the

E?btshtraatsﬁ élll‘ﬁfs e up pdttla&%t?]ﬁ%f)au ng %’gﬁ?‘a g&h ?égmm ﬁaThfoPESt

exanpl e, ange head el enent 22 and so on formed in the insulating |ayer
27. The greater part of the insulating layer 27 is the overcoatlayer 17. 20

After yge abovepfd el 4 BRRLMEcticn B ildsiRima b Al A Mlendloed! T T erences
manufacturing sliders of a fifth embodiment of the invention.

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

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

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

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

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



inlevel in the air bearing surface 30 result anong the | ayers having

di fferent hardnesses. Lapping is perfornmed on a rotating tin surfzaqeoeiraQ@z
t hrough the use of an abrasive which is al kaline slurry containing dianon
to which an alkaline lubricant is added, for exanple. In this case,

mechani cal 25 lapping is perforned on thg-insulating |ayer 27 together with
the bottomshield layer 3, the bottompole |ayer 8 and the top pole |ayer
13 that are nade ~2 ~ 1 OCT 2002 -25 of nmgnetic materials while chem cal

etching is perf n i ating | aver 27 e of..alum.na wiith the
al kaline slurr ﬁ@*@aphgﬁ&%ﬁ% ‘Hﬁgs F%“i{% f%miﬂuﬁgagpgfaes?tgnggaﬁ n | evel
is created t we i ns i | ayer 27 and each of the bottom shield

| ayer 3, tﬁgﬁsﬂﬁﬁﬁ-%ﬁeﬂﬁfgyﬁ gggnd the top pole 5 layer 13. It is

i npossi ble, ho r hr I ing with the ove- nment.ioned al kal i ne
slurry to eli m%gﬁ&éngﬂﬁhﬁgﬁﬂq Frogsgeqtions lop Ak ygdzatipga steR LAt i ng

| ayer 27 and the substrate 1. A difference of about 4 to 5 nmin level is
t hus creat éQIIQWﬁ\EEIQHZfLIAeHWhEWa%Bg | ayer 27 and the substrate 1, the
insulating 10 | ayer 27 bei n%el ocated behind the substrate 1. In this case,

t he dif Per ence FHI26Apnd &l 26B; axe cross sentions af ithe irelatediagtrthin-fibm| ocat ed

in the air bearing surface 30 and the surface of the substrate 1 |located in
the air beamaggetdcheadeled®ents about 4 to 5 nm In the follow ng step of
this enbodi ment, as shown in FIG 10, a 16 photoresist film31 is

sel ectivel y forFKdl 2histdhtopodewi afithefreldted-art thimafilm gmagndtickefDelemerite
slider 20, the portion corresponding to the head el enent 22 and the

sul ati ng | ayeFIQR.728 Nexbottetnchiengilhstiptiigamesample of thacadigurationfoft he
‘\{';Sr bearing surface 30 with the photoresist film 31 as a nask. This etching

i's preferalthg aif pestinpisngfasuofithsslider. mi | | i ng or reactive ion etching. 20
The anpbunt of this etching is 5 nm for exanple) that is equal to or

gr eat enQt han t MEIGLi 29 & £ e8s isbeticly takdicalonglind 2929 dfFI6. @8. t he head
el ement 22 closer to the air bearing surface 30 and the surface of the

substrate 1 cl OBKE, 30istd€rods kedtio fordllastradiifg tHe slidertdlightBestingbier he
substrate 1 is etched in this step of etching the portion of the air

bearing surthaGarfiée of thé'\tedor@ity mediide 11, the above-described etching
achieves a reduction in the diftference in |l evel between the portion

correspondi ng to the head ~2 1 OCT 2002 -26 elenent 22 and the portion
corresponding to the substrate 1 in the air bearing surface 30 of the

slider 20 hefPASLEMEDRST TIEIN‘C.F ' R@Dlﬁ@ ipery. the
portion corr e_sponglbsg to }ﬁ?e ea(? elme}%rﬂ@ggl s Tocate Igﬂg!ser fso a
recordiggg medi ‘ﬁe?@rr&@%&lﬂ}dﬂngﬁ%é oiatlﬁaﬁ%eﬁg.o#x%lpﬂé&"b%rﬂ cﬁBF&?ﬁﬂ%’E‘ﬁﬁ ng to
the substrate 1. In order to decrease the difference 1 n leve
with reference to the accompanying drawings.
O [First Embodiment]
A first embodiment of the invention is applied to a slider of a thin-film
magnetic head (hereinafter simply called a slider). The slider has: an air
20 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, apd
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



bet ween the portion corresponding to the head el enent 22 and the $dr 0CEn2002
corresponding to the substrate 1, it is preferred that these portions are

| ocated in one plane. 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 sug8ace 30 is thus shaped such that
the slider 20 slightly floats over the recording nmedium by neans of the
airflow generated by rotation of the nedium Next) as shown in FIG 11, the

protection film 28 is.forned ove h 5 i surface gf th i r_hearing
lrtace 30 b gk bearing sUrEs oFLol taHT0AH ot (ot portions 9598 Bl be
made of di anond-1i.k ar hon O .. .Finally). the har is divided into sliders
20. In the @F?Bnﬁtﬁﬁi'ﬁ?aé’aﬁ'éﬁlac ﬁlbbf’ﬁl&}ﬁ SMHCend t he concave portion
21b in the air bearing surface 30 of this_enbodipent, . as shown in FIG 11,
a portion of t Ha ethod i’ﬂﬁ’?"%ﬂﬁba@ﬁi%“’%ﬁﬁi@%ﬁ@@%ﬂ%{%, t he
portion being |ocated on the air-outflow side in the neighborhood of the
head el enednswatingilayer g made phaluneina (ﬁldéboﬁorrep@npﬂg,)of ahout Bepmade of the
slider 20 manufactured through the nethod of the enbodinent, if the

t hi cknefs dhiakmespisdennsited om 4 subgrate Emadesofhlumnpm dxide ancktitaativeen t he
slider 20 and the nedium 40 when the slider 20 is flying is 10 nm as shown
in FIG 11 carbidefAlOatTiC) pforexamplar Naxt,tdietht stsabating layer 2)@Thatomm - 27
bet ween the medium 40 and the surface of the head el enent 22 closer to the
ai r beari nghieldflager 36 fdrared foe the reproddi2irigshédd.i MDhe bettdbin siveld Tyeredynet i c
space attained by the slider 20 is at least 5 nmsnaller than the magnetic
space of tHeniglexdfeintignesicimateria GushewPérmalldy add has a/tlicknésapft o t he
{zg‘bodi ment thus described, etching is perfornmed on the portion of the air

bearing surabaae 33Gnof Thatbostont 8hielQ 1yir® & ddlectively €etmed ohither 28 i s
formed) such that a reduction is made in the difference in | evel between

the ponpi ofinsWlatinglapek thf&glhgldtﬁ?gjwﬂilﬁﬂ?hbto%gsﬁﬂ #ilin"gs R4Sk Hor

corresponding to the substrate or such that the portion corresponding to

10 the headxahfiTeNt Nést, SthAfpH £6t SHAWE ad theullRtifR layeP dthlhiiia dor! €ast a

part of

example, and having 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



the portion corresponding to the substrate 1. The protection filf1ﬁighs
then forned over the entire air bearing surface 30. As a result &a dfﬂB
to the enbodi nent, no difference or alnost no difference in level is
created between the surface of the head el ement 22 15 closer to the air
bearing surface 30 and the surface of tlpg-substrate 1 closer to the air
bearing surface 30. Alternatively, the surface of the head el ement 22
closer to the air bearing surface 30 is |ocated closer to the nedi um 40

than the surface of the substrat | oser _to,fthe air hearjn rface 30.
roa 1 osul eledtrizafiy sorRoRag B thn SR sPRent s Mok < hinsiend gt BT T on i n
the magnetic space_2Q is a tgi ned. Accordi]{]g to the enpodi nent, the

reducti on ihamngaﬁagﬁmqsaio Bhewt 20 todR nm, Oﬁﬁ%{%ﬂéﬂ‘@ prmed @88 oduci ng
out put and a reduction in_half width of the reproducing head. It is thereby
possi bl e t dnpwatingfilm enrthehottory shield igap film &andt elemantdhpI Bhef the
wavef orm of reproduci ng output of the head el ement 22 of the slider 20
manuf act ur ddR2emens dgils emkeddedrinthefshi¢ld gapslmsdrand 7.n Fhainsudatipgs o'
indicates the half width of the reproducing output. The half width PWO is
the tind r enateril of the shisdd gapdlm©4 andr7 wiay hecgpluaing;, atpoinyputnitde,cach 50
percent or greater of the peak value. According to the enbodi nent, the
reducti on iar diamomedgiled carbopa®L.Gk hiBheeshield gappfilmedeatd Trmaybe dormedi t e
property of the recording head. According to the enbodi nent, a portion of

t he air beahiroggls sphitering®rahemitdievaor deposi®ions(G¥Dhed. It is thereby
possible to formthe air bearing surface 30 into a desired shape, such as
the shape in wWiNexkt, alferep dijérBa of a téie shield-hgairtdign botfors-pobdlgerr espondi ng
{tg the head elenment 22 is |ocated closer to the nmedium 40 than the portion

of the air (Remfihfftes ballad & babton® pbRSIAGEH 1 dededtiRly fNahe bR the tdP
According to the enbodi nent, the anmount of floating of the slider 20 is

furtheqor edisald gulpBlin t7he TH Bdtedin Pold 1 e® @GR RhdE BEadhaghtdd mddesit] f ace 30
is chanfered, the portion being |ocated on the air-outffow side in the

nei ghbor hoof Phsdd'or Hetl réhdRingRedd HAY rgéordﬂ{g:%lbﬁd.l efhe $irg€lefer8aG 11) .

[ Second Enbodi nent] 15 Ref'erence 1s now made to G 13 and FIG" 14 to

descr i be 2 yrihadeRhodPiraidft 110 £O1 8ler Thﬁfboi’toﬁ‘?ﬁléqaggig?g% Bfte @ of he

invention. FIG 13 1s a cross sectio or I1llustrating

manuf act ur iyjg H‘fgﬁ D@%r ga g’nfiljaﬁsécﬁnﬂ lﬁf'élsgtr Iﬁﬁ&taﬂ &9}% %geb'i*c%&ﬁbw JafersSt e

p
that foll ows and i strates” a er s | oat1 ng over the

aken al ond 14 RERJRRARr ldMed ertuod Rt Bl S bk O o chi ity L foRE T

el erren3522 l- éershown. The steps of the nethod of this enbodi nent taken until
| apping i s % rformed on the bar including the portions to be the sliders 20

to form the al rybgath g, slfA6e: 3R (icnd bl Playb® sk R BBRoR! pblddalist St

enbodi nent, as

B

O 8, each having a thickness of about 1.5 to 2.5 pm, are formed on the first layer

8a. The second layer 8b includes a pole portion of the bottom pole layer 8
and is connected to a surface of the first layer 8a that faces toward a

20 recording gap layer described later (on the upper side of FIG. 2A and FIG. 2A).
The third layer 8c is provided for connecting the first layer 8a to a top pole
layer described later, and is located near the center of the thin-film coil
described later. A portion of the second layer 8b facing the top pole layer has
an end located farther from the air bearing surface 30. The position of this

25 end defines the throat height.

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



In the follow ng step of this enbodi nent, as shown in FIG 13, thg 1 08712002
OCT 2002 -29 photoresist film31l is selectively formed on the portion of
the air bearing surface 30 of the slider 20, the portion corresponding to

t he head el enment 22 and the insulating |ayer 27. At the sane tine, a
photoresist film32 is formed on a partgef the portion of the air bearing
surface 30 corresponding to 5 the substrate 1. The photoresist film32 is
used for making convex portions described | ater that have the function of

of “the. ai kbt Pl G weighhpe R Anpeiticiedelr or NFSHES, G 52" o

masks. This etching.is preferably dry etchjng such ag ign mlling or
reactive | W%hfc%ﬁﬁgan&#é ‘ﬁ%gﬁto)“/ Eﬁf anp gh satwration ﬁgx dengity maatezgiadnp| e,
that is equal, to or greater than the djifference in | evel between_the
surface of anfddormed tgr@taéhplaﬁmg;pbmy be made of & madarinhguehuas e @0 and t he
surface of the substrate 1 closer to the air bearing surface 30. In this
enbodi ment FeeNsasa high eaturationtfbiedensity matexakthrougbisphitteyingie portion of
the air bearing surface 30. 15 Through the above-described etching, as
shown i, FAlterhdtivelynaenateoidlisanh a3 Lalecor aCoebiasenambeplpaust mabériahss aorti on
of the air bearing surface 30 corresponding to the substrate 1, before the

prot ect i onhigh satiftatisnffhrrdensifihmateriabmaydid ussds 33 have the function of
preventing sticking and so on. At the sane tine, a reduction is achieved in

t he di fferenceNeaxt] &y showr indIG. 3A ahd FiG: 8By andasaksiphflm® higvihga head
el enent 22 and the portion corresponding to the substrate 1 in the air

earing suthiekAesofout®.8 be 06 RincistfbAfied oot Bife estif@buHEEce. Al t ernativel y,
{the portion corresponding to the head elenment 22 is |ocated closer to the

recordi ng nmedi WNax$0a phetorabist eapattarmal ﬁhﬁﬁgh"@pﬁ&%litmgh&%éﬁﬁitﬁg to

the substrate 1 (except the portion 25 corresponding to the convex portions

33). 110 0" fiim hGrak@e (@86 Ehdws) fidd RrIRSRIng tHeTheh-MAL YAEthicd@hFPhAineOn
corresponding to the head el ement 22 and the 2 ' 1 OCT 2002 - 30 portion

corr esDO”de&iﬁ% thexts he Ttﬁﬁf-ﬁgﬂpcoiltld ﬁﬁﬂé%ff%ﬁﬁé} (D! fdraagnmIe! {d OnS

(except the poriions corresponding to the convex portion 33) ‘axe located in

one B2, chfa by BRrhoPIA PBEILOR LAY DS ERBCONG: B0ERLSD B0 o0
h [id | ' f ' h
(e 1 de” Tt BSPIO ISUHEES B0 50 b ARWERG DARES Ut b e

gener at ed Q‘#{%@%'lﬁgh réxiﬁ vg@.di %llem%vinﬁ nwmlil%alrihgicajcés al he

protection orred over
16  portion for connecting the coil 10 to a conductive layer (lead) described later.

Next, as shown in FIG. 4A and FIG. 4B, an insulating layer 11 of
O alumina, for example, having a thickness of about 3 to 4 um is formed over
the entire surface. The insulating layer 11 is then polished through CMP,
for example, until the second layer 8b and the third layer 8c of the bottom
20 pole layer 8 are exposed, and the surface is flattened. Although the coil 10 is
not exposed in FIG. 4A, the coil 10 may be exposed.

Next, a recording gap layer 12 made of an insulating material whose
thickness is 0.2 to 0.3 pm, 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-



10 entire surface of the air bearing surface 30 to protect the Bzacij (fl:l]e'fﬁﬁ
22. The protection film28 may be nade of di anond-1ike carbon ( .
Finally, the bar is divided into the sliders 20. In the step of form ng the
convex portion 2la and the concave portion 21b in the air bearing surface
30 of this enbodinent, too, as shown imfFtG 14, a portion of the edge of
the air 16 bearing surface 30 is chanfered, the portion being | ocated on
the air-outflow side in the nei ghborhood of the head el enent 22 (that is,

on the left.side of FI .14) . Accor i to,th odi yrent, t portion of
Che i+ beditels-bane material b BRI Spon R i Saons ' Behed | o
etched. As a result, the air beari 20 surface 30 is forned.jnto a desired
shape) suc He%s’cl’fﬁ’eg%i,aﬁ%v]i%@a’b’ ﬁ@ @gwgt@dsmrppshsspsléteﬁmg B Mt i ng
sticking, as shown in FIG 14. According to the enbodinent) the convex
portions 33 ar &Nexy awertianof she zecordistg gamlayer i2dacatedianston of thedhi

surface 30 corresponding to the substrate 1. As a result, the convex
portions 3dayerdedstetehesd 1 fornr a pontact kolblorimakingtheonaguetiepsthi ng medi um
40 when the nediumstarts to rotate, and reduces a shock when the nmedi um 40
rotating sPortiens of thesrezprdingrgapalayen 12and thecinsulatigCipy2edd that aree sl i der
20 touches the nmedium 40. The remai nder of configuration, functions and

ef f ect s of ladatedohadp ofthe esrenexctimig portiom 10woafthefcoilhB) are stcheditodormrz .

[ Third Enbodiment] 5 Reference is now made to FIG 15 and FIG 16 to

descri be acomfadedBoll. manufacturing sliders of a third enbodi nent of the
invention. FIG 15 is a cross section for illustrating a step of the

nanuf act uri ng Néxt08s shdven iAFTG: 54 £id FIGS 68, bAth eecdrding paplaye B2, ep
{that follows FIG 15 and illustrates a slider slightly floating over the

surface of ygp pledagern 3 HRAineh thidkneds ofaBowtO2.B/t6 3.0 fnd ifoRrRdSinSECt | ONs
taken along 1ine 9-9 of FIG 8, wherein only the main part of the head

el emenyQ 22 ybSiof R tEndihBSréhaRe dif bbingRubfide F0 fod PotidiPeh fwf.[%f tlken unti |
ons to be

| apping is performed on the bar including the porti he sliders 20
to formt h%hﬁ'ﬂrlag@xa!%é OEHRBARSR pifle Myers. MAGthe! garhé %iﬁé,eepéorﬁf\}cgﬁ@ first

enbodi nent, as 15 shown in FIG 9. In the followng step of th
enbodi ment ), @5 fHRMInk" tHifknds)lofGBBut 2.0 to 3.0 pm is formed to be connected to
the portion 10a of the thin-film coil 10. The top pole layer 13 is in contact
with the third layer 8c of the bottom pole layer 8 and magnetically coupled
16 thereto through the contact hole formed in the portion on top of the third
layer 8c.
{\’D 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



protection film28 is formed over the entire surface of the ai .rzzgegﬂn%mz
surface 30 to protect the head el enent 22. The protection film may be
made of di anond-1ike carbon (DLC). The thickness of the protection film 28
is 5 nm 20 for exanple, that is equal to or greater than the difference in
| evel between the surface of the head epgnrent 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 film31l is selectively fornmed on the

portion of the air beani sukrface of the,sliger ,20 he portijon

cor r espondiStEg: Pﬁ’é‘gﬁgﬁgt%gé’oé?g%?ﬁﬁ a Mgk, o 'ﬂ?‘fs@ﬂ'ya?tic b“ggﬂyrbeﬂ. At the
sanme tinme, the.phptoresist, film32 is_forned on a part of e rtion of
the air bed‘PP?Fg&%m%El%(ﬁﬁQ us1gg-f ne- S%&F‘Pék‘ﬁbﬁaiﬁé;{;%%ﬁhé)ra
substrate 1, The photoresist fi]J]m 32..is used far ki ng_convex_portiqns
descri bed Ithiane -hage gas,sughas OfnoriSh, for exemmplay i %,tﬁlwmeﬁgnéﬁwgc&bn.
Next, etching is performed to etch a portion of the air bearing surface 30
5 wi th t he qfibe botishspoleilayer 81s selactivelyteleskby abrnt0dt o) figim shpmegtur abl y
dry etching such as ion mlling or reactive ion etching. The anount of this
et chi ngdi s a¥gon iaomiling,dor example:, A tram stzuetaure lastshowm igr EHE 5B tistlus he
difference in | evel between the surface of the head el enment 22 closer to
the air bedormed.suThe¢rns6tmctutehmppresssamincrémsesimbtdtereffeetivedrader to t he
air bearing 10 surface 30. In this enbodinent the protection film28 is

et ched i n twidsh siuetoeikpansionngf £ magnetitifhux géndrhtedduringawritinginrd ace 30.
The substrate 1 is further etched in this step in sonme cases. Through the

above- descridreswatradk.ng, as shown in FIG 16, convex portions 34 are forned
{in the parts of the portion of the air bearing surface 30 15 correspondi ng

to the substratNeidt, ad BRowaineRIR @A 40d F1G46BaA dvBfeoay esidralV éffalindunant i ng
sticking and so on. At the sane tine, a reduction is achieved in the

di ff er goce forexMple, HRviRen thivknees bf 20 t6 20168 RO fekntkl dverithe dikad el ement

22 and the portion corresponding to the substrate 1 in the air bearing

surface 30.guffdc8! NThie\seirFaceldTEhe 9véiceat fa@}ferrels?piértﬂbﬁ&ldtﬁeﬁélﬁaﬂ&?ﬂdg@n&! enment
22 is located closer to a recording nediumthan at |east a part of the

portion COrghgamy sk aecﬁred§@ﬁr§fb9ﬁerdaaﬁtﬂe b6aresR 1dyR8 170" FiRAIE Whppigondi ng

to the convex portions 34). In order to decrease the difference Tn [Tevel
e e eLERh B SEIABRICN oo cheppelgRaY ot nd b P11 1
(except bearing surface 30 of the thin-film magnetic head including the recording

16 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



25 the portion corresponding to the convex portions 34) are Iocagegi [?]@w?npz]
pl ane. Next, the convex portion 2la and the concave portion 21b as sho

2 ; t ocr zooz -33 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 over2ghe recordi ng nedi um by neans of
the airflow generated by rotation of the medium 5 Finally, the bar is
divided into the sliders 20. In the step of form ng the convex portion 2la

and the concave, porti op.,2 innthe air . bearing,surface,30 of this

nbodi ment 0 eBgh DAMCLR B tha MR elemgnt 5 15 Blacet Pefiverf heee, Bowionsid the;
bearing surface 30 is.chanfered, the portion being | ocated on the

ai r-outfloW%‘%Sg-’rf’léll\%V% ﬁﬂgéhﬂé%sg\ei‘“ﬁsy%ead el ement 22 (that is, on
the left side of 10 FIG 16). In the case of the_ slider 20 manufactured
through t he netHesresprding hesd inchidesdhadettom polelayer Santkthe tp pole
protection film28 is 5 nmand the distance between_ the slider 20 and the
medi um 40 JAxer 1hmagnetisally conpled) tpjasghijothaneagh obwhighvineludesmtdeasts, t he
magneti c space, that is, the distance 15 between the nedium 40 and the
surf acebof onledayerad THedmattomawle layer8 and the top poledayeny3 suclide pobd when
the slider 22 is flying, is 15 nm The magnetic space attained by the
slider 20 iportions eppased toreachmither aht docated imeegions onspside ofthe ladr

rel ated-art slider 120 shown in FIG 30. According to the enbodi nent thus
descri bed, Heheingosurfaoe 30. tTite PétopdimgdodadofurthémineBudes: the readrdingegap he
protection film28 is forned on the air bearing surface 30 having

| f f er encedaydr 12pRiced betweém she polegsbitionf the battune yelk layet Bearill fiieer ence
in level between the portion corresponding to the head el enent 22 and the

portion coryobspemtiinéf the topgoléhisier A8 andithe thin-fil doda0 APleakt A paet 80, or
such that the portion corresponding to the head 25 elenent 22 is | ocated

cl oser 1po tﬁlﬁcﬁﬁd?l&&b&%e&%@@n #he b6ftdin Poledayerod ahliehB @b pele EYE{' agpehyli ng
to the substrate (except the portions corresponding to 2 OCT 2002 -34

t _he convex aQQEidtCiﬂﬁ't 3f1ihe (’:‘&l 0 'b@fd’é insu@&t‘éﬁrﬂéﬂ&lie%étftﬁn Wlﬂy@ﬁ @ and1O0
difference or alnost no difference in level is created between the surface

of the heaqpuglighbie Rcet 18! Udi ng the protection film 28, the surface being
closer to the gIlg? beargi ng 6 surface 30, and the surface of the substrate 1

I toth ; is f, .| h
cL05eT L SRR GoRER8 S, 1 8 GSIMNSh bl baSBaBt b1
to th i i f " i th th
L0 the 211 PRS0 GURRE foat ol ASEAIeH) 3R MBI Ay Pon (he
It 4=t h £ fwi . o i t i }
oSt g A5 R A el b RO

erhodl Ment oot REfREUGH.A0 of Pud DRAIPONSLIEARARE AL bANBLBN L ARLQYEREN | 1

t he reproduci ng ou a‘reduction 1n t'he reéproduci ng

(%529 T SuidpoBRY sRESEd Bhoh ad Y AR LS BB SRRY debording

medium such as a magnetic disk by means of the airflow generated by

rotation of the medium. In FIG. 8 numeral 21a indicates a convex portion
20 and numeral 21b indicates a concave portion. A thin-film magnetic head
element 22 is located near the air-outflow-side end of the air bearing surface
| of the slider 20 (that is, on the upper side of FIG. 8). The configuration of
the head element 22 is shown in FIG. 6A and FIG. 6B, for example. Portion
A of FIG. 8 corresponds to FIG. 6B.
25 Reference is now made to FIG. 9 to FIG. 11 to describe the method of

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



16 According to the enbodi nent, the portion of the air bearing SLQrf)aggTSZZugé
is etched. As a result, the air bearing surface 30 is fornmed into a desire
shape, such as the one having the convex portions 34 for preventing
sticking, as shown in FIG 16. According to the enbodi nent, the convex
portions 34 are formed in the 20 parts-@f-the portion of the air bearing
surface 30 corresponding to the substrate 1. As a result, the convex
portions 34 prevent the slider 20 fromsticking to the recordi ng nmedi um 40
when t he ium 40 stagrts.tp rotate, and reduces hock when the .nedi um 40
fotati ng shinigarges depptohe moviiipaition pahade FIGr 166 AGoaBoHaB noal m
40. 25 The ,repgpi nder of confiquratio nctions and effects, of ,the

enbod: mont ek ARSOrAHRE 2 666N, HESdoRpweIGL Y o FIEh R Reoss seckismfantT 2002

-35 [Fourth _ Enbodi ment] Reference is now made to FIG 17 and FIG 18 to
descri be aillastiatingra stgnthat follawsyFLG; 1@ andalluagtreses 2 plidenslighidnt of the

invention. FIG 17 is a cross section for illustrating a stei) of the
manuf act ur iflegtingtaved thesurface of 8 recerding sxediun.i JAG.&F ta FIGs1t are expsa st ep
that follows FIG 17 and illustrates a slider slightly floating over the

sur f acebof sectiewotakienplongiline 9-8loEF1G7 8amtheEeid onlly theanaimopartsddheons t aken
along line 9-9 of FIG 8, wherein only the main part of the head el enent 22
i s shown. headsleapent?2tidhishomenhod of this enbodi nent taken until lapping is
10 perforned on the bar including the portions to be the sliders 20 to form
t he air beari ndnthemethodbfihe emibudiment a wifer sttidjxeddhcludesfa pleirality of
enbodi nent, as shown in FIG 9. In the following step of this enbodi nent,

s shown i RowkGf péitiorss td baskders20 (Heesinafterivalledrslidea pordors)dagh@f30 of
(t e slider 20 is etched through the use 15 of focused ion beam (FIB) 100,

S0 as to r qeiek ihdladed thetlaneRlm md@etic Raid\Elemdt2M OrThie wdler iLaicdi Ng
to the head el enent 22 and the rest of the air bearing surface 30. Etching

with tige FbRe HfbctdY: tBFoRAH10CKFEIRIA YIS ath @fwhithendladbs R oft d1Rled I

bearing surface 30 corresponding to the substrate 1, or on the entire air
beari ng Subﬁﬁﬁéhéo-Ez%hMtlrﬁatl‘r‘zii;s%ri@sgbn&é‘é‘o HEHPE mategaf oreled on only the

portion of "the air bearing surface 30 corresponding to the substrate 1,
alignment of sd i ! B 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 NeytPag Eﬂéﬁﬁqn"ﬂg‘g‘.&gﬁfﬁbﬁtlg(?ﬁgxtsoiﬂ%i&&lnk@?eliilx%ﬁhﬁftc?%)%é The

direction of 25 scanning nay ater Irection o

g: : gg% : 82_ ‘Bfﬁ] gﬁgﬁ%ﬂénq isgfabgﬁg (#’ %&ﬂ Ih8 A5Fhedting biirfatd 300 MY HbARE part

156  of the slider 20 is made up of the substrate 1 of aluminum oxide and titanium
carbide, for example. The rest of the slider 20 is made up of the insulating

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

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

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

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



~2 ~ 1 OCT 2002 -36 of the substrate 1 with the FIB 100 is 5 nmrb:0CT 2002
exanple, that is equal to or nearly equal to the difference in |eve

bet ween the surface of the head el ement 22 closer to the air bearing
surface 30 and the surface of the substrate 1 closer to the air bearing
surface 30. 5 If etching with the FIB-1$¥-is performed on the entire air
bearing surface 30, alignnent of the FIB 100 is nade with reference to the
airoutfl owside end of the air bearing surface 30 (on the | ef t side of FIG

17). r.\ Next) sc nnln or.ned, t he. FI B 100 ch t entire
ait bearin fetﬁe@?is fhridls ffile Sasgicn] pHRE ipeHtaRedd ginp afifge | n
the air berln urfae30 atflrst e.the head e nt and t he

i nsul ati ng 4359}'3% 7 prpdg of alumina wath,the h&\ﬁh’@ sl r 4% 18 ther P‘é? le, al nost
only the substrate 1 is etched with the FIB 100 until ;this difference in
level is ethat almest nodifferencedndeveldscreateddetwenn the dasulatingdaver 24te 1,
the head el enent 22 and the insulating |ayer 27 are_etched. The direction
of scanni ngndweachefthe bpttony shieldslayer gc theobotsemmate layer § sed ghe ten pole
orthogonal to the drawi ng sheet of FIG 17 or any other direction. The
amount of dayerikdy of the substrate 1 with the FIB 100 is 5 nm for exanple,
that is equal to or nearly equal to the difference in |evel between the
surface of thelhisnnpéssibdat héRevdrptisrough lappirg withadei alpveunéntiendd and t he
surface of the substrate 1 closer to the air bearing surface 20 30. If the

head el enmealkaltheagldriyhto eliminhatei the diffgfencd indhe level betwete dhaviridulatiaghl B
100, the ampbunt of etching is greater than the above-nenti oned difference

L level. ldydrny medthebebatpate’l aAdifférvencesfhBdutd td 8yah i levdlds ¢haso
elched with the FIB 100, the MR height and the throat height may be

control | edciiate® betwééwthd ibuldingd M 20An@ thé bibBstrdttcl MRelifkahiting t he
length (height) of the MR el ement 5 between an end t hereof |ocated In the

ai r beggi Niayud7Héing lécatePbehiiiPthe sulfstrald BN {18s 044 the AferbAge IAT Oat
hei ght is the | engt h (he| ght) of the pole portion of the recordi ng head

bet ween a”lé%‘.[‘b@fwééi?tﬁ@é&f&é& &f (e hécPélethent ztzht%cﬁt!eﬂ inGdei AP pesrihace 30
and the other end. Through the above-described etching wth the FIB 100, as

shown in Flifage %&aﬂsa.‘lj%ﬂy Jﬁrﬂ&mhgrsuﬁhﬁ%% 11 céjcbfifﬁrtﬁgcﬁr bélr ﬁé‘ el is

created between the strate 1 and eac e head el enent 2 and the

i nsul atingg *xﬂ&@é gggq_hgoﬂtg tgls'ngeari ng surface 30 before the protection
e

film28 is forned. atness of the entire air bearing surface 30 is

ther eby T mpr 0V g1 Ny ow 1P GROY BficRRt b it 28 Blob RinGARE A GPOT LT 0N 210

as shown in 10 nple,” are orrred ear ng surface

30 01 18 Sb5EeRR St A IRSHA frBhid 5o Bolol B e haRRdepED ¢ N

the slider S over e reco nedi um y nea f the

o eSS ARG S AR s PO L %
GHAA'ST 3 R BRI O e RS EHR  GrhABB
Is 3to5b the alrobeaeﬁ(r?gngufface 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



Finally) the bar is divided into the sliders 20. In the step of 4 dr 8CTg280e
convex portion 2la and the concave portion 21b in the air bearing surface
30 20 of this enbodiment, as shown in FIG 18, a portion of the edge of the
air bearing surface 30 is chanfered, the portion being | ocated on the
air-outflow side in the nei ghborhood of2¢ he head el enent 22 (that is, on
the left side of FIG 18). In the case of the slider 20 manufactured

t hrough the nethod of the 25 enbodinment, if the thickness of the protection

film28 is nm t di st ance between the slider 2 nd .t he .medi um 40
when t he SPIIBPRERE pbd the PorABR SoBuRbading Lo tho iberat 3 1 e oy | 1
FIG 18) the nmagneti.c ac t i.S,, t,he di stance. be 1 medi um 40
and the su#ﬁ%gﬁriwa&%@hﬁlszﬁ%ﬁ@%ﬁf@eo p”P&e‘&H@ éﬁg%ﬁg‘g%egurfaw 30
when the slider 22 s flying, is 15 nm, The neti ¢ space_atfained by the
ol der 20 Alterpatively, the PorincarpaROing to fBe gﬁgﬁi@fqneest 4pirlocated he
related-art_slider 120 shown in FIG_30. According to the enbodi nent thus
descri bed, closentng raponding mediwm 49 than gélqaﬁtmrgmf&be perden a portion of
the air bearing surface 30 of the slider 20 before the protection film 28

i s forn@d, cexrehpendingdothe substrate 3. ninjerder tordecuedsectherdifferendesndevekt ween
the portion corresponding to the head elenent 22 10 and the rest of the air
beari ng subktweersthe pontiqy cireespomding kortl28head elemento22redddhemportionent i re
air bearing surface 30. As a result, according to the enbodi ment, no

di f f er ence correspomdingrto the fshibstrate 1 1t ib preferresl thratahese pettierenatehe surf ace
of the head elenent 22 closer to the air bearing surface 30 and the surface

f the subdécatédinoné pdseme.t o 15 the air bearing surface 30. As a result,
{t e lowffying slider 20 is achieved, that is, a reduction in the magnetic

space is attai Nekt, Acoavek porticn 21& aadloebrvawe portien 2aBustdhown in FIE.
magneti c space allows an inprovenent in the reproducing output and a

reduct 1on i8N fdiedxfanipld! Greforied intihedl beating@adfackt30 6f theasiriey 200sI'HY € to
i nprove the recording density. FIG 12 shows an 20 exanple of the waveform

of reprodugiyBeftih@shrfate BOGs tRAS skASSEMcI thaifthegidel i20alighilyApafsact ur ed
t hrough the nethod of the enbodi nent. According to the enbodi nent, the

reduction ippef fife FRGAGBINECMERRER bYGHLANESST e AVROR\ERPAtdd by Retatiotiof i t e
property of the recording head. According to the enbodi nent, at |east a

portion of {fhhe&diinPeari ng 25 surface 30 of the slider 20 is etched with
the FIB 100. It 1s thereby possible

Next, as shown in FIG. 11, 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).

{) 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



to formthe air bearing surface 30 into a desired shape) such as Zhbfgﬂézﬂﬂ
I n 2 1 OCT 2002 - 39 which the portion of the air bearing surface 30
corresponding to the head elenent 22 is |ocated closer to the nedi um 40
than the portion of the air bearing surface 30 corresponding to the
substrate 1. According to the enbodi neng7-the anount of floating of the
slider 20 is 5 further reduced since the portion of the edge of the air
bearing surface 30 is chanfered the portion being | ocated on the

air- outflo |de n ne| nmen t ha , on
the left oPREVES 5 408 ﬁiaﬁﬁsut%cmg%ﬁsa&ﬁ&w it 42 chregitoisrent 22
and the insulating Iay he FlB 0, t he anpunt of
et chi ng |sab'b qfré‘Pgé“chﬂsa qh&‘l\%éh%{l ?’Eﬁ%&a% tj’nt are
controll ed. Precise control of the MR hei ght and the throat hei ght, is

t her eby acBPageegtt awwth@Sh@n%l%mﬁ&émm smalleythan the magneties 100 i s
performed with reference to the air-outflowside end of the air bearing
surface 30ppaes ofshernslatedmrs shider 180 showmelay FH3. 3Uirface 30 is then etched
through scanning 16 with the FIB 100. As a result, the flatness of the air
beari ngb sur f ac Acgordingitophe eathodimeph thus desarileds etéhing is aprfodmedomugh t he

use of a surface plate. [Fifth Enbodi nent] Reference is now nade to FIG 19
and FI G 26hé portime of the airrbeaibnng @irfacend® af the sliders20 Hefose the prétettibn

enbodi nent of the invention. FIG 19 is a 20 cross section for illustrating
a step of fim 28 iydoznied; such tiedthwdedudtion XGnade in the diffaente tm ldval
illustrating a step that follows FIG 19 and illustrates a slider slightly

fl oati ng obetwédietlepbrtich edrrésponddng ks gherbdad eleriéni 22 Andritiefportiod0 are
cposs sections taken along line 9-9 of FIG 8, wherein only the main part

of the headofresp@midingZoithe 3hbytrate’d, dhsudketiiichefportion cofFuegondiig toncl udes

steps simlar to the steps of the fourth enbodi ment taken until | apping is

perforggd ¢he hBRdR¥MmeNELYH Reatedcldsé2XTb tHAGReditin DR HAS 41 leRSt 4 gabeof he
sliders 20 to formthe air bearing surface 30, as shown in FIG and at

| east a poghé EBrﬁ&n EJSﬁeé’;bdndiﬁértb fHe 3béRate 30 The Pa6tbction!flen 2BiifEheén 20 1S
et ched through the use of the FIB 100, so as to réduce the difference in

| evel betwgghy AO{He SHtieHik HeRPIA i ddie head el ement 22 5 and the
rest of the air Evarlng Stljrface 30, %las slqown in FIG 19. In the foll ow ng

step of this eg&‘)ﬁgh@gé ’acbﬁﬁg'&{ tHe B?{) ; m@%eﬁé%cﬂ@fﬁe&@ﬁc&&“&ﬁﬂ@st%t ion 21b

as shown in FI rexanp are
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



bearing surface 30 of the slider 20. The air bearing surface 302i4 QQLSZUUZ
shaped such that the slider 20 slightly ffoata over the recordi ng nmedi um by
10 nmeans of the airflow generated by rotation of the nedium Next, as shown
in FIG 20, the protection film28 is formed over the entire surface of the
air bearing surface 30 to protect the hegd el enent 22. The protection film
28 may be nmade of dianond-Iike carbon (DLC). Next, convex portions 35 is
formed through the liftoff method, for 15 exanple, on parts of the

protectiongfilim 28 i .n rtjpn corr ndi t.h bsi 1 . The
Convex por Eroite Ebriubing Rtbis & b0 BRASR Br kedsdF ol HREDEK Fatbiogn *anc
may be made of di anpnd-li ke carbon . Einall he bar .is divided into
Tha ofi dors 20AcRriRg to e egiborlenhg einedughonn the FrakesiCoant | ne
concave portjon 21b jin the air bearing syrface 30 20 _of this enbodi nent, as
shown in FRENIEYEs ap Ipprovement 13 ﬁ&e 8&%‘?’%?9 PIRPexty 0 fé‘&rlieﬁar‘gﬂgﬂ‘g@g- 30 is
chanfered) the portjon bejng |located on the aif-outffow aide in the
nei ghbor hood ofACCArding g tbﬁém@zn&t%mrw;o the ajg bearneggwréacsr3Gols  20)
According to the enbodi nent, the convex portions 35 are forned in the 25
parts o tithe gider 80 ipetched. all isgberebiypassiblete formdbe air bearinggurfacene
substrate 1. As a result, the convex portions 35 prevent the slider 20 from
2 1 OCT 2082 intd aglestredrshape, such asthe shane imewhich the porsion ¢fthesdr um 40
starts to rotate, and reduces a shock when the nedium 40 rotating shifts to
a stop of bearingaurfane3Q trredponding o theboad elamente2R imlod@tedTdleserdoni nder
of configuration, functions and effects of the 5 enbodinent are simlar to
ose of t lthe imaditin 4@ihan the portica »f théeatrdstiararg §urfadec3@ nawespondingnade t o
F)G 21 and FIG 22 to describe a nethod of r.,) manufacturing sliders of a

si xt h enbodo tkesubdtrateeli nvention. FIG 21 is a cross section for
illustrating a step of the manufacturing nmethod. FIG 22 is 10 a cross

sectiom0for il lAwbfdihgrtg the ehthodimentfdlel ansuht 6f flodting of thd skdéc2®@is a
slider slightly floating over the surface of a recording nedium FIG 21

?Eg FIG 2fufther eedacedsdifité oS poticinofdeélide ofeh8-a9r Béafth@subfacels®rigi n only
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).
[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.13isa

O 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



main part of the head elenent 22 is showmn. The steps of the nethdh]oﬂCThﬂMZ
enbodi nent taken until lapping is 15 perforned on the bar including the
portions to be the sliders 20 to formthe air bearing surface 30 are
simlar to the steps of the first enbodinent, as shown in FIG 9. In the
follow ng step of this enbodinent, as <sg@wn in FIG 21, the entire air
bearing surface 30 of the slider 20 is etched through the use of FIB 20
100. In this enbodi nent, the anmount of etching with the FIB 100 is greater

in the air-inflow si.de d and . th i r-optffowside e than the rest of
the air beRPPHOHSE AIB.SE Mfierly¥iy Bimett o LBpPritn Bl the Sihentind,o”]
shaped such_that .th ort.i,on hetween .t he air-inflowsjde en nd t

T out 1 oREAds (R th BHEET 20 ThE R oA AR PO RN KO A HEBMARCAR (¢ hi s
shape is hereinafter. 25 called the crown shape). Ln this se) it is
preferred @Hﬁtt Hasulat VP¥1§7SU& 5@%3%@‘3%‘?9%@[}’@%6@96&%%2 &lindrical
surface, that is, an arc is forned .2 _ .1 OCT 2002 -42 between_the

ai r - i nf f ondeineed an @ pawd of the pprtign of thepiTihearingpurdace 3 camasrondingitar t he
cylindrical surface. Aternatively, any other shape such as a roof shape, a
done sh@pe the subsizate LhaPhe phptaresigt Hdm: 3biscusad-for meakisig convay perdensf t hi s
enbodi nent, the convex portion 2la and the 5 concave portion 21b as shown
in FIG 8, deseribedalaterthatrhaviecthedunction lof paevensing stickingrarakbeo @0. of t he
slider 20. The air bearing surface 30 is thus shaped such that the slider
20 slightly fl d¥ext, etching tseperformetl togetehdi portion ofdhesinbeating aurface\B0
generated by rotation of the nedium Next, as shown in FIG 22, the

_pr ot ect i onwiith th hotorégistrfitine 3drartdh@2 46 neadkist e This btddingfis pheferablybeari ng
%g)Jrface 30 to protect the head el enent 22. The protection film 28 nmay be

made of di depetchihgeuchnbdon plillidg ofrewdtive, iohfetclviaig. i Thai mndadt ofitldst he
sliders 20. In the step of form ng the convex portion 2la and the concave

por ti om0 21ktdhing i€ 5aim, foe @khfplewhhtieedlalo drigreatsriba@annthiet diffesersdecian i n
FIG 22, a portion of the edge of the air 16 bearing surface 30 is

chanf er ed, 14veg betwédPthdginifacd SCtHe Nk adelefifoniiZ2 duddritowhei L bbarihge
nei ghbor hood of the head elenment 22 (that is) on the left side of
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.
15 Through the above-described etching, as shown in FIG. 14, convex

portions 33 are formed in the parts of the portion of the air bearing surface 30

corresponding to the substrate 1, before the protection film 28 is formed.

.f;«“
—/

The convex portions 33 have the function of preventing sticking and so on.
At the same time, a reduction is achieved in the difference in level between

20 the portion corresponding to the head element 22 and the portion
corresponding to the substrate 1 in the air bearing surface 30 before the
protection film 28 is formed. Alternatively, the portion corresponding to the
head element 22 is located closer to the recording medium 40 than at least a
part of the portion corresponding to the substrate 1 (except the portion

25  corresponding to the convex portions 33). In order to decrease the difference

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



FIG 22). According to the enbodinent, the air bearing surface 304i CPt2002d
with the FIB 100. As a result) the anount of etching wwth the FIB 100 is 20
controlled portion by portion, so that the air bearing surface 30 is forned
i nto a desired shape, such as the crown shape descri bed above. According to
t he enbodi nent, the air bearing surfaceg®® is crowm shaped. It is thereby
possible to prevent the slider 20 fromsticking to the recordi ng nmedi um 40
when the nedium 40 starts to rotate, and to reduce a 25 shock when the

medi um 40 rotating shifts t stop of rotation,,an h | i der 20 touches
The. mad: urmpAston Sarpspeuding o tha s0haatd. Tetin Brotsrra At st POIHL ot | ons
and effect? of the enbodinent are simlar to those of the fqurth_,

enbodi ment (exaqpt he perHons(ATesnoRding tthe copvesporbionsiB) mse degated in

enbodi nents but may be practiced in still other ways. For exanple, the

i nvention ®B¢ MWan& applied to a thin-fil mnagnetic head dedicated to

readi ng that has no induction-type el ectromagnetic transducer, a thin-film
magneti ¢ head d¥efitctheeonvexiportiond kahand bbe cencavadertion 2lbgrshown in

el ectromagneti c transducer only, or a thin-filmmagnetic head that perforns
r eadi ngb andI. i8; foreexsnpleaard fostoned; inrtheyaie behringranrfapeciQ of thesslider@6.. 10
According to the nethod of manufacturing a slider of the invention thus
descri bed, Tite aie dearingpanrfacef3Q isethusdhaped snchghatitieskders2@shigktly such
that a reduction is achieved in difference in | evel between the portion of

t he medi umfloacs ogersthiel eerding mesdiantby endans dfcthearitflew genetrateddyt he rest of
the medi um faci ng surface, or such that the portion of the nediumfacing

surface 16 regaticasebihd medivnt he head el enent is |ocated closer to the
fi}cordi ng nmediumthan at |east a portion of the rest of the nmediumfacing

surface. As a n¢&itl hs shé@®nliaFIF.i4) #hé bréRetion NP8 S foRthedodibrithel S
possible to formthe medium faci ng surface of the slider into a desired

shape. 14\cC@ntir8 Quifack be thehfidsba?ing SH9rfhey 8016 PPotebt thdheadeldmient 23.m may be
20 formed over the nedium facing surface, and the convex portion may be

formed on tiM gopédfdn Sin 128 iy be thAdé of @fmohd-like da@Bén LDE.C)O prevent the
slider fromsticking to the recordi ng nedium According to the nethod of

the invention, gifgngahsearieHiviasd ik the didef®d00N IR thElepdf oARiEH M
facing surface other than the portion
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
16  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

256 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



25 corresponding to thin-filmmagnetic head element. It is thereh® pBET 08
to prevent the slider fromsticking to the recordi ng nedi um 2 1 OCT 2002
-44 According to the nethod of the invention, through etching with the
focused ion beam the nmediumfacing surface may be shaped such that the
portion thereof between the air-inffowgjde end and the air-outfl ow side
end projects further toward the recording nedium It is thereby possible to
5 prevent the slider fromsticking to the recording nmedium According to

t he met hod of j.he Lpventio t he.l engt.h of the magnetoresistive el enent

bet ween antgﬁﬁhaﬁ’éh@&?“?}ﬁ@;ﬂ‘@dn?wumgbnedi um faci ng surface and the other
end may be controlled py etghing wwth the focused. i be It is thereby
possibie to combRFerRamder & GeTHIE 10K, wwswl%eﬁg? iqigil?o the method of

the invention, the length of the pole portion between an end thereof

| ocat ed i nemhodimgntgre atmﬂgrgmth@@@féﬁaﬁrﬁfeemtbnétmen@ may be controlled by
etching with the focused ion beam It is thereby possible to control this

l ength wi t iThirddEmbpdanentdus! y many nodifications and variations of the
present invention 15 are possible in the light of the above teachings. It

i s ther&fore tRdferancdas spwanatlado Rk Abrantd EFIGc b do desdrilee appethdddicl ai ns
the invention may fl be practiced otherwi se than as specifically described.
2 1 OCT 20@2anvfactirihg sHderscofrrethird emibodiment b theoinvemtionac tRIG. 1d ia asl i der
of a thin-film magnetic head, the slider including a nmediumfacing surface

t hat faces ciensadedtion fecilhabtragtingdistep aftheamanufadturingmegokéd.c FEGAGisenment
| ocated near the nmedium5 facing surface, the nethod conprising the steps

of form ng at dreseBebtion forsllugtratingacstepthat follevd RIGUSBdnddilustrigtewat he
zé)l der, the material including the head el ement and etching at |east a part

of the nediglidet shghtly fldatidgtoves tho stbfilce af hadbsiding maditiile FIG.Ai5 Agdence
in | evel between a portion of the nedium
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

256 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



10 facing surface corresponding to the head el enent and the res? LfOEETheZUUZ
medi um faci ng surface, or such that the portion of the nedium facing
surface corresponding to the head elenent is |ocated closer to the
récording nmediumthan at |east a portion of the rest of the nediumfacing
surface. 15 2. The nethod according to-8aim2l1 wherein the step of formng
the medi um faci ng surface includes | apping of a surface of the material to
be the nedium facing surface. 3. The method according to claim1, further
conprising the step_of formn protection filun oygr the di um f aci ng
curface af carresheiGng ot sibRiete T, "T8kShokHstrt ity Al ot BE mapfieg
wherein the protection filmigs,made, of,di anpnd-1ike carbon. 25 5. .The
ot hod accSPRTAPEHERAsrBped 1WeR hat have e gndtion SEpFIPUIRE SUCRRS 2002
46 form ng a convex portion on the protection film 6. The nethod according
to claim 1and o, conprising the step of forming a protection filmover
the nedium facing surface after the step of form ng the mediumfacin
surface, wher eiNe¥ piehingis nﬁrfqme(bm)@@gta portian oht %F@ﬁ@ﬂngrﬁu@'ﬁ’é’ee%ep of
etching. 7. The nmethod according to claim6 wherein the protection filmis
made of bdi avitindhe phetaresisblmg 31mnd 32 assnasks: orkiagtehingliaipreferablar ei n t he
protection filmhas a thickness greater than or equal to the difference in
| evel bet wday et¢hingsuch as ioh miléngodiremetiveecioncetehimiga c fhecdamounti ofithigoi ng
the step of etching, the portion corresponding to the head el enment, and at
| east a poetchingaé SttoalOrmn farfexameplepthatnisfeguahtp exigfeater tihan the net hod
according to claim1l wherein a convex portion is forned on the rest of the
di um f acidifferenceé in devieb betweat the afrfadecdf thg.hehd. eldinent2Rvdskezto thelaing t o
cJaiml whereinion mlling is used in the step of etching. 11. The nethod

accor di ng beating surfacel80 snd thesaifaveof the aibbirate 1 clos&ctb the difdeatnig of
etching. 12. The nethod according to claim 1l wherein etching is perforned
t hr ougio t hguifaee G0. f ¢a thiermbodipesit the protectionnfilnh 28tis itélgsd 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
O 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. 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



.2 ~ 1 OCT 2002 -47 13. The nethod according to claim 12 wherein %ﬁ-ﬂgﬂEEnZUUZ
of the focused ion beamis nade with reference to an end of the medium
facing surface in the step of etching. s 14. The method according to claim
12 wherein, in the step of etching, the nediumfacing surface is shaped
such that a portion thereof between an-33¢-inflow side end and an
air-outflowside end projects further toward the recordi ng nedium 10 16.
The nmet hod according to claim 14 wherein, in the step of etching, the

medi um f aci urface i s shapgd such that. an arc is.fortred. het n e

Brre it oty B ortmPlen Ara T ) O air BRaBing SRS ot B 3 20
accordi ng claim 12 wherein; the head el.ement ipclu a net.oresi stive
el enent an(t’)lq‘é’ ‘flérbﬁﬁﬁln&fs‘lrﬁ%cerr}'gb}?e&&séz'i@?fl\%w Itbf’rgﬁlﬁe gﬁ&%%&%gﬁ Rd t hexeof
| ocated in the mediymfacipng surf.ace and the other, end is controlled in the
step of et Eloptyoventherecaringmmediym, by seanspfithe aiflow gengratediby t he head
el ement includes: a first nagnetic |ayer and a second nmagnetic | ayer

magnet i cal |r9ta,tmxpoféthetmeém- ot her each of which includes at |east one

| ayer, the first and second magnetic | ayers including magnetic pole
portion8 opposdtinallyctherbastindivided imtocthedliders 89i ohs theistepsifferming the

medi um facing surface a gap 25 | ayer placed between the pole portions of
the first zonveepartibmBimanddheagpeaveapuitiont 21nirf therairdidaraig swdace 30 par t

of which is placed between the 2 ~ 1 OCT 2002 - 48 magnetic |layers and

i nsul at ed fof thistexebodigreait] tod, ay ehewand BIG.€18)tahpationhef thel elgeaftthe mir

bet ween an end thereof located in the nmedium facing surface and the other
nd i s conbearingkurfade80 st chanfered, thie p@rtion beidg/lodated ortke Alir-outflow

.ANF. AL A Al Fe. A(y. A3. A A3. AY.A3. A A Ay. Aly. AFy. Al ly. Al . A

y. AYy. AFy. Alde" the/rYéighborhood. of thiy heXd elemént A (tHaeis fon £1é RfEXRe ofY. Al Ny. A
| aY. AY y. AFR AYu. Al . A3. AYy 9Qm8| Ws/

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

156 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

O 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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) 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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,.) 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

e,
N\

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
é ,) 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
256 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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space attained by the slider 20 is about 5 to 7 nm smaller than the magnetic
5 space of the related-art slider 120 shown in FIG. 30.
According to the embodiment thus described, etching with the FIB 100
is performed on at least a portion of the air bearing surface 30 of the slider 20
before the protection film 28 is formed, such that a reduction is made in the
difference in level between the portion corresponding to the head element 22
10 and the rest of the air bearing surface 30. The protection film 28 is then
formed over the entire air bearing surface 30.
As a result, according to the embodiment, no difference or almost no
difference in level is created between the surface of the head element 22
closer to the air bearing surface 30 and the surface of the substrate 1 closer to
15 the air bearing surface 30. As a result, the low-flying slider 20 is achieved,
that is, a reduction in the magnetic space is attained. According to the
O embodiment, the reduction in the magnetic space allows an improvement in
the reproducing output and a reduction in half width of the reproducing head.
It is thereby possible to improve the recording density. FIG. 12 shows an
20 example of the waveform of reproducing output of the head element 22 of the
slider 20 manufactured through the method of the embodiment.
According to the embodiment, the reduction in the magnetic space
achieves an improvement in the overwrite property of the recording 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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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

16  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. 19isa
20 cross section for illustrating a step of the manufacturing method. FIG. 20 is
a cross section for illustrating a step that follows FIG. 19 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 19 and
FIG. 20 are cross sections taken along line 9-9 of FIG. 8, wherein only the
main part of the head element 22 is shown.

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

the fourth embodiment taken until lapping is performed on the bar including
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difference in level between the portion corresponding to the head element 22
5 and the rest of the air bearing surface 30, as shown in FIG. 19.
In the following step of this embodiment, the convex portion 21a and the
concave portion 21b as shown in FIG. 8, for example, are formed in the air
{) bearing surface 30 of the slider 20. The air bearing surface 30 is thus
‘ shaped such that the slider 20 slightly floats over the recording medium by
10 means of the airflow generated by rotation of the medium.
Next, as shown in FIG. 20, the protection film 28 is formed over the
entire surface of the air bearing surface 30 to protect the head element 22.
The protection film 28 may be made of diamond-like carbon (DLC).
Next, convex portions 35 is formed through the liftoff method, for
15 example, on parts of the protection film 28 in the portion corresponding to the
substrate 1. The convex portions 35 have the function of preventing sticking
\’) and so on, and may be made of diamond-like carbon (DLC).
Finally, the bar is divided into the 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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he 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. 2lisa
cross section for illustrating a step of the manufacturing method. FIG. 22 is
10 a cross section for illustrating a step that follows FIG. 21 and illustrates a
slider slightly floating over the surface of a recording medium. FIG. 21 and
FIG. 22 are cross sections taken along line 9-9 of FIG. 8, wherein only the
main part of the head element 22 is shown.
The steps of the method of this embodiment taken until lapping is
15 performed on the bar including the portions to be the sliders 20 to form the
air bearing surface 30 are similar to the steps of the first embodiment, as
\) shown in FIG. 9.
In the following step of this embodiment, as shown in FIG. 21, the
entire air bearing surface 30 of the slider 20 is etched through the use of FIB
20 100. In this embodiment, the amount of etching with the FIB 100 is greater
in the air-inflow-side end and the air-outflow-side end than the rest of the air
bearing surface 30. As a result, the air bearing surface 30 is shaped such
that the portion between the air-inflow-side end and the air-outflow-side end
projects further toward the recording medium 40 (this shape is hereinafter

25 called the crown shape). In this case, it is preferred that the air bearing

surface 30 has the shape of the cylindrical surface, that is, an arc is formed
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DkdE: /10 In the following step of this embodiment, the convex portion 21a and the
5 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

means of the airflow generated by rotation of the medium.

o

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"

16 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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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

156 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,

O 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

O be practiced otherwise than as specifically described.
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5 facing surface, the method comprising the steps of:
forming the medium facing surface in a material used for making the
slider, the material including the head element; and
etching at least a part of the medium facing surface, such that a
reduction is made in difference in level between a portion of the medium
10 facing surface corresponding to the head element and the rest of the medium
facing surface, or such that the portion of the medium facing surface

corresponding to the head element is located closer to the recording medium

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

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

{ ) medium facing surface.

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

etching.

4. The method according to claim 3 wherein the protection film is made
of diamond-like carbon.
25

5. The method according to claim 3, further including the step of
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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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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
O 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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