. THIN FI LM MAGNETI C HEAD AND MANUFACTURI NG METHOD THEREOF TECHNI CﬁﬁOBQELD’J—
"The present invention relates to a thin'filmnmagnetic head enpl oyed in {
.LN€ pre . . ot O3 Ppsts
magnetic recording / reproduction appagatus such as a magnetic disk _
.igpparatus, and a manufacturing nmethod thereof. BACKGROUND ART In order to
assure high density recording in nmagnetic di sk apparatuses, the recording
~track width of thin filmmagnetic heads has been reduced to 1.0 [err]mor
less in recent years. One SFTHINeFRLMrMAGNEIIGoHEADB AMWPeve such a snal |
recording track width is to machine the air bearing surface (ABS) of the
slider. I'ndented portions MANUEALEYRING METHOD aTHEREQF ed by poli shing
the surface of the slider facing opposite the nedium defining a pattern by
renoving the area that contains the end surface of the magnetic film
through the Focused |on Beam (FI B) etching techni que or through
phot ol i t hogr aphy, and nachi ni ng t h&ECHNIEAd; r@&ﬂ)face in conformance with
the pattern thus defined by enploying a neans such as ion mlling. |EEE
Transactions on MagnetThe prdsent7invention melatedhde modhinf Hilm wagnetic
di scl oses a reduced track w dth obtai ned by applying the FIB etching
t echni que on t hhed®@Srmplayed in ialanagnetic 1eEerdingngatenprodyction\apparatys ol .
30, No. 6, Novenber 1994 discloses a thin fil mnmagnetic head havin

a
reduced track wsdth as @ magnetiedisly apparatusanda marufacturiagymethod
phot ol i t hogr aphy.
: thereof.

BACKGROUND ART

In order to assure high density recording in magnetic
disk apparatuses, the recording track width of thin film magnetic
heads has been reduced to 1.0 #m or less in recent years. One
of the prior art methods to achieve such a small recording track
width is to machine the air bearing surface (ABS) of the slider.
Indented portions having a specific depth are obtained by
polishing the surface of the slider facing opposite the medium,
defining a pattern by removing the area that contains the end
surface of the magnetic film through the Focused Ion Beam (FIB)
etching technique or through photolithography, énd machining
the air bearing surface in conformance with the pattern thus
defined by employing a means such as ion milling.

IEEE Transactions on Magnetics Vol. 27, No. 6, November
1991, for instance, discloses a reduced track width obtained by
applying the FIB etching technique on the ABS of the slider, and
IEEE Transactions on Magnetics Vol. 30, No. 6, November 1994

discloses a thin film magnetic head having a reduced track width
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During the machi ni ng processes descri bed above, the end surface of the
magnetic filmeconstituting the pole tip becones exposed within the indented
portions. As a neans for protecting this end surface from oxidation or
corrosion, a single protective filmis %#orned over the entire surface

faci ng opposite the nmediumincluding the ABS and the indented portions.
Normal Iy, the protective filmis constituted of dianond-1ike carbon (DLC).

However, since tdigtapiéd a5 | 8chidiflsdhedsH6S | tHrollkh! NblétutrBography. f or med

onto the ABS as well as i'nside the indented portions, hl!t)hi S structure poses

_a problemin that in ona_@{ndg GheO¥@icHififh® Processddestribs® dtioviel ¢haBERSL i C
filmexposed within the indented portions, it 1S necessary to use a rather

thick protectivegrthég ofhithe "RaRhetitalfillhd Scdtitifing tHe /Pl AiptHedthes t he
air bearing surface is thick as well, causing spacing |loss which in turn

| eads to deteri QhgRAdeWiihOtRE TAHEALEP PEILINRD AW MdAIs Foi C[T'i‘oté-d’cﬁlg

probl em descri bed ‘above-occurs whenever an area containing a pole tipis

. removed and thusghistedd sifade Frmdokfddtien PE° CRPPodI6hf AT §BElé DraftBiive 2
“reduction in the track width. DI SCLOSURE OF THE INVENTION It is an obj ect

of the present |fiMgNs fiiniéd BVEY t4R énfifeé Jurfdd® TRIAL opPpdReERdthé nibdiwin t he

end surface of the magnetic filmeconstituting a pole tip is reliably
protected from Gictiading), tHeOTABS| GihdNthé hindéritedMidreionshi Reri@ally, the
reduction in spacing |oss. 31t is a further object of the present
Invention to pr oMtdtective film is constituted of diamond — like carbon (DLC).

However, since the protective film has a consistent
thickness and is formed onto the ABS as well as inside the
indented portions, this structure poses a problém in that in order
to cover the entire end surface of the magnetic film exposed
within the indented portions, it is necessary to use a rather thick
protective film. This means that the protective film formed onto
the air bearing surface is thick as well, causing spacing loss
which in turn leads to deteriorated electromagnetic conversion
characteristics.

The problem described above occurs Whenever~ an area
containing a pole tip is removed and thus, it is not limited to

the process performed to achieve a reduction in the track width.

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a thin
film magnc_etic head in which the end surface of the magnetic
film constituting a pole tip is reliably protected from oxidation,

corrosion and the like while achieving a reduction in spacing

loss.



a suitable nethod for manufacturing the thin filmnmagnetic head descri bed
above. |In order to achieve these objects, the thin fil mmagnetic head
according to the present invention conprises a slider, at |east one
inductive thin filmnmagnetic transducer3and a protective film The slider
havi ng a base body surface facing opposite a nedium is provided with

I ndented portions recessed fromthe surface facing opposite the nmedium The

i nductive thin film mgnediL fhr@rdubiict G the ASYeSeht Fin%n’_f.%hdﬁo%\‘e%vfi&@m

end energes at the base body surface and the 1 ndented portions.

protective fil ML aupiablé taetlier f@P‘i‘ﬁaﬁﬁfef&ﬁﬁln%S tNE | thif Sfifrh SmladeticCHead

portions. The thickness of the protective filmat the indented portions is

| arger than the ddaipiHeas abelel he protective filmat the base body surface.
As described above, in the thin filmnmagnetic head according to the present

invention, the inductiyg éfier fd |dBhiEes GhieSe [dEIBGEUERE HHEnPTRMI dREeHbfid 2
pole tip whose front end energes at the base body surface and the T ndented

portions. By adqpidd'Gdcdrding rteCtHeCpréscift! VSIS | omPPIRsS ia0Rlider, at
characteristics corresponding to the extent of the indentation of the pole

tip inparted by jbh& bRECRIREtING tHIANHLAT thadpdtic? @dnsAubdPaed aOpraiettiveé (o

renove an area of the base body surface where a pole tip is situated, is to

TER Sura?y ! SCUCIAER o Midcebivmig 8, b Sy aiton e ootbats o]
in which the nmednediimavs! provided with indented portions recessed from the
surface facing opposite the medium.

The inductive thin film magnetic transducer has a pole
tip of which the front end emerges at the base body surface
and the indented portions. '

The protective film covers the bélse body surface as well
as the indented portions. The thickness of the protective film at
the indented portions is larger than the thickness of the
protective film at the base body surface.
| As described above, in the thin film magnetic head
according to the present invention, the inductive thin film
magnetic transducer is provided with a pole tip whose front end
emerges at the base body surface and the indented portions. By
adopting this structure, electromagnetic conversion characteristics
correspondihg to the extent of the indentation of the pole' tip
imparted by the indented portions are realized. A typical objective
to remove an area of the base body surface where a pole tip
is situated, is to achieve a reduction in the track width. In this
case, since the width of the pole tip in the direction of the tracks

that intersects the direction in which the medium travels, is



reduced by the formation of indented portions, a flying type thin film
magneti ¢ head having a track wwdth that is reduced in correspondence to the
extent of the indentation of the area where the pole tip is situated, is
achi eved. The protective filmis fornedfonto the base body surface. As a
result, the front end of the magnetic filmconstituting the pole tip being
exposed inside the indented portions is covered by the protective film so

that the front egRguebd tlggﬁ tHROPSm&tibh | & iiﬁdéﬁt@He?éﬁ%ﬁév Wh@aix?gc}fﬁﬂ

corrosion. The filmthickness of the protective Tilmat the inde

portions is set ﬂiﬁﬁg?r[a%-xm'ibtﬁéadihﬁﬂﬂ% CANEGRkOwidif Rhat e Ineducbd MRt

t he base body surface. Tn other words he filmthickness of the protective

filmformed ont ggrR@RaRRneed tHé fedtent DFSIRY irtderithtion! 6€ the! apdah! SS
of the protective film fo?rred I nsi de trﬁe I ndent ede port inons. Th%s%a Wi t 6t he

protective fil mgRveLladtiphes Rateateddyiss schaggdoei ng thinner, the spacing
| oss can be reduced, while at the sane tinme covering the front end of the

magnetic filmwhich comyd pebmetivectib®l & tbRmbltdhid ehe HseChody irfhte.
BRI EF DESCRI PTI ON OF THE W NGS Ot her objects, structural features and

advant ages of thgsps a%aalt, | theefédrtn eAdCofXPleahidehdtit Filhd tonstithiting ithe
reference to the attached drawings illustrating the enbodi nents, wherein:

FIG 1 is a perspget itig: singhexbbiéd finsiddragiec indefdd paetiondi 19 doverba
present invention; Fl 2 is a sectional view of the thin filmnmagnetic
head 5 by the protective film so that the front end of the magnetic film
| is protected from oxidation and corrosion.

The film thickness of the protective film at the indehted
portions is set larger than the film thickness of the protective
film at the ba_se_ body surface. In other words, the film thickness
of the protective film formed -onto the base body surface is
smaller than the film thickness of the protective film formed
inside the indented portions. Thus, with the protective film
covering the base body surface being thinner, the spacing loss
can be reduced, while at the same time covering the front end
of the magnetic film which constitutes the pole tip with the

protective film.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, structural features and advantages of the
present invention are explained in further detail in reference to
the attached drawings illustrating the embodiments, wherein :
FIG. 1 is a perspective of the thin film magnetic head
according to the present invention ;

FIG. 2 is a sectional {riew of the thin film magnetic head



illustrated in FIG 1; FIG 3 is a perspective of the thin filmmagnetic
head illustrated in FIGS. 1 and 2 in a partial enlargenent; FIG 4 is a
sectional view taken along line 4- 4 of FIG 3; FIG 5 is an enlarged
sectional view of the thin fil mmagneti% transducer in another enbodi nent
of the thin filmmgnetic head according to the present invention; FIG 6
I's an enlarged sectional view of the thin film magnetic transducer in

anot her enbodi t Rqps T4 Lm magneti c head according to the present
invention; FI Gnmﬁlsﬁaﬁés ?ia rng@é 1sf ep included in the nethod for

manuf acturing the thi b | a | Bid Ofj en;g@
invention; FIgG 8 ill lr}fgitdr}'atg]e?g{]?éé%p?g??gwsﬁgﬁ%hgag (Ca)%h?l | us ra?%adh?argi FI G
7, FIG 9 illust s | pw4 h it{d1u m -FIG 8; FIG
10 11 ustrates NGPERIELCEIGH. PUAdg B0 M Huctidl Shlatebhot 716 *1a
ifustrates a step fol gyl 0id e salteBnal Wish! BliBsh Idlofk Qind U —FL Gt HiG.

e | G 11; FIG 13

illustrates a step followng t step lustrated in

illustrates a step following the step illustrated in FIG 12; FIG 14
illustrates a step following the step illustrated

FIG. 5 is an enlarged sectional view of the thin film
magnetic transducer in another embodiment of the thin film
magnetic head according to the present invention ;

FIG. 6 is an enlarged sectional view of the thin film
magnetic transducer in another embodiment of the thin film
magnetic head according to the present invention ;

FIG. 7 illustrates a step included in the method for
manufacturing the thin film magnetic head according to the
present invention ; .

FIG. 8 illustrates a step following the step illuétrated in
FIG. 7 ;

FIG. 9 illustrates a step following the step illustrated in
FIG. 8 ; |

FIG. 10 illustrates a step following the step illustrated
in FIG. 9;

FIG. 11 illustrates a step following the step illustrated
in FIG. 10;

FIG. 12 illustrates a step following the step illustrated
in FIG. 11;

FIG. 13 illustrates a step following the step illustrated
in FIG. 12;

FIG. 14 illustrates a step following the step illustrated



6 in FIG 13; and FIG 15 is a partial enlargenent of FIG 14. BEST MODE
FOR CARRYI NG OQUT THE I NVENTION Referring to FIGS. 1 to 4 in which

di mensi ons are exaggerated, the thin fil mnagnetic head according to the
present invention includes a slider 1, %t | east one inductive thin film

magnetic transducer 2 and a protective film 10. The slider 1 is provided
wth rail portions 11 and 12 at a base body surface, with surfaces 13 and
14 of the rail pertEIgNY3Ll sl 12 respectively being air bearing surfaces.
The nunber of rail portions 11 and 12 is not restricted to two. For

instance, the slider 1fmgy 1BeiPraVpaiethlVehlargenent off FIG! @4t han 2 rail
portions, or may even constitute a flat surface having no rail portion. In

addition, the base body surface may take on various geonetric shapes to
i mprove flying characteristics and the |like. The present invention may be

adopted i n conbi nati BEST IMODE POR! CARRYING OUB! THE INVERTIONuUCt i ve
thin filmmgnetic transducer 2 situated at the trailing edge TR of the

slider 1 is provided WReferring! 6 FIGS.tilP Rl 2ndna wRikBNipdiisibnd Bée The
front ends of the first pole tip Pl and the second pole tip P2 energe at

the surface 13 Osxakeratdd)dhepiifi filnt ita iciKead Ngccorditlg PO thet piesBht and
the second pole tip P2 of the inductive thin filmmagnetic transducer 2 are

The Tike of the Inaontod porthone & Ana 8 are vart oa mcors eabondonce Lo

the functions tomagnetic transducer 2 and a protective film 10.

| The slider 1 is pfovided with rail portions 11 and 12 at
a base body surface, with surfaces 13 and 14 of the rail portions
11 and 12 respectively being air bearing surfaces. The number
of rail portions 11 and 12 is not restricted to two. For instance,
the slider 1 may be provided with only 1, or more than 2 rail
portions, or may even constitute a flat surface having no rail
portion. In addition, the base body surface may take on various
geometric shapes to improve flying characteristics and the like.
The present 1nventxon may be adopted in combination with any
of these types of sliders.

The inductive thin film magnetié transducer 2 situated
at the trailing edge TR of the slider 1 is provided with a first
pole tip P1 and a second pole tip P2. The front ends of the first
pole tip P1 and the second pole tip P2 emerge at the surface
13 or 14 facing opposite the medium. The first pole tip Pl and
the second pole tip P2 of the inductive thin film magnetic
transducer 2 are exposed inside the indented portions 4 and 5.
The depth, width, shape and the like of the indented portions

4 and 5 are varied in correspondence to the functions to be



satisfied by the indented portions 4 and 5. In the enbodi nent, the indented
portions 4 and 5 are provided on two sides along the track direction bl,
delimting the first pole tip P1 and the second pole tip P2. Thus, the

wi dth WO of the first pole tip Pl and the second pole tip P2 in the track
direction bl intersecting the direction al in which the nediumtravels is
defined by the indented portions 4 and 5 provided at the surface 13 or 14

facing opposite %@gf[ﬁiwﬂtyeniﬁ%@@%@%ﬁg, 4t BRdi gdented portions 4 and
e Wi e po

5 are used to define th WD or t etip P2 i1n the track direction
bl . The indented porti gns | SN ept fe0 to
1.0 [err]mand a vi dt hog t%oa%}gb?%%ﬁf%g'ﬁ%%??nﬁd;t%@é‘?n 4! gnd] Sc‘é‘?e 100
of the protecti is 10 f : JaRt f : 14.1ar, i1kl zed
as air bearing \s/ﬁl;r(;fvlé%gggnrhgwgfﬁgé tg h?%iﬂr%sﬁlﬁg%tﬁéegﬁg?eétlf \;%lﬁwrrééo at
the indented porgeofigst il t2piB1 Hid 'tﬁé%cohﬁi‘goié‘%iﬁ 'P@Tﬂhﬁ%ﬁviﬂﬁﬂf

the protective film1l0 at the surfaces 13 and facing opposite the

medi um The fil myphiggkfies skt gbld tfp PG | iR fs'b&@ﬁ&g?ab e p2danire

portions 4 and 5 is neasured fromthe bottom surfaces t he i ndent ed

portions 4 and Srhek! Afretidel fBP!ﬁiteﬁé_éE‘ciﬂ% fHe (difedtion €61 & WHiBh1Phe The
filmthickness d2 of the protective film at the surfaces 13 and 14 i1s

nmeasured from t h@ediihaqesvdld #dddfinédChPd tRBPPddriteHN HIFRIdNEM4 Garidies

surface 100 of the protective film10. For instance, the filmthickness dl

b Lo G ke g do, ot e pnaie
this range, and Jhehei emBddislents$hé2indented portions 4 and 5 are used to
| define the width WO of the pole tip P2 in the track direction
bl. The indented portions 4 and 5 are formed to achieve a depth
of 0.5 to 1.0 zm and a width of 30 to 100 # m, for instance.
The surfaces 100 of the protective film 10 formed onto
the surfaces 13 and 14 are utilized as air bearing surfaces. The
film thickness dl of the protective film 10 at the indented
portions 4 and 5 is set larger than the film thickness d2 of
the protective film 10 at the surfaces 13 and 14 facing opposite
the medium. The film thickness dl of the protective film 10 at.
the indented portions 4 and 5 is measured from the bottom
surfaces of the indented portions 4 and 5 to the superficial
surface of the protective film 10. The film thickness d2 of the
protective film 10 at the surfaces 13 and 14 is measured from
the surfaces 13 and 14 facing opposite the medium to the surface
100 of the protective film 10. For instance, the film thickness
dl of the protective film 10 forrhed inside the indented portions

4 and 5 may be set within a range of approximately 16 to 18nm

or to a value exceeding this range, and the film fhickness d2



8 of the protective film 10 forned onto the surfaces 13 and 14 may be set
within the range of approximately 6 to 8nm Since the indented portions 4
and 5 are formed to achieve a depth of 0.5 to 1.0 [err]mand a width of 30
to 100 [err]m the thickness dl of the rotective film 10 forned inside the
I ndented portions 4 and 5 is extrenely small relative to the depth of the

I ndented portions 4 and 5. In the figures, the thicknesses dl and d2 of the

Bbove, in the t BtnthE | MGH éﬁ"g%?%i edd of %gﬁé‘&? ﬁi’%"%ﬁ%&%sﬁ# R A4n
b1 and i he SecomBoPt iy BB 6bE” %ﬂ# napeiielfEay Bl Hhnifon”
ol cct romagnet | ¢ El%ﬁe‘}i B RPRod o0, 5 AR, PhAHRALIS ¢ lsv%ﬁ% dsPihe o
oi  ect e by t he SAndghiiy p@ﬁﬁl"k‘iﬂ 'HQ it} ?ﬁeﬁﬁffﬁp g?gﬁaﬁypﬁesﬁh
e R o
_Fs)gf:gn?i BO::S ;[Inp lgf %ﬁ'ﬁe .eg’ﬁ;]ergi@ ng}'ﬁ% Fai'gfe té e? 5 9& 2 gl?hease? d
whi ch t he nedi ur‘éﬁq‘t l& %lll{sdeecstsslglnttlﬁél JP%RJSE? {n\ijie%r}gu&ﬁeé%%dg%tg dpl(%rt?%ns 4

and 5 formed ontgt ot%‘t‘:ﬁfv%c ml?ioaﬂge]l@h ‘?m rragne i ea%ahaw ng é

adopting this struc ure, |ng type
recording track width WQ ‘@hﬁglﬂeﬂ r§96'<?§.d1hn the thin film magnetic head

according to the present invention, the inductive thin film

magnetic transducer 2 includes the first pole tip Pl and the
second pole tip P2 whose front ends emerge at the surfaces 13
and 14 ahd the indented portions 4 and 5. This structure realizes
electromagnetic conversion characteristics that correspond to the
extent of the indentation of the first pole tip P1 and the second
pole tip P2 effected by the indented portions 4 and 5 and the
resulting shape, depth, width and the like of the first pole tip
Pl and the second pole tip P2.

In the embodiment, the indented portions 4 and 5 are
provided on two sides along the track_ direction Bl, delimiting
the first pole tip Pl and the second pole tip P2. The width WO
of the first pole tip P1 and the second pole tip P2 in the track
direction bl intersecting the direction al in which the medium
travels, is essenti-allir _defined by the indented portions 4 and 5
formed onto the surfaces 13 and 14 facing opposite the medium.
By adopting this structure, a flying type thin film magnetic head

having a recording track width WO which is reduced in



9 correspondence to the extent of indentation is achieved. The protective
film 10 covers the surface of the slider 1 facing opposite the nmedi um
Consequently, the first pole tip P1 and the second pole tip P2 being
exposed inside the indented portions 4 &and 5 are covered by the protective
film10 so as to prevent oxidation and corrosion. Since the protective film
10 is also fornmed onto the surfaces 13 and 14 of the slider t he surfaces

1,
100 of th t ' ' 0 ' i E ' : The fil
thi ckness i of (recshorideiot ed (e eRPehf o indaffatiin M hEREYedlle (TS
4 and 5 is larger thantidse fbhbdirtl GRS H0 Cailrs! B PEQHIRES | 4 thiel R1idr
and 14. n ot the 11

formed onto the surfaces 1 er words, m t hi cknéss d2
of the protectiv i : ﬁ% j dLer t
filmthickness d§ %?iﬁjé)%ggglttgﬁ%gﬁ@ﬁﬁl%é%t eéﬁlvﬁ en?glggg&)r&tl?gﬁg ﬂAi’fisand
5. Thus, the fir ' 1 e TToH] X Lk N

t he i ndented porﬁ%g‘g{e?l %ﬁgng ggttaédggélrpe?get g%%c%\%%esgagiﬁsﬁﬁg g?%ﬁg&@ﬁ%ﬁfi I m

10 and at the Sauloe 4 ' 13 | g BoGKARE o210 rBRedtich o6l 10 sbiThd0

formed onto the sur;aces 13 and reduced to mnimze the spacing

| oss, The pr ot ecf YirolkhyoldkfiohORiR]p5foRforl SifER! SIS drobblitvd NBKNFOS d2

at the surfaces 13 and 14 equal to or approximately 6

to 8nm The protgchje thh@Hl_anBi%h%o%ﬁfa@ef“ 1}%&& 1 &F théidlideie 1! ithe
Furthernmore, the protective film10 may include a silicon filmwhich may be

S;ﬂ;'t gé'teflvgsf a gqa?g‘fiﬁgéén 10U dtheh&\prdtetiveREflAY 10" FuRetionO a5 @ir Jedriveg
surfaces.

The film thickness dl of the protective film 10 formed
inside the indented portions 4 and 5 is larger than the film
thickness d2 of the protective film 10 formed onto the surfaces
13 and 14. In other words, the film thickness d2 of the protective
film 10 at the surfaces 13 and 14 is smaller than the film
thickness dl1 of the protective film 10 at the indented portions
4 and 5. Thus, the first pole tip Pl and the second pole tip P2
exposed within the indented portions 4 and 5 are completely
covered by the protective film 10 and at the same time, the film
thickness d2 of the protective film 10 formed onto the surfaces
13 and 14 can be reduced to minimize the spacing loss. The
protective film 10 is formed so as to achieve a film thickness
d2 at the surfaces 13 and 14 equal to or less than 10nm, e.g.,
approximately 6 to 8nm. The protective film 10 may contain a
DLC film or a nitride film. Furthermore, the protective film 10
may include a silicon film which may be employed as a base

film for the DLC film.

Referring now to FIG. 5, the protective film 10 is



.10 constituted of a DLC film 102 having a filmthickness of approximtely
6nm provided onto an Si film 101 having a filmthickness of approximtely
2nm The surfaces 13 and 14 are |lam nated once with this double-I|ayered
protective film 10 while the indented pértions 4 and 5 are | ami nated twice
or nore with this double - layered protective film 10. The base film
constituted of the Si film 101 increases the strength with which the

g%?;ren'céi str LLE ?‘r%"q‘s%c HEEORE ] 8 DEFC S, 02 hatel L, TP (Rbidihiess 8 7
2ddr 1 fon, “Che. pi SpRdfrsRen B CorchiBl GRS B 1) FAATIOH, BYIDE 4t
be a flal surfachcRnbexiey SthsuiiRBeld) shiiliFRE ailirblled NEENLART 945 300

proj ections. Since e surf t he protective O constitute
air bearing surf . S}Fﬁﬁ? I ' | C b LAl b :

sel ecting g spec@?@glagléf?& z{@g or m.t?lgér atb Hgﬁn% E%?gfréﬁ Elé&aégglﬁ’% tlgﬂF?q;SWhEep o]
oige TR of the. ciididgntcd BEAAGHS Y HAIIHIUE Rutinhtéd Uiie Hr difrd With' "9
second nmagneti c {ii; A CRI i . i | +1.0S is ilm
25 anq a grot ect?@éﬁﬂe%wgﬁga%@%ﬁéﬂﬂgn@'tmgéﬁgﬁ%@vgﬁqﬂn@% are
constituted of abpmipg of i ! \6F 3€rdal8s| BY! Qtidith! AP Which the
constituted of an organic resin. The end surfaces o e Tirst magnetic

(L2370, L1, BRI, IBRI1G 4 copdted i 4 Sudelviskyp obttibans

film 24 having agr extdepaRliy StFRktutdistieReas. ANO.TRCI s perfornmed at the

' The present invention may be adopted regardless of the
shape of the indented portions 4 and 5. In addition, the planar
shape of the protective film 10 is arbitrary and may be a flat
surface, a textured surface or a surface with indentations and
projections. Since the surfaces 100 of the protective film 10
constitute air bearing surfaces, the ABS characteristics can be
controlled by selecting a specific surface form for them.

Referring again to FIGS. 1 to 4, the inductive thin film

magnetic transducers 2 situated at the trailing edge TR of the
slider 1 are each p_rovided with a first magnetic film 21, a second
magnetic film 22, a coil film 23, a gap film 24, an insulating film
25 and a protective film 26. The gap film 24 and the protective
film 26 are constituted of alumina or the like and the insulating
film 25 is constituted of an ofganic resin. The end surfaces of
the first magnetic film 21 and the second magnetic film 22
constitute a first pole tip Pl and a second pole tip P2

respectively, facing opposite each other over the gap film 24

having an extremely small thickness. Write is performed at the



first pole tip P1 and the second pole tip P2. The yokes of the first
magnetic film 21 and the second magnetic film 22 are linked with each ot her
to conplete a magnetic circuit at a back gap area | ocated on the side
opposite fromthe side where the first Ipole tip Pl and the second pole tip
P2 are provided. The coil film23 is forned in a spiral shape around the
area where the yokes are linked to the insulating film25. The two ends of

F'G ) The nurbart 5P iR PL g Y sEBbUCHSIE o 2t ﬁﬁevé%ﬁf? i o537
ansaucer s 5 ardre (el PR, A1 GHEL pe] SRR 1, 2 e RERE,
agnet .t ansadtas Skt gt 151 Ebyietd, A ilERe | SFenl HE b BptR.Bomns "
{11 m mmgnet i ¢t ranedearedob i, S?@%p?%%a@eiift us?ﬁe%fé}ﬁﬁ PAFb i et
Tognet or osi st ancio; F i { R el SEPERA, g e &Ja@iqékfe’ﬂl@eﬁ%ﬂ
provided for_reaapgsad Gmel lﬁ*}fsgiq)or F5Bb ki WHChHE JTRGF DS

transducers 2 are enp oye excrust vel e operatlons an

I ts 3 T t
gme/ng}? fhe \%rGi gg&éa?élj%esg?hé ur es ?hﬂ'{sl"ﬁave bgigrr?wgrgpose % put()fm'p8
practical use to?éif‘tﬁhn@:?%ﬁefhia@eséfep erl?rg {x&?/t 1 t | kehﬁﬁ&f‘% and

ani sotropi ¢ MR elenents constituted those
using a gi ant MegReY QL FIEL I1Ye The number of turns and the number of layers

of the coil film 23 are arbitrary.

According to the present invention, the thin film magnetic
transducers 2 are situated within the area where the indented
portions 4 and 5 are provided and is an inductive transducer.
The inductive thin film magnetic transducers 2 may be utilized
for both write and read operations in magnetic recording /
reproduction. Alternatively, the inductive thin film magnetic
transducers 2 may be employed exclusively for write operations,
and separate thin film magnetic transducers that wuse the
magnetoresistance effect (hereafter referred to as MR elements) -
may be provided for read operations.

In the embodiment, the inductive magnetic transducers 2
are employed exclusively for write operations and the MR
elements 3 are provided for read operations. The MR elements
3 may adopt any of the \farious film structures that have been
proposed and put into practical use to date. These film structures
include one employing anisotropic MR elements constituted of

permalloy or the like and those using a giant magnetoresistive



12 (GWR) film The present invention may be adopted in conbination

with any of these various types of MR elenents. The MR el enents 3 are each
provi ded between a first shield film31 and the first magnetic film 21

whi ch al so functions as a second shieldi2film inside an insulating film 32.
The insulating film32 is constituted of alumna or the |like. Each of the

MR elenents 3 is connected to burrps 33 and 34 (see FIG 1). The thin film
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third magnetic |ayer can
at the trailing edge TR of the slider 1 are provided at either

one of the rail portions 11 and 12 or at both of them. The
medium traveling direction al matches the direction in which
air flows out when the medium travels at high speed. Bumps
27 and 28 connected to the thin film magnetic transducers 2 and
bumps 33 and 34 conhectéd to the MR elements 3 are provided
at an end surface of the slider 1. |

Referring to FIG. 6 wherein the same reference numbers
are assigned to components identical to those illustrated in FIGS.
1 to 5, while the indented portions 4 and 5 are | not illustrated,
their structure and shape are identical to those in the
embodiment illustrated in FIGS. 1 to 5. Of the first magnetic film
21 and the second magnetic film 22, thé second magnetic film
22 includes a third magnetic layer 221 that is in contact with
a gap film 24 at the pole tip P2 and a fourth magnetic layer
222 that is deposited in contact with the third magnetic layer
221 (to the right in FIG. 6). By adopting this structure, the
material characteristics of the third magnetic layer can be

differentiated from the material characteristics of the fourth



differentiated fromthe material characteristics of the fourth 13
magnetic layer to achieve required inprovenents in the characteristics. For
i'nstance, the saturation magnetic flux density of the third nmagnetic |ayer
221 may be selected at a value larger tisan that representing the saturation
magnetic flux density of the fourth magnetic |ayer 222. By making such a
sel ection, the high frequency recording characteristics can be inproved. As
a specific exanmple in which the, saturation magnetjc.flux density of the
ThiTa mgnets o EPERESE] VAL L; APTIPVE BN, JEOTORGGS, 1B the
representing the saturatign magnetic flux density of the fourth nmagnetic

| ayer 222, a confhaFACGteHISYFS-a fourth magnetic |ayer 222 constituted of a N

(80 % -Fe (20 ©° I d hird netic | 21 Lit f
(50 99 - Fa (505 MRTiRBpoR:tt, SaLUHGh maRBean Ak tgnaty cof The 221
havi th it d i bed b ded di |
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- resistivity of the fourth magaetic, | ayer .2%2. It is.also effective ta.set
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gbr asion resist aQ}%aem%fle in which the saturation magnetic flux density of the

third magnetic layer 221 is selected at. a value larger than that
representing the saturation magnetic flux density of the fourth
magnetic layer 222, a combination of a fourth magnetic layer 222
constituted of a Ni (80%) — Fe (20%) permalloy and a third
magnetic layer 221 constituted of a Ni (50 %) — Fe (50 %)
permalloy may be adopted. The third magnetic film 221 having
the composition described above becomes corroded more readily
compared to the fourth magnetic film 221 having the composition
described above, and thus, it is concluded that the protective film
structure according to the present invention is extremely
effective.

As another effective means for improving the high
frequency recording characteristics, the resistivity of the third
magnetic layer 221 may be set larger _than the resistivity of the
fourth magnetic layer 222.

It is also effective to set the abrasion resistance of the
third magnetic layer 221 higher than the abrasion resistance of
the fourth magnetic layer 222. In this case, the abrasion of the

third magnetic layer 221 that is provided adjacent to the gap



the fourth magnetic layer 222. In this case, the abrasion of the third

magnetic |ayer 221 that is provided adjacent to the gap

practically defines the gap thickness can be avoided to achi eve stable

el ectromagneti ¢ conversion characteristi4cs. Al though a detail ed expl anati on
.is omtted, a simlar structure nmay be adopted in the first magnetic film
the structure of the pole tips in the thin film

21, as well.

In addition,
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adopted. For instance, the present invention may be adopted in
combination with pole tips each adopting a multilayer film
structure having two or more layers or in combination with only

one .of the two pole tips adopting a multilayer film structure.

- Furthermore, when a pole tip adopts a multilayer film structure,

a portion of the magnetic film constituting the pole tip may be
formed at a position receded from the surface facing opposite
the medium so that it is not exposed at the base body surface.
Moreover, miniaturization of the thin film magnetic head may
be achieved by adopting a structure in which an indented portion
is provided at one surface of the base body and in which the
essential portion of an inductive thin film magnetic transducer
including the coil portion is positioned inside the indented
portion.

Next, in reference to FIGS. 7 to 15, the method for
manufacturing the thin film magnetic head according to the
present invention is explained.

First, as illustrated in FIG. 7, a large number of thin film

magnetic heads A are arrayed on a jig 6, each secured at one

14 film 24 and

he "ésseéntl al portion
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_present invention is explained. First, as illustrated in FIG 7, a Iérge
nunmber of thin filmmgnetic heads A are arrayed on a jig 6, each secured
at one surface by a nmeans such as bonding. The thin fil mmagnetic heads
A each have undergone the grinding prodgss performed on the rails 11 and 12
and the polishing process performed on the surfaces 13 and 14 and thus,

achi eve a required gap depth. Al though not shown, the array of i ndividual
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consi st ent thickaE§ . t allows for the processing of the surfaces 13 and
14. The transfer maglér@ P °

Next, as illustrated in FIG. 8, a resist film 7 constituted
of an organic resist film 72 formed onto a support body 71 is
laminated onto the surfaces 13 and 14 to transfer the resist film
72.

Following the step described above, as illustrated in FIG.
9, the support body 71 is removed. The support body 71 is
constituted of a flexible film such as polyethylene terephthalate.
The resist film 72 is normally constituted by wusing a
photosensitive resist, which may be either a negative type or a
positive type photosensitive resist. In the embodiment, a positive
type photosensitive resist is used. The positive type photosensitive
resist may be, for instance, the product PFR3004 (manufactured
by Nippon Synthetic Rubber Co. Ltd.). At the resist film 7, the
resist film 72 is formed through spin coating. The film .thickness
of the resist film 72 is set at a lconsistent thickness that allows
for the processing of the surfaces 13 and 14. The transfer may
be achieved through thermal compression Bonding employing a
hot roll 8 (see fig. 8).

After transferring the resist film 72 onto the surfaces



,Be achi eved through thermal conpression bonding enploying a hot roll 8 (see

fig. 8. After transferring the resist film72 onto the surfaces 16 13
and 14, it is exposed and devel oped using a mask 9 having a pattern
required for formng indented portions,l6as illustrated in FIG 10. Since

the resist film72 is constituted using a positive type photosensitive
resist in the enmbodinent, the exposed areas are renpved during the
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13 and 14 over the resist film 72 that has remained in place

_11

during the patterning process. Consequently, as illustrated in FIG.
11, the indented portions 4 and 5 achieving a specific pattern
and a specific depth are obtained.

Next, as illustrated in FIG. 12, without removing the resist
film 72, a first protective film 110 is formed onto the resist film
72. The first protective film 110 is formed onto the surface of
the slider 1 including the insides of the indented portions 4 and
5, but not onto the surfaces 13 and 14 that are covered by the
resist film 72. The first protective film 110 may be formed
through, for instance, sputtering. The first protective film 110 is
formed to achieve a film thickness of, for instance, 10nm or |

_ larger. |

Next, as illustrated in FIG. 13, the resist film 72 is
removed. The first protective film 110 deposited onto the resist.
film 72 is removed together with the resist film 72.

In the following step, as illustrated in FIG. 14, a second
protective film 120 is formed through sputtering or the like over

the entire surface of the slider 1 that faces opposite a medium.



film72 is renoved together with the resist film72. In the follow ng step,

as illustrated in FIG 14, a second protective film 120 is fornmed through
sputtering or the like over the entire surface of the slider 1 that faces
opposite a medi um 17 The second pratrective film 120 is fornmed to

achieve a filmthickness of, for instance, approximately 6 to 8nm Since
the first protective film 110 has al ready been forned inside the indented
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' ' illustrated in FIG. 15. The film thickness of the protective film

10 formed onto the surfaces 13 and 14 at the slider 1 is only
made up of the film thickness d2 of the second protective film
120 formed through the second lamination. As a result, the film
thickness dl of the protective film 10 formed inside the indented
portions 4 and 5 is bound to be larger than the film thickness
d2 of the protective film 10 formed onto the surfaces 13 and
14.

The method adopted in the embodiment described above
is characterized by the two — stage process in which the first
protective film 110 is first formed onto the surface of the slider
1 facing opposite a medium and inside the indented portions
4 and 5 and then the second protective film 120 is formed onto
the surfaces 13 and 14 and for a second time inside the indented
portions 4 and 5.

Alternatively, the order of the formation of the first
protective film and the second protective film may be reversed.
In this two—stage process a first protecfcive film 110 is formed

onto the surfaces 13 and 14 as well as inside the indented



.portions 4 and 5. Alternatively, the order of the formation of the first

protective filmand the second protective filmmy be reversed. In this

t wo- stage process a first protective film110 is forned onto the surfaces
13 and 14 as well as inside the indentagd 18 portions 4 and 5, after

whi ch a second protective film 120 is formed onto the first protective film
110 where the indented portions 4 and 5 are situated. Wile the explanation

the or gani ¢ 1 os i ey A6h & aften saeh peayeoend proteetien cilio 18fets ©
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of which are heraeni)&ition, while the explanation is given using an example in
which the pattern is formed using a photor_esist, another high
precision pattern formation technology such as the Focused Ion
Beam (FIB) machining technology may be adopted instead.

While the invention has been particularly shown and
described with respect to preferred embodiments thereof by
referring to the attached drawings, the present invention is not
limited to these examples and it will be understood by those
skilled in the art that various changes in form and detail may
be made therein without departing from the spirit, scope and
teaching of the invention.

The present application is based on Japanese priority
application number 10 — 162683, filed with the Japanese Patent
Office on June 10, 1998, the entire contents of which are hereby

incorporated by reference.



,iéncorme. 19 CLAIMS 1. A thin filmmagnetic head

éonprv T I der having a base body surface (13 and 14) facing opposite
a medi ﬂ,ﬂgﬂ"ﬂ@ﬂ’,’”mij surface (13 and 14) being provided with indented
porti oris o o | east one inductigve thin filmmagnetic transducer

(2) having a pole tip (P1) of which a front end energes at said base body

surface (13 and 14) and said indented portions (4 and 5), delinmting said

pole tip (P1) ; and a protective film (é%mgfring sai d indented portions
(4 and 5) and said base body surface (1 4), with the thickness (dl)

ar gor than the ¢ i ckndsch (HiP 40 GaSsatic Ry CORMIEDELS and 14) 2.
dofine a track wdth of SHFE® guURE 5. bass Ty iscitess n{iiEdme: 185 St
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wher ei n:

having a pole tip (P1) of which a front end emerges at said
base bbdy surface (13 and 14) and said indented portions (4
and 5), delimiting said pole tip (P1); and
a protective film (10) covering said indented portions
(4 and 5) and said base body surface (13 and 14), with the
thickness (d1) of said protective film (10) at said indented
portions (4 and 5) being larger than the thickness (d2) at
said base body surface (13 and 14).
2. The thin film magnetic head of claim 1, wherein :
said indented portions define a track width of said pole
tip.
| 3. The thin film magnetic head of claim 1, wherein :
said protective film includes a diamond — like carbon film.
4. The thin film magnetic head of claim 3, wherein :
said protective film includes a silicon film being a base
film of said diamond — like carbon film.
5. The thin film magnetic head of claim 1, wherein :
said protective film includes a nitride film.
6. The thin film magnetic head of claim 1, Whérein:
said indented portions are provided on two sides of said

pole tip, delimiting said pole tip along the direction of the tracks.



.gsaid ineleﬁ{—eel—peH—i—ens—&r—&provi ded on two sides of said pole tip,

delimtin al.ong the direction of the tracks. 20 7. The
thlnfllmmﬂ B &ﬂf'claiml, wherein: said pole tip includes a first
pole tip e tip facing apposite each other via a gap film

and said |ndented portlons essentially define the wwdth of at |east either
said first pole tip or said second pole tipin the direction of the tracks.

8. The thin filmmagneti g, he .of. |aim7, wherei,n: ;the.width of said first
pole tip in the direct 'oﬁ‘hﬁf%g c&awt& 'é?ifll?) i e‘ﬁﬁﬁ’gﬁ@éi d
indented portions. 9. The thin fllm net f clalm 7 erejn:

w dths of said first p%q ‘p?zmﬁ 1518 eéoh‘&sg IB ?ﬂdtﬁe ‘iﬁq\ggcppiﬁ] of
the tracks are gsse LaII def ned &y % |d |.ndented E@rtlonsd 10. The thin
film magnetic héH WG?SI QhEY Vg, & 88P fHM s afBYf i rst pole tip

: id d | I d ff
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other. 11. Th t t h I J f.
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wherein: the magnetic Bil.ada¢esint &asgqie%@eﬁiead' of BRin? 7, wherein :

the width of said first pole tip in the direction of the -
tracks is essentially defined by said indented portions.

9. The thin film magnetic head of claim 7, wherein :

widths of said first pole tip and said second pole tip in
the direction of the tracks are essentially defined by said
indented portions. .

10. The thin film magnetic head of claim 7, wherein :

at least either said first pole -tip or said second pole tip
includes two magnetic films having different material
characteristics from each other and are provided adjacent to each
other.

11. The thin film magnetic head of claim 10, wherein :

of said two magnetic films, a magnetic film adjacent to
said gap film has a saturation magnetic flux density larger than
the saturation magnetic flux density of the other magnetic film.

12. The thin film magnetic head of claim 10, wherein :

the magnetic film adjacent to said gap film has a
resistivity higher than the resistivity of the other magnetic film.

13. The thin film magnetic head of claim 10, wherein :

the abrasion resistance of the magnetic film adjacent to



_ireSVSﬁ—WWﬂ—thhan the resistivity of the other magnetic film 13. The

t hin g ' d of claim 10, wherein: the abrasion resistance of
the mm.ﬂi Mﬂ& cent to 21 said gap filmis better than the

abr asionecresi «01 the other magnegic film 14. The thin filmmagnetic
head of claim 10, having a thin filmmagnetic ‘transducer utilizing the

magnet or esi stance effect. 15. A nethod for manufacturing a thin film

bage body surf aBaid £aPnAIEL B ARHER than: T “eapgopacensS. bf e fidtn "

provided with indented portions; at |east one inductive thin film magnetic
transducer havi H@%ﬂ%&%ﬁ% of which a front end energes at said base body

surface and said inden or}.donss,. and a protecti fi ' i_d
indented portions and L‘gfj’gﬁﬁaﬁémogéiv‘smafgéfe&c &}Cetalﬁlvg)ﬁeat | gﬁ‘ﬁﬁ?ﬁ%ﬁ%ﬁ d
protective filmat sald indented portions bej Lar rtln o] Q ess
at said base bod l%u?’#@cé?agﬂ?ﬁcn&%ﬁﬁt r t@?ﬂ gtﬁ:gesteg ‘1{2) e$1 {ﬂ%
sai d i ndented por#{cgns on sai d base body surface;ﬁl form ngpén?i rstOrm °
protective fil metiach: said indented portions; and form ng a second

protective filmonto spd bagebodysH haRGrdRtrid da  thitl MR! Ahldnetid 11 m
head, said thin film magnetic head comprising :

a slider having a base body surface facing opposite a
medium, said base body surface being provided with indented
portions ;

at least one inductive thin film magnetic transducer
having a pole tip of which a front end emerges at said base
body surface and said indented portions; and

a protective film covering said indented portions and said
base body surface, with the thickness of said protective film at
said indented portions being larger than the thickness at said
base body surface ;

said method comprising the steps of :

forming said indented portions on said base body surface;

forming a first protective film into said indented
portions ; and

forming a second protective film onto said base body
surface and said fi_rst protective film.

16. A method for manufacturing a thin film magnetic
head, said thin film magnetic head comprising :

a slider having a base body surface facing opposite a

medium, said base body surface being provided with indented



_16 A uri_ng a thin filmnmagnetic head, said thin film
rragnetl ﬂ !WE‘! lm a slider having a base body surface facing
opposi t ase body surface being provided with indented

22 portions; at |east one inductive thigm filmmagnetic transducer having a
pole tip of which a front end energes at said base body surface and said
I'ndented portions; and a protective filmcovering said indented portions
and sai d base body, ,surface, with the thickness of said protective film at
sai d indented p IWHHE;helng larger than the thickness at said base body

surface; said nmethod co ng the steps of; .for ng S L ndent e
portions on said base ngipabst nee nfgetive, thing f g}le[t}q,egrﬁqs BBt
covers said bas sur f gce .and,th ottog] rfaﬁe of sai d {)ndeatg
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said indented portions being larger than the thickness at said

base body surface ;

said method comprising the steps of :

forming said indented portions on said bése body surface;

forming a first protective film that covers said base body
surface and the bottom surface of said indented portions ;

forming a second protective film onto said first protective
film where sa{d indented portions are provided.

17. The method of claim 15, wherein :

said forming of said indented portions on said base body
surface defines a track width of said pole tip.

18. The method of claim 16, wherein :

said forming of said indented portions on said base body
surface defines a track width of said pole tip.

19. The method of claim 15, wherein :

said forming of said indented portions includes forming
said indented portions on two sides of said pole tip to define
a track width of said pole tip.

20. The method of. claim 16, wherein :

said forming of said indented pqrtions includes forming

said indented portions on two sides of said pole tip to define



of sai #fions -i ncl udes form ng said indented portions on two
sides of said pole tip to define a pgack width of said pole tip.

said i rtions on two sides of said pole tip to define a track
S dthl ﬂﬂﬂ@ ,@w& “’, 20. The nethod of claim 16, wherein: said formng
I8
I

a track width of said pole tip.



