w1l o- MAGNETI C HEAD, METHOD OF MANUFACTURI NG SAME, AND MAGNETI C DI SK
APPARATUS BACKGROUND OF THE INVENTION 1. Field o -1

i.nvention relates to a magnetic head conpri sing ?qup pe g% \MI?c-:!n
includes at |east either a nmagnetic head el ement Tor wri or a nmagnetic
head el enent for reading forned on a base body, a net hoo”’> nuf agt

the sane, and a magnetic di sk apparatus.12. Description of the Relﬁtﬁwm
In recent years, research and devel opment for inproving surface recording
density has been actively carried out in the field of magnetic recording

devi ces such asMAGNEEIG HEAD, METHGDOF MANUFASTUERENGUSAMEpn of a
magneti c .di sk apparatus as an exanple of a magnetic recordl ng device. In

the magnetic di sk apparat AND MABNETIC IVESK APPARAT(E sinply referred
as magnetic head or head in the follow ngs) 100 incl udi n a base body and a

head core part formed on the base body is placed so as to face a surface of
a magnetic disk (also sinply referred as disk in the follow ngs) 110 as a
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1. Field of the Invention.

The invention relates to a magnetic head comprising a head core
part which includes at least either a magnetic head element for writing or a
magnetic head element for reading formed on a base body, a me.thod of
manufactuﬁng the same, and a m.agnetic disk apparatus.
2. Description of the Related Art

'In recent years, research .and development for improving surface
recording- density has been actively carried out in the field of magnetic
recording devices such as computers. "FIG.11 shows ‘a general -
coilﬁguration of a magnetic disk apparatus as an example of a magnetic
rec;)rding device. In the magnetic disk apparatus, a magnetic head slider
(also simply referred as magnetic head or head in the followings) 100
including a base body and a head core part formed on the base body is
placed so as to face a surface of a magnetic disk (also simpiy referred as disk
in the followings) 110 as a recording medium. Although, a magnetic disk
épparatus usually has a plurality of magnetic disks and one magnetic head
slider is respectively provided on each surface of the magnetic disks, only
one magnetic head slider and one magnetic disk are shown in FIG.11 and

the rest of them are omitted therein. The magnetic disk 110 rotates by a



apparatus usually has a plurality of nmagnetic di sks and one nagnetic head
slider is respectively provided on each surface of the magnetic disks, only
ane magnetic head slider and one magnetic disk are showmn in FIG 11 and the
rest of themare omtted therein. The nmagnetic disk 110 rotates by a
spindle notor 111. The magnetic head 100 is held by the end portion 132q of
a suspension 132. The other end portion2132q of the suspension 132 is
attached to the end portion of a drive arm 131. The magnetic di sk apparat us
al so conprises a carriage unit 120 at the base side of the drive arm 131
for positi spinde trhetorddiet Thehnagndiid head 1106 isedd byfthelmdportedn ¢32qg sk

110. The carriage portion 120 has a carriage 122 which sw ngs about the

shaft 121, ofatsiiipeasiond1 32. 1PRe oEhieRd poktidn VIBREoLtHd silpediicnd33Gs on.
The act uat or 12lgﬁdri ves the carri age 12gbto swi ng about the shaft 121 so
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arm 131 for posifioning the magnetic head 100 on the track of the magﬁetic

disk 110. The carriage portion 120 has a carriage 122 which swings about
the shaft 121, and an actuator 123 composed of a voice coil I_notdr and so on.
The actuator 123 drives the carriage 122 to swing about the shaft 121 so
.that the magnetic head 100 can be moved in the radial direction (arrow
direction shown in FIG.11) of the magnetic disk 110. | |
In the magnetic disk apparatus with such a conﬁguration, in
general, recording/reproducing of information is performed as follows. The |
head 100 pressed by the suspension 132 is in contact with the disk 110 when
. the disk 110 is not rotating, .__V_Vhen_ the disk 110 is rotated, an airflow
generates between the head 100 andthe disk 110 so that a lift is created.
As a result, the head 100 flys to lea\;é from the surface of the disk 110, and
performs recording/reproducing of information by relatively shifting on the
disk 110 while holding a small space in therebetween by keeping the
balance of the lift and the pressure from the suspension 132. Such a
recording/reproducing éystem is called CSS (Contact —Start —Stop) system.
The surface where the magnetic head and the magnetic disk are
contacted together-is preferable to be smooth in order for the magnetic disk

apparatus to have high surface recording density. Particularly, in the



head 100 pressed by the suspension 132 is in contact with the disk 110 when
the disk 110 is not rotating. Wien the disk 110 is rotated, an airflow
generates between the head 100 and the disk 110 so that a lift is created.
As a result, the head 100 flys to | eave fromthe surface of the disk 110,
and perforns recordi ng/ reproducing of information by relatively shifting on
the disk 110 while holding a small spacesi n therebetween by keeping the

bal ance of the lift and the pressure fromthe suspension 132. Such a
recordi ng/ reproduci ng systemis called CSS (Contact-Start-Stop) system The
sur f ace whelewié¢havithoD8Si system] itnid preferalocthat thelstate botintmatacted
together is preferable to be snmooth in order for the nmagnetic disk

appar at us tgQyhies ofitHb heddf AfPtheakddous i Hdnge ERAE is; ekadlient in'CSBe
device with CSS system it is preferable that the state both contacted
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of the CSS head and the disk adsorb each other resulting in deterioration of the CSS

characteristic. Accordingly, in the magnetic disk apparatus of the related
art, the adsorb phenomenon is afroided b.y roughing either one of the surface
“of the head or the disk.
An example of roughing the surface of the disk is disclosed in
Japanese Patent Application Laid-open Sho 61-246380, Hei 5-94618 and
| Hei 5-159276. In Japanese Patent Application Laid-open Sho 61-246380, a
method of roughing the surface of the disk as a recording medium by
applying a heat treatment in an oxygen atmosphere to a magnetic disk
substrate with nickel (Ni) alloy plating layer formed on its surface is
disclosed. In Japanese Patent Application Laid-open Hei 5-94618, a
method of adjusting the roughness' of the disk surface by applying a heat
t_reatment to a magnetic disk substrate made of amorphous carbon under
the existence of oxidation gas is disclosed. In Japanese Patent Application
Laid-open Hei 5-159276, a magnetic disk is disclosed in which the surface is
roughed by, for example, anodizing titanium (Ti) or titanium alloy to form
titénium oxide (TiO,).
However, in a case where the surface of the magnetic disk is made

rough as described, the head core part may be .damag'ed when the disk and



characteristic. Accordingly, in the magnetic di sk apparatus of the rel ated
art, the adsorb phenonenon is avoi ded by roughing either one of the surface
of the head or the disk. An exanple of roughing the surface of the disk is
4 scl osed in Japanese Patent Application Laid-open Sho 61-246380, He
5-94618 and Hei 5-159276. | n Japanese Patent Application Laid-open Sho
61- 246380, a nmethod of roughing the surféce of the disk as a recording
medi um by applying a heat treatnent in an oxygen atnosphere to a magnetic
di sk substrate with nickel (Ni) alloy plating layer fornmed on its surface
i s di scl osdihe Head)apansoatiett ent Application Lai d-open Hei 5-94618, a
nmet hod of adjusting the roughness of the disk surface by applying a heat

treatment to a MEW¢hé 6théskandbforieXatn dpmdsagan@éwatmsmﬂidmmmndm- the
exi stence of oxidation gas is di scl ose I n Japanese Patent Application
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?earing Surface) or air bearing surface in the followings). Japanese
Patent Application Laid-open Sho 63-37874 discloses, under consideration
of the contact area of the ABS and the su_rface of the magnetic disk, a
magnetic head constructed so as to control the contact area smaller than a
predetermined value. Howévér, the specific control method is not disclosed.
Japanese _ Patent Application Laid-open .Hei 6-44717 discloses, under
consideration of the roughneés of the ABS, a magnetic head in which the
roughness of the surface is limited. However, the specific .method for
implementing the control of the roughness of the surface is not disclosed
therein.

Further, Japanese Patent Application Laid-open Hei 2-95807
discloses a method of obtaining a plurality of magnetic heads by forming a
plurality of head cores on a base body made of sintered' ferrite and then
cutting the base body. With this method, coming-off of the grains from the
surface areas of the base body can be prevented by applying a heat
treatment to the base body in an oxygen atmbsphere. However, articles
regarding roughing the ABS is not disclosed.

As represented by the two examples described above, logic of the

magnetic head with the roughed ABS has been brought up, however,



the head are in contact. On the other hand, for exanple, Japanese Patent
Application Laid- open Sho 63-37874 and Hei 6-44717 discl ose an exanpl e of
roughi ng the surface, facing the nmagnetic disk, of the rmagnetic head
¢referred as ABS (Air Bearing Surface) or air bearing surface in the

foll owi ngs). Japanese Patent Application Laid-open Sho 63-37874 discl oses,
under consideration of the contact areasof the ABS and the surface of the
magneti c di sk, a magnetic head constructed so as to control the contact
area snaller than a predeterm ned val ue. However, the specific control

met hod i s spécific saideffdctivamemse fHnimplenipntingaiti las hat deepecoriteived: 44717
di scl oses, under consideration of the roughness of the ABS, a nmagnetic head
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met hod for inplenmenting the control of the roughness of the surface is not
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develop a magnetic head with the ABS being roughed without damaging the
head core part.
Furthermore, a method of manufacturing alumina-type materials
for magnetic head is disclosed in Japanese Patent Application Laid-open
Sho 61-50906, however, a method of manufacturing the magnetic head itself
and its configuration is not mentioned therein. |
SUMMARY OF THE INVENTION |
The invention is designed to overcome the foregoing problems. Itis
an object to provide a magnetic head with a surface (ABS), which is to face a
recording medium, being appropriately roughed without damaging the head
core part, a method of manufacturing the same, and a magnetic disk
apparatus.
A magnetic head of the invention comprises a base body and a head
core part formed on the basé body including at least either a magnetic head
element for writing or a magnetic head element for reading. In the .
-magnetic head, an end face of the base body and an end face of the ilead core
part form a flat surface which is to face a recording medium while the end

face of the base body is roﬁgher than the end face of the head core part.

A method of manufacturing a magnetic head of the invention which



cutting the base body. Wth this nethod, coning-off of the grains fromthe
surface areas of the base body can be prevented by applying a heat

. treatnent to the base body in an oxygen atnosphere. However, articles
regardi ng roughing the ABS is not disclosed. As represented by the two
exanpl es descri bed above, logic of the magnetic head with the roughed ABS
has been brought up, however, -5- spegific and effective nmeans for

i npl ementing it has not been contrived. For exanple, the ABS can be nade

. rough by polishing the surface using a rough abrasive grain. However, there
is a probl eompridest hi baseetodgl 4hdta themdhead pare fpemedion dheabask \bodye
polishing. Accordingly, it is desired to develop a magnetic head with the
ABS bei ng riakideas Wit 16@itteitiisred nidgrichiR Kaalelefichtof wrifiHs loRel Mdghetie

met hod of nanufac%urlng al um na-type materials for nmagnetic head is
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nmet hod of manufacturing t netic Itse

an end face of the base body and an end face of the head core part, the flat
surface being to face a recording medium, after forming the head core part
on the base body; and selectively roughing the end face of the bése body of
the flat surface by performing a chemical processing thereon.

A magnetic disk apparatus of the invention comprises a magnetic
head which includes a base body and a head core part formed on the base
body including at least either a magnei:ic head element for writing or a
magnetic head element for reading. In the magnetic disk apparatus, an
end face of the base body and an end face of the head core part form a flat
surface which is to face a recording medium while the end face of the base
body is rougher than the end face of the head core part.

In each of the magnetic head, the method of manufacturing the
same and the magnetic disk apparatus of the invention, an end face of the
base body ambng a flat surface which includes the end face of the base body
and an end face of the head core part is sélectively roughed so as to make it
rougher than the end face of the head core part.

In each of the magnetic heéd, the method of manufacturing the
same and lthe magnetic disk apparatus of the invention, protrusions of a
predetermined height may be formed only on an end face of the base body.

The height of the protrusions are preferéble to lie within a range of 2 nm to



and its configuration is not nmentioned therein. SUWARY OF THE | NVENTI ON
The invention is designed to overcone the foregoing problens. It is an

obj ect to provide a magnetic head with a surface (ABS), which is to face a
recordi ng medi um being appropriately roughed w thout damagi ng the head
core part, a nethod of manufacturing the sane, and a magnetic di sk
apparatus. A nmagnetic head of the inventjon conprises a base body and a
head core part fornmed on the base body including at | east either a magnetic
head el ement for witing or a magnetic head elenent for reading. In the
magneti ¢ hepflm.an end face of the base body and an end face of the head
core part forma flat surface which is to. face a recording nediumwhile the

end face of the laseadtpdy the heisaic héwd) tHe nedthollasf mimifaetditré ther e

part. A nethod of nmanufacturing a magnetic head of the invention which
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construct the base body by dispersing grains made of at least either metal or
metallic compound into a base material made of insulating substance.
Specifically, it is preferable to be constructed by dispersing at least titanium
carbide (TiC) into a base material made of aluminum oxide (AL;O,).

In each of the magnetic head, the method of manufacturing the
same and the magnetic disk apparafus of the invention, the protrusions
may be formed on an end face of the base body by performing a
predetermined chemical processing to the grains exposed on the end face of

~ the base body. The chemical processing may be performed in a plasma
atmosphere of a predetermined chemical element. It is preferable to be
performed by an oxidation processing.

In the nﬁethod of manufacturing the magnetic head of the invention,
after the step of forming the flat surface, a step of performing a surface
processing on the end face of the base body may be included before the step
of roughing the surface. As an example of the surface processing, thereis a
processing including a step of forming a predetermined coating on the end
faqe of the base body and a Step of removing the coating. As coating, a
photoresist film used in photolithography may be fofmed.

Other and further object, features and advantages of the invention

will appear more fully from the following description.



head el ement for reading includes steps of: formng a flat surface

I ncl udi ng an end face of the base body and an end face of the head core
part, the flat surface being to face a recording nedium after formng the
head core part on the base body; and sel ectively roughing the end face of
t he base body of the flat surface by performi ng a chem cal processing

t hereon. A magnetic di sk apparatus of td8 invention conprises a nmagnetic
head whi ch includes a base body and a head core part formed on the base
body including at |east either a nmagnetic head elenent for witing or a
magneti c head element for reading. In the nmagnetic di sk apparatus, an end
face of the base body and an end face of the head core part forma flat

surface WhiBEIEE DESCRIPTRONO® THRIDRAWING®i | e the end face of the base
body is rougher than the end face of the head core part. In each of the
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protrusi Onsmglflui%lctunng the magnetic head according to the first embodiment of the
invention.

FIG.3 is a cross section for explaining a process following FIG.2.

FIG.4 is a cross section fof explaining a process following FIG.3.

FIGs.5A and 5B are sample drawings showing a cross-sectional
configuration of a base body forming the magnetic head according to the
first embodiment of the invention.

FIG.6 is a perspectiire view showing the external configuration of
the magnetic head accordihg to the first embodiment of the invention.

FIG.7 is a flow chart showing a method of manufactur.ing a
magnetic head according to a second embodiment of the invenﬁbn.,

FIG.8 is a characteristic graph showing correlation between
oxidation time and amount of protruding (height of protrusion) on a base-
body region of an air bearing surface in a method of manufacturing the
magnetic head accor&ing to the invention.

FIGs.9A, 9B and 9C are AFM chart graphs showing roughness of

the surface in each step of method of manufacturing the magnetic head

according to the second embodiment of the invention.



predeterm ned height may be formed only on an end face of the base body.
The height of the protrusions are preferable to lie within a range of 2 nm
to -7- 7 nm In each of the magnetic head, the method of manufacturing
the sane and the nagnetic di sk apparatus of the invention, it is preferable
to construct the base body by dispersing grains nade of at |east either
metal or netallic conpound into a base 4mterial nmade -of insulating
substance. Specifically, it is preferable to be constructed by dispersing
at least titaniumcarbide (TiC) into a base material made of al um num oxi de
(A1203) . I n eachFiG.10eismagrddaracteerstic tgrapheshowing correlhfionutietweehe sane
and the magnetic disk apparatus of the invention, the protrusions may be

forned on ¥Rxiditsod e6kditlont Hd Qﬁﬁ@uﬂpdﬂpfbtrﬁefﬁgﬁaféigﬂt of prawasionyiofete

chem cal processing to the grains exposed on the end face of the base body.
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the magnetic head according to the second embodiment of the invention.

FIG.11 is a perspective view showing the configuration of a magnetic
disk apparatus as an example of a magnetic recording device.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention will be described in detail
with reference to the drawings in the followings. As an example of a
magnetic head of the invention, a composite thin film magnetic head with a
configuration in which a recording head including an inductive-type
magnetié transducer for writing and a reproducing head including a
magnetoresistive. (veferred as MR in the followings) element for reading are
stackéd, and a method of manufacturing the same. will be described.
[First Embodiment] | |

First, with reference to FIG.1 to FIG.6, a method of manufacturing a
composite thin film magnetic head will be described as a method of
manufacturing a magnetic head according to a first embodiment of the
invention. A mégnetic head according to the embodiment will be embodied
thro_ugh a method of manufacturing a- magnetic head according to the
embodiment, éo that both will be deécribed together in the followings.
FIG.1 is a flow chart showing the manufacturing method according to the

embodiment. FIG.2 to FIG.4 are cross sections showing the principal steps



performed by an oxidation processing. In the method of nanufacturing the
magneti c head of the invention, after the step of formng the flat surface,
a step of perform ng a surface processing on the end face of the base body
may be included before the step of roughing the surface. As an' exanple of
the surface processing, there is a processing including a step of formng a
predeterm ned coating on the end face ofiothe base body and a step of
renmoving the coating. As coating, a photoresist filmused in

photol it hography may be formed. Qther and further object, features and
advant ages offthe manufeeturing methodogpmerdingotoctHeldmbodiment. hd igheawbre

descri ption.

-8- BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a flow chart
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enbodi nent of the invention. FIG 2 is a cross section for exp

aining a
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first enbodi ment of

magnetic head. FIG.6 is a perspective view of a magnetic head slider
according to the embodiment from the air bearing surface side. The
magnetic head slider 1 shown in FIG.6 is, for example, used in the same
position as a magnetic heéd slider 100 of the magnetic disk apparatus
shown in FIG.11. The whole conﬁguratioh of the magnetic disk apparatus
according to the embodiment is similar to the one shown in FIG.11 so that
the description will be omitted heréin.

In the manufacturing method according to the embodiment, first, as
shown in FIG.1, a head core part is formed on a base body 10 made of, for
example, altic (Al,0;° TiC) through a method described in the following (step
S1 in FIG.1). As shown iri FIG.SA, altic which is the material of the base
bédy 10 is formed by dispersing grain titanium carbide (TiC) 10b into
aluminum oxide (ALO,: also referred as alumina in the followings) 10a
which is an insulating material. Diameter of the grain titanium carbide
10Db is, for exaﬁple, about 2—3 um.

Next as shown in FIG.2, an insulating layer 21 made of, for example,
alumina is deposited on the base body 10. On the insulating layer 21, a
bottom shield layer 22 for a reproducing head is formed. On the bottom
shield layer 22, a shield gap film 23 is formed by depositing, for example,

alumina to the thickness of 100—200 nm(nanometer) through sputtering.



invention. FIG3 is a cross section for explaining a process foll ow ng
FIG2. FIG4 is a cross section for explaining a process follow ng FIG 3.

FI Gs. 5A and 5B are sanpl e drawi ngs showi ng a cross-sectional configuration
of 'a base body form ng the magnetic head according to the first enbodi nent
of the invention. FIG6 is a perspective view show ng the external
configuration of the magnetic head accoigding to the first enbodi nent of the
invention. FIG7 is a flow chart showi ng a nethod of nmanufacturing a _
magneti c head according to a second enbodi nent of the invention., FIGS8 is
a charact elOptthe ghislkh gap ofim R23;04m MR fikm R4tine erderxtalebnstrutts s MR
anmount of protruding (height of protrusion) on a base- body region of an
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according to the invention. FlIGs.9A, 9B and 9C are AFM chart graphs show ng

magnet i o nddd BRcarheRcl o FREREACURD S HERIHIE Rito AR -RERY Wit i

precision. Next, after forming a lead layer (not shown in figure) as a leader

electrode layer which is electrically connected to the MR film 24 on both
sides thereof, a shield gap film 25 is formed on the lead layer, the shield gap
film 23 and the MR film 24 so that the MR film 24 is buried in the shield
gap films 23 and 25. A top shield-cum-bottom pole (referred as bottom pole
in the followings) 26 made of magnetic material such as permalloy (NiFe),
which is used for both the reproducing head and the fecording head, is
formed on the shield gap film 25. The MR element made of the MR film 24
corresponds to an example of ‘magnetic head element for reading’ of the
invention.

Next, as shown in FIG.3, a recording gap layer 27 made of
insulating material such as alumina is formed on the bottom pole 26, and a
photoresist layer 28 is formed on the recording gap layer 27, in a
prédetermined pattern through photolithography with high precision. On
the photbresist layer 28, a thin film coil 29 for an inductive recording head
made of, for example, copper (Cu) as a first layer of the thin film coils is
formed by, for example, plating method. Subsequently a photofesist layer
30 is formed in a predetermined pattern so as to cover the photoresist layer

.28 and the coil 29 through photolithography with high precision.

Annealing at, for example, 250C is performed in order to flatten the coil 29



FIG 10 is a characteristic graph showi ng correl ati on between oxi dation
condi tion and anount of protruding (height of protrusion) of the base-body
region of the air bearing surface in the nmethod of manufacturing the
magneti ¢ head according to the second enbodi nent of the invention. FIG 11
I's a perspective view show ng the configuration of a magnetic disk
apparatus as an exanple of a magnetic ragordi ng device. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi nents of the,
invention will be described in detail with reference to the drawings in the
f ol | ow ngs.andsinanlatedgtveenitha toeas ef the bah@90f Qrhthe phetoresist layerB@osi t e
thin filmmagnetic head with a configuration in which a recordi ng head
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reproduci ng head i ncluding a nagnetoresistive (referred as MR in the
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accordin toaf| di
g coil 31 t roug photolit ography w1th high pre01s1on and annealing at, for
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example, 250C is performed in order to flatten the coil 31 and insulate
betweén the turns of the coil 31.

Next, as shown in FIG.4, in a position rearward of the coils 29 and
31 (right side in FIG.4), an opening 27a is formed for making a magnetic
path by partially etching the recording gap layer 27. A top yoke-cum-top
pole (referred as top pole in the followings) 33 made of magnetic materials
for the recording head such as permalloy is selectively formed on the
recording gap layer 27 and photoresist layers 28, 30, 32. The top pole 33
has a contact with the bottom pole 26 through the opening 27a to be
magnetically coupled to each other. The recordiﬁg gap layer 27 and the
bottom pole 26 are etched to about 0.5« m by ion milling using the top pole
33 as a mask. By forming an overcoat layer 34 made of, for example,
alumina on the top pole 33, a head core part 2051 is implem_ented. The part
including the bottom pole 26, the recording gap layer 27, the coils 29,31, and
the top pole 33 corresponds to an example of ‘magnetic head element for
writing’ in the invention. |

After completing the head core part 20 as described, an air bearing

surface 40 as a flat surface including an end face of the base body 10 and an



i nvention. A magnetic head according to the enbodinent will be enbodied

t hrough a nmet hod of nmanufacturing a magnetic head according to the

enbodi ment, so that both will be described together in the follow ngs.
HG1is aflowchart showi ng the manufacturing nethod according to the
enbodinment. FIG 2 to FIG 4 are cross sections show ng the principal steps

- 10- of the manufacturing nethod accordang to the enbodi nent. Furthernore,
FIG2 to FIG 4 shows cross sections vertical to the air bearing surface.
FIG 5 shows a sinulated cross sectional configuration of a base body of the

magnet i ¢ headl fdee@fStheshead eorppart 26 ivifermet hy, fer erhmplécperfeimiieg a
according to the enbodinent fromthe air bearing surface side. The nmagnhetic

head sl i dermdclsdidivgl dﬂ;fbcEééﬁlg onSthef BseBHP1 @ and T8 Head! dve paFE 200S ThieOn as
a magnetic head slider 100 of the nmagnetic disk apparatus shown in FIG 11.
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Wil be om'éi).ed v Ieniixr']for means that the difference in height between protrusion
and concave on the air bearing surface 40 is smaller than 1 nm. Lappingis
preferable to be performed by loose abrasive machining using, for example,

0. 1—0.3 # m diamond abrasives.
Polishing debris caused while lapping is removed through washing
the base body 10 by i'otating a brush made of fiber such as nylon. N—
methyl pyrrolidone, for example, is employed as washing solvent. Then,
the base body 10 is rinsed with, foi' example, isopropyl alcohol and drieti

(step S3).

The base body 10 is, for example, placed inside a chamber which is
ﬁlled with oxygen plasma to plasma-oxidize the air bearing surface 40.
During oxidation, the pressure inside the chamber is adjusted to be about 1
Torr, and nitrogen gas (N,) is supplied for 5 minutes an& then oxygen gas
(Op) is supplied for 10 minutes. Nitrogen gas is supplied to make
" temperature of the chamber inside, instruments in the chamber and base
body 10 equal by performin;,; nitrogen-discharge before supplying oxygen
gas. The plasma-oxidation is performed with temperature of, for exémple,
40C and high- frequency output power of, for example, 200 W. As a result,_
as shown in FIG.5B, the portion exposed to the air bearing surface 40

among' the grain titanium carbide 10b which forms the base body 10 is



In the manufacturing nmethod according to the enbodinent, first, as shown in
FIG 1, a head core part is forned on a base body 10 made of, for exanple,
attic (Al[err]derr] TiC through a nethod described in the followi ng (step
S1in FIG1). As shown in FIG5A, altic which is the material of the base
body 10 is forned by dispersing grain titaniumcarbide (TiC) 10b into

al um numoxide (Al[err]derr]: also ref.aared as alumna in the foll ow ngs)
10a which is an insulating material. D aneter of the grain titanium carbide
10b is, for exanple, about 2-3 [err] m Next as shown in FIG 2, an

i nsul at i ng dedactively onitiged o that ieicapritended diram ahiesaid deasingestixface #0 base
body 10. On the insulating layer 21, a bottomshield |layer 22 for a

repr oduci nGyfiRagbrhfink0h MHthnitih txedOITIOY $0¢.€! ThhMs a2pluralizii ¢ff ngap
film23 is fornmed by depositing, for exanple, alumna to the thickness of

100-200 n ”’(ﬁ%ﬁg_{r%(’ﬁsr %ret Y B ors Pl Bg‘ﬁiﬂg?}é re'%igﬂ of fhe alY ﬁéd%(izggﬁu{'f.abgha& an

MR film24°n 0 construct an nment for repro on is formed
It Er Lﬁ\évht gﬂ%ogi}cl}a[r%arﬂr}aﬁbﬁg})sﬁewﬂ Jgergqgr% of the dailp%%taleirnréesdurtfgcea4g bt 'r(r)ﬁghé&ape

Accordingly, in the air bearing surface 40, the roughness of the surface of

the base-body region becomes i'ougher than that of the region of the head
core part which is made to be smooth. The grain titanium carbidel0b is
buried in the alumina 10a which is thé base material so that expansion of
volun_l.e. occurred by reaction of titanium (Ti) and oxygen (O) extends only
towards the height direction (upward/downward direction in figure).
Accordingly, tfx_ere is no change in diameter of thé grain in lateral direction
(right/left direction in figure).

In this instance, height h of the protrusion is preferable to lie within
a range of 2-7 nm. It is because, when it is éma]ler than 2 nm, the surface
of the air bearing surface 40 becomes too smooth so that the surface adsorb
the disk, and when it is larger than 7 nm, the disk may be damaged.
Furthermore, it is more preferable to make it within a range of 3—6 nm.
Moreover, it is the best to make it 5 nm which is the height reached by
performing plasma-oxidation for 20 minutes considering the manufacturing
condition described in the followings. Further, there may be a case where
a sampling test is performed to verify the roughness of the surface of the air
bearing surface 40 using Atomic Force Microscope (AFM) after performing

plasma-oxidation.



precision. Next, after formng a lead |ayer (not shown in figure) as a

| eader el ectrode |ayer which is electrically connected to the MR film 24 on
both sides thereof, a shield gap film25 is forned on the |ead |ayer, the
shield gap film23 and the MRfilm24 so that the MRfilm24 is buried in
the shield gap filnms 23 and 25. A top shield-cumbottompole (referred as
bottom pole in the foll ow ngs) 26 nmade -af- magnetic material such as

permal l oy (Ni Fe), which is used for both the reproducing head and the
recording head, is formed on the shield gap film25. The MR el enent made of
the MR film 24 ciNexbsthmbase bodsn16xamzshedfby thegsemmne anétihmd ad theeaboesr
reading' of the invention. Next, as shown in FIG 3, a recording gap |ayer

27 made of mestibnéd dashbiest (sﬁé;ps5)as alumna is formed on the bottom poI e
26, and a photoresist layer 28 is forned on the recordi ng gap | ayer 27 in

a predeterm ned Mﬁtera[zbstshg t finp?‘?@}% ta“?ﬂ%e%?%e"“ﬁiﬁ Q%Q&éa%fs

t he photoresist [ayer I'm’coi an |n t|ve recor |ng
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preci sion. plasma CVD (Chemical Vapor Deposition) (step S6).

At last, a negative-pressure-generating groove 42 for making the
magnetic head fly from the recording medium is formed by selectively:
etching the region other than _the_ region corresponding to the head core part
20 of the air bearilig surface 40 in order to have the air bearing surface 40
assume a recessed shape (step S7). Further, each magnetic head as shown
in FIG.6 is implemented by following through a dividing procedure by
machine processing. The negative-pressure-generating groove 42 is
formed to generate airflow while the recording medium is rotated. During
rotating the recording medium, pressure inside tile negative-pressure-
generating groove is lower than that of outside. In this instance, the head
core part 20 is protected by the protective film 41 so that it is not be
damaged.

Next, operation of the magnetic head will be described.

In the magnetic head, magnétic flux for writing generates by feeding
electric current to the coils 29 and 31 of the recording head so that

information is recorded on a magnetic recording medium. 'Information

recorded on the magnetic recording medium is read out by feeding sensing



Annealing at, for exanple, 250[err]Cis perfornmed in order to flatten the
coil 29 - 12- and insulate between the turns of the coil 29. On the
photoresist layer 30, a thin filmcoil 31 nade of, for exanple, copper as a
second |l ayer of the thin filmcoils is formed by, for exanple, plating

met hod. A photoresist layer 32 is fornmed with a predeterm ned pattern on

t he photoresist |ayer 30 and the coil 316t hrough photolithography w th high
precision, and annealing at, for exanple, 250[err]C is performed in order
to flatten the coil 31 and insul ate between the turns of the coil 31. Next,
as shown i ruktdatdto ithe MPO§ilini @4 ofe thievaepraafucirnge heaid o Aetertdeakage i afht
side in FIG 4), an opening 27a is formed for making a magnetic path by

partially ehgbhéldc g fr@RAhdi Mbghdc béoRling’mefit@p Yoke-cumtop pol e
(referred as Top pole in the follow ngs) 33 nade of magnetic materials for

o | 0 g o S R 40 g
contact w trgccgr 1n§(1)1t1écﬁ $s effec%veri}r' % 9r€§s@gd e gﬂ'lﬂga ggs% \gv er's the region
of the head core part is made flattened, since the base-body region of the air
bearing surface '40 has a number of fine protrusions formed with titanium
oxide. Further, the air bearing surface 40 is sufficiently protected by the
protective film 41 so that the head core part 20 is not damaged even .in a
case where the magnetic head and the magnetic recording medium are in
contact.
According to the embodiment as described above, after flattening the
air bearing surface 40 by lapping, a number of fine protrusions are
selectively formed only on the base-body region of the air bearing surface 40
by performing. As a result, even in a state as if the surface of the disk and
.the whole of the air bearing surface of the head are likely in contact when
the disk is not rotating, actually, only the protrusions in the base-body
region which occupy most of the ABS areas of the head are in contact with
the disk, and the region of the head core part of the air bearing surfa.ce is
not in contact with tine surface of the disk. Accordingly, adsorption of the
head and the disk can be effectively suppressed without damaging the head
core part 20 even at the time of the starting/stopping operation. . As a result,
in the magnetic disk apparatus to which the magnetic head of the

embodiment is applied, the disk is not required to be made rough for |



magnetically coupled to each other. The recording gap |layer 27 and the
bottom pole 26 are etched to about 0.5 [err]mby ion mlling using the top
pole 33 as a mask. By form ng an overcoat |ayer 34 nade of, for exanple,
alumna on the top pole 33, a head core part 20a is inplenented. The part

I ncluding the bottom pole 26, the recording gap |ayer 27, the coils 29, 31,
and the top pole 33 corresponds to an ejanple of 'magnetic head el enent for
witing in the invention. After conpleting the head core part 20 as

descri bed, an air bearing surface 40 as a flat surface including an end
face of theohsilerhndyetériarutican of CSS18harawteribticeanfl the diskdwiidr ¢hpart 20
Is fornmed by, for exanple, perform ng a nechanical processing on the base

body 10 andrhfeeliRAheaNSkd athir?6r cdil Bedhdedd e Ndcolingly, 3ASulh d fespREE t0 be
a mrror by, for ‘exanple, lapping (step S2). The mrror neans that the

difference jn, 0L lQP%sr %@%@tgﬂﬁg@l Eﬂéilf&&daﬂ&ecﬁg?@bf (i %Jée%@kfc Hg@d itgY

surface 40 s smaller: s apprng I1sp rab e perforned by
| oose abr Aelsive A s!m%&g atthé %imzz OF t5& S rltﬁig/stopping operation.

In the embodiment, the air bearing surface which includes the end
face of the head core part 20 is covered by the protective film 41 so that
damaging of the head core part of the magnetic head can be effectively
suppressed by this as well. Further, even at the time of etching (FIG.1 ;
S7) for forming the negative-pressure-generating groove 42 on the air
bearing surface of the head, damage to the head core part 20 becomes less
by having the protective film 41 on air bearing surface 40 so that'. yield of
manufacturing is improved.

In the embodiment, plasma oxidation is performed to make the height
of the protrusion formed with titanium oxide 2—7 nm, which is the best
value, so that the two objects of improving CSS characteristic and
suppressing damage to the recording medium can be simultaneously and
most effectively achieved.

[Second Embodiment]

FIG.7 is a flow | chart showing a method of manufacturing a
composite thin film magnetic head as a method of manufacturing a
magnetic head according to a second embodiment of the invention.

The manufacturing method according to the embodiment follows

through the same procedure as the first embodiment except that a step of



0.1-0.3 [err] mdi anond abrasives. Polishing debris caused while |apping is
renmoved t hrough washi ng the base body 10 by rotating a brush made of fiber
such as nylon. N- nmethyl pyrrolidone, for exanple, is enployed as washing
sol vent. Then, the base body 10 is rinsed with, for exanple, isopropyl

al cohol and dried (step S3). The base body 10 is, for exanple, placed

I nside a chanber which is filled with oxggen plasma to pl asnma-oxidi ze the
air bearing surface 40. During oxidation, the pressure inside the chanber
is adjusted to be about 1 Torr, and nitrogen gas (N err]) is supplied for 5
m nut es andpplyangmemer(s@@smq,ex step ofbaking (step 1S15),18 step wf esmaning ogen
gas is supplied to nake tenperature of the chanber inside, instruments in

the chanbepegigfl (R3pSS dem&(& Spadf Washitld §tBp 'BI7)i dreosdded betbédy ghbef or e
suppl yi ng oxygen gas he plasma-oxidation is perforned with terrperature
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first embodiment will be omitted herein. The step of applying resist
corresponds to ‘ step of forming coating ’ and the step of removing resist to
‘ step of removing coating ‘ of the invention.

In the step of applying resist (step S14), for example, photoresist is
applied to the air bearing surﬁce. It is preferable to be done by dipping
method which is simple, since fine adjustment in the thickness of the
photoresist is not required

The photoresist is dried by baking the base body on, for example, a
hot plate at a temperature of about 60— 100°C, preferably 80 for 40—80
minutes, preferably 60 minutes (step S15).

The photoresist is removed by using organic solvent such as acetone
or alkaline separation solutidn such as sodium phosphate (step S16). In
this instance, development is not performed so that the separation solution
may not be necessarily employed. Accordingly, it is preferable to use
organic solvent which is not only able to remove resist easily but also less
costly and. Further, the base body is washed by the same method as the
step of washing (step S3) described above.

In the embodiment, after lapping the air bearing surface,

photoresist is applied to the air bearing surface and then removed before



-14- selectively oxidized so that it is protruded fromthe air bearing
surface 40 with formng a titaniumoxide (TidJerr]) 10c. That is, a
plurality of fine protrusions are formed on the base-body region of the air
beari ng surface 40 so that only the base-body region of the air bearing
surface 40 is roughed. Accordingly, in the air bearing surface 40, the
roughness of the surface of the base-body-regi on becones rougher than that
of the region of the head core part which is nade to be snooth. The grain
titaniumcarbide 10b is buried in the alum na 10a which is the base

mat eri al s drforimimgpexidation qfrovedsimge oncther bast bydy. S¥ithi the pfocedurmithe (Ti)
and oxygen (O extends only towards the height direction (upward/ downward

di rection igyothiilihg) am6aae ot the! j[drot?rﬁ@ibﬁ_ fornitd S iahindi axideesardibet he
grain in lateral direction (right/left direction in figure). In this

| nstance, hﬂﬁ'ga Led aofdé%dprvmﬁasi nd Sofp&ﬁ%g]&%bﬁmm lkhfs Yh iHe?}Ha&“gé of

2-7 nm It ecause, en it 1s snmaller t t he surface the air
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.Next, an effect obtained through the embodiment will be described
based on the specific measurement result with refefence to FIG.8 to FIG.10.
FIG.8 shows the relation between the height of the protrusion of the
air bearihg surface andl the processing time of plasma oxidation when
forming the air bearing surface by the method according to the second
embodiment. Specifically, it shows the result of measuring the height
(amount of protruding) in the base-body region of the air bearing surface
using AFM, after applying photorésist (step S14), baking it (step S15),
removing it (step S16) and oxidizing the air bearing surface of the magnetic
head for various length of time (step S18). Axis of ordinates represents the
height h (am) of the protrusion and axis of abscissas represents the
processing time (minutes) of oxidation.
As shown in FIG.8, it is evident that the protrusion of 2—7 nm are
formed on the base-body region of the air bearing surface. That is, it is
made evident that the protrusions with the height within a range of 2—7
nm are formed on the base-body region of the air bearing surface depending
on the length of the processing time of oxidation when applying and

removing photoresist is performed. Specifically, the height of the



Moreover, it is the best to make it 5 nmwhich is the height reached by
perform ng plasma-oxidation for 20 m nutes considering the manufacturing
condition described in the followi ngs. Further, there may be a case where a
sanpling test is perforned to verify the roughness of the surface of the
air bearing surface 40 using Atomi c Force M croscope (AFM after performng
pl asma- oxi dat i on. - 15 - Next, the base body 10 is washed by the sane
met hod as the above- nentioned washing step (step S5). Next, as shown in
FIG 6, a protective film4l made of DLC (Di anond-1|i ke Carbon) with the

t hi ckness @kotrudidonnin 8s7 tmi nehlew roxiduetion s pesforhomk forf 10haimutesbend iibg
surface 40 by perform ng, for exanple, plasma CVvD (Chem cal Vapor

Deposi ti OnyeddHeBP 5560m AvhéRSbxidativRodk perPrAedU fBr ISPSUR! 20 OnBhafse 42
for maki ng the magnetic head fly fromthe recording nediumis forned by

sel ecti vel ynairlinihe! BBt EROWAInHATe, IR Veifod Gt theSHd SREVPEHEBab the

head core part _
body in the air bearing surface is slightly roughed about, for example, to 1—

2 nm, even in a case where the step of applying and removing photoresist
like the above-mentioned first embodiment is not performed.

FIG.9 shows the roughness of the base-body region of the air bearing
surface in each step of the manufacturing method according to the second
embodiment. Specifically, it is an AFM chart obtained through observing
the state of the surface in each step by AFM. FIG.9A shows a state of the
surface after lapping the air bearing surface, FIG.9B shows a state of the
surface of the base-body of the air bearing surface after performing plasma
oxidation, and FIG.9C shows a state of the surface after forming the
protective -film made of DLC. In these figures, axis of ordinates
represents the roughness (nm) and axis of abscissas represents the
observation range of AFM (£ m). Furthermore, the observation range of
AFM was set to 154m X 10u#m. As shown in FIGs. 9A and 9B, it is
made evident that the roughness of about 5nm can be provided on the air
bearing surface by plasma oxidation. The surface | of the air bearing
surface is flattened to some degree (see FIG.9C) after forming the protective
film, however, it has the enough roughness to obtain the effects of the
embodiment. |

FI1G.10 shows the relation between the processing time of plasma



20 of the air bearing surface 40 in order to have the air bearing surface
40 assune a recessed shape (step S7). Further, each magnetic head as shown
in FIG6 is inplemented by foll owi ng through a dividing procedure by

machi ne processing. The negative-pressure-generating groove 42 is formed
to generate airflow while the recording nediumis rotated. During rotating
the recordi ng nedium pressure inside the. negative-pressure- generating
groove is lower than that of outside. In this instance, the head core part
20 is protected by the protective film4l so that it is not be damaged.
Next, oper akiduticd ahdetheabeiglitcofhtiae prbtrusivm d€theidiedearing Barfargrfori c
head, nmagnetic flux for witing generates by feeding electric current to

- the coils QA9fesshcd Waietidieof FIPbdtpichpaWes0 Sprifiddllyoibalithe résuleesr ded

on a magnetic recording nmedium Information recorded on the nagnetic
recordi ng ' ' . qut i e e , ; he MR
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body of the air bearing surface using AFM after performing plasma

oxidation on the air bearing surface for various oxidizing time when
changing RF electric power from 200W, to 300W and 400W respectively.
Axis of ordinates represents the height h (nm) of the protrusion and axis of
abscissas represents the processing time (minutes) of oxidation. Data X
represents the result of a case with RF electric power being 200W, data Y
represents the result of RF electric power being 300W and data Z represents
the result of RF electric power being 400W. As shown in FIG.IO, the
amount of protruding on the base-body region of the air bearing surface
" becomes about 5 nm when performing oxidation with RF electric power
being 200W for 30 minutes, 300W for 20 minutes and 400W for 10 minutes
" respectively.

While the invention isl described by referring to the two
embodiments mentioned abové, it is not limited to the above-mentioned
embodiments but various modification is applicable. For example, in the
above-mentioned embbdiments, a case where the base body is formed with
altic (Al,0; TiC) is described, however, materials formed by dispersing
graihs made of metal (for example, titanium), silicon (Si) or compound of
those and the like into the base material made of an insulating material can

be used as the base body.



magnetic flux fromthe magnetic recording nedium In this instance,
adsorption of the magnetic head and the nagnetic recording nmediumis
effectively suppressed even in a case where the region of the head core
part is made fl attened, since the base-body region of the air bearing
surface 40 has a nunber of fine protrusions fornmed with titani um oxi de.
Further, the air -bearing surface 40 is.gufficiently protected by the
protective film41l so that the head core part 20 is not damaged even in a
case where the magnetic head and the magnetic recording nediumare in
contact. Accordi ig the dbvweanbntionedtenslsodiammtsbadasbwkereatlieebasd-bodgni ng
the air bearing surface 40 by | apping, a nunber of fine protrusions are

sel ectivel yobigh"BE tRB! XirOBed RgPSSEaROdY dedéitiielPimhbie Aghd®3' plknealr f ace
40 by performng. As a result, even in a state as if the surface of the
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cont act when e disk is not actua protrusions in

t he base-bag .egj on ich u nosi of, the ABS.areas,,of; t he d are in
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bearing surface is _not in_cqontact, with the surface of .the djsk.
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suppressed w thout damagi ng the head )
nitriding processing or other chemical processing.

In the above-mentioned embodiments, a composite thin film
magnetic head and a method of manufacturing the same are described,
however, the invention can be applied to a magnetic head for recording only
having an inductive-type magnetic transducer for writing or a magnetic
head having an inductive-type magnetic transducer for both recording and
reproducing. Further, the invention can be applied to a magnetic head
having a conﬁguratioh in thch the stacking order of the element for
writing and the element for reading is reversed.

According to the magnetic head or the magnetic disk apparatus of
the invention described so far, adsorbing the reco;'djng medium during the
operation can be effectively suppréssed even when an end face of the head
core part is smooth, since the roughness of an end face of the base body
which is to face the recording medium is made rougher than that of the end
face of the head core part. As a result, CSS characteristic can be improved.

Particularly according to the magnetic head or the magnetic disk
apparatus of one aspect 6f the invention, adsorption of the head and the

disk can be effectively suppressed without damaging the head core part



" core part 20 even at the tinme of the starting/stopping operation. As a
result, in the nmagnetic disk apparatus to which the magnetic head of the
enbodi ment is applied, the disk is not required to be nade rough for -
17 - considering deterioration of CSS characteristic, and the disk with the
surface polished like a mrror can be used. Accordingly, in such a respect,
there is less possibility for the head -23re part of the magnetic head to
receive a damage at the tine of the starting/stopping operation. In the
enbodi ment, the air bearing surface which includes the end face of the head
core part 2ensatthernirenf theestarting/stopging oéperationy sinet thin prefirngions t he
head core part of the magnetic head can be effectively suppressed by this

as wel | . Fugithel pre@¢esrmindditeibhtBroforaiddonly onFitehd $dde bfthellisaibodyt he
negati ve- pressure-generating groove 42 on the air bearing surface of the

head, damgﬁn&ﬂ%y‘ﬁ’aﬂﬁﬁ‘fa&oﬁ%ﬂﬁgto@cﬁ?H@?@c%ﬁ*gﬂl?nf%i%ﬁ?\’i ng the protective

film41l on air bearing surfa so that yie ufacturing is

I mproved. According to the magnetic head or the magnetic disk apparatus of

another aspect of the invention, improving CSS characteristic and
suppressing damage to the recording medium can be more effectively
accomplished since fhe protrusions with the height between a range of 2nm
to 7 nm are formed only on an end face of the base body.

‘According to the method of manufacturing magnetic head of the
invention, an end face of the base body is selectively made rough by
performiné chemical processing on the end face of the base body among a
ﬂat surface, including the end face of the base body and an end face of the
head core part, which is to face the recording medium. As a result,
appropriate roughness can be given only on the end face of the base body |
under excellent control without damaging the head core part comparing to a
case where the surface is made rough by polishing using, for example, rough
abrasive grain.

.Particularly, according to the method of manufacturing the
magnetic head of one aspect of the invention, roughing the surface can be
performed promptly and effectively since, after forming a flat surface
including an end face of the base body and an end face of the head core part,
which_is to face the recording medium, surface processing is performed on

the end face of the base body, before selectively roughing the end face of the



I-n t he enbodi nent, plasma oxidation is perfornmed to nake the height of the
protrusion fornmed with titaniumoxide 2-7 nm which is the best value, so
that the two objects of inproving CSS characteristi-c and suppressi ng damage
to the recordi ng nedi um can be sinmultaneously and nost effectively

achi eved. [Second Enbodinent] FIG7 is a flow chart showi ng a nethod of
manuf acturing a conposite thin fil mnagieti c head as a net hod of

manuf acturi ng a magneti c head according to a second enbodi ment of the

i nvention. The manufacturing nethod according to the enbodi nent follows

t hr ough t hbaseabedypr ocedure as the first enbodi ment except that a step of

- 18- applying resist (step S14), a step of baking (step S15), a step of
renmoving resi st Obvivshi6nanyd modifatiohswasid Niratiens S3f7)thar redele

bet ween the step of washing (step S3) and the step of oxidizing of the

manuf act ur ji@niRkAY ssible ihiths 1ighTREEheBBbve AosdhAkAT! it is'therélsRetd Pti on

simlar to the
be understood that within the scope of the appended claims the invention

may be practiced otherwise than as specifically described.



first enbodinent will be omtted herein. The step of applying resist :
corresponds to' step of formng coating' and the step of renoving resist to
"step of renmpving coating' of the invention. In the step of applying resist
(step S14), for exanple, photoresist is applied to the air bearing surface.
It is preferable to be done by dipping nethod which is sinple, since fine
adjustnent in the thickness of the photgsesist is not required The
photoresist is dried by baking the base body on, for exanple, a hot plate
at a tenperature of about 60- 100[err]C, preferably 80[err]C for 40-80

m nut es, pR¥hat aodlxined ie:nutes (step S15). The photoresist is renoved by
usi ng organi c solvent such as acetone or al kaline separation solution such
as sodi um phosphate (step S16). In this instance, devel opnment is not
performed so that the separation solution nmay not be necessarily enpl oyed.

Accordingly, itqis Rr r.gani ¢ sol vent which is not only able
to renove resi s]t'Aelggigﬁ%ﬁé&%hglcéglﬁéggéostIy and. Further, the base body is

washed by the s t hod the step of washing (step S3) described above.
In the enbodi rr@?lggsegg?‘gr aI‘@Spi ng the air bearing surface, photoresist is :

applied to the air. bearing surface and then yepovye fore ]
PP a head core pgart formed on t?xe base body in(ﬂugfng at least either a

magnetic head element for writing or a Iﬁagnetic head element for reading,
wherein an end face of the base body and an end face of the head core part
form a flat surface which is to face a recording medium while the end face of

the base body is rougher than the end face of the head core part.

2. A magnetic head according to claim 1 wherein protrusions with a
predetermined height are formed only on the end face of the base body in

the flat surface.

3. A magnetic head according to claim 2 wherein the base body is
formed by dispersing grains made of at least either metal or metallic

compound into a base material made of insulating substance.
4. A magnetic head according to claim 3 wherein the protrusions are
formed by performing a predetermined chemical processing to the grain

exposed on the end face of the base body.

5. A magnetic head accordiné to claim 4 wherein the chemical

|



-19- perform ng oxidation processing on the base body. Wth the procedure,
the protrudi ng anount of the protrusion formed with titani um oxi de can be
made to a desired value. One of the reason for this nmay be that

contam nation attached to the air bearing surface is renoved by applying
and renoving the resist so that oxidation of titaniumis pronoted. Next, an
ef fect obtained through the enbodi nent \wl| be described based on the
specific measurenent result with reference to FIG8 to FIG 10. FIG 8 shows
the rel ation between the height of the protrusion of the air bearing

sur f ace angrobesshig cies perforinede inf a pphsida oximedplte W . fpedetrniinedai r
bearing surface by the nethod according to the second enbodi nent.

Speci fi cal IchentitaBdlewenthe result of neasuring the height (anmount of
protruding) in the base-body region of the air bearing surface using AFM
after applying photoresist (step S14), baking it (step S15), renoving it
(step S16) and oxidi zing the air bearing surface of the magnetic head for

various Iength of 4 L2 ShEm P soct¥lifiefo US4 SHesBl 358! Bnbliar

processing is an oxidation processing.

7. A magnetic head according to claim 3 wherein the base body is
formed by dispersing at least grains made of titanium carbide (TiC) into a

base material made of aluminum oxide (AL,Q,).

8. A magnetic head according to claim 2 wherein the height of the

protrusion lies within a range of 2 nm to 7 nm.

9. A method of manufacturing a magnetic head comprising a base body
and a head core part formed on the base body including at least either a
magnetic head element for writing or a magnetic head element for reading,
including steps of:

forming a including an end face of the base body and an end face of the
head core part, the flat surface being to face a recording medium, after
forming the head core part on the base body; and

selectively roughing the end face of the base body of the flat surface by

performing a chemical processing thereon.
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hei ght h (nm of the protrusion and axis of abscissas represents the
processing tine (mnutes) of oxidation. As shown in FIG 8, it is evident
that the protrusion of 2-7 nmare forned on the base-body region of the air
bearing surface. That is, it is nade evident that the protrusions with the
hei ght within a range of 2-7 nmare fornmed on the base-body region of the
air bearing surface depending on the |ength of the processing tine of

oxi dation when applying and renovi ng photoresist is perforned.

Specifically, the height of the -20 - protrusion is 3.7 nm when
oxidation is peofAmethddosf dhrifaciuaingadmagnetiodivasl aciomlidzeto obdinadi on is
performed for about 20 m nutes. Furthernmore, not shown in figure, it is

verified tRahedh ROEIsiOS Hith @Pmeﬂﬁﬁi/ed Reidift Abd fh9Red B9 £hY bade i s

slightly roug%ed about for exanpl e - nm even in a case where the

step of ap%gé Bp'f per dgy@%gbg&g&l@trg{% sléfn he above-nentioned first

enbodi nent TS” no ighness of the base-body
region of the air bearlng

11. A method of manufacturing a magnetic head according to claim 10
wherein a material made by dispersing grains made of at least either metal
or metallic compound into a base material made of insulation is used as the

base body.

12. A method of manufacturing a magnetic head according to claim 11
wherein the protrusions are formed by performing a predetermined

chemical processing to the grain exposed on the end face of the base body.

13. A method of manufacturing a magnetic head according to claim 12
wherein the chemical processing is performed in a plasma atmosphere of a

predetermined chemical element.

14. A method of manufacturing a magnetic head according to claim 12

wherein an oxidation processing is performed as the chemical processing.

15. A method of manufacturing a magnetic head according to claim 11
wherein a material made by dispersing at least grains of titanium carbide

(TiC) into a base body made of aluminum oxide (AL,O,) is used as the base
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~surface in each step of the manufacturing nmethod according to the second
enbodi nent. Specifically, it is an AFM chart obtai ned through observing the
state of the surface in each step by AFM FI G 9A shows a state of the
surface after |lapping the air bearing surface, FIG 9B shows a state of the
surface of the base-body of the air bearing surface after perform ng plasna
oxi dation, -and FI G 9C shows a state of .the surface after form ng the
protective film made of DLC In these figures, axis of ordinates
represents the roughness (nn) and axis of abscissas represents the
observati obodginge of AFM ([err]n). Furthernore, the observation range of
AFM was set to 15 [err]m X 10[errJm As shown in FIGs. 9A and 9B, it is
made evi dent that the roughness of about 5nm can be provided on the air
bearing surface by plasna oxidation. The surface of the air bearing surface
is flattened tfps r . . 4N . .jvg film
16. R'Eeﬁ%qgﬁpnﬁi%?a&bﬁ%holg%glﬁétﬁ HeAd g%ég?gmg R}t Egatdn §

however, it has the enou roughne;s n the ef . .
embodi ment ¢, fGr IR hNStep°bR! hftBr Al SE WP SoPhISE e Bat! BreRle, P! 25T

performing surface processing on the end face of the base body before the

roughing step of the end surface of the base body.

17. A method of manufacturing a magnetic head according to claim 16
wherein the surface processing step includes a step of forming a
predetermined coating on the end face of the base body and a step of

removing the coaﬁng.

18. A method of manufacturing a magnetic head according to claim 17

wherein the coating is a photoresist film used in photolithography.

19. A method of manufacturing a magnetic head according to claim 10

wherein the protrusions are made to have height of between 2 nm to 7 nm.

20. A magnetic disk apparatus comprising a magnetic head which
includes a base body and a head core part foimed on the base body including
at least either a magnetic head element for writing or a magnetic head
element for reading; wherein:

an end face of the base body and an end face of the head core part form

AT A




-21 - oxidation and the height of the protrusion of the air bearing surface
for differenct varieties of RF electric power. Specifically, it is the
result of measuring the height (anobunt of protruding) of the protrusion of
t he base- body of the air bearing surface using AFM after perform ng plasnma
oxi dation on the air bearing surface for various oxidizing tinme when
changing RF electric power from 200W t@9300W and 400Wrespectively. Axis
of ordinates represents the height h (nm of the protrusion and axis of
absci ssas represents the processing tine (mnutes) of oxidation. Data X
represent s d flet sedfutd wificlh i€ 66 €acsi 4 beddrdigeniediumpaohie theiengl £220\0f tHat a Y
represents the result of RF electric power being 300Wand data Z represents
the resu't_b%.fse'Bﬁd?|i§%1ﬁgl§erpﬂih@ftﬂéeéﬁkﬂféh@®ﬂthé&;e%|ﬂ%eb@.rf' G 10, the amount
of protruding on the base-body region of the air bearing surface becones
about 5 nmwhen perform ng oxidation with RF electric power being 200Wfor
30 m nutes, 300Wfor 20 mnutes and 400Wfor 10 m nutes respectively. Wile
the invention is described by,.referring to the .tw enbqgdi ments nt i.oned
bbover 1t 1o bk 4 piagRr A HBRbatEN. RIS, E fEHD U T Ba B s
modi fi catl %rl'oil:rsus?o%sl \Iw(ft bzla. %rengtrergiﬁgR h%igllltna;ehi%rmed only on an end face of

the base body in the flat surface.

22. A magnetic disk apparatus according to claim 21 wherein the base
body is formed by dispersing grains made of at least either metal or metallic

compound into a base material made of insulating substance.

23. A magnetic disk apparatus according to claim 22 wherein the
protrusions are formed by performing a predetermined chemical processing

to the grains exposed on the end face of the base body.

24. A magnetic disk apparatus according to claim 23 wherein the
chemical processing is performed in a plasma atmosphere of a

predetermined chemical element.

25. A magnetic disk apparatus according to claim 23 wherein the

chemical processing is an oxidation processing.

26. A magnetic disk apparatus according to claim 22 wherein the base

_—
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above-nenti oned enbodi nents, a case where the base body is fornmed with
altic (Alferr]Jerr] TiC) is described, however, materials forned by

di spersing grains made of netal (for exanple, titanium, silicon (Si) or
conmpound of those and the like into the base material nmade of an insul ating
material can be used as the base body. -22- In the above-nenti oned
enbodi ments, a case where the base-body3pegi on of the air bearing surface

i s selectivel y made rough by plasma oxidation as a chemical processing is
descri bed, however, it can be also selectively nmade rough by thernal

oxi dation leodgtib&'brmeﬂ hyddiepersing at ileast graindaradet dfetitzadenbeatpide (Ti€}) can
be al so sel ectively made rough.by nitriding processing or other chem cal
processi ng.intdla iRe 3RANER1ATERLAS BEALBRRANM BIdS (AROgONPOsi te thin film
magnetic head and a nethod of manufacturing the Sane are described,
however, the invention can be applied to a magnetic head for recor d| ng only
havi ng an inductive-type magnetic transducer for witing or a nmagnetic

27. A magnetic disk apparatus according to claim 21 wherein the height

of the protrusion lies within a range of 2 nm to 7 nm.

_—
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head havi ng an inductive-type nmagnetic transducer for both recordi ng and
reproduci ng. Further, the invention can be applied to a magnetic head
havi ng a conflguratlon in which the stacking order of the el ement for
writing and the elenment for reading is reversed. According to the magnetic
head or the magnetic di sk apparatus of tHe invention described so far,
“adsorbing the recording nediumduring the operation can be effectively
suppressed ezgrpker an-end face of the head core part is snooth, since the
roughness of—an end face of the base body which is to face the recording
medi umis made rougher than that of the end face of the head core part. As

a result, teristi be_.i ' art.i ri ccording to the
magneti c hgiﬁ“fc};@fﬂg % ﬁ%ﬁg&g 8gp%§l&§¥ggl'8§§§£ﬁ‘eg§§%éc¥“§f t he
i nvention, aMsENEPFi©DPEK I ArPARARPgENd t he di sk can be effectively
suppressed wi t hout- damagi ng the head core part -23 - even at the tinme of

the starting/stopping operation, since the protrusions with a predeterm ned
hei ght are formed only on an end face of the base body

A magnetlc head w1th an air bearmg surface to which an
appropriate roughness, a method of manufacturing the same, and a
magnetic disk ap_pératus -ere provided. A head core part is formed on a
base body made of altic formed by dispersing grain titanium carbide into
alumina, and tlden an air ‘,bearing surface is formed. Next, plasma
oxidation is performed so that a number of protrusions with height of about
5 nm are selectively formed only on the base-bodj region of the air bearing
surface. The protrusions are composed of titanium oxide fos'med by the
eiposed portion among- titanium carbide grains on the air bearing surface
being selectively oxidized. Growth of the protrusions is promoted by
applyiﬁg photoresist on the ABS and removing it before performing plasma
oxidation. The magnetic head has no risk of adsorbing a recording medium

so that it has excellent CSS.

_
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anong a flat surface which is to face the recording nedium According to
the magnetic head or the magnetic di sk apparatus of another aspect of the

i nvention, inproving CSS characteristic and suppressing danage to the
recordi ng nmedi um can be nore effectively acconplished since the protrusions
wi th the height between a range of 2 nmto 7 nmare fornmed only on an end
face of the base body. According to the thod of manufacturing magnetic
head of the invention, an end face_of-khgfbase body is selectively nade
rough by perform ng chem cal processing on the end face of the base body
anong a flat surface, including the end face of the base body and an end
face of ‘the head core part, which is to face the recording dium As a
result, appropriate roughness can be given only on the end ce of the base
body under excellent control wt [ ad core pgart conparin
to g case where the sucface is QE Eﬁﬁﬂﬁﬁﬁghggﬂérﬁﬂﬂfng HcingF for ezgnple?
rough abrasive grain. Particularly, accorfling to the nethoq$%f
manuf acturi ng the magnetic head of one aspect of the inventtYon, roughing
the surface can be perif ornmed pronptlpo?ﬂilgiggctively since, |after form ng
a flat surface includilng—an end face o e _ase body and anlend face of
the head core part,

S3
Wash base body
| s4
Rough surface by plasma-oxidation
Sh
Wash base body
S6
Form protective film (DLC)
S7
Form negative-pressure
- generating groove ..
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which is to face the recording nmedium surface processing is performed on
the end face of the base body, before selectively roughing the end face of
t he -24 - base body. Cbviously nmany nodifications and variations of the
present invention are possible in the light of the above teachings. It is
therefore to be understood that within the scope of the appended clains the
I nvention may be practiced otherw se than,as specifically descri bed. -25
- What is clained is: 1. A nagnetic h onprising: a base body; and a
head core part fornmed on the base body including at | east either a
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magneti c head element for witing or a magnetic head el enent for reading,
wherein an end face of the base body and an end face of the head core part
forma flat surface which is to face a recording nmediumwhile the end face
of the base body is rougher than the end face of the head core part. 2. A
magneti ¢ head according to claim1l wherein protrusions with a predeterm ned
hei ght are formed only on the end fac%igj the base body in the flat

- surface. 3. A nagnetic head according %Iain12 wherein the base body is

formed by dispersing grains nade of at |east either netal or netallic
conpound into a base material made of insulating substance. 4. A magnetic
head according to claim3 wherein the protrusions are forned by perform ng
a predeterm ned chem cal processing to the grain exposed on the end face of
t he base body. 5. A magnetic head according to claim4 wherein the chem cal
-26- processing is perforned in a plasma atnosphere of a prtQeterm ned

10b 10b  10a /
(
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chem cal elenment. 6. A magnetic head according to claim4 wherein the

chem cal processing is an oxidation processing. 7. A magnetic head
according to cl.aim3 wherein the base body is formed by di spersing at |east
grains made of titaniumcarbide (TiC) into a base material made of al um num
oxide (Al[err]derr]). 8 A magnetic head according to claim2 wherein the
hei ght of the protrusion lies within a range of 2 nmto 7 nm 9. A nethod
of manufacturing a magnetic head conp#@éggg a base body and a head core
part fornmed on the base body including at |east either a magnetic head

el ement for witing or a magnetic head el ement for reading, including steps
of: formng a including an end face of the base body and an end face of the
head core part, the flat surface being to face a recording nedium after
form ng the head core part on the base body; and sel ectively roughing the
end face of the base body of the flat surface by performng a chem cal
processi ng thereon.

FIG.6



-27- .10. A nethod of manufacturing a nagnetic head according to claim?9
wherein protrusions with a predeterm ned height are forned on the end face
of the base body by the chem cal processing. 11. A method of manufacturing
a magnetic head according to claim 10 wherein a nmaterial nade by di spersing
grains made of at least either - nmetal or nmetallic conpound into a base
materi al made of insulation is used as_the base body. 12. A nethod of

manuf acturing a magneti c head accordlﬁb/’ claim 11 wherein the protrusions
are formed by performng a predeterm ned chem cal processing to the grain
exposed on the end face of the base body. 13. A nethod of nmanufacturing a
magneti ¢ head according to claim 12 wherein the chem cal processing is
performed in a plasma at nosphere of a predeternined chem eall el ement. 14. A

met hod of manufacturing a nagnetd c_head cordln claim I wherein an
oxi dati on processing ”i Derformf ?rﬁ@d é? IH:rocesm ng.| 15. A nethod
of manufacturing a nmagneti c head accordinf to claim1l whgraln a materia
made by di spersing at | east grains of titanium carbide
Form ABS
S13
Wash base body
| S14
Apply resist
S156
Bake
S16
Remove resist
S17
Wash base body
S18
Rough surface by plasma-oxidation
S19
Wash base body
S20
Form protective film (DLC)
S21
Form negative-pressure
-generating groove
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(FiC) into a base body made of alum numoxide (Al[err](err]) is used as

t he base -28 - body. 16. A nethod of manufacturing a nagnetic head
according to claim9 further including a step of, after the step of form ng
the flat surface, performing surface processing on the end face of the base
body before the roughing step of the end surface of the base body. 17. A
nmet hod of manufacturing a nmagnetic hea agcording to claim 16 wherein the
surface processing step includes a st form ng a predeterm ned coating
on the end face of the base body and a step of renmoving the coating. 18. A
met hod of manufacturing a nmagnetic head according to claim17 wherein the
coating is a photoresist filmused in photolithography. 19. A nethod of
manuf acturing a magnetic head according to claim10 wherein the protrusions
are made to have i ght of between 2 nmto 7 nm 20. A nmagnetic disk
apparatus conpri si gg ?Onagnetic head whi ch
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i rcl udes a base body and a head core part forned on the base body i ncl uding
at least either a magnetic head elenent for witing or a magneti c head
elLenment for reading; wherein: an end face of the base body and an end face
of the head core part form -29- a flat surface which is to face a
recording nediumwhile the end face of the base body is rougher than the
end face of the head core part. 21. A magnetic di sk apparatus according to
claim 20 wherein protrusions with a pr e8er i ned hei ght are formed only on
an end face of the base body in the flat surface. 22. A magnetic disk
apparatus according to claim 21 wherein the base body is formed by

di spersing grains nmade of at |east either netal or netallic conpound into a
base material nmade of insulating substance. 23. A magnetic di sk appar at us
according to claim 22 wherein the protrusions are forned by performng a
predet erm ned chem cal processing to the grains exposed on the end face of
t he base body.
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24. A magnetic di sk apparatus according to claim 23 wherein the chem cal
processing is perfornmed in a plasma at nosphere of a predeterm ned chem ca
ekement. 25. A magnetic di sk apparatus according to claim 23 wherein the
chem cal processing is an oxidation processing. 26. A magnetic disk
apparatus according 'to claim 22 wherein the base +-30- body is forned by
di spersing at |east grains nmade of titéﬂf m carbide (TiC) into a base

mat eri al nade of al um num oxi de (Al[er {) err]). 27. A magnetic disk
apparatus according to claim21 wherein the height of the protrusion |ies
within a range of 2 nmto 7 nm
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ABSTRACT

MAGNETIC HEAD, METHOD OF MAﬁUEACTURING SAME, - AND
“MAGNETIC DISK APPARATUS

A magnetic hea:('l: ﬁr.-ith an air be_arin.g surface to which an
appropriate roughness, a method of manufacturing the sanie, and a
magnetic disk appalfatus are provided. A head core part is formed on a
base body made of altic formed by dispersing grain titanium carbide into
alumina, and then an air .bearing surface is formed. Next, plasma
oxidation is performed so that a number of protrusions wifh heiglit of about
5 nm are selectively formed only on the base-bods; region of the air bearing
surface. The protrusions are composed of titanium oxide fofmed by the
exposed portion among' titanium carbide grains on the air bearing surface
being selectively oxidized. Growth of the protrusions is promoted by
applying photoresist on the ABS and removing it before performing plasma
oxidation. The magnetic head has no risk of adsorbing a recording medium

so that it has excellent CSS.

FIG. 7
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