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invention relates to a nagnetic head and nore particularly it relqggggﬁg
magneti ¢ head with which the . adhesi on phenonmenon does not readily o
BACKGROUND ART Magnetic heads in the known art that fly while

mai ntai ning a ninute distance fromthe magnetic recording nedium by using..
the dynam c pressure that is generated aslthe magnetic recording nedi um
travels include, for instance, the magnetic head disclosed in Japanese
Exam ned Patent Publication No. 213KKE&RESTHER magnetic head in
Japanese Exam ned Patent Publication No. 28650/ 1983. Each of the
magneti c heads nentioned above that is nounted at the front end of a head
support device in a magnhetic recording / reproduction apparatus, is driven
t hrough the so - TECHNICAL FIELD

The present invention relates to a magnetic head and
more particularly it relates to a magnetic head with which the
adhesion phenomenor_l does not readily occur.

BACKGROUND ART

Magnetic heads in the known art that fly while
maintaining’ a minute distance from the magnetic recording
medium by using the dynamic pressure that is generated as the
magnetic recording medium travels include, for instance, the
magnetic head disclosed in Japanese Examined Patent Publication
No. 21329,/1983 and the magnetic head in Japanese Examined
Patent Publication- No. 28650,71983.

Each of the magnetic heads mentioned above that is
mounted at the front end of a head support device in a magnetic
recording / reproduction appératus, is drivén through the so—
called contact start —stop method whereby an operation is started
or stopped in a state in which the air bearing surface (hereafter
referred to as the ABS) ‘of the slider is placed in spring contact
with a front surface of the magnetic disk. While the ABS is
pressed against the surface of the magnetic disk due to the
spring pressure when the magnetic disk is stationary, a lift
dynamic pressure is generated at the ABS of the slider when
the magnetic disk rotates so that the magnetic head flies above

the surface of the magnetic disk.



call ed contact start - stop method whereby an operation is started or
stopped in a state in which the air bearing surface-(hereafter referred to
as the ABS) of the slider is placed in spring contact wth a front surface
of the magnetic disk. Wile the ABS is pressed against the surface of the
magnetic disk due to the spring pressure when the nmagnetic disk is _
stationary, a lift dynamc pressure is geherated at the ABS of the slider
when the magnetic disk rotates so that the nagnetic head flies above the

surface of the magneticygi §kis t%r e of §életlc recordm reﬂ'ocfuctlon
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smal | est possible value in order to support hidgh densi recordin
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magnetlc head tends to collide wth the surface of e magnetic
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durability by preventing
magnetic head is reduced, the magnetlc head tends to collide with
the surface of the magnetic head which may result in damage .
such as a crash.

One means for improving the durability by preventing
such a crash is achieved by using a magnetic disk having a high
degree of surface smoothness. Héwever, since a lubricant is
applied_to the surface of the magnetic disk having a high degree
of surface smoothness under normal circumstances, the magnetic
head becomes adhered to the surface of the magnetic disk with
the lubricant acting as the main cause. Furthermore, due to
factors such as moisture, water or the like present in the air
in addition to the adhering effect of the lubricant, the magnetic
head adheres to the surface of the magnetic head with even more
force.

Since this type of magnetic recording , reproduction
apparatus is driven thxjough the contact start — stop method as
described earlier, it cannot be started if such adhesion of the
magnetic head occurs. |

Various technologies have been proposed in the prior art
to constitute means for 'preventing the adhesion phenorﬁenon. For
instance, Japanese Unexamined Patent Publication No. 3787471988,
Japanese Unexamined Patent Publication No. 287440,71996 and
Japanese Unexamined Patent Publication No. 2122740, 1996
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such a crash is achieved by using a magnetic disk having a high degree of

surface snoot hness. However, since a lubricant is applied to the. surface

of the magnetic disk having a high degree of surface snoothness under
normal circunmstances, the magnetic head becomes adhered to the surface of
the magnetic disk with the lubricant acting as the main cause.
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No. 32615071995 discloses a means for preventing adhesion by
providing minute indentations and projections at the rail surface
constituting a portion of the slider base body.

Now, when providir_lg a means fo1; adhesion prevention at
the ABS of the slider, it | is crucial that it cause little or no
change in the flying characteristics achieved through the ABS
and that the means for adhesion prevention be provided at the
ABS with ease and a high degree of accuracy. The prior art
technologies mentioned above do not always satisfy these

requirements.

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a
magnetic ‘head with which the force with which it adheres to
the magnetic disk can be reduced.
It is a further object of the present invention to provide
a magnetic head provided with a means for adhesion prevention
capable of easily controlling the force of adhesion.

It is a still further object of the present invention to

provide a magnetic head provided with a means for adhesion

prevention capable of minimizing changes in the f{lying
characteristics achieved through the ABS.

It is a still further object of the present invention to

1Ca3i08b 7.4



3 disclose neans for reducing the size of the area over which the

magneti ¢ di sk and the magnetic head cone into contact with each other by
provi ding three projections at specific positions at the rail surface. In
addi ti on, Japanese Unexam ned Patent Publication No. 326150/1995 di scl oses
a nmeans for preventing adhesion by providing mnute indentations and
projections at the rail surface constitut4ng a portion of the slider base
body. Now, when providing a neans for adhesion prevention at the

ABS of the sl|iderprgvidéSaCitbgabtithdleall! withSQrhichl | £ Rledt ORI Ne
flying characteri'stics achieved through the ABS and that the nmeans tor
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accuracy. The prior art technol ogi es nentioned above do not always satisfy

these requirements. [n order to achiev&8CtEBURBjédtsTidestMYENT dBdve, the

It is an object of the present invention to provide a magneti c head wth

which the force wnhineticClhedd adébtelifg toOthe present invention includes a slider
and an electromagnetic transducer. The slider is provided vﬁth
an ABS. The electromagnetic transducer is provided at the slider
and its end for electromagneﬁc conversion is located at a poéition
close to the ABS. The ABS is constituted of a surface of a
prc;tective film and a slider base quy surface. The protective
film, which is laminated on part of the slider base body surface
covers, at least, the end of the electromagnetic transducer.

) In the magnetic head according to the present invention,
since the protective film is laminated onto the slider base body
surface to constitute the ABS, a magrietic head achieving a high
degree of frictional resistance is obtained.

In addition, since the protective film covers at least the
end of the electromagnetic transducer where -electromagnetic
conversion is performed, the electromagnetic transducer is
protected by the protective film. In particular, when the
electromagnetic transducer i_ncludés a magnetoresistive element
(hereafter referred to as an MR element) which constitutes a
read element, the end of the MR element does not come in direct
contact with the surface of the magnetic disk so that any leakage
and discharge of the sense current to the magnetic disk, or any
defective operation resulting from such leakage or discharge can

be prevented with a high degree of reliability.

Furthermore, since the protective film is laminated on



t he magnetic di sk can be reduced. It is a further object of the
present invention to provide a magnetic head provided with a neans for
adhesi on prevention capabl e of easily controlling the force of adhesion.
It is astill further object of the present invention to provi de a
magneti c head provided with a nmeans for adhesion prevention capabl e of
mnimzing changes in the flying charackeri stics achi eved t hrough the
ABS. It is a still further object of the present invention to

4 provide a magngirtCobegtt WliderWbhsd Bodﬂea&&f&@é adgﬁge%orfgs%ﬁamgnt&an
be easily and precisely provided at the ABS. In order to achreve

the objects describeedilabahickihdsd offegiieiprotéitare ahAr I kgedted! BORNES BN
i nvention includes a slider and an el ectromagnetic transducer. The slider

is provided with protedBfe filn eélaciveonagtisd istiderabaseCissdy Ssurfawe. dRfl thlis t he
slider and its end for electromagnetic conversion is |located at a position
cl ose to the ABS.stfhetudBSthe swafaté toft ¢he ofrotestivé afibmobnd the slider base
body surface constitute the ABS. Thus, the force with which the
~magnetic head adheres to the niagnetic disk can be reduced. In
addition, the force with which the magnetic head adheres to the
mégnetic disk can be controlled by adjusting' the size of the area
of the protective film.

Moreover, the protective film which is laminated on part
of the slider base body surface, is formed to have various
patterns. When patterning a protective film, the required
protective film pattern can be formed easily and with a high
degree of accuracy by providing the protective film at the slider
base body surface and partially removing the protective film
using a pattern that is set in advance through a means such
as ion milling.

The present invention further discloses specific desirable
examples of the protective film, the thickness of the protective
film that minimizes any changes in the flying_ characteristics, the
relationship between the adhesive force and the area of the

protective film and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, structural features and advantages of the
present inventi'onl are explained in further detail by referring to

the attached drawings. It is to be noted that the drawings are



protective filmand a slider base body surface. The protective film which
is |am nated on part of the slider base body surface covers, at |least, the
end of the el ectromagnetic transducer. In the magnetic head
according to the present invention, since the protective filmis |am nated
onto the slider base body surface to constitute the ABS, a nmagnetic head
achieving a high degree of frictional ress stance is obtained. I n
addition, since the protective filmcovers at |least the end of the :

el ectromagnetic t QHEE si e.el: Jalgs: T [ elSikt;l rformed,
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constitutes a r%dtﬁgeggégenttﬁg,%f% f the MR el enent does not come in
direct contact with the surface of the magnetic disk so that any | eakage

and di scharge of the sep3g. QUig @ ipdrial "SectRi! View! ikenOhlchy lifefPcigve
operation resulting fromsuch | eakage or discharge can be prevented with a

hi gh degree of redfi ®IG. LY. Furthernore, since the protective film
Is | am nated on

FIG. 3 is an enlarged perspective of an area where
electromagnetic transdﬁcers are provided in the thin film
magnetic head illustrated in FIG. 1 ;

FIG. 4 -is a plan view of a magnetic recording
reproduction apparatus mounted with the magnetic head

illustrated in FIGS. 1 to 3;

14

FIG. 5 is a graph illustrating the relationship between (SO
— S1) /SO and startup frictional resistance ;

FIG. 6 is a perspective illustrating another example of
the magnetic head according to the present invention ;

FIG. 7 is a perspective illustrating yet another example
of the magnetic head according to the present invention; and

FIG. 8 is a plan view illustrating yet another embodiment

of the magnetic head according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Referring to FIGS. 1 and 2, the thin film magnetic head
includes a slider 1 and electromagnetic transducers 2 and 3. The
electromagnetic transducer 2, which is an inductive
electromagnetic transducer, constitutes a write element. The
electromagnetic transducer 3 is a read element constituted of an

MR element. The electromagnetic transducers 2 and 3 are



5 part of the slider base body surface, a stage corresponding to the film
t hi ckness of the protective filmis created around the protective film
relative to the slider base body surface. In this structure, the surface
of the protective filmand the slider base body surface constitute the

ABS. Thus, the force with which the nmagnetic head adheres to the magnetic
di sk can be reduced. In addition, the forte with which the magnetic head
adheres to the nmgnetic disk can be controlled by adjusting t he size of

the area of the | . t |
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further discloses specific desirabl
to ABSs 13 and 14. At the side surface toward the air outflow
end TR, takeout electrodes 27 and 28 connected to the
electromagnetic transducers 2 and takeout electrodes 33 and 34
connected to the electromagnetic transducers 3 are provided.
The siider 1 is provided with the ABSs 13 and 14. The

ABSs 13 and 14 are respectively constituted of protective films

17 and 18 and slider base body surfaces 15 and | 16. The

i

protective films 17 and 18, which aré laminated on part of the
slider. base body surfaces 15 and 16 respectively, covér at least
ends of the electromagnetic transducers 2 and 3 including their
pole tips. Typical examples of the material to constitute the
protective films 17 and 18 include diamond — like carbon
(hereafter referred to as DLC), carbon nitride and the like.
The slider 1 in FIG. 1 is provided with rails 11 and 12
at- its surface faéing opposite the medium, with the slider base
body surfaces 15 and 16 constituted of the surfaces of the rails
11 and 12. The number of rails 11 and 12 is not restricted to
two. The slider 1 may be provided with one to three rails or
it may have a flat surface with no rails. In addition, various
geometric patterns shapes may be formed at the surface facing
opposit;e the medium in order to achieve an improvement in the
flying characteristics. The present invention may be adopted in

the slider 1 of any of the types described above.



éxarrpl es of the protective film the thickness of the protective filmthat
mnimzes any changes in the flying characteristics, the relationship

bet ween the adhesive force and the area of the protective filmand the

li ke. BRI EF DESCRI PTI ON OF THE DRAW NGS O her obj ects,
structural features and advantages of the present invention are explained
Ln further detail by referring to the attgched drawings. It is to be noted
that the drawi ngs are ' 6 presented

i i red, ' e Fl '
per Spect i ve of the. magndfl EUHARA B0, BGEAYS BT | 1 e darmed

1S 2133, e nele MpSLRR0, S0P, ARG o et ana
transducers are pjgvigednt nwWillfhwi¥e" difddfon, from the air outflow end TR
toward the air inflow end LE. The ends of the electromagnetic
transducers 2 and 3 are located at positions receding by a
distance corrésponding to the film thickness dl of the protective
films 17 and 18.
FIG. 3 is an enlarged perspective of an area where the
electromagnetic transducers are provided in the thin film
magnetic head illustrated in FIG. 1. The electromagnetic

transducer 2 is provided with a first pole tip Pl and a second

"

pole tip P2 emerging at the ABS 13 or 14. The first pole tip
Pl and the second pole tip P2 face opposite each other over a
gap film 24.

The electromagnetic transducer 2 constituting the write
element is provided with a first magnetic film 21 which also
functions as a second shield film for the MR element 3, a second
magnetic film 22, a coil film 23, a gap film 24 constituted of,
for instance, alumina, an insulating film 25 constituted of an
organic resin, a protective film 26 constituted of, for instance,
alumina, and the like. The front ends of the first magnetic film
21 and the second magnetic film 22 constitute the first poie tip
Pl and the second pole tip P2 facing opposite each othér over
the gap film 24 having a very small thickness, and a write
operation is performed at the first pole tip Pl and the second
pole tip P2. The yokes of the first magnetic film 21 and the

second magnetic film 22 are linked with each other at the back



magnetic head illustrated in FIG 1 " FIG 4 is a plan view of a
magnetic recording / reproduction apparatus nounted with the magnetic head
illustrated in FIGS. 1 to 3 FIG 5is a graph illustrating the
relati onship between (SO - Sl1) / SO and startup frictional resistance;
FIG 6 is a perspective illustrating another exanple of the nmagnetic head
according to the present invention; 9 FIG 7 is a perspective
illustrating yet another exanple of the magnetic head according.to the
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2, which 1is an uctive electromagnetic transducer, constitutes a

wite el ement. Thgrold PeC SR Sihére! TRESFOIER afe ! BnRed SREtHEBBRNbther in
constituted of an MR el enent. The el ectromagnetic transducers 2 and 3 are
a coil. The two ends of the coil film 23 are made électrically
continuous to the takeout electrodes 27 and 28 (see FIG. 1). The
number of turns and the number of layers of the coil film 23
are arbitrary.
The MR element 3 may adopt any of the wvarious film

structures that have been proposed and put into practical use

to date. They include, for instance, those employing an anisotropic

fr

magnetoresistive element constituted of Permalloy or the like, a
giant magnetoreéistive ) (GMR) film. The present invention may
adopt any of those film structures. The MR element 3 is provided
inside an insulating film 32 between a first shi_eld film 31 and
the first magnetic film 21 which also functions as the second
shield film. The insulating film 32 may ‘be constituted of, for
instance; alumina. The MR element 3 is connected to the takeout
electrodes 33 and 34 (see FIG. 1).

FIG. 4 is a plan view of a magnefic recording /
reproduction apparatus mounted with the magnetic head
illustrated in FIGS. 1 to 3. The following is an explanation of
the magnetic recording. / reproduction apparattis shown in FIG.
4, which is given by referring also to FIGS. 1 to 3. A magnetic
head 6 according to the present invention is mounted at. the front
end of a head support device 5. It is driven by adopting the

. so — called contact start —stop method whereby an operation is



7 provided at the air outflow end (trailing edge) TR of either one of, or
both rails 11 and 12. The el ectromagnetic transducers 2 and 3 are provided
at the slider 1, with their ends for perform ng el ectronmagnetic conversion
| ocated at positions close to ABSs 13 and 14. At the side surface toward
the air outflow end TR takeout electrodes 27 and 28 connected to the

el ectromagnetic transducers 2 and takeout ®l ectrodes 33 and 34 connected
to the el ectromagnetic transducers 3 are provided. The slider 1 is
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constituted of protective filns 18 and s ase body surtaceés

15 and 16 The gr eheClliger il b piacedin' Spritly ntict WithNAle dutfadtile Of
the slider base body surfaces 15 ang 16 respectively, cover at least ‘ends

of the el ectronmagqemiagrictiRnedsiees.s 2 and 3 including their pole tips.
Typi cal exanples of the material to constitute the protective filnm 17

and 18 include di anbnd Whilekéhe CstiPfaies ( BET €ad t SFoteefifer Elinis® P dAd) 18
carbon nitride and the |ike. The slider 1 in FIG 1 is provided
with rails 11 andedidtituting the ABSs 13 and 14 are pressed against the surface
' of the magnetic disk 4 due to the sprihg pressure of the head

support device 5 When the magnetic disk 4 is .stationary, when

the magnetic disk 4 rotates, a lift dynamic pressure is generated

at the ABSs 13 and 14 and the magnetic head flies off the

surface of the magnetic disk 4 at a flying height that achieves

balance between the dynamic pressure and the spring pressure

13

applied by the head sup_port device 5. While the rotary actuator
method is normally adopted as the drive method, the linear
actuator method may be employed insfead. FIG. 4, which
illustrates the rotary actuator method, the magnetic head 6
mounted at the front end of the head support device 5 is driven
in the direction of the radius bl or b2 of the magnetic disk 4.
Then, the magnetic head 6 is positioned at a specific track on
the magnetic disk 4 by a position device 7 which drives the head
support device 5 so that it can rotate. .

In this structure, since the protective films 17 and 18 are
laminated on the slider base body surfaces 15 and 16 to
constitute the ABSs 13 and 14 respectively in the magnetic head
according to the present invention, it is mainly the protective
films 17 and 18 that come into contact with the magnetic disk

4, thereby achieving a magnetic head with a high degree of

frictional resistance.



at its surface facing opposite the medium with the slider base  body
surfaces 15 and 16 constituted of the surfaces of the rails 11 and 12. The
nunber of rails 11 and 12 is not restricted to two. The slider 1 nay be
provided with one to three rails or it nmay have a flat surface with no
rails. In addition, various geonetric patterns shapes nmay be forned at the
surface facing opposite the nediumin ordéer to achieve an inprovenent in
the flying characteristics. The present i nvention may be adopted in the

‘slider 1 of any of the }ypPssdadestriied ahe tive films 17 hg
addition, the protective fi nlsﬁi}g %ng 18 a\rlrgb %c; rlr‘éed 1}Ilnnearlﬁmlin cover
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direction, fromthe air outflow end TR toward t air
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receding by a distance corresponding to the filmthickness dl of

protective fil nmeldotrofithghietic transducers 2 and 3 are protected by the
protective films 17 and 18. In particular, when the electromagnetic
trarsducers 8 are constituted of MR elements, the ends of the
MR elements 3 do not come in direct contact with the surface
of the magnetic disk 4. Consequently, leakage and discharge of
the sense curreﬁt to the magnetic disk 4 or any defective
operation resulting from such leakage and discharge can be
prevented with a high degree of reli_ability.

Furthermore, since the protective films 17 and 18 are
laminated on part of the slider base body surfaces 15 and 16
respectively, stages, the height of whicfl is determined by the film
thickness dl of the protective films 17 and 18, are formed around
the protective films 17 and 18 relative to the slider base body
surfaces 15 and 16. In the figures, the slider base body surfaces
15 and 16 are lower than the surfaces of the protective films
17 and 18. Thus, the ABSs 13 and 14 are constituted by the
surfaces of the protective films 17 and 18 and the slider base -
body surfaces 15 and 16 respectively. Consequently, the force with
which the magnetic head 6 adheres to the magnetic disk 4 can
be reduced. The force with which the magnetic head 6 adheres
to the magnetic disk 4 can be controlled by increasing or
decreasing the size_ of the areas of the protective films 17 and

18.

Moreover, the protective films 17 and 18, which are



FIG 3 is an enlarged perspective of an area where the electromagnetic
transducers are provided in the thin film mgnetic head illustrated
in FIG 1. The electronmagnetic transducer 2 is provided with a first
pole tip P1 and a second pole tip P2 energing at the ABS 13 or 14. The
first pole tip Pl and the second pole tip P2 face opposite each other over
a gap film 24. The el ectromagnetiig transducer 2 constituting the
wite element is provided with a first magnetic film 21 which al so '
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magnetic film22 are |linked wth each other at the bac
and 16 and partially removing the protective films 17 and 18

using patterns that are set in advance through a means such
as ion milling.

Preferably, the protective films 17 and 18 should be
formed to achieve a film th_ickness dl within the range of 0.01
to 0.05 pm (see FIG. 2). If the film thicknesg dl of the protective

1]

films 17 and 18 exceeds 0.05 g m, the spacing loss at the
electromagnetic transducers 2 and 3 increases to result in a
degradation of the electrpmagnetic conversion characteristics. If,
on the other hand, the film thickness dl is less than 0.01 z m,
the adhesive force can no longer be controlled. Furthermore, when
the film thickness dl of the protective films 17 and 18 is set
within the range of 0.01 to 0.05 # m as described above, the
degree of change in the flying characteristics at the ABSs 13
and 14 occurring due to the protective films 17 and 18 can be
minimized. |

It is. desirable that the protective film 17 be formed to
satisfy 0.05 = (SO — S1) / SO = 0.6, with Sl representing its
area and SO representing the area of the ABS 13. The area Sl
of the protective film 18 should achieve a similar relationship
with the area SO of the ABS 14.

FIG. 5 presents a graph that illustrates the relationship



gap portion located on the side opposite fromthe first pole tip Pl and
the second pole tip P2 to conplete a magnetic circuit. The coil film23 is
formed on the insulating film25, winding around the area where the yokes
are linked with each other in -a coil. The two ends of the coil film23 are
made el ectrically continuous to the takeout electrodes 27 and 28 (see FIG
1). The nunber of turns and the nunber ofi3| ayers of the coil film23 are
arbitrary. The MR el enent 3 nay adopt any of the various film

structures that haygeRgen(gy epaspd /arifbopéﬁd'ﬂﬂeos% H FRctibifal FiSRie.

They include, for i1nstance, those e yl ng an ani sotropic
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magnetoresistive (GWR) film The present invention may adopt any of those

filmstructures. Theop/ReveTREthodl. iFhdnatuélad (arByi depidsentizig dhe Niattgn 32
between a first shield film31 and the first magnetic film 21 which also

functions as the faReivithl Fddistheicé iisnachibeed sy constidutingmtBe ABSsbE3 and

constituted of, for
14 of flat surfaces in which the protective films 17 and 18 and
the slider base body surfaces 15 and -16 are not combined. As
indicated in the graph, in the magnetic head 6 according to the
present invention provided with the protective films 17 and 18,
the startup frictional resistance is always smaller than that in
a magnetic head in the prior art when it is driven through the
contact start — stop method. This means that the adhesive force
is reduced. In particular, the startup frictional resistance is equal
to or less than 0.5 in a range of 0.05 = (S0 — S1) / SO0 =
0.6, which is half the value achieved by the magnetic head in
the prior art. | -

The shape, the film thickness dl and the positions of the
protective films 17 and 18 and the shape, the positions and the
like of the slider base body surfaces 156 and 16 defined by these
factors may be -varied in correspondence to particular
requirements of a given magnetic recording / reproduction
apparatus. For instance, in correspondence to the requirements
of a specific magnetic recording ,/ reproduction apparatus, a
shape or position that will generate a positive pressure or a
shape or position that will generate a negative pressure may be
adopted, or the film thickness dl may be selected in
correspondence to the rotating speed of the magnetic_ disk 4. Next,

examples of such variations are explained in reference to FIGS.



i nstance, alunmina. The MR elenent 3 is connected to the takeout el ectrodes
33 and 34 (see FIG 1). FIG 4 is a plan view of a nmagnetic
recording / reproduction apparatus nmounted with the nmagnetic head
illustrated in FIGS. 1 to 3. The following is an explanation of the
magnetic recording / reproduction apparatus shown in FIG 4, which is
given by referring also to FIGS. 1 to 3. Ad4magnetic head 6 according to
the present invention is nmounted at the front end of a head support device
5. It is driven by gfgting the so - called contact start -stop nethod
wher eby an operation is 10 started

and stopped in a state RIGWMS G hh%eféﬁfctﬂv?e aNesthti &ﬁ@tkﬁa'r' @%nﬂpl@r Bf

pl aced in spring contact with the surface of a magnetic disk
Wil e the surfacethedfmhfifeticoheadi uecérdxﬁg %a ehel éﬁeseﬁ@“ﬁwéﬂt‘iéﬂg ThhenéBSs

13 and 14 are pressed against the surface of the magnetic disk 4 due to

the spring pressufigudé, the sa@®sl reference numbers are assigned to components
identical to those in FIG. 1. This embodiment is characterized in
that the protective films 17 and 18 are provided in dots. The
individual portions of the protective films 17 and 18 may take
any shape such as a circular shape, an elliptical shape, an
elongated circle shape, a polygonal shape and the like. In this
embodiment, too, the requirements with respect to the thickness
dl of the protéctive films 17 and 18, the ratio of the area SO
and the area Sl and the like are satisfied.

FIG. 7 is a perspective illustrating yet another example
of the magnetic head according to the present invention. In the
figure, the same reference numbers are assigﬁed to components
identical to those in FIG. 1. This embodiment is characterized in
that the protective films 17 and 18 and the slider base body
surfaces 15 and 16 are alternately provided (in stripes) along
the direction of the length of the rails 11 and 12. In this
embodiment, by setting the film thickness dl at an appropriate
value, the slider base body surfaceé 15 and 16 can be made to
function as negative pressure generating portions. The
requirements with respect to the ratio of the area SO and the
area Sl and the like are satisf.ied in this embodiment, too.

FIG. 8 is a plan view illustrating yet another embodiment
of the magnetic head according to the present invention. The

magnetic head in the figure, which is a negative pressure type,



support device 5 when the magnetic disk 4 i's stationary, when the magnetic
disk 4 rotates, a lift dynamc pressure is generated at the ABSs 13 and 14
and the magnetic head flies off the surface of the magnetic disk 4 at a
flying height that achieves balance between the dynam c pressure and the
spring pressure applied by the head support device 5. While the rotary
actuator nethod is nornally adopted as tH& drive nethod, the |inear
actuator nmethod nay be enployed instead. FIG 4, which illustrates the

rotary actuator ngthesidbdewiBpRer6tdien GilmmMont &9 fahctidd 508t nEReties
t he head support device 5 is driven in the direction of the radius bl or

b2 of the nagnet igrediste %ene?ﬁﬁﬁg tﬂ&ti&ﬁ%ﬁv@eﬁew}oﬁgréjdéﬁédt beR8Enst 1 B
specific track on the nmagnetic disk 4 by a position device 7 which drives

the head suppor tariieVviZ:eThesardd)Hetinteehathé opPdjected portionkn 11hiasid h12 is
e

structure, since the protective filnms 17 and 18 are |amnated on t

slider base body dosdhasds Bp anglidér tshsecbodyi buifacthed2BSs the and ikflow
respectively in the nmagnetic head. according to the present invention, it

is mainly the prambt (leadidg |edize) 7 L cardd i hieft open abt the @i asitflow heride

magnetic disk 4, thereby achieving a magnetic head wth a high degree of

frictional resistBRc&he slider base body surface 192 constitutes a flat surface
continuous to the slider base body surfaces 15 and 16. The
protective films 17 and 18 are formed in a mode similar to that
adopted in the embodiment illustrated in FIGS. 1 and 2. Namely,
the protective films 17 and 18 are formed linearly from the air
outflow end TR toward the air inflow end LE at approximate
middle portions of -the slider based bodies 15 and 16 constituting
the surfaces of the proj.ected portions 11 and 12 in the widthwise
direction. Altﬁough not shown, the protective films 17 and 18
may also adopt either of the modes illustrated in FIGS. 6 and
7.

In this embodiment, too, the requirements explained .earlier

with respect to the thickness dl of the protective films 17 and
18, the ratio of the area SO and the area Sl and the like are
satisfied.
| - 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.



In addition, since the protective filnms 17 and 18 cover at |east the ends
of the electromagnetic transducers 2 and 3 where the el ectromagnetic
conversion is performed, the electromagnetic transducers 2 and 3 are
protected by the protective films 17 and 18. In particular, when the

el ectromagnetic transducers 3 are constituted of MR el enents, the ends of
the MR elements 3 do not cone in direct é®ntact with the surface of the
magneti c di sk 4. Consequently, |eakage and di scharge of the sense current
to the magnetic di sk 4 oAsanhagefigein vexplepred| i accoreingt ittg them sresbnt

| eakage and di scharge can be prevented with a high degree of reliability.
Furthernore, sindavéhtiops dhecfolVewing nadvahtages 18rerachiéwed.nat ed on part of
the slider base body surfaces 15 and 16 respectively, stages, the height
of which is deter@ned. By mhgnéticmheadi dknedsichl the tfbeceprwitdtctwhéchi the 17
and 18, are fornmed around the protective filns 17 and 18 relative to the
slider base body magnetic head adheres to the magnetic disk can be reduced is

provided.

(b) - A magnetic head provided with a means for adhesion
prevention capable of minimizing the degree of change in the
flying characteristics achieved through the ABS is provided.
() A magnetic head in which a means for adhesion
prevention can be provided at an ABS with ease and a high

degree of accuracy is provided.



surfaces 15 and 16. In the figures, the slider base body surfaces 15 and
16 amhis Slpetdias B eplased surfaces of the protective filnms 17 and 18. Thus,
the Al ; AdRre constituted by the surfaces of the protective filns
17 an i der base body surfaces 15 and 16 respectively.
Consequently, the force wwth which the magnetic head 6 adheres to the
magnetic disk 4 can be reduced. The forcEH with which the magnetic head 6
adheres to the magnetic disk 4 can be controlled by increasing or
decreasing the size of the areas of the pygmgsive filns 17 and 18.

Mor eover, the protective filnms 17 and 18, which are

12 lamnated onjpart oA hirdticlHeaBaeBniiidingus faces 15 and 16, are
formed to have various patterns. \Wien patterning the protective filns 17

and 18, the required pajtgidercd) b@ngopfr@@lidew Witlease least eanbi g BeAFiAg of
accuracy by providing the protective filns 17 and 18 on the slider base
body surfaces 15surface (18, 14) ;: and -
at least one electromagnetic transducer (2, 3) being
provided at said slider (1), with an end thereof for pérforming
electromagnetic conversion located at a position close to said air
bearing surface (13, 14) ; characterized in that:
said air bearing surface (13, 14) is constituted of at least

one protecﬁve film (17, 18) and at least one slider base body

surface (15, 16) ; and

%

said protective film (17, 18) is laminated onto part of said
slider base body surface (15, 16) and covers, at least, said end
of said electromagnetic transducer (2, 3).
2. The magnetic héad of claim. 1, wherein said protective
film has a thickness within the range of 0.01 to 0.05 g m.
3. The magnetic head of claim 1, wherein said protective
film is constituted of, at least, either diamond — like carbon or
éarbon nitride. |
4, .The magnetic head of claim 1, wherein when S0
represents the area of said air bearing surface and Sl represents
the area of said protective film, 0.05 < (S0 — S1) / SO = 0.6
is satisfied.
5. The magnetic head of claim l wherein said protective
film is provided intermittently.
6. The magnetic head of claim 1, wherein said protective

film is provided linearly.
—_—

LT . | [




and 16 and partially renoving the protective filns 17 and 18 using
patterns that are set in advance through a nmeans such as ion mlling.
Preferably, the protective filnms 17 and 18 should be formed to achieve a
filmthickness dl within the range of 0.01° to 0.05 [err] m(see FIG 2).

If the filmthickness dl of the protectide filns 17 and 18 exceeds 0.05
[err] m the spacing |loss at the electromagnetic transducers 2 and 3
increases to result in a degradati e onmagneti c conversion
characteristics. If, on the other;¥§$,N?ﬂgcfkﬁ%$?hickness dl is less than
0.01 [err] m the adhesive force can no | onger be controlled. Furthernore,
when the filmthickness dl of the protective filnms 17 and 18 is set

withi'n the range of 0.01 to 0.05 [err] ARSTRAEFCri bed above, the degree
of change in the flying characteristics at the ABSs 13 and 14 occurring
due to the protective fA|dikdet7(191i8 grovided beithmait Bedsdfg surfaces (18, 14).
desirable that the protective film 17 be fornmed to satisfy 0.05 [err] (SO
- S1) / SO [err] TBebairibearink rstizfasean(i8)014)t re Fespectivel$0 coABtieaRId iofd
the area of the ABS 13. The area S1 of the protective film 18 shoul d

achi eve a sim | aprétettitvieofidmisp(17) 18) t&ed asliterSBasé by ARrfades (15, 16).

The protective films (17, 18), which are laminated on part of the
slider base body surfaces (15_, 16), cover at least the ends of the-

electromagnetic transducers (2, 3).

FIG. 1

(X9



FIG 5 presents a graph that illustrates the relationship

13 between (SO - S1) / SO and the startup frictional resistance. The
data in FIG 5 were obtained by adopting the contact start - stop drive
nmet hod. The value 1 (arb.) representing the startup frictional resistance
I s achi eved by constituting the ABSs 1%_ nd 14 of flat surfaces in which
the protective filnms 17 and 18 and the’slider base body surfaces 15 and 16
are not conbined. As indicated in the graph, in the magnetic head 6
according to the pregent invgatN with the protective filnms 17
and 18, the startup (Gl 1 & s always smaller than that in

is d $ven t hrough the contact
particular,LEh@\% ’
in a range of 0 0R<E

ve force is reduced. In
val ue achievpp d

Rce is equal to or less than 0.5
‘ 0.6, which is half the
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The shape, the filmthickness dl and the positions of the protective filns
17 and 18 and the shape, the positions and the |ike of the slider base
body surfaces 15 and 16 defined by these factors may be varied in
correspondence to particular requirenents of a given nagnetic recording /
reproducti on apparatus. For instance, 2/6 correspondence to the
requirements of a specific magnetic recording / reproduction apparatus, a
shape or position that wll nerate a positive pressure or a shape or
position that will generate negative pressure may be adopted, or the
filmthickness dl may be sel écted in correspondence to the rotati-ng speed
of the magnetic disk 4. Next es. of such yariations are explained in
reference to FIGS. ’ NN 14 6 to 8.

FIG 6 is a perspective ill J"fn\-\:rple of the magnetic head
according to the present in %55‘\‘hs‘4e, the sane reference
nunbers are assigned to co aLlXQ|those in FIG 1. This
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that the protective filnms 17 and 18 are provided in dots. The individual

portions of the protective filnms 17 and 18 nay take

circular shape, an elliptical ‘'shape,
pol ygonal shape and the like. In this
with respect to the thickness dl

an

el ongated circl e shape,
enmbodi nent ,
of thgysprotective filns 17 and 18, the

any shape such as a
a

too, the requirenments

ratio of the area SO and the area S1 and the |ike are satisfied:

FIG 7 is a perspective illustrating yet another exanple
Inthe

head according to the present- i nvention.
nunbers are assigned to comperents
enbodi nent is characterd zed iB

identic

of the magnetic
t he sanme reference
M FI'G 1. This
s 17 and 18 and the

figure,
tu_thosei

sl i der base s Odcps 15 a

al ong the direpfs ﬁ\f >—Leanit
enbodi ment, by/setting thel ===
slider base bgdy surfac

b?i require

of the area S
enbodi nent, t g€

nts with reg

ar qvi ded (in stripes)
12. | IS

rqpri a val ue, the
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magnetic head in the figure, which is a negative pressure type,

15 is provided with a protective film 191 to function as a negative
pressure generating portion between two projected portions 11 and 12. The
area between the projected portions 11 gﬂp 12 is closed off by a slider
base body surface 192 at the air inflow’"end (leading edge) LE and is left
open at the air outflow end TR The slider base body surface 192
constitutes a flat surface co
and 16. The protective filds ix} P8 Jareggtorned in a node simlar to
that adopted ipgthe enmbodimént & inl#1GS. 1 and 2. Nanely, the
protective filnms 1 nd J& are fors fr(¥8the air outflow end TR
toward the air infl owsesd A M ddl € portions of the slider
based bodies 15 S s, Of tgikprojected portions
11 and 12 in the the protective
films 17 and 18 usargted in FIGS. 6

and

oy
——
&2
(@ p

FIG. 7



7 In this enbodi nent, too, the requirenents explained earlier

with respect to the thickness dl of the protective filns 17 and 18, the
ratio of the area SO and the area S1 and the |ike are satisfied.

Wil e the invention has been particularly shown and described with respect
to preferred enbodi nents thereof by révgrring to the attached draw ngs,
the present inventionis not limted to these exanples and it will be
understood by those skilled in the art that various changes in form and
detail may be made therein wi thout departing fromthe spirit, scope and

t eaching of the invention. 192 LE 16 As
has been expl ai ned, according to the pfjesent iﬂ@ention, the foll ow ng
advant ages are achi eved (a) A magng¢tic head in whiljdh the force with
which the nmagnetic heagljadheres to thd magnetic diskljidan be reduced is

provi ded.
N
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FIG. 8



(b) A magnetic head provided with a neans for adhesion preﬁﬁ%gaq [i»g O
capabje "of egree of change in the flying cha

achi eved tlll“llng”mnmmmllg provided. (c) A magnetic head in whi CQ’LPO
nmeans for adhési 6n ®prevention can be provided at an ABS with ease and a

hi gh degree of accuracy is provided. _ _
17 CLAIMS: 1. A magnetic head conpri Sing: A slider (1) being

provided with at | east one air bearing
of at |east oneCTAIMS: base

protective film (17,

18) being lam nated onto part of said sl

surface (13, 14) constituted
body surface (15, 16), with at |east one

i der

base bod sur ing, at least, said end of said
y 1, SUr Age %gﬁ@:?z ﬂ%d ESERIAR! NI,

el ectromagneti c transdu

h
transducer (2, 3) b eAnghder (1) b@fr?é’ -Ipcliﬂg%daeh xsﬂeﬂl'g astl ieas o(nc) air teari?ﬂg

t hereof for

surface (13, 14) constituted of at least one slider base

body surface (15, 16), with at least one protective film (17,

18) being laminated onto part of said slider base body
A

| east one el ectromagnetic

end

surface (15, 16) and covering, at least, said end of said

electromagnetic transducer (2, 3); and

at least one electromagnetic transducer (2, 3) being
provided at said slider (1), with an end thereof for
performing electromagnetic conversion located at a
position close to said air bearing surface (13, 14);
characterised in that;

when SO represents the area of said air bearing surface

and S1 represents the area of said protective film, 0.05 <_

(SO ~ S1)/S0 < 0.6 is satisfied.

The magnetic head of claim 1, wherein said protective film
has a thickness within the raﬂge_bE 0.01 to 0.05 u m.

The magnetic head of claim 1, wherein said protective film
is constituted of, at leasf, either diamond - like carbon or

carbon nitride.
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perform_ng el ectromagneti c conveT 5| on |ocated at a position close to

sai @ -ai r* beari ' characterised in that;

when SO represgmmjnmmm sal d air bearing surface and Sl
represents the aretn of %a pfotectlvefllm 0.05 [err] (SO - S1)/S0
[err] 0.6 is satisfied. 2. The magnet jg head of claim 1, wherein said
protective film has a thickness within the range of 0.01 to 0.05
[err] m 3. The magnetic head of claim1l, wherein said protective film
is constituted #f, aTheemsgnete ttead dll‘allalmdl - whickeincsdidopratective film car bon
nitride. 18 4. The magnetic head

of claim1, wherein &?bfb@ﬂéﬂ@ﬁﬁdrﬁﬁt{édtw is provided intermttently.
5. The magnetic head of claim1l, wheréin said protective film is

provided linear§y. The magnetic head of claim 1, wherein said protective film

is provided linearly.
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