
MAGNETIC HEAD                        TECHNICAL FIELD         The present
invention relates to a magnetic head and  more particularly it relates to a
magnetic head with which the  adhesion phenomenon 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. 28650/1983.         Each of the
magnetic heads mentioned above that is  mounted at the front end of a head
support device in a magnetic  recording / reproduction apparatus, is driven
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.                                     2
In this type of magnetic recording /  reproduction  apparatus, it is
desirable that the flying height of the magnetic  head be set at the
smallest possible value in order to support  high density recording.
However, when the flying height of the  magnetic head is reduced, the
magnetic 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. However, 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
through 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 phenomenon. For  instance, Japanese Unexamined
Patent Publication No. 37874/1988,  Japanese Unexamined Patent Publication
No. 287440/1996 and  Japanese Unexamined  Patent Publication  No. 2122740
1996     



3  disclose means for reducing the size of the area over which the
magnetic disk and the magnetic head come into contact with each  other by
providing three projections at specific positions at the  rail surface. In
addition, Japanese Unexamined Patent Publication  No. 326150/1995 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 providing a means for 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 flying    characteristics achieved through the
ABS.           It is a still further object of the present invention to
4  provide a magnetic head with which a means for adhesion  prevention can
be easily and precisely provided at the ABS.         In order to achieve
the objects described above, the  magnetic head according to the present
invention includes a slider  and an electromagnetic transducer. The slider
is provided with  an ABS. The electromagnetic transducer is provided at the
slider  and its end for electromagnetic conversion is located at a position
close to the ABS. The ABS is constituted of a surface of a 



protective film and a slider base body 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 magnetic 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 includes 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     



5  part of the slider base body surface, a stage corresponding to  the film
thickness of the protective film is created around the  protective film
relative to the slider base body surface. In this  structure, the surface
of the protective film and the slider base  body surface constitute the
ABS. Thus, the force with which the  magnetic head adheres to the magnetic
disk can be reduced. In  addition, the force with which the magnetic head
adheres to the  magnetic 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 invention are explained
in further detail by referring to  the attached drawings. It is to be noted
that the drawings are                                    6  presented
simply to illustrate the preferred embodiments.         FIG. 1 is a
perspective of the magnetic head according  to the present invention;
FIG. 2 is a partial sectional view taken along line 2-2  of FIG. 1;
FIG. 3 is an enlarged perspective of an area where  electromagnetic
transducers 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         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



7  provided at the air outflow end (trailing edge) TR of either  one of, or
both rails 11 and 12. The electromagnetic transducers  2 and 3 are provided
at the slider 1, with their ends for  performing electromagnetic conversion
located 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
electromagnetic transducers 2 and takeout electrodes 33 and 34  connected
to the electromagnetic transducers 3 are provided.         The slider 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  protective films 17 and 18, which are laminated on part of
the  slider base body surfaces 15 and 16 respectively, cover 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 facing 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  opposite 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.                   In
addition, the protective films 17 and 18 are formed  linearly in the
approximate middle portions of the rails 11 and  12 in the widthwise
direction, 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 corresponding 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 P1 and a second  pole tip P2 emerging at the ABS 13 or 14. The
first pole tip  P1 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 pole tip  P1 and the second pole tip P2 facing
opposite each other over  the gap film 24 having a very small thickness,
and a write  operation is performed at the first pole tip P1 and the second
pole tip P2. The yokes of the first magnetic film 21 and the  second
magnetic film 22 are linked with each other at the back   



gap portion located on the side opposite from the first pole tip  P1 and
the second pole tip P2 to complete a magnetic circuit.  The coil film 23 is
formed on the insulating film 25, winding  around the area where the yokes
are linked with each other in  a coil. The two ends of the coil film 23 are
made electrically  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 various film
structures that have been proposed and put into practical use  to date.
They include, for instance, those employing an anisotropic
magnetoresistive element constituted of Permalloy or the like, a  giant
magnetoresistive (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 shield 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 magnetic
recording /  reproduction apparatus mounted with the magnetic 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. 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                                      10  started
and stopped in a state in which the ABSs 13 and 14  of the slider 1 are
placed in spring contact with the surface of  a magnetic disk 4.
While the surfaces of the protective films 17 and 18  constituting the ABSs
13 and 14 are pressed against the surface  of the magnetic disk 4 due to
the spring 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  applied by the head support device 5. While the rotary
actuator  method is normally adopted as the drive method, the linear
actuator method may be employed instead. 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. 



In addition, since the protective films 17 and 18 cover  at least the ends
of the electromagnetic transducers 2 and 3  where the electromagnetic
conversion is performed, the  electromagnetic transducers 2 and 3 are
protected by the  protective films 17 and 18. In particular, when the
electromagnetic  transducers 3 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 current
to the magnetic disk 4 or any defective  operation resulting from such
leakage and discharge can be  prevented with a high degree of reliability.
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 which 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
12  laminated on part of the slider base body surfaces 15 and 16,  are
formed to have various patterns. When patterning the  protective films 17
and 18, the required pattern can be formed  with ease and a high degree of
accuracy by providing the  protective films 17 and 18 on the slider base
body surfaces 15 



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 thickness dl within the range of 0.01  to 0.05 [err] m (see FIG. 2).
If the film thickness dl of the protective  films 17 and 18 exceeds 0.05
[err] m, the spacing loss at the  electromagnetic transducers 2 and 3
increases to result in a  degradation of the electromagnetic conversion
characteristics. If,  on the other hand, the film thickness dl is less than
0.01 [err] 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 [err] 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 [err] (S0
- S1) / S0 [err] 0.6, with S1 representing its  area and S0 representing
the area of the ABS 13. The area S1  of the protective film 18 should
achieve a similar relationship  with the area S0 of the ABS 14. 



FIG. 5 presents a graph that illustrates the relationship
13  between  (S0 - S1) / S0 and the startup frictional resistance.  The
data in FIG. 5 were obtained by adopting the contact start  - stop drive
method. The value 1 (arb.) representing the startup  frictional resistance
is achieved by constituting the ABSs 13 and  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 [err]  (S0 - S1) / S0 [err]  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 15 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.                                     14  6 to 8.
FIG. 6 is a perspective illustrating another example of  the magnetic head
according to the present invention. In the  figure, the same 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 protective films 17 and 18, the
ratio of the area SO  and the area S1 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 assigned 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 surfaces 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 S1 and the like are satisfied 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,
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 and 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  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 projected portions
11 and 12 in the widthwise  direction. Although 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 S1 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.                                   16          As
has been explained, according to the present  invention, the following
advantages are achieved.  (a)   A magnetic head in which the force with
which the  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.  (c)   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.
17  CLAIMS:  1.   A magnetic head comprising:        A slider (1) being
provided with at least one air bearing        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        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 [err]        (S0 - S1)/S0
[err] 0.6 is satisfied.  2.   The magnetic 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 claim 1, wherein said protective film
is constituted of, at least, either diamond - like carbon or        carbon
nitride.                                        18  4.   The magnetic head
of claim 1, wherein said protective film        is provided intermittently.
5.   The magnetic head of claim 1, wherein said protective film        is
provided linearly.    


