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SLIDER, MAGNETIC HEAD ASSEMBLY, AND MAGNETIC RECORDING APPARATUS BACKGROUND
OF THE INVENTION 5 The present invention relates to an in-contact magnetic
head slider configured to perform recording data to and reading data from a
magnetic recording medium, a magnetic head assembly having the magnetic
head slider, and a magnetic recording apparatus having 10 the magnetic head
assembly. In magnetic recording apparatuses (hard disc drives), increase in
recording density is constantly required, and various techniques have been
developed for this purpose. One example of such techniques 15 is an
in-contact magnetic head slider. For the in contact magnetic head slider,
recording and reading are performed while an end of the slider in the disc
traveling direction is kept in contact with the magnetic disc by applying
an air layer pressure to the 20 air-bearing surface (slider surface) of the
slider. According to this slider contact scheme, the magnetic spacing
between the magnetic head and the magnetic disc can be decreased, which
contributes to increase in recording density. 25 A basic concept of an
in-contact magnetic head slider having an air-bearing surface that realizes
forward flying and backward contact is known (see,   r - 2  for example,
Jpn. Pat. Appln. KOKAI Publication No. 7-307069). In this Publication, the
center of gravity of a head suspension system is adapted to substantially
coincide with the point of action of 5 fluid force such that, when a
vibrating force accompanying vibration of the disc or impact to the
apparatus acts on the slider, most of the vibrating force can be supported
by air layer rigidity so as not to change the contact force. 



10 Another arrangement of an in-contact magnetic head slider is also known.
In this slider, pad surfaces (squeeze pads) exhibiting a squeeze effect are
arranged on the side of the air outlet edge, which ensure the reliability
during loading and 15 unloading (see Jpn. Pat. Appln. KOKAI Publication No.
2002-92836). In Jpn) Pat. Appln. KOKAI Publication Nos. 7-307069 and
2002-92836, however; the point of action of the suspension load is set on
the side of 20. the air inlet edge of the slider, unlike in a flying
slider, which poses issues in manufacturing costs and development
efficiency. In order to develop an in-contact slider to which the same
suspension as in the flying slider can be applied, the slider must 25 be
able to realize a low contact force even when the point of action of the
suspension load is located at the center in the longitudinal direction
thereof, in   - 3  the same manner as in the flying slider. To achieve the
above design, the following configuration may be conceivable. That is, a
positive pressure-generating region supporting a high suspension load is
arranged 5 at the central portion in the longitudinal direction of the
slider and a negative pressure-generating region is arranged immediately
after a pad formed closer to the inlet edge than the positive
pressuregenerating region such that the substantial point of 10 action of
the load would be shifted toward the air inlet edge of the slider. If the
negative pressure on side of the inlet edge is increased with this scheme,
however, problems occur that a difference in contact force, depending on a
radial position, is increased 15 although the contact force itself is
decreased and the contact force is increased under a condition of a reduced
pressure. BRIEF SUMMARY OF THE INVENTION It is an object of embodiments of
the present 20 invention to provide magnetic head assembly that uses the
same suspension as that for a flying assembly. A further object of
embodiments of the invention is to provide an in-contact magnetic head
slider that uses the same suspension as that for a flying slider 25 and has
a high impact resistance, and that makes it possible to suppress a
difference in contact force depending on a disc radial position while
realizing    



- 4  a lower contact force, and suppress an increase in contact force under
a condition of a reduced pressure. According to an embodiment of the
invention, there is provided a magnetic head structure having 5 a magnetic
head operable to at least one of (1) read from and (2) write onto a
magnetic recording medium upon rotation of the magnetic recording medium
relative to the magnetic head. There is further provided a support member
supporting the magnetic head 10 and having an air bearing surface
positioned adjacent the magnetic recording medium, when operating the
magnetic head. The support member includes an air inlet region, an air
outlet region, a first pad member and a second pad member. The air bearing
surface has 15 first and second surfaces formed on outer surfaces of the
first and second pad members respectively and a third surface. The first,
second and third surfaces are located in ascending order in a height
direction from a level closest to the magnetic recording medium 20 to a
level furthest from the magnetic recording medium. The first and second pad
members, and the third surface form a first positive pressuregenerating
region formed by positioning the first pad member at least partially
overlying the second 25 surface of the second pad member and positioning
same at a central portion of the support member along a longitudinal
direction thereof. A first negative    - 5  pressure-generating region is
formed by the third surface positioned between the air inlet region and the
first positive pressure-generating region. A second negative
pressure-generating region is formed 5 by the third surface positioned
between the first positive pressure-generating region and the air outlet
region. The first positive pressure=generating region, the first negative
pressure-generating region, and the second negative pressure-generating
region 10 form a first positive pressure, a first negative pressure and a
second negative pressure respectively upon positioning of the support
member adjacent the magnetic recording medium and rotating the magnetic
recording medium. 15 According to yet another embodiment of the invention,
there is provided a magnetic head structure having a magnetic head operable
to at least one of (1) read from and (2) write onto a magnetic recording
medium upon rotation of the magnetic recording medium 20 relative to .the
magnetic head and a support member supporting the magnetic head and having
an air bearing surface positioned, when operating the magnetic head,
adjacent the magnetic recording medium. The support member includes an air
inlet region; an air outlet 25 region; a first pad member having a first
thickness and a first surface; a second pad member having a second
thickness and a second surface; and a third 



- 6  surface supporting the first and second pad members. The first, second
and third surfaces are located in ascending order in a height direction
from a level closest to the magnetic recording medium to a level 5 furthest
from the magnetic recording medium. The second pad member has a first
central part, a first outlet side pad part and a first bridge part
connected therebetween. The second pad member has second central part, a
second outlet side pad part and a 10 second bridge part connected
therebetween. A first negative pressure-generating region is formed on the
third surface adjacent the air inlet region. A first positive
pressure-generating region is formed substantially on the first surfaced
and a second 15 negative pressure-generating region is formed on the third
surface between the first and second bridge parts and the first and second
outlet. side pad parts. The first positive pressure-generating region, the
first negative pressure-generating region, and the 20 second negative
pressure-generating region form a first positive pressure, a first negative
pressure and a second negative pressure respectively upon positioning of
the support member adjacent the magnetic recording medium and rotating the
magnetic 25 recording medium. According to yet other embodiments of the
invention there is disclosed a method of supporting     a magnetic head for
at least one of reading from and writing onto a magnetic medium. The method
comprising securing the magnetic head to a support structure, and forming
on a surface of the support structure, first 5 and second disjoint negative
pressure-generating regions with a positive pressure-generating region
therebetween. The first and second negative pressuregenerating regions and
positive pressure-generating region producing first and second negative
pressure 10 regions and a positive pressure region respectively by means of
air flow between the magnetic medium and the surface of the support
structure upon rotation of the magnetic medium and positioning the support
structure adjacent the magnetic medium. 15 According to an embodiment of
the present invention, there is provided an in-contact magnetic head slider
comprising a magnetic head held on a magnetic recording medium during write
and read, in which steps are formed on an air-bearing surface 20 thereof
including first, second and third surfaces located in this order in a
height direction from 



a level closest to the magnetic recording medium so as to form negative and
positive pressure-generating regions, with which write and read are
performed under 25 a condition in contact with the magnetic recording
medium utilizing a pressure of air flowing in from one end and flowing out
to the other end along the   B  air-bearing surface as the magnetic
recording medium rotates, comprising: a first positive pressuregenerating
region having the second and first surfaces formed at a central portion
along a longitudinal 5 direction thereof; a first negative pressure
generating region having the third surface formed on a side of an air inlet
edge with respect to the first positive pressure-generating region; a
second negative pressure-generating region having the third surface 10
formed on a side of an air outlet edge with respect to the first positive
pressure-generating region; and a contact pad having the first surface
formed at an air outlet edge. According to another embodiment of the
present 15 invention, there is provided a magnetic head assembly comprising
the above in-contact magnetic head slider. According to still another
embodiment of the present invention, there is provided a magnetic recording
apparatus comprising a magnetic recording 20 medium mounted rotatably, and
the above magnetic head assembly arranged to be movable in a radial
direction of the magnetic recording medium. BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWING FIG. 1 is a perspective view of an in-contact
25 magnetic head slider according to an embodiment of the present invention
viewed from the air-bearing surface; FIG. 2A is a plan view showing the
air-bearing   - 9  surface of the in-contact magnetic head slider of FIG.
1; FIG. 2B is a plan view for explaining how the first to third surfaces of
the head slider are 5 indicated; FIG. 2C is a view for explaining the
heights of the first to third surfaces of the head slider from a magnetic
head; FIG. 3 is a view showing the side elevation of 10 the in-contact
magnetic head slider of FIG. 1 along the longitudinal direction of the
slider; 



FIG. 4 is an end view showing the air inlet edge of the in-contact magnetic
head slider of FIG. 1; FIG. 5 is a view showing forces acting on the 15
in-contact magnetic head slider; FIGS. 6A to 6C are plan views showing the
air-bearing surfaces of three types of head sliders in which the respective
first negative pressuregenerating regions have different areas; 20 FIG. 7A
is a graph showing the results obtained . by calculating contact forces Fc
of the head sliders of FIGS. 6A to 6C on the inner periphery (ID),
intermediate position (MD), and outer periphery (OD) of the magnetic disc;
25 FIG. 7B is a graph showing the results obtained by calculating contact
force increase amounts dFc of the head sliders of FIG5. 6A to 6C under a
reduced    - 10  pressure on the inner periphery (ID), intermediate
position (MD), and outer periphery (OD) of the magnetic disc; FIGS. 8A to
8C are plan views each showing the 5 air-bearing surface of a head slider
in which the second surfaces of the central pads and the outlet side pads
are connected; FIGS. 9A to 9C are plan views each showing the air-bearing
surface of a head slider in which the 10 second surfaces of the central
pads and the outlet side pads are. connected through bridges; FIG. 10A is a
graph showing the results obtained by calculating the contact forces Fc of
the head sliders of FIGS. 9A to 9C on the inner periphery (ID), 15
intermediate position (MD), and outer periphery (OD) of the magnetic disc;
FIG. 10B is a graph showing the results obtained by calculating the contact
force increase amounts dFc of the head sliders of FIGS. 9A to 9C under a
reduced 20 pressure on the inner periphery (ID), intermediate position
(MD), and outer periphery (OD) of the 



magnetic disc; FIG. 11 is a perspective view of a magnetic head assembly
having an in-contact magnetic head slider 25 according to an embodiment of
the present invention viewed from the disc; and FIG. 12 is a perspective
view showing the    - 11  internal structure of a magnetic recording
apparatus in which the magnetic head assembly shown in FIG. 11 is mounted.
DETAILED DESCRIPTION OF THE INVENTION 5 Embodiments of the present
invention will be described with reference to the accompanying drawings.
FIG. 1 is a perspective view of an in-contact magnetic head slider
according to an embodiment of the present invention viewed from the
air-bearing surface 10 (i.e., from the magnetic disc). FIG. 2A is a plan
view showing the air-bearing surface of the head slider, and FIGS. 2B and
2C are views for explaining the first to third surfaces of the head slider.
FIG. 3 is a view showing the side elevation of the 15 head slider along the
longitudinal direction of the slider. FIG. 4 is an end view showing the air
inlet edge of the head slider. The air-bearing surface (to be referred to
as the slider ABS hereinafter) of the in-contact magnetic 20 head slider 10
according to the embodiment of the present invention has three surfaces
different in height formed by ion-milling the slider ABS from a slider
substrate. As shown in FIG. 2C, the three surfaces are defined as the
first, second, and third 25 surfaces that are located in this order from
the level closer to the magnetic disc. The individual projection that forms
the first or second surface will   - 12  be referred to as a pad. To
discriminate the three surfaces, as shown in FIG. 2B, the first and second
surfaces are hatched in different directions, and the third surface is not
hatched. 5 The steps formed by the first to third surfaces constitute
negative pressure-generating regions and positive pressure-generating
regions. A negative pressure-generating region is a portion where an air
channel changes in a widening direction or, for 10 example, a stepped
portion where a cavity is formed downstream of a projecting pad.
Conversely, a positive pressure-generating region is a portion where an air
channel changes in a narrowing direction or, for example, a stepped portion
where a pad is formed 



15 downstream of a cavity. The exemplified negative and positive
pressure-generating regions are based on the steps between the magnetic
disc and slider. In the widthwise direction of the slider ABS, when the air
channel widens, a negative pressure is generated, and 20 when the air
channel narrows, a positive pressure is generated. The arrangement of the
slider ABS will be described with reference to FIGS. 1, 2A, 3, and 4. The
head slider is held by a suspension (not shown) to 25 oppose the magnetic
disc with its slider ABS. When the magnetic disc rotates, air flows in from
the air inlet edge Ei, and flows out from the air outlet edge   - 13  Eo..
In the in-contact magnetic head slider according to the embodiment of the
present invention, the load from the suspension is substantially applied to
the center of gravity of the slider (geometrically, 5 substantially the
central position along the longitudinal direction of the slider). As such a
suspension, one applied to the conventional flying head slider can be
utilized. The inlet edge pad 11 is formed at that position 10 of the head
slider closest to the air inlet edge. The inlet edge pad 11 has a second
surface extending to the slider widthwise direction almost entirely. A
region located immediately downstream of the inlet edge pad 11 is the third
surface which forms a cavity. 15 The third surface serves as a first
negative pressure generating region 12 on the side of the inlet edge and is
shown in dotted line contour in FIG. 2A. The structure for forming the
first negative pressuregenerating region includes the inlet edge pad 11 20.
having a thickness above the third surface so that a step down structure is
formed between the inlet edge pad 11 and the third surface. The inlet edge
pad 11 is not connected to the outer pads, i.e., is formed separate from
the other 25 pads. In the case where the first negative pressuregenerating
region 12 located immediately after the inlet edge pad 11 desirably
generates a comparatively   - 14  low negative pressure, it is advantageous
to form the inlet edge pad 11 separate from the other pads because an
appropriate negative pressure can be generated. In this embodiment,
although one inlet edge pad 11 is 5 formed, two or more inlet edge pads may
be formed. Conversely, assume that a negative pressure on the side of the
inlet edge must be increased. In this case, the inlet edge pad 11 having
the second surface and the second surfaces of positive pressure 10
generating regions (central pads 15a and 15b to be described later) may be
connected to surround the first negative pressure-generating region 12.
Then, a high negative pressure can be generated efficiently. At the central
portion along the longitudinal 



15 direction of the slider, the two central pads 15a and 15b are formed on
the two side portions along the widthwise direction of the slider, so as to
sandwich the third surface. The central pad 15a has a second surface 13a
and first surface 14a. The central pad 20 15b has a second surface 13b and
first surface 14b. The central pads 15a and 15b serve as the first positive
pressure-generating regions. The first positive pressure-generating region
is formed substantially over the entire surface of the first 25 surface 14a
and second surface 14b of the central pads 15a and 15b respectively. This
region extends slightly downstream of the first surface 14a and second
surface   - 15  14b over the third surface 12 until it abuts the second
negative pressure-generating region 18 as explained below and shown in
dotted line contour in FIG. 2A. Thus, the structure for forming the first 5
positive pressure region is the step-up structure provided by the surfaces
12, 13a and 14a and the step up structure provided by the surfaces 12, 13b
and 14b. The upstream portions of the second and first surfaces that form
the central pads 15a and 15b are machined 10 obliquely. Thus, air flowing
in the vicinity of the third surface can readily flow to the central
portion of the slider. On the side of the outlet edge along the
longitudinal direction of the slider, two outlet side 15 pads 16a and 16b
are formed on the two side portions along the widthwise direction of the
slider so as to sandwich the third surface. The outlet side pads 16a and
16b have second surfaces, respectively. The downstream portions of the
outlet side pads 15a 20 and 16b are machined obliquely. Thus, air flowing
in the vicinity of the third surface can readily flow out from the air
outlet edge. With the 16a and 16b, a so-called squeeze ef obtained. 25 On
the two side portions along direction of the slider, the second 13b of the
central pads 15a and 15b outlet side pads Eect can be the widthwise
surfaces 13a and and the outlet    - 16  side pads 16a and 16b are
connected to each other through bridges 17a and 17b, respectively. The
width of each of the bridges 17a and 17b is smaller than the width of that
one having a small width on the 5 connecting surface among the second
surfaces 13a and 13b of the central pads 15a and 15b and the outlet side
pads 16a and 16b (in this case, the width of the outlet side pad). The
downstream region located nearly adjacent 10 and downstream of the central
pads 15a and 15b on the third surface 12 forms a cavity. This region serves
as a second negative pressure-generating region 18 (shown in dotted lines
in FIG. 2A) on the side of the outlet edge and is formed adjacent the first
positive 15 pressure-generating region. The structure for forming the
negative pressure-generating region is the stepdown structure formed by the
thicker (in a direction above the third surface) central pads 15a, 15b
followed downstream thereof by the lower third 20 surface. Additional
structure includes the bridge 



members 17a, 17b and the outlet side pads both of which are positioned
above and surrounding a portion of the third surface to thus form a cavity
region designated by 18. When the negative pressure on the 25 side of the
inlet edge is comparatively low, the negative pressure on the side of the
outlet edge to balance it must also be low. To generate a low    - 17
negative pressure on the side of the outlet edge in this manner, it is
appropriate to utilize changes in step immediately after the central pads
15a and 15b serving as the first positive pressure-generating 5 region. As
described above, the second surfaces 13a, 13b of the central pads 15a and
15b and the outlet side pads 16a and 16b are connected to each other
through the bridges 17a and 17b, respectively. In this 10 arrangement, the
bridges 17a and 17b and outlet side pads 16a and 16b are present on the two
sides of the second negative pressure-generating region 18 along the
widthwise direction of the slider. Accordingly, since air does not leak to
the outside at the 15 positions of the bridges 17a and 17b, a comparatively
high negative pressure can be generated efficiently. A contact pad 19
having the first surface is formed at the central portion of the air outlet
edge Eo. A magnetic head 20 is formed in contact with the 20. contact pad
19. The in-contact magnetic head slider according to the present invention
suffices as far as it satisfies the following conditions. Namely, the first
negative pressure-generating region must be formed on the side 25 of the
air inlet edge with respect to the first positive pressure-generating
region. The second negative pressure-generating region must be formed on
- 18  the side of the air outlet edge with respect to the first positive
pressure-generating region. The incontact magnetic head slider according to
the present invention described above with reference to FIGS. 1 to 5 4 is
formed to obtain the best effect. Next, parameters that were studied by the
inventor in reaching the above arrangement will be described on the basis
of the function and effect of the in-contact magnetic head slider with
reference to 10 modifications other than the arrangement of FIGS. 1 to 4 as
well. FIG. 5 shows forces acting on the slider when 



the slider is viewed from side surface thereof. The forces acting on the
slider include a load F, 15 positive pressures Fp and Fpc, a contact force
FC, and negative pressures Fn1 and Fn2. The load F is applied by the
suspension (not shown). The positive pressure Fp acts on the central pads
15a and 15b. The contact force Fc is applied from the magnetic disc when
the 20 contact pad 19 comes into contact with the magnetic disc. The
positive pressure Fpc is generated only slightly in the contact pad 19. The
negative pressura Fn1 acts on the first negative pressure-generating region
12 located immediately after the inlet edge pad 25 11. The negative
pressure Fn2 acts on the second negative pressure-generating region 18
located immediately after the central pads 15a and 15b.   - 19  Fn1 and Fn2
will be referred to as the negative pressures on the side of the inlet and
outlet edges, respectively. When the negative pressure acting on the entire
slider is defined as Fn, Fn is expressed by 5 the following equation (1):
Fn - Fnl + Fn2 . . . ( 1 ) . The balances among the acting forces and
moments shown in FIG. 5 are expressed as in the following equations (2) and
(3). M in equation (3) is the 10 rotation moment applied by the suspension
(not shown). 1 in equation (3) indicates the distance between the point of
action (substantially equal to the center of gravity of the slider) on
which the load F from the suspension acts and the points of action for the
15 respective forces. The suffix of the distance corresponds to that of the
force. -F - Fn1 - Fn2 + Fp + Fpc + Fc = 0 . . . ( 2 ) , -Fnllnl + Fn21n2 +
Fplp - Fpclpc - Fclc + M = 0 . . . (3) . 20 In the in-contact magnetic head
slider, wear of the contact pad 19 largely influences the reliability of
the apparatus. To decrease the wear, the contact force Fc applied to the
contact pad 19 from the magnetic disc must be decreased. The design
approach 25 to decrease the contact force Fc by changing the configuration
of the ABS includes the following three schemes.   - 20  (i) To enlarge the
central pads 15a and 15b. This scheme aims at applying a high positive
pressure Fp to large central pads, to decrease the contact force: Fc = F
-f- Fn - Fp - FpC. 5 (ii) To shift the positions of the central pads 



15a and 15b toward the outlet edge. This scheme aims at decreasing the
spacing between the central pads 15a and 15b and the magnetic disc. Then, a
high positive pressure Fp is applied to the central pads 15a and 10 15b, to
decrease the contact force Fc in the same manner as in ( i ) . (iii) To
decrease the length of the inlet edge pad 11 along the longitudinal
direction of the slider. This scheme aims at increasing the area of the
first 15 negative pressure-generating region 12 between the inlet edge pad
11 and the central pads 15a and 15b. Then, the negative pressure Fn1 on the
side of the inlet edge is increased, and a moment is thus increased in a
direction (tending to cause 20 counter-clockwise rotation as seen in FIG.
5) to partially cancel the rotation moment applied by the forces Fp and Fn2
tending to cause clockwise rotation. Accordingly, the contact force may be
decreased. To change the shapes of the central pads 15a and 25 15b is
limited by the following two reasons. First, the downstream ends of the
first surfaces of the central pads 15a and 15b cannot be shifted toward the
- 21  outlet edge over a certain tolerance value. This is to prevent a
lubricant applied to the surface of the magnetic disc from attaching to the
first surfaces of the central pads 15a and 15b. Second, the widths of 5 the
central pads 15a and 15b cannot be increased toward the center along the
widthwise direction of the slider. The gap between the central pads 15a and
15b serves as an air channel along the third surface. If the gap is
excessively narrow, the pressure 10 generated on the side of the air outlet
edge decreases. This adversely affects the pressure distribution on the
side of the outlet edge. To decrease the contact force Fc under these
limitations, as described in the item (iii), it is 15 most preferable to
increase the area of the first negative pressure-generating region 12
between the inlet edge pad 11 and the central pads 15a and 15b so as to
generate the negative pressure on the side of the inlet edge as much as
possible. 20 . When the negative pressure generated on the side of the
inlet edge is merely increased, the following problems arise. For example,
when the pressure is reduced or the rotating velocity is changed, the
negative pressure on the side of the outlet edge 25 changes accordingly.
Then, a change in moment that acts in a direction to push the contact pad
19 against the magnetic disc about the center of gravity of the  



- 22  slider increases. This leads to a change in contact force Fc. In
particular, if the contact force Fc is increased under a reduced pressure
(0.7 atm) at the maximum usage altitude (about 3,000 m) required for 5 the
magnetic disc apparatus, the wear reliability degrades, that is, the
apparatus reliability degrades. Also, if the contact force Fc varies at the
respective radial. positions on the magnetic disc, the range of the upper
and lower limits of the contact force Fc may 10 be widened, which is not
preferable. In view of this, only the area of the first negative
pressure-generating region 12 was changed, and its influence was studied.
FIGS. 6A to 6C are plan views showing the air-bearing surfaces of three 15'
different types of head sliders. In each of FIGS. 6A to 6C, the length of
the inlet edge pad 11 along the longitudinal direction of the slider is
adjusted to change the area of the first negative pressure generating
region 12. In FIG. 6A, the inlet edge pad 20 11 has a normal length
(Normal). In FIG. 6B, the length of the inlet edge pad 11 is decreased
toward the inlet edge by 30 ~cm (Lpad-1). In FIG. 6C, the length of the
inlet edge pad 11 is increased toward the outlet edge by 30 ~ m (Lpad-t).
In each of the 25 head sliders of FIGS. 6A to 6C, the second surfaces of
the central pads 15a and 15b and the outlet side pads 16a and 16b are not
connected to each other through   - 23  bridges, which makes possible that
air flows out through the side edges of the head slider. Therefore, the
negative pressure on the side of the outlet edge may be rather small. 5
FIGS. 7A and 7B show the results obtained by calculating the contact forces
Fc and contact force increase amounts dFc under a reduced pressure,
respectively, of the three different head sliders on the inner periphery
(ID), intermediate position (MD), 10 and outer periphery (OD) of the
magnetic disc. Here, dFc is mean to represent a change (,or."delta") in
contact force so that the actual contact force under the case of a reduced
pressure (such as in an airplane, etc) would be the sum of the value shown
15 in FIG. 7A and FIG. 7B. The influence on the contact force Fc shown 



in FIG. 7A is as follows. In the case of Normal, the contact force does not
change regardless of the position on the magnetic disc. In the case of
Lpad-1 20 in which the.length of the inlet edge pad 11 is decreased to
increase the negative pressure, the contact force decreases by about 50 mgf
on the inner periphery and about 110 mgf on the outer periphery compared to
Normal. The difference in contact force 25 between the outer and inner
peripheries of the magnetic disc is about -60 mgf. In the case of Lpad-t in
which the length of the inlet edge pad 11 is   - 24  increased to decrease
the negative pressure, a tendency opposite to that of the case of Lpad-1 is
shown. The influence on the contact force increase 5 amounts dFc under the
reduced pressure shown in FIG. 7B is as follows. Under the reduced
pressure, the contact force increases in a11 the three cases, but the
influence is low on the inner periphery (ID) where the rotating velocity of
the magnetic disc is 10 low, and high on the outer periphery (OD) where the
rotating velocity of the magnetic disc is high. In other words, in the case
of Lpad-1 in which the length of the inlet edge pad 11 is decreased to
increase the negative pressure, the contact force increase amounts 15
increase by about 10 mgf compared to Normal. As described above, where only
the negative pressure on the side of the inlet edge is increased by
decreasing the length of the inlet edge pad 11, a difference occurs in the
contact force Fc between 20 the outer and inner peripheries although the
contact force Fc decreases, and also the contact force increase amounts
under the reduced pressure increase. Thus, a good result cannot always be
obtained. To solve these problems, the present inventor has 25 arrived at
an idea that it is effective to generate negative pressures on the side of
the outlet edge as well as on the side of the inlet edge such that the   -
25  two negative pressures balance. Hence, the present inventor has
studied, in order to generate the negative pressure efficiently on the side
of the outlet edge, to connect the second surfaces of the 5 central pads
15a and 15b and the outlet side pads 16a and 16b to form a negative
pressure-generating region surrounded by the pads (the steps of the second
surfaces) on the side of the outlet edge. FIGS. 8A to 8C are plan views
each showing the 10 air-bearing surface of a head slider in which the
second surfaces of the central pads 15a and 15b and the outlet side pads
16a and 16b are connected to each other through connection regions 21a and
21b. These head sliders will be described. 15 With the arrangement of FIG.
8A, a negative pressure-generating region 18 surrounded by pads can be
formed, and a comparatively high negative pressure can be generated even on
the side of the outlet edge. The inner ends of the connection regions 21a
and 21b 20 along the widthwise direction of the slider are located on the
outside to the inner ends of the second 



surfaces of the central pads 15a and 15b. When air flows from the gap
between the second surfaces of the central pads 15a and 15b to the gap
between 25 the connection regions 21a and 21b, the air channel widens. This
also becomes a cause to generate a negative pressure. If the areas of the
connection   - 26  regions 21a and 21b are large, however, the
pressurereducing characteristics (a change in contact force under a reduced
pressure) tend to degrade. It has been found that this tendency can be
prevented by 5 the designs shown in FIGS. 8B and 8C. In FIG. 8B, portions
22a and 22b positioned near the side edges of the outlet side pads 16a and
16b and the connecting regions are removed. In FIG. 8C, portions 23a and
23b positioned near the outlet edge of the outlet side 10 pads 16a and 16b
are removed. If the removing areas of the portions 22a and 22b positioned
near the side edges shown in FIG. 8B are increased or the portions 23a and
23b positioned near the outlet edge shown in FIG. 8C are removed, problems
may occur. More 15 specifically, the squeeze effect may decrease, or the
roll rigidity may decrease. The present inventor has found that, in order
to solve these problems, it is desirable to remove the outer end portions
in the widthwise direction of the 20 slider at positions away as much as
possible from the outlet edge. More specifically, as shown in FIGS. 9A to
9C, the second surfaces of the central pads 15a and 15b and the outlet side
pads 16a and 16b may be bridged to each other. Portions 17a and 17b will be
25 called bridges. As shown in FIGS. 9A to 9C, the width of each of the
bridges 17a and 17b is smaller than the width of any one of the second
surfaces of the central   - 27  pads 15a and 15b and of the outlet side
pads 16a and 16b. The outer ends of the bridges 17a and 17b along the
widthwise direction of the slider are located on the inside to the outer
ends of the second surfaces of 5 the central pads 15a and 15b and outlet
side pads 16a and 16b along the widthwise direction of the slider. The
positions of the bridges 17a and 17b of FIG. 9A are defined as normal
positions (Normal). FIG. 9B shows a case in which the positions of the 10
bridges 17a and 17b along the widthwise direction of the slider are shifted
to the outside to the normal positions (Bridge-w). FIG. 9C shows a case in
which the positions of the bridges 17a and 17b along the widthwise
direction of the slider are shifted to the 15 inside to the normal
positions (Bridge-n). Although not shown, a case in which no bridge is
formed is also assumed (Bridge-non). FIGS. 10A and 10B are graphs showing
the results obtained by calculating the contact forces Fc and the 20
contact force increase amounts dFc under a reduced pressure for the above
head sliders on the inner periphery (ID), intermediate position (MD), and
outer periphery (OD) of the magnetic disc. The influence on the contact
force Fc shown in 25 FIG. 10A is as follows. With no bridge (Bridge-non),
the contact force decreases at any radial position. The difference (outer
periphery - inner periphery) in   - 28  contact force between the outer and
inner peripheries is about -40 mgf. If this is combined with an arrangement
in which the negative pressure on the side of the inlet edge is increased
as described 5 above, the contact force is excessively low, which is 



inconvenient. When the bridges are shifted to the outside along the
widthwise direction of the slider (Bridge-w), the contact force increases
by about 40 mgf compared to that of the normal positions 10 (Normal). The
difference (outer periphery - inner periphery) in contact force between the
outer and inner peripheries is about 25 mgf. In this manner, a change in
contact force shown in FIG. 7A, which occurs when only the negative
pressure on the side of 15 inlet edge is increased, can be canceled. The
influence on the contact force increase amounts dFc under the reduced
pressure shown in FIG. 10B is as follows. With no bridge (Bridge-non), the
contact force increases at any radial position. 20 In particular,. on the
outer periphery where the rotating velocity of the magnetic disc is high,
the contact force increases as much as by about 20 mgf compared to that of
the normal positions (Normal). When the bridges are shifted to the outside
along the 25 widthwise direction of the slider (Bridge-w), the contact
force slightly decreases at the respective radial positions.   - 29  As
described above, to suppress a difference in contact force depending on the
radial position while decreasing the contact force, and to suppress an
increase in contact force under a reduced pressure, it 5 is significant to
increase the negative pressure on the side of the inlet edge as well as on
the side of the outlet edge, so as to optimize the contact force on the
magnetic head 20. For this purpose, the second surfaces of the central pads
and the outlet side pads 10 are preferably connected to each other. A
magnetic head assembly and magnetic recording/ reading apparatus each
having an in-contact magnetic head slider according to the embodiment of
the present invention will be described. 15 FIG. 11 is a perspective view
of a magnetic head assembly 50 having the in-contact magnetic head slider
10 according to the embodiment of the present invention viewed from the
disc. The actuator arm 51 has a hole with which it is mounted on a pivot in
20 a magnetic disc. apparatus. The actuator arm 51 also has a bobbin
section for holding a driving coil (not shown). The suspension 52 is fixed
to one end of the actuator arm 51. The in-contact magnetic head slider 10
described above is attached to the distal end of 25 the suspension 52. The
suspension 52 has signal write/read lead wires 53. One end of each lead
wire 53 is connected to the corresponding electrode of a   - 30  magnetic
head built in the head slider 10. The other end of each lead wire 53 is
connected to a correspond ing electrode pad 54. FIG. 12 is a perspective
view showing the 5 internal structure of a magnetic recording apparatus 



(hard disc drive) in which the magnetic head assembly shown in FIG. 11 is
mounted. The magnetic disc 101 is mounted on the spindle 102, and rotates
in response to control signals from a driving unit controller (not 10
shown). The actuator arm 51 as shown in FIG. 11 is mounted on the pivot
103. The actuator arm 51 is held by ball bearings (not shown) arranged at
the upper and lower portions of the pivot 103. The actuator arm 51 supports
the suspension 52 and the head slider 10 at 15 the distal end of the
suspension 52. The voice coil motor 104, which is a type of a linear motor,
is arranged at the proximal end of the actuator arm 51. The voice coil
motor 104 is constituted by a driving coil (not shown) wound around the
bobbin section of 20 the actuator arm 51 and a magnetic circuit including.
a permanent magnet and a counter yoke sandwiching the driving coil. The
actuator arm 51 can be slidably rotated using the voice coil motor 104.
When the magnetic disc l01 rotates, the contact pad of the head 25 slider
10 is held in contact with the surface of the magnetic disc 101. Thus, data
can be recorded on or read out from the magnetic disc 101 with the magnetic
31 head. The cover 105 is attached to the housing that accommodates these
members.   - 32  WHAT IS CLAIMED IS: 1. A magnetic head structure
comprising: (a) a magnetic head operable to at least one of (1) read from
and (2) write onto a magnetic recording 5 medium upon rotation of said
magnetic recording medium relative to said magnetic head; (b) a support
member supporting said magnetic head and having an air bearing surface
positioned, when operating said magnetic head, adjacent said 10 magnetic
recording medium, (c) said support member including: (1) an air inlet
region; (2) an air outlet region 



(3) a first pad member; and 15 (4) a second pad member; (d) said air
bearing surface including: (5) first and second surfaces formed on outer
surfaces of said first and second pad members respectively; 20 (6) a third
surface, (7) said first, second and third surfaces located in ascending
order in a height direction from a level closest to the magnetic recording
medium to a level furthest from the magnetic recording medium; 25 (e) said
first and second pad members, and said third surface forming: (8) a first
positive pressure-generating   - 33  region formed by positioning said
first pad member at least partially overlying said second surface of said
second pad member and positioning same at a central portion of said support
member along a longitudinal 5 direction thereof; (9) a first negative
pressure-generating region formed by the third surface positioned between
the air inlet region and the first positive pressuregenerating region; 10
(10) a second negative pressure-generating region formed by the third
surface positioned between the first positive pressure-generating region
and the air outlet region; (f) said first positive pressure-generating 15
region, said first negative pressure-generating region, and said second
negative pressure-generating region forming a first positive pressure, a
first negative pressure and a second negative pressure respectively upon
positioning of said support member 20 adjacent said magnetic recording
medium and rotating said magnetic recording medium. 2. The magnetic
structure as recited in claim 1, wherein said first pad member includes a
first part and a second part, and said second pad member includes 25 a
first part and a second part and wherein the first positive
pressure-generating region includes first and second central pads, said
first central pad formed by   - 34  overlying said first part of said first
pad member on 



said first part of said second pad member, and said second central pad
formed by overlying said second part of said first pad member on said
second part of 5 said second pad member, said first and second central pads
arranged, at opposite side central portions of said support member along
the longitudinal direction thereof, to sandwich the third surface
therebetween. 3. The magnetic structure as recited in claim 1, 10 wherein
the second negative pressure-generating region includes the third surface
located immediately after the first and second central pads. 4. The
magnetic structure as recited in claim 2, wherein said support member
further includes first and 15 second outlet side pads each having the
second surface as outer surfaces thereof, said first and second outlet side
pads formed on opposite sides of the support member along the widthwise
direction thereof adjacent the air outlet region to sandwich the third 20
surface therebetween. 5. The magnetic structure as recited in claim 4,
wherein said support member includes a first bridge member having said
second surface and connecting said first outlet side pad with said first
part of said 25 second pad member, and a second bridge member having said
second surface and connecting said second outlet side pad with said second
part of said second pad   - 35  member. 6. The magnetic structure as
recited in claim 5, wherein a width of each of the first and second bridge
members is smaller than a width of any one of the 5 second surfaces of the
first and second central pads and first and second outlet side pads. 7. The
magnetic structure as recited in claim 5, wherein outer ends of the first
and second bridge members along the widthwise direction thereof are 10
closer to a central longitudinal axis of said support member than outer
ends of the second surfaces of the first and second central pads. 8. The
magnetic structure as recited in claim 4, wherein the first negative
pressure-generating region 15 is arranged on a side air inlet edge of said
air inlet region and includes the third surface located immediately after.
an inlet end pad having the second surface and formed separate from the
first and second central pad members and the first and second outlet 20
side pads. 9. The magnetic structure as recited in claim 1, wherein said
magnetic head structure is a in-contact magnetic head slider in which said
magnetic head 



contacts said magnetic recording medium during 25 operation thereof. 10. A
magnetic head assembly comprising the in-contact magnetic head slider as
recited in claim 9.   - 36  11. A magnetic recording apparatus comprising:
a magnetic recording medium mounted rotatably; and the magnetic head
assembly as recited in claim 10 5 arranged to be movable in a radial
direction of the magnetic recording medium. 12. A magnetic head structure
comprising: (a) a magnetic head operable to at least one of (D read from
and (2)write onto a magnetic recording 10 medium upon rotation of said
magnetic recording medium relative to said magnetic head; (b) a support
member supporting said magnetic head and having an air bearing surface
positioned, when operating said magnetic head, adjacent said 15 magnetic
recording medium, (c) said support member including: (1) an air inlet
region; (2) an air outlet region (3) a first pad member having a first 20
thickness and a first surface; and (4) a second pad member having a second
thickness and a second surface; (5) a third surface supporting said first
and second pad members; 25 (6) said first, second and third surfaces
located in ascending order in a height direction from a level closest to
the magnetic recording medium to   - 37  a level furthest from the magnetic
recording medium; (7) said second pad member having a first central part, a
first outlet side pad part and a first 



bridge part connected therebetween; 5 (8) said second pad member further
having a second central part, a second outlet side pad part and a second
bridge part connected therebetween; (9) a first negative
pressure-generating region formed on said third surface adjacent said air
10 inlet region; (10) a first positive pressure-generating region formed
substantially on said first surface; and (11) a second negative
pressure-generating region formed on said third surface between said first
15 and second bridge parts and said first and second outlet side pad parts;
(12) said first positive pressure-generating region, said first negative
pressure-generating region, and said second negative pressure-generating 20
region forming a first positive. pressure, a first negative pressure and a
second negative pressure respectively upon positioning of said support
member adjacent said magnetic recording medium and rotating said magnetic
recording medium. 25 13. The magnetic head structure as recited in claim
12, wherein said first pad member has a first part and a second part, said
first part being   - 38  positioned at least partially overlaying said
first central part of said second pad member, and said second part being
positioned at least partially overlaying said second central part of said
second pad 5 member. 14. The magnetic head structure as recited in claim
13, further comprising a inlet pad member, positioned on said third surface
and having said second thickness. 



10 15. The magnetic head structure as recited in claim 14, wherein a
surface of said inlet pad member is not connected to said second surface of
said second pad member. 16. The magnetic head structure as recited in 15
claim 15, wherein a width of each of the first and second bridge parts is
smaller than a width of any one of the second surfaces of the first and
second central parts and first and second outlet side pad parts. 17. The
magnetic head structure as recited in 20 claim 15, wherein outer ends of
the first and second bridge members along the widthwise direction thereof
are closer to a central longitudinal axis of said support member than outer
ends of the second surfaces of the first and second central pads. 25 18.
The magnetic head structure as recited in claim 15, wherein outer ends of
the first and second bridge parts along the widthwise direction thereof are
- 39  closer to a central longitudinal axis of said support member than
outer ends of the second surfaces of the first and second central parts.
19. The magnetic head structure as recited in 5 claim 12, wherein said
magnetic head structure is an in-contact magnetic head slider in which said
magnetic head contacts said magnetic recording medium during operation
thereof. 20. A magnetic head assembly comprising the in 10 contact magnetic
head slider as recited in claim 19. 21. A magnetic recording apparatus
comprising: 



a magnetic recording medium mounted rotatably; and the magnetic head
assembly as recited in claim 20 15 arranged to be movable in a radial
direction of the magnetic recording medium. 22. A method of supporting a
magnetic head for at least one of reading from and writing onto a magnetic
medium comprising the steps of: 20 securing the magnetic head to a support
structure, and forming on a surface of said support structure, first and
second disjoint negative pressure-generating regions with a positive
pressure-generating region 25 therebetween, said first and second negative
pressure generating regions and positive pressure-generating region
producing first and second negative pressure   - 40  regions and a.positive
pressure region respectively by means of air flow between said magnetic
medium and said surface of said support structure upon rotation of said
magnetic medium and positioning said support 5 structure adjacent said
magnetic medium. 23. The method as recited in claim 22, wherein said
forming step includes, for said positive pressure-generating region forming
a first member having a first surface, said first member having 10 a first
thickness, and for said negative generating regions forming another surface
from which said first thickness is determined, said first surface closer to
said magnetic medium than said another surface. 24. The method as recited
in claim 23, further 15 including forming a second member on said another
surface, said second member having a second surface, said second member
having a smaller thickness that said first thickness as measured from said
another surface, said second member positioned on an upstream 20 side of
said first member whereby said second surface and said first surface form a
step for receiving air flow. 25. The method as recited in claim 24, wherein
said forming of said second negative pressure 25 generating region includes
forming said second member having a central part, an outlet pad part and a
bridge part connected therebetween, said central part, said  



- 41  outlet pad part and said bridge part forming a cavity area. 26. A
magnetic head support structured for positioning a magnetic head for at
least one of 5 reading from and writing onto a magnetic medium utilizing
air pressure with air flowing across the support structure between the
support structure and the magnetic medium upon rotation of said magnetic
medium comprising: 10 means for producing adjacent a surface of said
support structure, a first negative pressure region means for producing
adjacent the surface of said support structure, a second negative pressure
region; and 15 means for producing adjacent the surface of said support
structure, a positive pressure region positioned between the first and
second negative pressure regions. .A ;.A ..A9.A U.A .A A.A .A A.AA`.A
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