
FLYING HEAD SLIDER AND MAGNETIC DISK APPARATUS
CROSS-REFERENCE TO THE INVENTION  This application is
based upon and claims the benefit of priority from the
prior Japanese Patect Application No.2004-097023,
filed on March 29, 2004, the entire contents of which
are incorporated herein by reference.      BACKGROUND
OF THE INVENTION  10 1. FIELD OF THE INVENTION The
present invention relates to a flying head slider
having  a read-write head that reads or writes data
from/into a rotating  recording media such as a
magnetic disk, and a magnetic disk apparatus equipped
with the flying head slider.  15 2. DESCRIPTION OF THE
RELATED ART  In magnetic disk apparatuses, a physical
space between a flying  head slider (hereinafter
simply referred to as the "slider") and  a disk is
represented generally by two types of amounts: an
element  flying amount indicating the space between a
read-write head and 20 the disk surface and a minimum
flying amount indicating a minimum  space between the
slider and the disk, and the two types of amounts  are
appropriately used for indicating a magnetic property
and a  mechanical property, respectively. Note that
the slider commonly  flies with respect to the disk in
the state of having a pitch angle 



25 and a roll angle, thereby the element flying amount
and the  minimum flying amount are different in
general. In order to assure mechanical reliability
(that is mainly to avoid a problem caused by a contact
of a head with the disk) in the magnetic disk
apparatuses, it should be ensured that the
above-mentioned minimum flying amount is at a
prescribed amount or more. The minimum flying amount
lowers due to (1)a flying amount  fluctuation caused
by a manufacturing error, (2) a flying amount  down
caused during a head seek time, and (3) a flying
amount down caused at the time of a pressure reduction
(hereinafter referred  to as the "pressure reducing
characteristic", and when the reduction  in the flying
amount is small, the pressure reducing characteristic
is indicated to be good), thereby these factors should
be considered 10 to the fullest extent in designing
and manufacturing, so that there  have been many
ingenuities to suppress the flying amount reduction.
The above-described factors that reduce the flying
amount  are all important for ensuring the reliability
of magnetic recording  devices, however, recently,
magnetic disk apparatuses are 15 increasingly mounted
on mobile devices and so forth. Accordingly, in
consideration of such a circumstance under which the
magnetic  disk apparatuses are utilized in more
various environments more than before, the improvement
in the pressure reducing characteristic,  which is an
evaluation indicator of reliability, can be said to be
20 the most important factor. The pressure reducing
characteristic, that is, the reduction  in the minimum
flying amount under the low pressure environment,  is
caused by a reduction in the flying power generation
accompanied  by a reduction in atmosphere density
under the low pressure 



25 environment. Under the low pressure environment,
the air density is reduced, so that the pressure
allowing the slider to fly is reduced  in the case of
the same flying posture and space as of the normal
pressure. Accordingly, in order to balance a load and
the flying power, the flying posture and the flying
space are forced to lower to the extent that the same
flying power as of the normal pressure  can be
obtained, and the reduction in the flying space is
said to  be a reduction in the pressure reducing
characteristic. One of the approaches to suppress the
reduction of the pressure reducing characteristic is
to increase positive pressure generation  at an air
outflow edge of the slider, namely at a trailing pad
arranged in the vicinity of a read-write element.
Along with year-by-year  reductions in the flying
amount, the positive pressure at the trailing 10 pad
can be said to have shown an increase. However, at the
same  time, the size reduction of the sliders shows a
progress, so that  the positive pressure increase at
the trailing pad is limited in  view of the pad area
reduction along therewith and the limitation  on the
load reduction for maintaining a shock resistance.
Meanwhile, by closely watching the flying posture (the
pitch angle and roll angle) and the flying space of
the slider at the time  of the pressure reduction, it
is possible to improve the pressure  reducing
characteristic by positively making use of their
fluctuations. The reason will be described below. 20
First, as for the roll angle, the conventional slider
equipped with the read-write element at the lateral
center thereof shows no  fluctuation in the element
flying amount when the roll angle becomes  large,
while the minimum flying amount shows a reduction. 



Accordingly, it is required for improving the pressure
reducing Next, as for the pitch angle, generally, a
leading pad and the trailing pad have different flying
amounts from each other, and the leading pad has a
larger flying amount reduction at the time of the
pressure reduction, in other words, a reduction in the
pitch angle is inevitable in relation thereto.
However, when the pitch angle is reduced, then the
minimum flying amount increases together (and the same
is equally applicable to the element flying amount).
Accordingly, the provision of a positive pressure pad
that  generates a relatively large pressure between
the leading pad and the trailing pad, and the design
such that the slider rotates around the center of
generating the positive pressure can prevent the
minimum  flying amount and the element flying amount
from being reduced. For  the positive pressure pad
arranged between the leading pad and the 10 trailing
pad in consideration of the suppression of the roll
angle,  side pads arranged at right and left in the
longitudinal direction  of the slider can be said to
be preferable (see for example Japanese  Patent
Laid-open Application No. 2002-163815 (Paragraph No.
0047 15 As described above, in order to improve the
pressure reducing  characteristic, it is important to
make use of the pitch angle reduction at the time of
the pressure reduction, and it is therefore necessary
to arrange the side pads generating larger positive
pressure  between the leading pad and the trailing
pad. It should be note  20 that, although the side
pads preferably have larger areas and are    arranged
at the air outflow edge side, the design constraints
as  will be described below should be considered to
the fullest extent. First, a conventional negative
pressure slider has a negative  



pressure cavity surrounded by the leading pad and the
side pads for 25 the purpose of effectively generating
negative pressure, and the  total amount of the
negative pressure generated here is determined
substantially by the cavity depth and the area of the
negative pressure cavity. Accordingly, in order to
generate larger negative pressure for the improvement
of the pressure reducing characteristic as well  as
the shock resistance, the area of the negative
pressure cavity is required to be increased, and
therefore, preferably, the side pads are laterally
narrow as much as possible.  Further, when the
negative pressure generated in the negative cavity is
increased, the pitch angle is reduced in general, so
that  the corresponding positive pressure is required
to be generated at  the leading pad. Backed by this,
it is impossible to increase the side pads toward the
air inflow side to a large degree so as to ensure a
necessary area for the leading pad. Furthermore, when
the side pads are arranged at the air outflow edge
side excessively, the space between the air outflow
edge of  the side pad and the disk surface becomes
small, so that the side  pad contacts with the disk
surface in the case of an accidental fluctuation in
the flying amount or the flying posture of the slider,
leading to lower the reliability of the apparatus.
Accordingly,  the arrangement of the side pads at the
air outflow edge sides is also limited. Among others,
since the side pads are arranged at both the lateral
ends of the slider, the side pads tend to contact  20
with the disk surface when the roll angle is
increased. As described above, the side pads
preferably generate larger  positive pressure as much
as possible inviewof the pressure reducing
characteristic, however, in view of the
above-described three design 



constraints, it is impossible to increase the positive
pressure 25 generation by the increase of the area.
Accordingly, the positive pressure generation increase
per unit area (hereinafter referred  to as the
"positive pressure generation efficiency") is
necessary. Thus, with the introduction of the side pad
exhibiting higher efficiency in generating positive
pressure, the roll moment caused  by manufacturing
errors can also be suppressed in addition to the
improvement in the pressure reducing characteristic,
so that the fluctuation in the roll angle caused
thereby can be suppressed to  a small level. Namely,
it is possible to prevent the reduction of the minimum
flying amount compared to the element flying amount,
leading to the improvement in the reliability of the
apparatuses. Moreover, such a side pad can realize a
desired pressure even in a small area, so that it is
effectively used for a slider of a  10 smaller size
such as a femto slider (width x length x height = 0.7
x 0.85 x 0.23 [mm]). SUMMARY OF THE INVENTION In
consideration of such circumstances, an object of the
15 present invention is to provide a flying head
slider capable of improving a pressure reducing
characteristic of sliders by improving  efficiency in
positive pressure generation of a side pad, and a
magnetic disk apparatus. In order to bring a solution
to the above-described problems,  20 a flying head
slider according to one embodiment of the present
invention comprises a pair of positive pressure
generating parts  



each having three or more types of surfaces that are
substantially  in parallel with a surface facing a
disk and have different heights,  the pair of positive
pressure generating parts being arranged so 25 as to
sandwich a deep portion of a negative pressure
generating part in the direction orthogonal to an
airflow direction.  BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view showing a magnetic disk
apparatus  equipped with a flying head slider
according to one embodiment of  the present invention.
FIG. 2 is a plan view showing a head gimbal assembly
provided  in the magnetic disk apparatus in FIG. 1.
FIG. 3 is a perspective view showing a flying head
slider FIG. 4 is a perspective view showing the flying
head slider 10 FIG. 5 is a plan view of an Air Bearing
Surface of the flying head slider in FIG. 4. FIGs. 6A
and 6B are views showing a calculation result of the
force generated at side pads each composed of two
steps. FIGS. 7A and 7B are views showing a calculation
result of 15 the force generated at side pads each
composed of three steps. FIGs. 8A and 8B are views
showing a calculation result of  the force generated
at side pads each composed of four steps.  FIGS. 9A
and 9B are views showing a calculation result of the
force generated when a second-step side pad region is
partially  20 surrounded by a region of a surface
being not subject to a milling.  FIGS. 10A and 10B are
views showing a calculation result of 



the force generated when the second-step side pad
region is partially surrounded by the region of the
surface being not subject to a milling, and also a
third-step side pad region is partially surrounded by
25 the second-step side pad region. FIG. 11 is a plan
view showing an example in which skirts are provided
at air outflow edges of the side pads as extensions as
an application of a cavity composed of plural steps.
FIG. 12 is a view showing an example in which a
negative pressure dead zone is provided at a negative
cavity 34 as an application of  a cavity composed of
plural steps. FIG. 13 is a view showing an effect of
the negative pressure  dead zone in FIG. 12 on the
generated amount of positive pressure. FIG. 14 is a
view showing an effect of the negative pressure  dead
zone in FIG. 12 on the generated amount of negative
pressure. FIG. 15 is a view showing an effect of the
negative pressure dead zone in FIG. 12 on the
respective center positions of generating 10 positive
and negative pressures. 



FIG. 16 is a view showing a relation between the
cavity depth  of the negative pressure dead zone and
the pressure reducing  characteristic. FIG. 17 is a
plan view showing an example in which tail cavities
15 are provided at air outflow edge sides of the side
pads 32 as an application of a cavity composed of
plural steps. FIG. 18 is a sectional view of a part of
the tail cavity.  FIG. 19 is a view showing an effect
of the tail cavity on  the generated force of the side
pads and a trailing pad. 20 FIG. 20 is a view showing
the mask region of a first milling process for
provideing a milling surface, which is to be subject
to a milling, with plural steps. FIG. 21 is a view
showing the mask region of a second milling process
for providing a milling surface with plural steps.
FIG. 22 is a view showing the mask region of a third
milling preocess for providing the milling surface
with plural steps. FIG. 23 shows a view showing the
cavity depths obtainable through the three milling
steps.   FIGS. 24A and 24B are views for illustrating
a mask rule.  FIG. 25, is a view illustrating the
flying principle of the flying head slider.
DESCRIPTION OF THE EMBODIMENTS  Hereinafter, the best
mode to embody the present invention will be described
based on the drawings. First, a flying principle  of a
flying head slider will be described with reference to
FIG.  25. FIG. 25 is a view illustrating the flying
principle of the flying 10 head slider. 



As shown in FIG. 25, a flying head slider (hereinafter
simply  referred to as the "slider") S1 of a magnetic
disk apparatus flies  constantly and stably with the
help of a surface that faces a disk  and has patterns
of different depths formed thereon (hereinafter 15
referred to as the "ABS"), by which a flying force
generated between  a disk surface D and the surface of
the slider S1 facing the disk,  and a load W that a
suspension applies to the slider S1 is balanced.
Currently, the minimum space between the disk and the
slider is a  very small amount being ten and several
nm. 20 Generally, the ABS of the sliders includes four
positive  pressure generating parts, namely a leading
pad, two side pads, and  a trailing pad, and in order
to generate positive pressure effectively there, a
positive pressure step having a cavity depth different
from  those of the positive pressure generating parts
is arranged at each  25 of the air inflow edge sides
of the respective pads. Further, for the purpose of
improving a flying amount reduction at a pressure
reduction, dependency of the flying amount on
peripheral velocity  and radial position, and shock
resistance, the slider of this type is commonly a
negative-pressure slider actively utilizing negative
pressure, in which there is arranged a negative
pressure generating  part called a negative cavity
having a cavity depth deeper than those  of the
aforementioned positive pressure steps. Further, the
present ABS is formed using a photolithography and the
cavity depths (which is also called "milling depths")
of  the respective parts are 0 (zero) for the leading
pad, the side pads,  and the trailing pad,
approximately 100 [nm] for the positive pressure step,
and approximately 1500 [nm] for the negative cavity. 



10 Subsequently, a magnetic disk apparatus equipped
with the  flying head slider according to one
embodiment of the present  invention will specifically
be described with reference to FIGS.  1 to 3. FIG. 1
is a perspective view showing the magnetic disk
apparatus equipped with the flying head slider
according to one 15 embodiment of the present
invention, FIG. 2 is a plan view showing  a head
gimbal assembly provided in the magnetic disk
apparatus, and FIG. 3 is a perspective view showing
the flying head slider supported  on the tip portion
of the head gimbal assembly. As shown in FIG. 1, in a
magnetic disk apparatus 1 includes  20 a case 2 of a
rectangular box shape with an opened upper surface
and a top cover (not shown) which is, as an example,
screwed shut  to the case 2 so as to cover the case 2.
In the case 2, for example,  there are disposed two
pieces of disks (platters) 3 being storage media of a
disk shape, a spindle motor 4 as a disk drive
mechanism  25 supporting and rotating the disks 3, and
a head actuator 25. Here, as the disk 3, a platter of
a diameter of 65 mm (2.5 inch) having  magnetic
recording layers on both the side thereof is employed.
These disks 3 are fitted to the outer periphery of a
hub (not shown) of the spindle motor 4, and are also
secured thereto with a clamp spring 11. In other
words, the two pieces of disks 3 rotate in a unified
manner when the spindle motor 4 is activated. The head
actuator 25 includes a carriage 6 configured by a
multilayer of head arm assemblies 15,a bearing unit 12
supporting the carriage 6 in a rotatable manner, and a
voice coil motor 8 actuating the carriage 6.. The head
gimbal assembly 15 is configured by a suspension 20
having an after-mentioned flying head slider 5
equipped  with a head (magnetic pole element) that
performs a write/read of 10 signals into/out from the
disks 3, and a tab 23 at the tip portion  thereof, and
an arm 7 supporting the suspension 20 at the tip
portion  



thereof. The bearing unit 12 supporting the carriage 6
includes a bearing  shaft 13 vertically standing on
the bottom wall of the case 2, and  15 a hub 14 of a
cylindrical shape supported by the bearing shaft 13 in
a rotatable manner via a pair of bearings. The voice
coil motor  8 includes a voice coil 17 secured to a
supporting frame 16 of the  base end portion of the
head actuator 25, a pair of yokes 18 secured  on the
case 2 so as to sandwich the voice coil 17, and a
magnet 19  20 secured to one of the pair of yokes 18.
Further, in the case 2, there are accommodated a ramp
9 to  hold a head at a predetermined retreat position
being distant from  the disks 3 by sliding across the
tab 23 when the flying head slider  5 is moved to the
outer periphery portion of the disks 3 , and a
substrate 25 unit 10 on which a head driver IC or the
like is mounted. Furthermore, on the rear side of the
parts accommodating portion of the case 2,  a printed
circuit board (not shown), on which the spindle motor
4, the voice coil motor 8, and a CPU for controlling
the head, a memory, a HDD controller, and other
circuits are mounted, is fitted via the substrate unit
10 by a screw clamp or the like.  Subsequently, the
description will be given 5 being the principal part
of the present invention. FIG. 4 is a  perspective
view showing the slider 5, and FIG. 5 is a plan view
of the same.  As shown in these drawings, the ABS
includes four positive pressure generating parts,
namely a trailing pad 31, two side pads  32, 32, and a
leading pad 33. Each of these positive pressure 10
generating parts is composed of a plurality of regions
having different cavity depths for the purpose of
improving efficiency in  positive pressure generation.



More specifically, the trailing pad 31 is composed of
a trailing  pad region 31a of a first step, which is
formed by a surface to which 15 no milling is
performed throughout the slider manufacturing process
(non-milling surf ace) or the like, and a trailing pad
region (positive  pressure step) 31b of a second step,
which is arranged on the air  inflow edge side of the
trailing pad region 31a of the first step  with its
surface being situated at a position lower than the
trailing  20 pad region 31a of the first step. The
side pad 32 is composed of a side pad region 32a of
the  first step formed by a non-milling surface or the
like, a side pad  region (first positive pressure
step) 32b of the second step arranged on the air
inflow edge side of the side pad region 32a of the
first  25 step with its surface being situated at a
position lower than the side pad region 32a of the
first step, and a side pad region (second  positive
pressure step) 32c of a third step arranged on the
further  air inflow edge side of the side pad region
32b of the second step with its surface being situated
at a position still lower (with a  cavity depth
deeper) than the side pad region 32b of the second
step. The leading pad 33 is composed of a leading pad
region 31a  of the first step formed by a non-milling
surface or the like, and  a leading pad region 33b of
the second step (positive pressure step)  arranged on
the air inflow edge side of the leading pad region 31a
of the first step with its surface being situated at a
position lower than the leading pad region 31a of the
first step. Further, the region surrounded by the
trailing pad 31, the  10 two side pads 32, 32, and the
leading pad 33 is a negative pressure  generating part
called a negative cavity 34 with its surface being 



at a position still lower than (with a cavity depth
deeper than) the surfaces of the above-mentioned
respective pad regions. Subsequently, description will
be given for the 15 characteristics of the side pads
32, 32 each of which is composed of a plurality of
steps as described above. FIGs. 6A and 6B, 7A and 7B,
and 8A and 8B show calculation  results of the
generated forces by various types of side pads, in
which the side pad regions 32b, 32C,... of the second
step and 20 thereafter are changed in view of the
cavity depth and the position  of step, respectively.
The side pads used in the calculation have a size of
120 [nm]        x 400 [um] (120 [Nun] x400[Nun])with
its air inflow edge being situated  at 265 [um] (265
[m]) from a leading edge of a slider of a femto 25
size with a negative pressure cavity having a cavity
depth of 1.5 [um] (1.5 [Nun] or 1.5 X 10-6, the same
is applicable hereinbelow) from the non-milling
surface. Note that peripheral velocity and skew angle
are defined to be 8.8 [m/s] and 0 (zero) [deg], being
the requirements for an intermediate periphery portion
of the HDD of 4200 rpm and 2.5 inch, respectively, and
the flying posture is defined. to be at a pitch angle
of 150 [urad] (150 [p. rad]) and a flying amount of 10
[nm] being also the requirements for the intermediate
periphery portion of the HDD of 4200 rpm and 2.5 inch.
When calculation is made for the case where the side
pads are formed only by the non-milling surfaces, the
generated force  was 7.23 [mN]. 



FIGs. 6A and 6B show a calculation result of the
generated 10 force by conventional side pads 42 each
composed of two steps by  changing the cavity depths
and the positions of steps of side pad  regions 42b of
the second step. With respect to the position of  the
border lines between first side pad regions 42a of the
first step being non-milling surfaces and the side pad
regions 42b of the second step, the distance from the
air inflow edge of the side pads 32 is changed in the
range of 50 [um] though 250 [um], and the cavity
depths of the side pad regions 42b from the surfaces
of the side  pad regions 42a of the first step being
the non-milling surfaces  are changed from 100 [nm]
though 200 [nm]. As a result, when the 20 side pad
regions 42b of the second step have a length of 50
[um]  and a cavity depth of 150 [nm], the maximum
generated force was 15.9  [mN]. FIGs. 7A and 7B show a
calculation result of the generated force by side pads
52 each composed of three steps as in FIG. 4 by  25
changing the cavity depths of side pad regions 52b of
the second step and side pad regions 52c of the third
steps, respectively, from the non-milling surfaces
(the surfaces of the side pad regions 52a  of the
first step). Note that, however, the side pad regions
52c of the third step are fixed in regions up to 50
[um] from the air  inflow edges of the side pads 52,
and the side pad regions 52b of  the second step are
defined to be in the range of 50 [um] through 100 [um]
from the air inflow edges of the side pads 52. As a
result, the generated force resulted in the range from
approximately 16 [mN] to 19.3 [mN], largely exceeding
the generated  force in the case of the side pads 42
each composed of two steps,  and the maximum generated
force was 19.3 [mN] that was recorded when  



the second side pad regions 52b have a cavity depth of
100 [nm] from 10 the non-milling surface and the third
side pad regions 52c have a cavity depth of 300 [nm]
from the non-milling surface. FIGs. 8A and 8B show an
example where the number the steps  of the side pads
in FIG. 7B are increased by one step to four steps
for each side pad, in which the fourth side pad
regions 52d are defined 15 to be in the range from 100
(um] to 150 [um] from the air inflow  edges of the
side pads 52, respectively. In this case, the maximum
generated force was 19.9 [mN] when the side pad
regions 52b of the  second step have a cavity depth of
100 [nm] from the non-milling  surface, the side pad
regions 52c of the third step have a cavity 20 depth
of 300 [nm] from the non-milling surface, and the side
pad  regions 52d of the fourth step have a cavity
depth of 600 [nm] from  the non-milling surface,
respectively. Based on the above analyses, it is found
that the side pad  having three steps exhibits a
maximum generated force extremely larger  25 than that
generated by the side pad having two steps, and
further that the cavity depth designed to be gradually
deeper as it becomes closer to the air-inflow edge by
adding the number of steps, can generate still larger
force. Subsequently, a structure in which the side pad
regions o the second and third step of the side pad
are partially surrounded   by the region of the
non-milling surface will be described. FIG. 9A shows a
calculation result of the generated force  in the case
where a recessed portion 35 is provided at the air
inflow edge of the side pad region 62 of the first
step being the non-milling  surface to partially
surround, on the ABS, the side pad region 62b 



being the second step of the side pad 62 as shown in
FIG. 9B. As a result, even if the side pad region 62c
of the third 10 step and the side pad region 62b of
the second step have any cavity  depth from the
non-milling surface, the generated force exceeds that
generated by the not-surrounded side pad region
(provide that in  the case where the side pad region
62c of the third step is defined to have a cavity
depth of 300 [nm]). Hence, it is found that the  15
generated force increases when the side pad region 62b
being the second step of the side pad 62 is partially
surrounded by the region of the non-milling surface of
the side pad 62. Further, FIG. 10A shows a calculation
result in the case where  the recessed portion 35 is
provided at the air inflow edge of the  20 side pad
region 62a of the first step being the non-milling
surface to partially surround the side pad region 62b
being the second step of the side pad 62 on the ABS,
and also a recessed portion 36 is  provided at the air
inflow edge of the side pad region 62b being the
second step of the side pad region 62 to partially
surround the  25 side pad region 62c being the third
step of the side pad 62 on the ABS as shown in FIG.
10B. Based on this, it is found that an appropriate
choice of the cavity depth from the non-milling
surface of the side pad region 62b of the second step
allows the generated force to increase further.  Based
on the above, in order to increase the force generated
by the side pad, it is found to be effective: (1) to
provide a plurality of steps; (2) to partially
surround the side pad region of the second  step by
the region of the non-milling surface and also
partially  surround the side pad region of the third
step by the side pad region 



of the second step. In the above, the description has
been given to the multistep 10 structure of the side
pad, whereas such a multistep structure is  also
applicable to the other parts of the ABS in addition
to the  side pad. Such an application example will be
described below. FIG. 11 shows one in which a step
portion 37 having the same  height as of the side pad
region 32c being the third step of the  15 side pad 32
is provided as an extension at the air outflow edge of
the side pad 32. Hereinafter, the step portion 37 is
referred to  as a "skirt". By such a provision of the
skirt 37 at the outflow  edge of the side pad 32 as an
extension, a region 38 between the  skirt 37 and the
trailing pad 31 is added as a region of the negative
20 cavity 34 to thereby increase the area of the
negative cavity 34.  Backed by this , the negative
pressure applied to the sliders increases,  so that
the improvement in the pressure reducing
characteristic and the shock resistance can be
expected. Further, the cavity depth of the region of
the skirt 37 from  25 the non-milling surface is
defined to be the same value as that of the side pad
region 32c being the third step of the side pad 32.
Briefly, when the side pad region 32c being the third
step is obtained through plural milling processes, it
is possible to obtain the region of the skirt 37 at a
time. The skirt 37 is arranged in the vicinity of the
outflow edge of the slider 5, raising a concern about
the contact of the outflow edge of the skirt 37 with
the disk surface. Notwithstanding the  above, in the
case of this slider 5 of the present embodiment, there
are provided options of the cavity depths of the side
pad 32b of  the second step and the cavity depths of
the side pad 32c of the 



third step, allowing the provision of the skirt 37
capable of ensuring  a larger space with respect to
the disk surface without additionally 10 requiring a
milling process for obtaining the cavity depth of the
skirt 37 by way of setting the cavity depth of the
skirt 37 to be  the same as of the side pad region 32c
of the third step having a  still deeper depth from
the non-milling surface, so that the reduction of the
flying height of the slider 5 forced by the presence
of the FIG. 12 is the other one in which the multistep
structure  is applied to the negative cavity 34 being
the negative pressure  generating part. Generally, it
is known that, by obtaining a desired  flying force of
an air film based on a larger difference between 20
positive pressure and negative pressure, it is
possible to suppress  the dependence of the flying
amount on the air pressure, peripheral  velocity, and
radial position. on the basis of this, an attempt  of
generating larger negative pressure in the vicinity of
the position  of the side pad that generates positive
pressure leads to support 25 the side pad by large
positive and negative pressures, so that the flying
amount of the side pad can be suppressed and thereby
an improvement of the pressure reducing characteristic
can be expected. As one concrete approach thereof, as
shown in FIG. 12, it is conceivable to provide a
shallow cavity region (hereinafter  referred to as the
"negative pressure dead zone") 40 on the leading side
of the negative cavity 34, where the generation of
negative pressure is limited. In this example, the
cavity depth of the negative cavity 34 from the
non-milling surface is defined to be 1500 [nm], and
the cavity depth of the negative pressure dead zone 40
from the  non-milling surface is defined to be 200
[nm].  



As showing in the drawing, with the provision of the
negative pressure dead zone 40 on the air inflow edge
side of the negative  10 cavity 34, the center of the
negative pressure generation can further be moved to
the trailing side, namely toward the vicinity of the
side pads 32. As for both the sliders with and without
the negative pressure dead zone 40, FIG. 13 shows a
calculation result of generated amounts 15 of positive
pressure at the leading pad 33, the side pads 32, and
the trailing pad 31 respectively; FIG. 14 shows a
calculation result of the generated amounts of
negative pressure at the leading side  portion and the
trailing side portion both of the negative cavity  34;
and FIG. 15 shows the distances from the leading edge
of the 20 centers that generate positive and negative
pressures, respectively.  It is assumed here that the
negative pressure dead zone 40 is arranged on the
leading side portion of the negative cavity 34. Based
on the results, it is found that, in the slider
without  the negative pressure dead zone 40, which
therefore exhibits poor 25 pressure reducing
characteristic, the generated f orce at the trailing
pad 31 is larger than that generated at the side pad
32, while in  the slider with the negative pressure
dead zone 40, which therefore  exhibits favorable
pressure reducing characteristic, contrary to the
former, the generated force at the side pad 32 is
larger than  that generated at the trailing pad 31.
Further, in the comparison  of the positions that
generate negative pressure, in the slider with the
negative pressure dead zone 40 compared to that
without the negative pressure dead zone 40, the center
of the negative pressure generation moves toward the
trailing side, namely closer to the  position of the
side pad 32 that generates positive pressure (for 



example, in the vicinity of 0.790 [mm]). FIG. 16 shows
a relation between the cavity depth of the  10
negative pressure dead zone and the pressure reducing
characteristic. In the case of the conventional
two-step slider, it is impossible  to provide a
negative pressure dead zone of a cavity depth other
than the cavity depths of the second steps of the
leading pad and  the trailing pad, as long as an
additional milling process is not 15 provided.
Accordingly, there is no option for the cavity depth
of  the negative pressure dead zone 40 except 100
[um], which is the  cavity depth of the second steps
of the leading pad region and the  trailing pad region
from the non-milling surface, so that favorable
pressure reducing characteristic cannot be expected.
Meanwhile, 20 in the case of the multistep slider
adopting the present invention,  as options for the
cavity depth of the negative pressure dead zone,
there are provided the cavity depth (for example, 326
[um]) of the  side pad region 32c being the third step
of the side pad 32 and the  milling amount (for
example, 200 [um]) for obtaining the side pad 25
region 32c being the third step from the side pad
region 32b being the second step of the side pad 32,
enabling to realize a slider  with excellent pressure
reducing characteristic. FIG. 17 is the other one in
which deep cavity portions (hereinafter referred to as
the "tail cavities") 39 deeper than the negative
cavity 34 are provided on the air outflow edge sides
of  the side pads 32. FIG. 18 shows a section of the
portion of the  tail cavities 39 in terms of the
flying amount reduction at the time with and without
the tail cavities 39 show that the pressure reducing
characteristic is improved by 2% in the case of the
slider with the tail cavity 39 The calculations of the
flying amounts of the sliders  



of pressure reduction on the basis of the flying
amount at a normal pressure, so that it is possible to
consider that the pressure reducing  10 characteristic
can be improved further by arranging the tail cavity
39 at the air outflow edge of the side pad 32. The
reason thereof will be described below. FIG. 19 shows
the comparison result of the generated force
calculation at the side  pad 32 and the trailing pad
31 for the sliders with and without the 15 tail
cavities 39, provided that the flying amount and the
posture  of the respective sliders with and without
the tail cavities are fixed. Based on this, it is
found that, regardless of presence or  absence of the
tail cavities 39 as well as the cavity depth, the
generated force at the side pad 32 shows no change,
while the generated 20 force at the trailing pad 31
showed an increase in the case of the  slider with the
tail cavities 39 having a deeper cavity depth of 4.0
[um] or more. As mentioned above, in order to improve
the pressure reducing  characteristic, there are two
approaches: (1) to generate larger  25 positive
pressure at the trailing pad 31, and (2) to use the
change in pitching by generating larger pressure at
the side pad 32.  The present case is applicable to
(1) and thereby the pressure reducing  characteristic
is improved. In the comparison of the positive
pressure distributions between the sliders with and
without the tail cavities 39, a positive.  pressure
increase was confirmed at the trailing pad 31 in the
case  of the slider with the tail cavities 39. Also,
in the comparison  of negative pressure, it is found
that the negative pressure amount  shows a reduction
in the vicinity of the trailing pad 31 in the case  



of the slider with the tail cavities 39. The reason is
that there  is an appropriate cavity depth for a
negative pressure cavity in accordance with the space
of the position where the negative cavity 10 is
arranged, whereas the formation of a deep cavity such
as the tail  cavities 39 reduces negative pressure
generation as compared to the case without the deep
cavity, so that the positive pressure increases  in
the vicinity of the trailing pad. Subsequently, a
method of providing a surface, to which a 15 milling
is performed` (milling surface), with a plurality of
steps will be described. By performing a cycle of
masking, milling, and  removing the mask three times,
the slider 5 having the milling surface  with four or
more types of steps of different heights can be
obtained. In the first milling process, as shown in
FIG. 20, on the  20 surface of a slider body 50 to
form the ABS thereon, a first mask  is arranged at
those positions (portions without hatchings in FIG.
20) to be a trailing pad region 31a of the first step,
side pad regions  32a of the first step, a leading pad
region 33a of the first step,  and a negative pressure
dead zone 40, and a milling is performed 25 up to a
first depth for example of 126 [nm] to the respective
regions  (portions with hatchings in FIG. 20) that are
exposed (opened) from the first mask, namely a
trailing pad region 31b of the second step,  side pad
regions 32b of the second step, side pad regions 32c
of the third step, a negative cavity 34, a leading pad
region 33b of  the second step. Next, in a second
milling process, as shown in FIG. 21, after  removing
the first mask, a second mask is arranged on the
respective  regions of the slider body 50 (the
portions without hatching in FIG. 21) to be the
leading pad region 33b of the second step, the leading
pad region 33a of the first step, the side pad regions
32a of the  first step, the side pad regions 32b of
the second step, the trailing  



pad region 31b of the second step, the trailing pad
region 31a of 10 the first step, and a milling is
performed up to a second depth for example of 200
[nm], which is a depth deeper than the first depth,
to the respective regions (portions with hatchings in
FIG. 21) that are exposed (opened) from the second
mask, namely the regions to  be the negative pressure
dead zone 40, the side pad regions 32c of the third
step, and the negative cavity 34. In a third milling
process, as shown in FIG. 22, after removing the
second mask, a third mask is arranged on the regions
of the slider  body 50 (the portions without hatching
in FIG. 22) to be the leading  pad region 33a of the
first step, the leading pad region 33b of the 20
second step, the negative cavity 34, the trailing pad
region 31a  of the first step, the trailing pad region
31b of the second step,  and a milling is performed up
to a depth for example of 1174 [nm],  which is a depth
deeper than the first and second depths, to the
region of the negative cavity 34 (portions with
hatchings in FIG. 25 22) exposed from the third mask.
FIG. 23 shows the cavity depths of the respective
surface regions obtainable by the milling processes
performed three times as above. As shown in the
drawing, here, the milling surfaces having  four or
more types of cavity depths including 126 [nm], 200
[nm], 326 [nm], and 1500 [nm] are obtained through
three times of milling processes. Note that when the
other masking pattern not shown in FIG. 23 are
included, the other cavity depths such as 1174 [nm],
1300 [nm], and 1374 [nm] can also be obtained.
Briefly, a total of eight (two to the third power)
types of cavity depths including  the cavity depth = 0
(zero) (non-milling surface) can be obtained  through
the milling processes of three times. Subsequently, a
mask rule will be described. As shown in FIGS . 



10 24A and 24B, when performing a milling, it is
necessary not to form a thin wall 60 or a deep
recession 61 on the ABS of the slider as  much as
possible due to a mask displacement. More
specifically, as shown in FIG. 24A, in the formation
of adjacent milling surfaces 56, 57 by performing
two-step millings  15 to a surface 55, which has
experienced no milling, when a space is  formed
between an opening 58 of one mask and an opening 59 of
the other mask due to a misalignment, the space
portion is not subject  to the milling to thereby
remain as the thin wall 60. Once the thin  wall 60 is
formed, the air flow expected to flow on the step
surface 20 is dammed, so that the flying performance
is adversely affected. Further, inparticular,
whenthetopof thethinwall 60 is anon-milling  surface,
the non-milling surface possibly becomes a cause to
damage  the magnetic disk since it is near the disk
side. Further, as shown in FIG. 24B, when an opening
64 of one mask 25 and an opening 63 of the other mask
are overlapped with each other, the overlapping
portion is subject to a deep milling to thereby remain
as a narrow cavity 61 (the milling is basically
required once, but is effected doubly here by both the
openings). The narrow recession tends to collect dusts
in the course of the milling processes and   mask
removing processes since it remains in shadow.
Moreover, even after it is mounted on the body of the
magnetic disk apparatus, the  dusts tend to be
accumulated therein, so that such a cavity may be a
cause to lower the reliability of the apparatus.
Backed by this, there is provided a rule on a pattern
of the mask. Specifically, in order to arrange the
milling surfaces of different cavity depths from the
surface of the slider adjacently to each other, the
region  to form the milling surface deeper than the
other shall be subject 



10 to, at least, a milling process to form a shallow
milling surface  at the same time before being subject
to a milling process to form  a deep milling surface.
In other words, referring to FIG. 24A, to the region
to form  a deeper milling surface 57, before
performing a milling processing,  15 at least, a
shallow milling processing shall be performed in the
same process as the milling process for forming a
shallow milling  surface 56. With this, at least, the
formation of the thin wall  60 can be prevented.
Further, when it is impossible to observe the
above-mentioned  20 rule, as shown in FIG. 24B, the
masks for forming the deep milling  surface 57 and the
shallow milling surface 56, respectively, are
purposely formed such that the openings 64, 63 thereof
overlap with each other. With this, at least, the
formation of the thin wall  60 can be prevented even
if the narrow cavity 61 is formed in return. 25 As has
been described above, the flying head slider according
to the embodiment of the present invention is
characterized by being  composed of a pair of positive
pressure generating parts each having three or more
types of surfaces that are substantially in parallel
with a surface facing a disk and have different
heights, the pair of positive pressure generating
parts being arranged sous to sandwich a deep portion
of a negative pressure generating part in the
direction orthogonal to an airflow direction.  Here,
the heights of the respective surfaces of the positive
pressure generating part may be set such that they
gradully become  closer to the cavity depth of the
deep portion of the negative pressure  generating part
as they become closer to the air inflow edge. Further,
one of the height of the respective surfaces of the
positive pressure 



10 generating part may be substantially same as that
of a non-milling  surface. More specifically, the
surface lower than the non-milling  surface by one
step may have a depth in the range of 50 to 200 [nm],
and the surface lower than the non-milling surface by
two steps may 15 have a depth in the range of 100 to
700 [nm] from the non-milling surface respectively.
Moreover, it is possible to further improve the
efficiency in positive pressure generation of the side
pad by surrounding such a region of the surface, out
of at least a pair of adjacent surfaces 20 of the
positive pressure generating part, that having a
cavity depth deeper than the other with the region of
the other surface. According to the flying head slider
and the magnetic disk apparatus of the embodiment of
the present invention, it is possible to improve the
efficiency in positive pressure generation of the 25
side pad, so that the pressure reducing characteristic
of the slider can be improved. It should be noted that
the present invention is not intended to be limited to
the above-described embodiments, and various
modifications may be made therein without departing
from the spirit  of the present invention.  



28 WHAT IS CLAIMED IS: 1. A flying head slider
comprising a pair of positive pressure generating
parts each  having three or more types of surfaces
that are substantially in parallel with a surface
facing  a disk and have different heights, the pair of
positive pressure generating parts being  arranged so
as to sandwich a deep portion of a negative pressure
generating part in the  direction orthogonal to an
airflow direction. 2. The flying head slider as
claimed in claim 1, wherein the heights of the
respective surf aces of the positive pressure
generating parts are set to gradually become closer to
a cavity depth of the deep portion of  the negative
pressure generating part, as the surfaces of the
positive pressure generating  parts become closer to
an air inflow edge. 3. The flying head slider as
claimed in any one of claims 1 or 2, wherein one of
the respective surfaces of the positive pressure
generating part is  a surface not to be subject to a
milling. 4. The flying head slider as claimed in any
one of claims 1, 2 or 3, wherein one of the respective
surfaces of the positive pressure generating part is
a surface not to be subject to a milling. 5. The
flying head slider as claimed in any one of the
preceding claims,  wherein, as for at least a pair of
two adjacent surfaces of the positive pressure
generating part, a region of the surface having a
cavity depth deeper than that of the adjacent  surface
is partially surrounded by a region of the adjacent
surface. 6. The flying head slider as claimed in any
one of the preceding claims,  wherein, as for at least
a pair of two adjacent surfaces of the positive
pressure  generating part, a region of the surface
having a cavity depth deeper than that of the adjacent
surface is partially surrounded by a region of the
adjacent surface. 7. The flying head slider as claimed
in any one of the preceding claims,  wherein, as for
at least a pair of two adjacent surfaces of the
positive pressure  generating part, a region of the
surface having a cavity depth deeper than that of the
adjacent  surface is partially surrounded by a region
of the adjacent surface. 8. The flying head slider as
claimed in any one of the preceding claims,  



wherein, as for at least a pair of two adjacent
surfaces of the positive pressure 29 generating part,
a region of the surface having a cavity depth deeper
than that of the adjacent  surface is partially
surrounded by a region of the adjacent surface. 9. A
magnetic disk apparatus comprising a flying head
slider which has a pair of  positive pressure
generating parts each having three or more types of
surfaces being  substantially in parallel with a
surface facing a disk and having different heights,
the pair of  positive pressure generating parts being
arranged so as to sandwich a deep portion of a
negative pressure generating part in the direction
orthogonal to an airflow direction. 10. The magnetic
disk apparatus as claimed in claim 9, wherein the
heights of the respective surfaces of the positive
pressure generating part are set to gradually become
closer to a cavity depth of the deep  portion of the
negative pressure generating part, as the surfaces of
the positive pressure  generating parts become closer
to an air inflow edge. 11. The magnetic disk apparatus
as claimed in any one of the claims 9 or 10,  wherein
one of the respective surfaces of the positive
pressure generating part is  a surface not to be
subject to a milling. 12. The magnetic disk apparatus
as claimed in any one of claims 9,10 or 11,  wherein
one of the respective surfaces of the positive
pressure generating part is  a surface not to be
subject to a milling. 13. The magnetic disk apparatus
as claimed in any one of claims 9 to 12,  wherein, as
for at least a pair of two adjacent surfaces of the
positive pressure  generating part, a region of the
surface having a cavity depth deeper than that of the
adjacent  surface is partially surrounded by a region
of the surface of the adjacent surface. 14. The
magnetic disk apparatus as claimed in any one of
claims 9 to 13,  wherein, as for at least a pair of
two adjacent surfaces of the positive pressure
generating part, a region of the surface having a
cavity depth deeper  than that of the adjacent surface
is partially surrounded by a region of the surface of
the  adjacent surface. 15. The magnetic disk apparatus
as claimed in any one claims 9 to 14, wherein, as for
at least a pair of two adjacent surfaces of the
positive pressure  



generating part, a region of the surface having a
cavity depth deeper than that of the adjacent 30
surface is partially surrounded by a region of the
surface of the adjacent surface.  16. The magnetic
disk apparatus as claimed in any one claims 9 to 15,
wherein, as for at least a pair of two adjacent
surfaces of the positive pressure generating  part, a
region of the surface having a cavity depth deeper
than that of the adjacent surface is  partially
surrounded by a region of the surface of the adjacent
surface. 


