
22 March 2007  1 Head Slider, Head Supporting Device, and Disc Driving
Device  Field of the Invention The present invention relates to flying
head-sliders, head supporting  5 devices using the same head slider, and
disc driving devices such as magnetic  disc driving devices. Background of
the Invention A variety of techniques about flying head-sliders, which are
used in disc  10 driving devices such as a magnetic disc driving device,
have been proposed.  Particularly in these years, devices which employ the
flying head-slider have  been downsized, and densities of recording media
have become higher, so that a  magnetic head needs to be closer to the
recording media. This environment  requires the flying head-slider to have
a fly height as low as several tens of  15 nano-meter over a recording
medium. Therefore, an external shock onto a disc driving device will cause
the head  slider to collide against the recording medium, and damages the
medium  magnetically or mechanically, so that the medium cannot be used
anymore for  recording or reproducing data. Further, a mobile information
apparatus have 20 recently gained popularity, so that the disc driving
device mounted in such an  apparatus needs to be portable. The portable
disc driving device is thus subject  to being dropped. Amid the foregoing
problems, various studies have been made on a  surface-shape (hereinafter
referred to as an air bearing surface), which is to be  25 faced to a
recording medium, of a highly shock resistant flying head-slider. For
instance in a conventional case, when an inertia force along the  



direction of moving away from the recording medium is applied to the head
22 March 2007  2 slider, the head slider moves so away from the medium that
an elastic force (a restoring force  to an original status from a bent
status) of a suspension spring, which tries to retain the head  slider,
acts on the head slider to return toward the medium. The head slider, in
the end,  possibly collides against the medium, thereby damaging the medium
magnetically or  mechanically. In order to overcome this problem, a
negative pressure generating section is  prepared on the air bearing
surface of the flying head-slider. The negative pressure  generating
section is located in the vicinity of a geometric center of the head
slider, and yet,  nearer to an air inflow side from the geometric center.
This structure prevents the head  slider from colliding against the medium.
This is disclosed in the following non-patent  document 1: "Slider and HGA
designs for both smooth load/unload operation and high shock  resistance"
written by Ni. Sheng et at, in the prepared text for the 2002 IEEE
international  Magnetics Conference held in Netherland, RAI Congress
Center, April 28 - May 2, AD 11 However, the foregoing conventional flying
head-slider has a shock-resistance G so  low as approx. 80(g), where 1(g) =
9.8 (m/s2), that it is not practically effective. In the case of  a
portable information apparatus including a magnetic disc driving device,
the device is  recently required to have as much as several hundreds of G.
There have been no specific  study about a structure of a flying
head-slider that could achieve such a high shock-resistance.  Summary of
the Invention Example embodiments of the present invention address the
foregoing problems,  and aim to provide a flying head-slider which can fly
over a recording medium in a stable manner. The head-slider may be free
from colliding against the medium  even if an inertia force having
acceleration of as much as several hundreds of G is applied to the  head
slider, where the inertia force pulls the head slider away from the 



22 March 2007  3 media.  In accordance with a first aspect of the present
invention, there is provided a flying head  slider comprising: a first air
bearing having plural step-faces and disposed on a base surface at an
air-inflow side; and a second air bearing being disposed on the base
surface at an air-outflow side,  where the upper most surface of the second
air bearing is lower than that of the  first air bearing, wherein the
plurality of step-faces comprises: a first step-face; a second  step-face
higher than the first step-face; and the upper most surface higher than the
second  step-face, in this order from the air inflow side. This structure
may allow generating a negative pressure in a space between the first and
the second air bearings. Thus even if the inertia force removing the head
slider from the  medium is applied to the head slider, this structure may
allow the head slider to fly over  the media in a stable manner. Further,
the height of the upper most surface of the second air  bearing may be
lower than that of the first air bearing, so that the first air bearing has
fewer  chances to touch the medium at bearing's air-inflow side. Still
further, the plural step- faces provided to the first air bearing may
achieve a structure easier to control both of a  magnitude of a pressure
generated in the first air bearing and a distribution of the pressure
depending on a design of the step-faces. The plural step-faces of the first
air bearing can include the following three faces:  starting from the
air-inflow side, a first step face, a second step face higher than the
first one,  and the upper most surface higher than the second one. This
structure may allow manufacturing the flying head-slider of simpler
structure and more excellent in productivity.  Side rails extending from
both ends along the shorter side of the slider toward the air  



outflow side of the first air bearing can be formed. This structure may
allow generating the  negative pressure more efficiently. 22 March 2007  4
A negative pressure generating section may be provided between the first
and the second  air bearings, and a center of generating a negative
pressure can be nearer to the air inflow  side from the gravity center of
the head slider. This structure may allow the head slider to fly  over the
medium in a stable manner when the inertia force pulling the slider away
from the  media is applied to the slider. Height difference LA between the
upper most surface of the first air bearing and the  base surface can be in
the following relation with longitudinal length L of the slider: 3.2 x 10-4
L<_ LA <_ 3.6 x10-4L This structure may allow the head-slider to be highly
shock-resistant against the inertia force  pulling the slider away from the
media. Height difference L 2 between the upper most surface of the first
air bearing and  the second step-face can be in the following relation with
the foregoing height, difference  LA: 2.9 x 10-2 LA< L2<_ 3.3 x10 ZLA This
structure may allow a head slider to read data from and write data to a
downsized  medium of higher density (approx. 30 GB/in). Height difference
LI between the first step-face and the second step-face of the first air
bearing can be in the following relation with the foregoing height
difference LA: 13.4 x I L 1 <_ 14.5 x 10"Z LA This structure may allow a
head slider to read data from and write data to a downsized  medium of
higher density (approx. 30 GB/in2). The second air bearing can include
plural step-faces, thereby controlling with 



ease both of a magnitude of a pressure generated in the second air bearing
and a distribution of  the pressure depending on a design of the
step-faces. The plural step-faces of the second air bearing can include the
following 22 March 2007  5 two faces: starting from the air inflow side, a
step-face higher than the base surface  and the upper most surface higher
than the step-face. This structure may allow  manufacturing the flying
head-slider of simpler structure and more excellent in  productivity. The
first step-face of the first air bearing can be as high as the step face of
the  second air bearing. This structure may achieve the flying head-slider
of the most  excellent both in productivity and shock resistance. In
accordance with a second aspect of the present invention, there is provided
a head supporting device comprising: a flying head slider comprising a
first air  bearing having a plurality of step-faces and being disposed on a
base surface at air  inflow side and a second air bearing having a head and
being disposed on the base  surface at air outflow side; and a suspension
for applying a given energizing force to  the flying head slider from a
side opposite to a side on which the first air bearing and  the second air
bearing are disposed on the base surface, wherein an upper most  surface of
said second air bearing is lower than an upper most surface of said first
air  bearing, wherein the plurality of step-faces comprises: a first
step-face; a second step- face higher than the first step-face; and the
upper most surface higher than the second  step-face, in this order from
the air inflow side. This structure may achieve a head supporting device to
include the flying  head-slider and to be excellent in shock resistance.
The suspension can include a pivot which applies a given energizing force
to the  



flying head-slider. This structure may allow the supporting device to hold
the  flying head-slider rotatably both in a pitch and a roll directions.
Thus a head  supporting device, being excellent in shock resistance,
particularly highly shock- resistant against the direction of moving away
from the recording medium, may be  obtainable. 22 March 2007  5a In
accordance with a third aspect of the present invention, there is provided
a  disc driving device comprising a flying head slider comprising a first
air bearing having a  plurality of step-faces and being disposed on a base
surface at air inflow side and a second  air bearing having a head and
being disposed on the base surface at air outflow side; a  suspension for
applying a given energizing force to the flying head slider from a side
opposite to a side on which the first air bearing and the second air
bearing are disposed on  the base surface; a disc-shaped recording medium;
driving means for driving the disc- shaped recording medium; swinging means
for swinging the suspension along a radius  direction of the recording
medium; and control means for controlling the drive by the  driving means
and the swing by the swinging means, wherein an upper most surface of said
second air bearing is lower than an upper most surface of said first air
bearing, wherein the  plurality of step-faces comprises: a first step-face;
a second step-face higher than the first  step-face; and the upper most
surface higher than the second step-face, in this order from  the air
inflow side. 22 March 2007  6 This structure may achieve a disc driving
device to be equipped with the flying  head-slider of the present invention
and excellent in shock resistance, particularly  against the shock in a
direction of moving away from the medium. 



Assume that a pivot position is formed at a place where the pivot of the
head  supporting device touches the flying head-slider, and when the
gravity center of the  slider and the pivot position are projected onto the
medium, the two projected place may  coincide with each other. This
structure may achieve the disc driving device to be  the most excellent in
the shock resistance. Brief Descriptions of the Drawings Fig. 1(a) is a
plan view of an air bearing surface of a flying head-slider in  accordance
with a first exemplary embodiment of the present invention. Fig. 1(b) is a
sectional view illustrating a shape of the air bearing surface of the
flying head-slider in accordance with the first exemplary embodiment of the
present  invention. Fig. 2(a) is a perspective view of the head slider in
accordance with the first  exemplary embodiment of the present invention.
Fig. 2(b) shows a distribution of a pressure generated between the air
bearing  surface of the head slider in accordance with the first embodiment
and a recording  medium to be faced to the head slider. Fig. 3(a) shows
definitions of reference marks used in the first exemplary  embodiment of
the present invention. Fig. 3(b) shows specific numbers represented by
reference marks both of the head  slider in accordance with the first
embodiment and a comparison sample. Fig. 4 illustrates a reaction of the
head slider in accordance with the first 22 March 2007  7 embodiment when
external inertia force F is applied to the head slider. Fig. 5(a) is a plan
view of a comparison sample used in the first  embodiment of the present
invention. 



Fig. 5(b) is a sectional view of the comparison sample used in the first  5
embodiment of the present invention. Fig. 6 illustrates a reaction of a
head slider of the comparison sample used  in the first embodiment when
inertia force F is applied to the slider. Fig. 7(a) illustrates action of
the head slider in accordance with the first  embodiment of the present
invention. 10 Fig. 7(b) illustrates action of the head slider of the
comparison sample  used in the first embodiment of the present invention.
Fig. 8 shows a structure of another head slider in accordance with the
first exemplary embodiment of the present invention. Fig. 9 illustrates
relations between distance LA, shock acceleration G and  15 fly height FH
in accordance with the first exemplary embodiment. Fig. 10 shows a relation
between distance L2 and fly height FH in  accordance with the first
exemplary embodiment of the present invention. Fig. 11 shows a relation
between distance Ll and fly height FIT in  accordance with the first
exemplary embodiment of the present invention. 20 Fig. 12 is a perspective
view of an essential part of a disc driving device  employing a head slider
and a head supporting device in accordance with a  second exemplary
embodiment of the present invention. Fig. 13 is a perspective view of an
essential part of a disc supporting  device employing a head slider in
accordance with the second exemplary  25 embodiment of the present
invention. 22 March 2007  8 Detailed Description of Preferred Embodiments
of the Invention  Exemplary embodiments of the present invention are
demonstrated  



hereinafter with reference to the accompanying drawings. Exemplary
Embodiment 1 5 First, a structure of a flying head-slider of the present
invention is  described. Fig. 1 shows a shape of an air bearing surface of
a flying head-slider  (hereinafter simply referred to as a head slider) in
accordance with the first  exemplary embodiment of the present invention.
Fig. 1(a) is a plan view  thereof and Fig. 1(b) is a sectional view taken
along line A-A' of Fig. 1(a). Air 10 flows in from the left on the paper
both of Figs. 1(a) and 1(b), and the left side  and the right side of the
paper are hereinafter referred to as an air inflow side  and an air outflow
side respectively. Fig. 2(a) is a perspective view of the head slider in
accordance with the  first embodiment, and Fig. 2(b) shows a distribution
of a pressure generated in a  15 space between the air bearing surface and
a recording medium facing to the the air bearing surface. In Fig. 2(a), a
lower section than a base surface is omitted  in order to show the shape of
the air bearing surface more explicitly. In Figs. 1 and 2, head slider 10
in accordance with this embodiment  comprises first air bearing 1 and
second air bearing 2, in this order from the air  20 inflow side, both
disposed on base surface 3. The air bearing refers to a section of the air
bearing surface, and the section generates a positive pressure in the
space between the head slider and the recording medium facing to the
slider, as  shown in the pressure distribution of Fig. 2(b). In Fig. 2(b),
area P1 generating  a positive pressure corresponds to first air bearing 1,
and area P2 generating a  25 positive pressure corresponds to second air
bearing 2. An area between first air bearing 1 and second air bearing 2
generates a  negative pressure, and is referred to as negative-pressure
generating section 19. 



22 March 2007  9 In Fig. 2(b), negative pressure generating section 19
corresponds to area Ni.  As shown in Figs. 1 and 2, head slider 10 includes
two side-rails 9 along the  longitudinal direction of slider 10. This
structure allows generating a high  negative pressure more efficiently in
the space between the slider and the 5 recording medium by controlling an
air flow. Head slider 10 can steadily fly  over the recording medium due to
a balance between the positive pressure and  the negative pressure. First
air bearing 1 of head slider 10 has upper most surface 6 higher than  upper
most surface 8 of second air bearing 2 as shown in Fig. 1(b). Dimensions
10 of head slider 10 in Fig. 1 are expressed as follows: longer side length
X shorter side length = 1.235 mm X 1.000 mm, namely this is a so called 30%
slider or  PICO slider, where the longer side length is along the air
inflow direction, and  the shorter side length is along the vertical
direction with respect to the air  inflow direction. 15 First air bearing 1
includes first step-face 4, second step-face 5 and upper  most surface 6,
in this order from the air inflow side, and second step-face 5 is  higher
than first step-face 4, and upper most surface 6 is higher than second
step-face 5. Side rails 9 are formed at the same height as second step-face
5.  Second air bearing 2 includes step-face 7 and upper most surface 8 in
this order  20 from the air inflow side. Because of the convenience in
manufacturing head sliders 10, first step- face 4 of first air bearing 1 is
formed as high as step-face 7 of second air bearing  2. Second air-face 5
of first air bearing 1 is formed as high as upper most  surface 8 of second
air bearing 2. Second air bearing 2 includes magnetic head  



25 11 at its air outflow side. The structure of head slider 10 is further
detailed hereinafter. Fig. 3(a)  shows definitions of reference marks used
in this embodiment, and Fig. 3(b) 22 March 2007  10 shows comparison of the
respective reference marks in specific numbers  between the head slider in
accordance with this embodiment and a comparison  sample described later.
In this embodiment, as shown in Fig. 3(a), the distance between base  5
surface 3 and uppermost surface 6 of first air bearing 1 is defined as LA,
the  distance between first step-face 4 of the first air bearing 1 and
second step-face 5  is defined as L1, the distance between second step-face
5 and upper most surface  6 is defined as L2, and the length along the
longer side of head slider 10 is  defined as L. Then head slider 10 has the
dimensions as shown in Fig. 3(b),  10 namely LA = 600 nm, L1= 60 nm, and L2
=15 nm. When an inertia force along the direction of removing head slider
10 from  a recording medium is applied to head slider 10, the reaction
taken by slider 10  is described hereinafter. Fig. 4 shows the reaction
taken by head slider 10 to  shock acceleration G when inertia force F
removing slider 10 from the medium 15 is applied to head slider 10. The
reaction in this embodiment is calculated  through simulation in the
following condition: load = 1 gf, radius = 10 mm,  rpm = 3000 r/m, and skew
angle = 0 degree. In Fig. 4, the horizontal axis represents shock
acceleration G due to an  inertia force removing head slider 10 from a
recording medium, and the vertical  20 axis represents a min. fly height
and a pitch angle. The min. fly height FH is a clearance between the
closest section of slider 10 to the recording medium and  



the medium. The pitch angle is an angle formed by slider 10 with respect to
the recording medium, where an elevation angle formed by slider 10 with
respect to the air inflow direction takes only a positive value. Since
acceleration 25 G is along the direction of removing the head slider from
the recording medium,  acceleration Gin Figs. 4 and 6 takes a negative
value. As shown in Fig. 4, in a steady state (no inertia force F is
applied, i.e., G = 22 March 2007  11 0), minimum clearance FH min. =
approx. 20 rim, and pitch angle = approx. 100  p rad. The greater an
absolute value of shock acceleration G due to the  application of inertia
force F along the direction of removing the head slider from  a recording
medium entails the greater pitch angle. However, the pitch angle 5 reaches
the max. degree at an absolute value of G = approx. 200 (g), then it
decreases after an absolute value of G exceeds 200 (g). In the area of an
absolute value of G ?300(g), the pitch angle takes a negative value, where
1(g)  = 9.8 (m/s'. When the pitch angle takes a negative value due to
further increase of an  10 absolute value of shock acceleration G, the
minimum clearance FH min. still  takes a positive value before an absolute
value of G reaches approx. 720 (g). In  other words, head slider 10 keeps
flying in a stable manner before an absolute  value of G reaches as much as
approx. 720 (g). As discussed above, head slider 10 in accordance with this
embodiment  15 keeps flying in a stable manner even if an inertia force,
removing head slider 10  from a recording medium, is applied to slider 10
and generates shock  acceleration as much as G = 720 (g). In other words,
the head slider proves not  to collide against the recording medium. 



A study proves that the presence of second step-face 5 prepared in first
air  20 bearing 1 greatly influences the reaction of head slider 10 when
inertia force F  along the direction of moving away from a recording medium
is applied to head  slider 10. The reason is detailed hereinafter. Fig. 5
shows an example for comparison, i.e., a structure of another head  slider
20 which does not have this second step-face 5. Fig. 5(a) is a plan view of
25 head slider 20, and Fig. 5(b) is a sectional view taken along line B B'
of Fig. 5(a). Head slider 20 differs from head slider 10 of this embodiment
only in the  lack of second step-face 5, and stays unchanged in the other
points, so that 22 March 2007  12 similar elements . have the same
reference marks as slider 10 and the  descriptions thereof are omitted
here. Relations between respective step-faces are shown in Fig. 3(b), and
the  distance from upper most surface 6 to first step-face 4 is 75 nm.
Other  5 dimensions stay in the same numbers as those of head slider 10.
Fig. 6 illustrates the reaction taken by head slider 20 when inertia force
F  along the direction of moving away from a recording medium is applied to
this  comparison sample of head slider 20. As shown in Fig. 6, head slider
20 stays  flying over the medium with min. FH = approx. 20 nm and pitch
angle = approx. 10 80 u rad when inertia force F is not applied. When
inertia force F is applied,  both of the min. FIT and the pitch angle
increase; however, when head slider 20  receives shock acceleration over
approx. 250 (g), it cannot keep flying because  the air bearing film is not
formed between slider 20 and the recording medium.  Thus Fig. 6 does not
show the result of pitch angle or min. FH. In other words, 15 inertia force
F generating shock acceleration G over 250 (g) would remove head  



slider 20 faraway from the medium. In general, head slider 20 is retained
by a  suspension having spring-elasticity. Moving away of head slider 20
from the  recording medium causes the spring elasticity of the suspension
(restoring force  from a bent condition to an original condition) to apply
an action force to head 20 slider 20 toward the recording medium. Head
slider 20 possibly collides at last  against the medium and possibly
damages magnetically or mechanically the  medium. Head slider 20 receives a
greater elastic force at a larger distance  between slider 20 and the
medium, thereby increasing the possibility of the  collision. 25 This
phenomenon is further detailed using Fig. 7, which illustrates the
reactions taken by head slider 10 of this embodiment and the comparison
sample of head slider 20 to inertia force F along the direction of moving
away 22 March 2007  13 from a recording medium. Fig. 7(a) shows the
reaction taken by head slider 10,  and Fig. 7(b) shows the reaction taken
by head slider 20. As shown in Fig. 7(a), in head slider 10, center point
NP of generating a  negative pressure is located nearer to the air inflow
side from gravity center GP,  5 where NP is calculated from the pressure
distribution chart shown in Fig. 2(b). Therefore, when upward inertia force
F is applied to head slider 10, anti- clockwise moment occurs in head
slider 10 as shown in the right drawing of Fig.  7(a), so that the pitch
angle becomes negative (depression angle), however, the  air bearing film
still remains due to the balance with the airflow. 10 On the other hand, in
the comparison sample of head slider 20, since no  second step-face 5 is
formed, airflow is difficult to enter between slider 20 and  the recording
medium. Therefore, a positive pressure of first air bearing 1  



becomes smaller than that of head slider 10. In order to keep balance,
center  point NP of generating a negative pressure moves nearer to the air
outflow side 15 than that of head slider 10, where NP of slider 20 is a
center point of negative  pressure generating section 19 prepared between
first air bearing 1 and second  air bearing 2. Thus NP of head slider 20 is
located nearer to the air outflow  side from gravity center GP. An
application of inertia force F along the direction of moving away from  20
the recording medium to slider 20 generates clockwise moment in slider 20
as  shown in Fig. 7(b), so that the pitch angle increases too abrupt to
retain the air  bearing film between slider 20 and the medium. The airflow
affects also this  phenomenon. As a result, head slider 20 stays far away
from the medium, then  it probably collides against the medium and damages
the medium magnetically  25 or mechanically. As discussed. above, a shape
of an air bearing surface of a head slider is  designed such that the
center point NP of generating a negative pressure is 22 March 2007  14
located nearer to the air inflow side from gravity center GP, thereby
obtaining a  head slider which can stay flying over the recording medium
even if the head  slider receives inertia force F along the direction of
moving away from the  medium.  5 In the case of the head slider in
accordance with this embodiment, when  the slider receives inertia force F
along the direction of moving away from the  recording media, the slider
flies with the pitch angle kept negative. It seems  that there is rather
high probability of collision between the recording media  and first air
bearing 1 at the air inflow side. However, since the height of 



10 second bearing 2 is designed to be lower than the height of first air
bearing 1, a  positive pressure generated at second air bearing 2 becomes
low, thereby  obtaining a greater pitch angle in the steady flying status
than that in a  structure where the height of second air bearing 2 is the
same as that of first air  bearing 1. This mechanism allows increasing the
anti-clockwise moment 15 shown in Fig. 7(a), which is necessary for
bringing first air bearing 1 into contact  with the recording medium at the
air inflow side of bearing 1. As a result, the  possibility of touching
between the head slider and the recording medium can be  lowered. The
height of upper most surface 8 of second air bearing 2 is preferably  20
the same as that of first step-face 4 or second step-face 5 of first air
bearing 1  because of reducing the manufacturing cost. In head slider 10 in
accordance with this embodiment, as shown in Figs. 1  and 2, upper most
surface 6 of first air bearing 1 bends toward the air outflow  side;
however the present invention is not limited only to the shape of surface
6. 25 For instance, head slider 30 shown in Fig. 8 is in a rectangular
shape, and not to  mention, the present invention includes this case. This
embodiment shows the case where first air bearing 1 of head slider 22 March
2007  15 10 includes two step-faces, namely, first step-face 4 and second
step-face 5;  however, the present invention is not limited only to this
case. For instance, if  first air bearing 1 includes three step-faces, a
similar advantage can be obtained  without question; however, the structure
having two step-faces is preferable 5 from the practical view of point
because of simpler manufacturing steps and a  lower manufacturing cost. 



This embodiment shows the case where second air bearing 2 includes
step-face 7; however, the present invention is not limited to this case,
but the  structure without step-face 7 can be also useful. 10 Next, a
structure having the highest shock resistance is studied in head  slider 10
shown in Figs. 1 and 2. The condition shown in Fig. 3(a) is used for  this
study. The study proves that distance LA between upper most surface 6 of
first air bearing 1 and base surface 3 greatly influences controlling the
shock  resistance of head slider 10. Because, a magnitude of a negative
pressure 15 generated by negative-pressure generating section 19 prepared
between first air  bearing 1 and second air bearing 2 is controlled by
changing distance LA. Fig. 9 shows relations between distance (depth) LA,
shock-resistant  acceleration G, and fly height FH. Acceleration G takes a
max. shock-resistant  acceleration with which the air bearing film is
allowed to form between the head 20 slider and the recording medium. The
two dimensions are fixed such as L1=  60 nm, and L2 = 15 nm before
calculations. Since acceleration G is along the  direction of removing the
head slider from the recording medium, acceleration G  takes a negative
value. Fig. 9 shows that an absolute value of shock-resistant acceleration
G  25 decreases at greater distance LA, and the absolute value thereof
increases at  smaller distance LA. However, a change of distance LA will
change fly height  FH, which is a clearance between a magnetic head mounted
to the head slider ---------- - - ---- -- 22 March 2007  16 and the
recording medium. In this context, fly height FH shows a value in a  steady
status where no inertia force F along the direction of moving away from  



the recording media is applied. Fly height FH decreases at a greater
distance  LA, and increases at a smaller distance LA. 5 Therefore, distance
LA between upper most surface 6 and base surface 3  of head slider 10 can
be determined in response to a required shock resistance  and a
specification of recording density by using the relations shown in Fig. 9.
For instance, under the condition of a required fly height FH = 20 nm
(recording  density : 30 GB/in) and allowable error = 5%, an optimum
distance LA falls 10 within 400 nm <LA_-<- 430 nm. At this time, an
absolute value of shock- resistant acceleration G falls within 778 (g) _<G:
788 (g). As a result, a head  slider which can withstand the shock
acceleration of approx. 780 (g) is  obtainable. Meanwhile, fly height FH =
20 nm makes LA = 420 nm and an  absolute value of G = 782 (g). 15 Next,
optimum distance L2 with distance LA fixed at 420 nm is studied.  Fig. 10
shows a relation between distance L2 and fly height FH. The study  proves
that those two factors correlate with each other, and fly height FH
increases at a smaller distance L2, and fly height FH decreases at a
greater  distance L2. Although this is not shown in the drawings, distance
L2 does not  20 correlate with shock-resistant acceleration G. Distance L2
can be thus determined in response to a required fly height  FH by using
the relation shown in Fig. 10. For instance, assume that a  required FH 20
nm5%, then L2 falls within 13.0 nm <L2< 13.4 nm  according to Fig. 10.
Meanwhile, FH = 20 nm makes L2 = 13.2 nm. 25 Next, an optimum distance Ll
with LA fixed at 420 nm and L2 fixed at  13.2 nm is" studied. Fig. 11 shows
a relation between distance Ll and fly height  FH. The study proves that
distance Ll correlates with fly height FH, and fly 22 March 2007  



17 height FH decreases at a smaller distance LI, and fly height FH
increases at a  greater distance Ll. Although this is not shown in the
drawings, distance L1  does not correlate with shock-resistant acceleration
G. Distance Ll can be thus determined in response to a required fly height
5 FH by using the relation shown in Fig. 11. For instance, assume that a
required FH = 20 nm5%, then Ll falls within 58.0 nm <Ll< 61.0 mn  according
to Fig. 11. Meanwhile, FH = 20 nm makes L1= 59.9 nm. The studies discussed
above prove that the following dimensions should  be designed in order to
achieve the highest shock resistance and fly height FH =  10 20 nm: LA =
420 nm, L1 = 59.9 nm and L2 = 13.2 rim. Asa result, a  desirable head
slider is obtainable. In the case of required fly height = 20 nm5%
(recording density: 30  GB/in), if the air bearing surface of the head
slider can be designed such that  the dimensions fall within the following
ranges, the head slider that can achieve  15 the highest shock resistance
and fly height = 20 nm is obtainable: 58.0 nm <L1_<-<- 61.0 nm  13.0 nm <U<
13.4nm  400 run _LA< 430 nm. In the foregoing case, use of length L = 1.235
mm of the longer side of  20 head slider 10 can normalize distances L1, L2
and LA as follows: 3.2 X10-4L <LA< 3.6 X10-4L  2.9 X10-2 LA <L2< 3.3 X10-2
LA  13.4 X10-2LA <Ll< 14.5 X10-2LA The head slider, of which dimensions
fall within the ranges discussed above, is  25 excellent in shock
resistance. Shock-resistant acceleration G, indicating the  



shock resistance of this structure, is in the range of 778 (g) < G< 788
(g). This embodiment refers to the head slider employed in a magnetic disc.
22 March 2007  18 driving device; however, the head slider of the present
invention is not limited to  the magnetic disc driving device, but
applicable to magneto-optical disc driving  devices and optical disc
driving devices. This embodiment refers to the case based on the simulation
under the  5 condition of rpm = 3000 r/m and the like; however, this
condition does not limit  the present invention, but the head slider of the
present invention is not limited  by the operating conditions such as an
rpm, a load, and a size of the head slider.  For instance, in the practical
range of the rpm used in magnetic disc driving  devices, the case discussed
in this embodiment performs excellent shock 10 resistance without question,
and the flying head-slider of the present invention  can also performs
excellent shock resistance discussed above at rather a lower  rpm ranging
from 2000 - 5000 r/m which is generally used in a mini magnetic- disc
driving devices. In this embodiment, the so called 30% head slider or PICO
head slider is  15 used for the description, where the dimensions of this
head slider are this:  longer side length (along the air inflow direction)
X shorter side length (along  the vertical direction with respect to the
air inflow direction) = 1.235 mm X  1.00 mm. However, the dimensions do not
limit the head slider of the present  invention. For instance, use of a so
called 20% slider or a FEMTO slider, of 20 which dimensions are 0.85 mm X
0.7 mm, can produce a similar advantage.  The head slider of the present
invention is not limited to an amount of  load applied to the head slider
in operation. For instance, the foregoing PICO  



slider or FEMTO slider can work with the load ranging from 0.5g to 2.5g. 25
Exemplary Embodiment 2 A head supporting device and a disc driving device,
both of which use the  head slider of the present invention, are described
with reference to 22 March 2007  19 accompanying drawings. Fig. 12 is a
perspective view of an essential part of  the disc driving device in
accordance with the second exemplary embodiment of  the present invention.
A magnetic disc driving device is taken as an example of  the disc driving
device. Fig. 13 is a perspective view of an essential part of the 5 head
supporting device in accordance with the second exemplary embodiment of
the present invention. In Fig. 12, disc 32 is rotatably supported by main
shaft 31, and driven and  spun by driving means 33, which uses, e.g., a
spindle motor. Head supporting  device comprises the following elements: 10
head slider 50 of the present invention equipped with a head (not  shown)
for reading data from and writing data to a recording medium; and
suspension 35 to which this head slider 50 is fixed. Head supporting device
40 is fixed to actuator arm 36, which is rotatably  mounted to actuator
shaft 37. 15 Head slider 50 in accordance with the second exemplary
embodiment of  the present invention comprises a first air bearing prepared
on a base surface at  an air inflow side, and a second air-bearing having a
head and being prepared  on the base surface at an air outflow side, as
described in the first embodiment.  Head slider 50 includes plural
step-faces at the first air bearing, and the height 20 of the upper most
surface of the second air bearing is lower than the upper most  



surface of the first air bearing. Further, head slider 50 preferably has
the following dimensions when  distances Ll, L2 and LA listed in Fig. 3(a)
are normalized by length L of the  longer side: 3.2 X 10 -'L _<LA <_ 3.6 X
10 -' L 25 2.9 x 10 -2 LA -<L2 <- 3.3 X 10 -2 LA, and  13.4 X10-2LA <_Ll<_
14.5 x10-2 LA. The definitions of respective factors are the same as those
used in the first 22 March 2007  20 embodiment, thus the descriptions
thereof are omitted here. Swinging means 38 can use, e.g., a voice-coil
motor, and swing actuator  arm 36 to move head slider 50 over disc 32 for
positioning the head over any  desirable track. Housing 39 encloses those
elements therein for retaining them  5 at given locations. Fig. 13 is a
perspective view of an essential part of head supporting device  40 which
includes suspension 35 and head slider 50. Head slider 50 is fixed at
ligula 42 prepared at a first end of slider-holder 41. A second end of
holder 41 is  fixed at beam 43. 10 Slider-holder 41 uses, e.g., a gimbal
spring, and allows head slider 50 to  pitch and -roll. Head slider 50 is
fixed to holder 41 with, e.g., adhesive, and  holder 41 is fixed to beam 43
by, e.g., welding. Pivot 44 is prepared at a tip of  beam 43 for applying a
load to head slider 50. A given load is applied to head  slider 50 via
pivot 44. A pivot place, where pivot 44 contacts head slider 50, is a 15
load acting place as discussed in the first embodiment, namely, the place
where  an inertia force acts on head slider 50 when the inertia force of a
shock due to  external disturbance is applied. 



In this case, head supporting device 40 is preferably structure such that
when the gravity center of slider 50 and the pivot place are projected onto
the  20 disc surface, the two projected places coincide with each other.
This structure allows head supporting device 40 to be the most excellent in
shock resistance.  Head supporting device 40 comprises the following
elements:  suspension 35 including (a) beam 43 equipped with pivot 44 and
(b) slider holder  41 equipped with ligula 42; and head slider 50. 25 In
the case of reading data from and writing data to a spinning disc 32
(disc-shaped recording medium) with head supporting device 40 having the
structure discussed above, head slider 50 receives the following three
forces: - ---------- 22 March 2007  21 (a) a load applied from pivot 44;
(b) a positive pressure due to airflow for floating  head slider 50 off
from disc 32; and (c) a negative pressure for bringing head  slider 50
toward disc 32. Head slider 50 flies over disc 32 at a stead fly height by
the balance of those  5 three forces. The controller swings swinging means
38 with this fly height kept  at a constant value, so that head slider 50
is positioned over a target track.  This mechanism allows a head (not
shown) mounted on slider 50 to read data  from and read data to disc 32.
Use of head-supporting device 40 equipped with head slider 50 of the  10
present invention and disc driving device 49 equipped with the same device
40  achieves excellent shock resistance in both the head supporting device
and the  head driving device. The present invention is not limited only to
the magnetic disc driving  



device, but applicable to a variety of disc driving devices, employing a
flying  15 head-slider, such as magneto-optic disc driving devices and
optical disc driving  devices without question. The present invention is
not limited to the disc driving device using a  disc-shaped recording
medium, but applicable to recording/reproducing devices  which use any
shapes of recording media. 20 As discussed previously, use of the head
slider of the present invention  achieves a steady fly height over a
recording medium free from collision of the  head slider against the
recording medium even in the following condition: An  inertia force along
the direction moving away from the recording medium is  applied to the head
slider, and the inertia force has an acceleration as much as  25 approx.
700 (g). Use of the head slider of the present invention in a head
supporting  device and a disc driving device can produce reliable head
supporting devices 22 March 2007  22 and reliable disc driving devices.
Those devices can prevent the head slider  from colliding against the disc
surface even if an inertia force due to an external  large.shock acts on
the head slider. 22 March 2007  23 Claims: 1. A flying head slider
comprising: a first air bearing having a plurality of step-faces and being
disposed on a base surface at air inflow side; and a second air bearing
being disposed on the base surface at air  



outflow side, wherein an upper most surface of said second air bearing is
lower  than an upper most surface of said first air bearing, wherein the
plurality of step-faces comprises:  a first step-face; a second step-face
higher than the first step-face; and  the upper most surface higher than
the second step-face,  in this order from the air inflow side. 2. The
flying head slider of claim 1, wherein said first air bearing  consists of
the plurality of step-faces having three faces such as: the first
step-face; the second step-face higher than the first step-face; and  the
upper most surface higher than the, second step-face,  in this order from
the air inflow side. 3. The flying head slider of claim 1 or 2 wherein a
side rail is formed in  said first air bearing such that the side rail
extends from both ends of a shorter  side of the flying head slider toward
the air outflow side. 4. The flying head slider of anyone of the preceding
claims,  wherein a negative pressure generating section is disposed between
said first ----- ----- --- --- 22 March 2007  24 air bearing and said
second air bearing, and a center point of generating the  negative pressure
is located nearer to the air inflow side from a center of gravity  of the
head slider. 5. The flying head slider of anyone of the preceding claims,
wherein  



a height difference LA between the upper most surface of the first air
bearing  and the base surface falls within 3.2 x 104L5 LA< 3.6 x 104L,
where L is a  length of a longer side of the flying head slider. 6. The
flying head slider of claim 5 when dependent on at least  claim 2 or 3,
wherein a height difference L2 between the upper most surface  of the first
air bearing and the second step-face of the first air bearing falls  within
2.9 x 10-2LA<_ L2<_ 3.3 x 10-2 LA. 7. The flying head slider of claim 6 or
of claim 5 when dependent on  at least claim 1 or 2, wherein a height
difference L 1 between the first step- face of the first air bearing and
the second step-face of the first air bearing  falls within 13.4 x 10 2 LA_
L l <_ 14.5 x 10-2 LA. 8. The flying head slider of anyone of the preceding
claims, wherein  said second air bearing includes a plurality of
step-faces. 9. The flying head slider of claim 8, wherein the plurality of
step-faces  include a step-face formed higher than the base surface and a
upper most  surface formed higher than the step-face in this order from the
air inflow side. 22 March 2007  25 10. The flying head slider of claim 8,
wherein the plurality of step-faces  include two step-faces such as a
step-face formed higher than the base surface  and a upper most surface
formed higher than the step-face in this order from the  air inflow side.
11. The flying head slider of claim 9 or 10, wherein the first step-face of
said first air bearing is as high as the step-face of said second air
bearing. 12. A head supporting device comprising: a flying head slider
comprising a first air bearing having a  



plurality of step-faces and being disposed on a base surface at air inflow
side and  a second air bearing having a head and being disposed on the base
surface at air  outflow side; and a suspension for applying a given
energizing force to the flying  head slider from a side opposite to a side
on which the first air bearing and the  second air bearing are disposed on
the base surface, wherein an upper most surface of said second air bearing
is  lower than an upper most surface of said first air bearing, wherein the
plurality of step-faces comprises:  a first step-face; a second step-face
higher than the first step-face; and  the upper most surface higher than
the second step-face,  in this order from the air inflow side. 13. The head
supporting device of claim 12, wherein the suspension  includes a pivot
that applies the given energizing force to the flying head slider. 22 March
2007  26 14. A disc driving device comprising: a flying head slider
comprising a first air bearing having a  plurality of step-faces and being
disposed on a base surface at air inflow side and a  second air bearing
having a head and being disposed on the base surface at air  outflow side;
a suspension for applying a given energizing force to the flying  head
slider from a side opposite to a side on which the first air bearing and
the  second air bearing are disposed on the base surface; a disc-shaped
recording medium; 



driving means for driving the disc-shaped recording medium;  swinging means
for swinging the suspension along a radius  direction of the recording
medium; and control means for controlling the drive by the driving means
and the swing by the swinging means, wherein an upper most surface of said
second air bearing is  lower than an upper most surface of said first air
bearing, wherein the plurality of step-faces comprises:  a first step-face;
a second step-face higher than the first step-face; and  the upper most
surface higher than the second step-face,  in this order from the air
inflow side; 15. The disc driving device of claim 14, wherein the
suspension includes a pivot that applies the given  energizing force to the
flying head slider, and wherein a pivot place is defined as a place where
the pivot of the  suspension contacts the flying head slider and when a
center of gravity of the --------- --- 22 March 2007  27 head slider and
the pivot place are projected onto a face of the disc, the two  projected
places coincide with each other. 


