
WHAT IS CLAIMED IS:        1.       A sub-ambient pressure, air bearing
slider for        positioning a magnetic read/write head proximately to a
rotating disk, said slider comprising:                 first and second
rails extending along the bottom  side  of  said  slider  from  a
leading  edge  of  said  slider  to  a                      trailing edge
of said slider, said                      bottom side of said slider for
facing a                      rotating disk, each of said first and
second rails including:                      a thigh region extending at an
angle                          from said leading edge to a lateral 



side of said slider;                     a foot region extending at an
angle from                          said lateral side  of said slider
toward the trailing edge of said                          slider; and
a knee region at said lateral side of                          said slider
coupling said foot                          region to said thigh region;
first and second thigh recesses located                     towards  the
lateral  side  of  said                     respective thigh regions of
said first                     and second rails;                 first and
second foot recesses located on the                     bottom side of said
slider towards the                     lateral side of said respective foot
regions of said first and second rails;                     and
a central  recess located on the bottom side                     of said
slider between said thigh, knee,                     and foot regions of
said first and                     second     rails.  



-2-  2.       A sub-ambient pressure, air bearing slider for positioning a
magnetic read/write head proximately to a rotating disk, said slider
comprising:          a taper formed at a leading edge of said
slider, said taper channeling air flow               to a bottom side of
said slider, said               bottom side of said slider for facing a
rotating disk;          a front section extending from a first
lateral side of said slider to a second,               opposing side of
said slider; 



first and second rails extending along the               bottom side of
said slider from the               front section of said slider to a
trailing edge of said slider, each of               said first and second
rails including:               a thigh region extending at an angle
from said leading edge to one of                    said lateral sides of
said slider;               a foot region extending at an angle from
one of said lateral sides of said                    slider toward the
trailing edge of                    said slider; and               a knee
region at one of said lateral                    sides of said slider
coupling said                    foot region to said thigh region;
first and second thigh recesses located               towards the lateral
side of said               respective thigh regions of said first
and second rails;          first and second foot recesses located on the
bottom side of said slider towards one               of the lateral sides
of said respective 



-3-                foot regions of said first and second
rails; and           a central recess located on the bottom side
of said slider between said thigh, knee,               and foot regions of
said first and               second rails. 3.       A sub-ambient pressure,
air bearing slider for positioning a magnetic read/write head proximately
to a rotating disk, said slider comprising:           a taper formed at a
leading edge of said               slider, said taper channeling air flow 



to a bottom side of said slider, said               bottom side of said
slider for facing a               rotating disk;          a front section
extending from a first               lateral side of said slider to a
second,               opposing side of said slider;          first and
second rails extending along the               bottom side of said slider
from the               front  section  of  said  slider  to  a
trailing edge of said slider;          a central recess located on the
bottom side               of said slider between said first and
second rails;          at least one tail extending from the front
section of said slider toward the               trailing edge of said
slider and               dividing said central recess into at
least two sections. 4.       The slider of claim 1 wherein said first and
second rails have an approximately equal, uniform height. 5.       The
slider of claims 1 or 2 wherein said first 



and second thigh recesses, first and second foot
-4-  recesses, and said central recess have an approximately equal, uniform
depth. 6.       The slider of claims 4 or 12 wherein said first and second
thigh recesses, first and second foot recesses, and said central recess
have an approximately equal, uniform depth. 7.       The  slider  of
claims  1  or  2  further comprising:           at least one tail extending
from the leading 



edge of said slider toward the trailing               edge of said slider
and dividing said               central recess into at least two
sections. 8.       The slider of claims 2 or 7 wherein each tail and said
first and second rails have an approximately equal, uniform height. 9.
The slider of claims 2 or 7 wherein each tail extends at an angle from the
leading edge of said slider. 10.      The slider of claims 2, 3 or 7
wherein each tail has a width substantially narrower than a width of each
of said first and second rails. 11.      The slider of claims 1 or 3
wherein the angle at which the thigh regions extend from the leading edge
of said slider is approximately equal to a slider skew angle when the
slider is present at an innermost track of the rotating disk. 12.      The
slider of claim 2 wherein said front section and said first and second
rails have an approximately equal, uniform height. 13.      A  method  of
manufacturing  a  sub-ambient 



pressure, air bearing slider for positioning a magnetic read/write head
proximately to a rotating disk, said method comprising:
forming first and second rails along a bottom               side of said
slider from a leading edge               of said slider to a trailing edge
of               said slider;          forming a central recess on the
bottom side               of said slider, said central recess
located between said first and second               rails, wherein said
central recess has 



an approximately uniform depth, said               uniform depth being
chosen such that a               flying height of said slider over said
rotating disk is most insensitive to               fluctuations in said
uniform depth. 14.      The method of claim 13 wherein said uniform depth
is chosen such that the flying height as a function of recess depth is
approximately at a minimum for all tracks of the rotating disk.       WO
96/19801                                      PCT/US95/16272
6        Figs. la and lb are top views of an additional embodiment       of
the slider of Fig. 1 having a tail to control flying 



height and roll angle.   5     Fig. 1c shows a top view of a conventional
catamaran       slider having one and two tails, respectively, to control
flying height and roll angle according to an embodiment       of the
present invention.   10    Fig. 2 is a side view along line a-a of Fig. 1.
Fig. 3 is a overhead view of an assembly for positioning        a slider
over the innermost track of  a disk.   15    Fig. 4 is a overhead view of
an assembly for positioning        a slider over the middle track of a
disk.          Fig. 5 is a overhead view of an assembly for positioning
a slider over the outermost track of a disk. 



20        Fig. 6 is a graph of flying height versus recess depth of
a slider.          Detailed Description 25     Referring to Figs. 1 and 2,
an exemplary embodiment of        the sub-ambient pressure slider of the
present invention        is shown.  The slider 1 includes a taper 3 at the
leading        edge of the slider 1 which channels air flow underneath
the slider 1.  In this embodiment, the width of the 30    slider 1 and the
taper 3 is 60 mils (i.e., 0.06 inches)        while the length and depth of
the taper 3 is 8 mils.  The        taper 3 can lead into a front section 4.
Along the        length of the slider two rails 5, 7 are provided that
vary significantly from the catamaran design known in the 35    art.  Each
rail 5, 7 includes three major sections:  a        thigh section 5a, 7a; a
knee section 5b, 7b; and a foot        section 5c, 7c.  In this embodiment,
the front section 4        and all sections 5a-c, 7a-c of the rails 5, 7 of
the   
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7         slider 1 are at the same height (e.g., in this        embodiment,
the height of the slider is 17 mils).          Several recess sections
11-15 are provided in the slider. 5     In this embodiment, all recesses
11-15 have the same        depth (e.g., the depth of the recess regions is
approximately 150 [err] inches as measured from the top of        the first
and second rails 5, 7). The central recess 11        has a somewhat diamond
shape due to the thigh sections 10     and foot sections of the rails.
Thigh recesses 12, 13        are located outside of the thigh regions 5a,
7a. Foot        recesses 14, 15 are located outside of the foot regions 



5c, 7c.   15    As is conventional in the art, a magnetic head (not shown
specifically in Figs. 1-2 is coupled at the rear of the        slider 1,
proximate to the foot region 5c (denoted        "ACTIVE RAIL" in Fig. 1).
20     Operation of the slider of the present invention is shown
with respect to Figs 3-5.  As the disk 17 rotates, air is        channeled
by the taper 3 of the slider 1 to flow        underneath the slider. It
should be noted that the taper        3 also assists in a fast take-off of
the slider 1 when 25     the disk 17 is initially rotated.  Air is
pressurized        underneath the rails 5, 7 of the slider which causes the
slider 1 (and thus the magnetic head) to lift off of the        surface of
the disk 17. In the recess regions 11-15, air        expands" to the
sub-ambient pressure which generates a 30     suction force causing the
slider (and thus the magnetic        head) to be pulled toward the moving
disk.  



In Figs. 3-5, the slider 1 is shown mounted to an arm 19        and an
actuator 21, which positions the slider 1 and 35    magnetic head over a
desired track.  In Fig. 3, the        slider 1 is positioned proximately to
the innermost track        of the disk 17. Referring again to Fig. 1, the
thigh        regions 5a, 7a of the first and second rails 5, 7 extend
WO 96/19801                                      PCT/US95/16272
8        from the front, middle part of the slider 1 outward to       two
opposing sides of the slider where the knee sections       5b, 7b meet the
sides of the slider. The angle that the       thigh regions 5a, 7a make
with the forward region 4 is 



5     designed to be approximately the same as the slider skew       angle
when the slider is present at the innermost track.       The innermost
track is also known as the contact start-       stop (CSS) zone. At the
innermost track (hereinafter       referred to as the inner diameter or
"ID"), the disk 10     surface velocity is at its lowest.  The orientation
of        the thigh regions 5a 7a assists in preventing pressure
underneath the first and second rails 5, 7 from leaking        to the sides
of the slider 1 (thus causing the slider to        fly at a lower than
desired height). 15        Referring to Fig.  4, the slider 1 is positioned
approximately at the middle track (i.e., the track at a        mean
distance between the inner and outer tracks). At        the middle track
the skew angle is approximately zero. 20     Because of the design of the
thigh regions 5a, 7a of the        slider 1, pressure leakage to the sides
of these regions        is greater. The loss of pressure due to leakage at
the        thigh regions 5a, 7a is compensated by the increase in
surface velocity of the disk 17. The flying height of 25     the slider 1
would be at its greatest at the middle track        except for the action
of the foot recesses 14, 15, which 



act to reduce the area of pressurization for the slider 1        and, thus,
reducing the lift force generated at the foot        sections 5c, 7c of the
first and second rails 5, 7. 30        Referring to Fig. 5, the slider 1
and magnetic head are        placed over the outermost track (hereinafter
referred to        the outer diameter or "OD"). The large skew angle at the
OD causes a greater amount of pressure to leak to the 35     sides of the
rails 5, 7.  Because of the design of the        thigh regions 5a, 7a of
the slider 1, very little        pressure is generated at these regions
because of the        relatively small pad length. Most of the pressure
under       WO 96/19801                                      PCT/US95/16272
9 



the slider is generated under the knee regions 5b, 7b of       the slider
1. Although, the pad area below the knee is       small, the large disk
surface velocity at the OD gives       generates enough pressure to under
the rails 5, 7 of the 5     slider 1 to maintain a constant flying height.
As mentioned above, the recess regions 11-15 generate       sub-ambient
pressure that pulls the slider towards the       disk surface. The majority
of the sub-ambient pressure 10     is formed at the central recess 11.  The
thigh recesses        12, 13 provide extra roll stiffness for the slider 1.
The foot recesses 14, 15 reduce the effective        pressurization area at
the foot of the slider 1 so that        it will not fly too high above the
disk surface at a near 15     zero skew angle.  Also, the foot recesses 14,
15 reshape        the foot regions 5c, 7c, of the rails 5, 7 so that these
regions are parallel to the incoming air when the slider        1 is at an
outer track. To this point, the flying height        of the outer rail
(i.e., rail 5) has been controlled by 20     the design of the slider.  To
control slider roll (i.e., 



the difference in flying height of the innermost rail 7        and the
outermost rail 5), the shape of the inner rail        (i.e., rail 7) can be
adjusted in a like manner to        control the flying height of the inner
rail. 25        A further embodiment of the present invention is shown in
Figs. la and lb. The central recess 11 of the slider 1        is the
largest receptacle for sub-ambient pressure in the        slider. The
central recess 11 has a large effect on how 30     constant the flying
height of the slider 1 is over the        surface of the disk 17 as well as
the amount of roll for        the slider 1. As an additional measure for
controlling        flying height and roll for the slider 1, one or more
tails 2 are "added" to the central recess 11. In the 35    manufacture of
the slider, the tail region(s) are formed        by etching or removing the
material around them as the        central recess 11 is formed.      



WO 96/19801                                      PCT/US95/16272
10        When the slider 1 has a large skew angle, the angle at
which air flows under the slider 1 is also large. This       results in
pressure leakage to the sides of the rails 5,       7 causing the decrease
in the pressure under the rails, 5     and shift in the center of pressure
.  The decrease in the       pressure results in lower flying height, and
the shift in       the center of pressure results in an increased roll
angle.  Also, the central recess 11 acts to couple the       flying height
of  one rail to the deviation in dimensions 10     of the other rail.
Because of their relatively narrow        configuration, the tail(s) 2 do
not form an appreciably        significant air bearing surface.  Rather,
the tail(s) 2        divide the central recess 11 into two or more volumes,
thus preventing distribution of sub-ambient pressure 15    within the
central recess 11 from entirely shifting to        one side of the slider
1.  By optimizing the length and 



orientation of the tail(s) 2, the effect of suction force        on the
roll angle of the slider 1 can be controlled.  The        dashed lines in
Figs. la and lb show possible 20     orientations and lengths for the
tails(s) 2.  Also, the        use of tail(s) 2 prevents the coupling of the
flying        height of one rail to the change in the dimension of the
other.   25     Referring to Fig. 1c, a conventional catamaran slider is
shown having tails 4 as described above.          The depth of the central
recess 11 can have a substantial        effect on flying height over all
tracks of a disk. In 30     high altitude environments, the change in
pressure and        the mean-free path of air can also have an effect on
flying height.  By choosing an appropriate depth for the        central
recess 11, the range of flying height values        (i.e., the difference
between the maximum and minimum 35     flying height of the head over all
tracks of a disk) can        be substantially smaller than with typical
catamaran-type 



sliders.  Referring to Fig. 6, a graph is shown having        flying height
along the Y-axis and recess depth along the       WO96/19801
PCT/US95/16272           X-axis for the ID, middle diameter  ("MD"), and OD
(i.e.,       flying height is shown as a function of recess depth).
With a typical recess depth of 200 microinches, the       flying height for
the slider will fall along steep slopes 5     of the ID, MD, and OD curves.
This will cause greater        flying height sensitivity depending on the
recess depth        chosen and the altitude at which the slider is used.
If        a recess depth is chosen when the slopes of the ID, MD,
and OD curves are at a minimum (i.e., the uniform depth 



10     is chosen such that the flying height as a function of        recess
depth is approximately at a minimum for all tracks        of the rotating
disk -- in the 110-150 microinches        range), the sensitivity of the
slider to recess depth        variations due to tolerances and operating
altitude is 15    minimized.  Another advantage of choosing the recess
using the aforementioned technique is that the air-        bearing
stiffness is maximized which helps in reducing        the flying height
sensitivity further.              



WHAT IS CLAIMED  IS:          A sub-ambient pressure, air bearing  slider
for positioning  a magnetic read/write  head proximately  to   a rotating
disk, said slider comprising:          first and second rails extending
along the               bottom  side  of  said  slider  from  a
leading  edge  of  said  slider  to  a               trailing  edge  of
said  slider,  said               bottom side of  said slider   for facing
a               rotating disk, each of said  first and               second
rails including:               a thigh region extending at an angle
from said leading edge to a lateral                    side of said slider;
a foot region extending at an angle from                    said lateral
side of said slider                    toward the trailing edge of said
slider; and                a knee region at said lateral side of
said slider coupling said foot                     region to said thigh
region; 



first and second thigh recesses located                towards the lateral
side of said                respective thigh regions of said first
and second rails;           first and second foot  recesses located on the
bottom side of said slider towards the                lateral  side of said
respective  foot                regions of said first and second rails;
and           a central recess located on the bottom side                of
said slider between said thigh, knee,                and  foot  regions  of
said  first  and                second rails.          



-13-  2.       A sub-ambient pressure, air bearing   slider for positioning
a magnetic read/write head proximately    to a rotating disk, said slider
commprising           a taper formed at a leading edge of said
slider, said  taper channelling air flow                to a bottom side of
said slider, said                bottom side of said slider for facing a
rotating disk;           a  front  section  extending   from  a  first
lateral side of said slider to a second,                opposing  side of
said s ider;           first and second rails extending along the
bottom side of  said slider  from the                front section of said
slider to a                trailing edge of said slider, each of
said first and second rails including:                a thigh region
extending at an angle 



from said leading edge to one of                     said lateral sides of
said slider;                a foot region extending at an angle from
one of said lateral sides of said                     slider toward the
trailing edge of                     said slider; and                a knee
region at one of said lateral                     sides of said slider
coupling said                     foot region to said thigh region;
first and second thigh recesses located                towards  the
lateral  side  of  said                respective thigh regions of said
first                and second rails;           first and second foot
recesses located on the                bottom side of said slider towards
one                of the lateral sides of said respective       



-14-                foot regions of said first and second
rails; and          a central recess located on the bottom side
of said slider between said thigh, knee,               and foot regions of
said first and               second rails. 3.       A sub-ambient pressure,
air bearing slider for positioning a magnetic read/write  head proximately
to a rotating disk, said slider comprising:          a taper formed at a
leading edge of said               slider, said taper channeling air  flow
to a bottom side of said slider, said               bottom side of said
slider for facing a               rotating disk; 



a front section extending from a first               lateral side of said
slider to a second,               opposing side of said slider;
first and second rails extending along the               bottom side of
said slider from the               front section of said slider to a
trailing edge of said slider;          a central recess located on the
bottom side               of said slider between said first and
second rails;          at least one tail extending from the front
section of said slider toward the               trailing edge of said
slider and               dividing said central recess  into at
least two sections. 4.       The slider of claim 1 wherein said first and
second rails have an approximately equal, uniform height. 5.       The
slider of claims 1 or 2 wherein said first and  second  thigh  recesses,
first  and  second  foot   



-15-  recesses, and said central recess have an approximately equal,
uniform depth. 6.       The slider of claims 4 or 12 wherein   said first
and second thigh recesses, first and second foot recesses, and said central
recess have an approximately equal, uniform depth. 7.       The  slider  of
claims  1  o   2  further comprising:           at least one tail extending
from the leading                edge of said slider toward the trailing
edge of said slider and dividing said 



central  recess  into  at  least  two                sections. 8.       The
slider of claims 2 or 7 wherein each tail and said first and second rails
have an approximately equal, uniform height. 9.       The slider of claims
2 or 7 wherein each tail extends at an angle from the leading edge of said
slider. 10.      The slider of claims 2, 3 or 7 wherein each tail has a
width substantially narrower than a width of each of said first and second
rails. 11.      The slider of claims 1 or 3 wherein the angle at which the
thigh regions extend from the leading edge of said slider is approximately
equal to a slider skew angle when the slider is present at an innermost
track of the rotating disk. 12.      The slider of claim 2 wherein said
front section and said first and second rails have an approximately equal,
uniform height. 13.      A  method  of  manufacturing  a  sub-ambient
pressure, air bearing slider for positioning a magnetic read/write head
proximately to a rotating disk, said 



method comprising:                                    -16-
forming first and second rails along a  bottom               side of said
slider from a leadng edge               of said slider to a trailing edge
of               said slider;          forming a central recess on the
bottom side               of  said  slider,  said  central  recess
located between said first and second               rails, wherein said
central recess has 



an approximately uniform  depth,  said               uniform depth being
chosen such that a               flying height of said slider over said
rotating disk is most insensitive to               fluctuations in said
uniform depth. 14.      The method of claim 13 wherein said uniform depth
is chosen such that the flying height as a function of recess depth is
approximately at a minimum for all tracks of the rotating disk.    




