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MAGNETIC HEAD SUB-AMBIENT AIR PRESSURE SLIDER
FOR A DISK DRIVE DEVICE OR THE LIKE

Field of the Invention
The present invention pertains to components of a
magnetic storage device or disk'drive device, and more
particularly pertains to a magnetic air bearing slider
providing consistent flying height over the various
tracks of a disk. :

Background of the Invention:

Disk drives are commonly used in workstations, personal
computers, laptops and other computer systems to store
large amounts of data that are readily available to a
user. In general, a disk drive comprises a magnetic disk
that is rotated by a spindle motor. The surface of the
disk is divided into a series of data tracks that extend
circumferentially around the disk. Each data track can
store data in the form of.magnétic transitions on the
disk surface.

An interactive eleﬁent, such as a magnetic transducer, is
used to sense the magnetic transitions to read data, or
to generate an electric current that causes a magnetic
transition on the disk surface, to write data. The
magnetic transducer'is'mounted7within a head and includes
a read/write gap that contains the active elements of the
transducer at a position suitable for interaction with
the magnetic surface of the disk.

The head is mounted by a rotary actuator and is
selectively positioned by the actuator over a preselected
data track of the disk to enable the transducer to either
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read data from or write data to the preselected data .
track of the disk, as the disk rotates below the
transducer.

In modern disk drives, a relatively rigid or hard disk is
used as the magnetic medium. The head includes a slider
forming an air bearing surface that Causes the transducer
to fly above the data tracks of the disk surface due to -
fluid currents caused by rotation of the disk. Thus, the
transducer does not physically contact the disk surface
during normal operation of the disk drive. The amount of
distance that the transducer flies above the disk surface
is referred to as the "fly height." One advantageous
type of head structure that operates at a fly height over
the disk surface is a Transverse Pressure Contour (TPC)
head. Current disk drive designs using a TPC head seek
to limit the fly height to approximately 2 u inches above
the disk surface. Any contact between the head and the
disk surface may result in damage to the disk or head.
Accordingly, it is important to maintain an adequate fly
height whenever the actuator positions the transducer
over data tracks while the disk is rotating.

It is generally an objective to achieve an overall fly .
height that brings the read/write gap of the transducer
as close to the disk surface as possible and to maintain
the fly height at an even level regardless of the radial
position of the actuator. The closer the active
read/write gap of the transducer is brought to the
surface of the disk, the: stronger the electric signal
generated by the transducer due to a magnetic transition
on the disk surface which represents data. It is
generally advantageous to develop as strong a data signal

as possible, to insure reliable electrical performance of.
the disk drive.

A problem generally encountered with sliders is that the
fly height varies over the various tracks of the disk, as
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a function of the radial position of the actuator. Thus,
at certain data tracks, the fly height is greater than at
other data tracks. Accordingly, the data signal is not
as strong as possible at all data tracks. Several
designs have been proposed to improve the stability of
fly height of the slider. |

For example, the TPC slidef mentioned above has two rails

in a "catamaran" configuration. Transverse
pressurization contours are provided along each side edge
of the bearing surfaces. For each bearing surface, a
skew angle (i.e., the angle between the axis of the
slider (determined by the radial position of the
actuator) and the tangential velocity of the magnetic
disk) for the slider causes a pressurization'at the
contour of the bearing surface impinging upon the air
flow from the disk and expansion adjacent to the contour
of the bearing surface away from this air flow.

In certain other known slider designs, recesses are
provided in the face of the slider facing the rotating
disk to provide for sub-ambient pressure (i.e., less than
1 atm of pressure) between portions of the slider and the

‘disk causing the slider to be pulled toward the rotating

disk during operation. The.sub-ambient pressure effects

‘counteract, to some extent, the operation of the slider
" tending to lift the head from the disk surface. The net

result is a tighter, stiff control over the fly height,
that ideally resists changes in fly height.

In another slider design, chevrons or grooves are
provided in the aierearing surfaces which allow flow of
air between a sub-aﬁbient, central recess and the areas
external to the slider. 1In doing so, an improvement in
roll of the slider is achieved. 1In another'datamaran
slider design, each air bearing surface is made narrower
towards the central part of the slider to maintain as
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near a constant air bearing surface area for each skew
angle over the surface of the disk.

There is a need for a slider design that provides
improved control over fly height variations over the data
tracks of the magnetic disk, regardless of the radial
position of the actuator. There is also a need for a
slider design that decreases the roll angle of a slider.

Summary of the Invention

These and other needs are satisfied by the sub-ambient
pressure slider of the present invention. The slider
includes first and second rails extending along the
bottom side of the slider from a leading edge of the

slider to a trailing edge of the slider. The bottom side

. of the slider being the side that faces a rotating disk.

One skilled in the art will appreciate that the bottom
side of the slider of the présent invention will face up
if mounted on an arm underneath a rotating disk and will
face down if mounted on an arm over a rotatingndisk.

Each of the_first and second rails includes a thigh

~region extending at an angle from the leading edge'to a

lateral side of the slider, a foot region extending at an
angle from the lateral side.of the slider toward the
trailing edge of the slider; and a knee region at the
1ateral side of the slider coupling the foot region to

- the thigh region. First and second thigh recesses are

located towards the lateral side of each of the
respective thigh regions of the first and second rails.
First and second foot recesses are located on the bottom
side of the slider towards the lateral side of each
respective foot region of the first and second rails. A
central recess is located on the bottom side of the
slider between the thigh, knee, and foot. .regions of the
first and second rails. '



Y

10

15

20

25

30

35

WO 96/19801 o PCT/US95/16272

5

The first and second rails can have an approximately
equal, uniform height, while the'firSt and second thigh
recesses, first and second foot recesses,'and the central
recess can have an approximately qual, uniform depth.

In an alternative embodiment of the present invention, at
least one tail is provided extending from the leading
edge of the slider toward the trailing edge of the slider
and divides the central recess into at least two
sections. In doing so, pressure shifts to one lateral
side of the slider is avoided. '

As in conventional sliders, a taper can be provided at a
leading edge of the slider for channeling air flow to the
bottom side of the slider. Also, a front section can be
provided which extends from one lateral side of the
slider to the opposing, lateral side of the slider. The
front section and one or more tails can have a uniform
height equal to that of the first and second rails.

In another embodiment of the present invention a central
recess for the slider is fabricated having an
approximately uniform depth. The uniform depth of the
central recess is chosen such that a flying height of the
slider over the tracks of the rotating disk is most
insensitive to fluctuations in the chosen uniform depth.
This uniform depth can be chosen so that the flying

‘height as a function of recess depth is approximately at

a minimum for all tracks of the rotating disk.

The slider design of the present invention provides for a
more uniform flying height across the tracks of the disk.
The addition of the one or more tails allows for a better
control of the roll of the slider. '

Brief Description of the Drawings
Fig. 1 is a top view of an embodiment of the slider of
the present invention.
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Figs. la and 1b are top views of an additional embodiment

of the slider - of Fig 1 haVing a tail to control flying
height and roll angle.

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 1nvention

'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.

Fig. 4 is a overhead view of an assembly for positioning
a slider over the middle track of a disk.

Fig. 5 is a overheéd.vieﬁ of_an assembly for positioning
a slider over the outermost track of a disk.

Fig. 6 is a graph of flying height versus resess depth of
a slider.

D d Des ion

Referring to Figs. 1 and 2, an exemplary embodiment of
the sub- ambient pressure slider of the present invention
1s shown. The slider 1 1ncludes a taper 3 at the leading
edge of the slider 1 which channels air flow underneath
the slider 1. In this embodiment, the w1dth of the
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 ﬁrontisection 4. Along the
length of the slider two'rails 5, 7 are provided that
vary s1gnif1cantly from the catamaran. des1gn known in the

- art. Each rail 5, 7 1ncludes 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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slider 1 are ‘it the same height (&:§#, in this
embodiment, the height of the slider is 17 mils).

Several recess sections 11-15 are provided in the slider.
In this embodiment, all recesses 11-15 Have the same
depth (e.g., the depth of the recess regions is
approximately 150 p 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
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
5¢, 7c.

As is conventional in the art, a magnetié 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). '

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
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
suction force causing the slider (and thus the magnetic
head) to be pulled toward the moving disk.

In Figs. 3-5, the slidér 1 is shown mounted to an arm 19
and an actuator 21, which positions the slider 1 and
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
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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;forwardufegion 4 is
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

-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).

Referring to Fig. 4, the slider 1 is positioned
approximately at the middle track (iwe.; the track at a
mean distance between the inner and outer~tfacks). At
the middle track the skew angle is approximately zero.
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 5Sa, 7a is compensated by the increase in
surface velocity of the disk 17. The flying height of

- 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¢c, 7¢ of the first and second rails 5, 7.

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
sides of the rails 5, 7. -Becauée 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 T PCT/US9S/16272

10

15

20

25

30

35

9

the slider:iﬁéﬁenerated under the kiiee 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
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
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
zero skew angle. Also, the foot recesses 14, 15 reshape
the foot regions Sc, 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
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.

A further embodiment of the present invention is shown in
Figs. la and 1b. 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
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. 1In the
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.
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When the slider 1 has a large skew angle, the angle at
which air flows under the slider 1 is also_la?ge. This
results'in préssure leakage to the,sidés of the rails §,
7 causing the décreasé in the.pressure under the rails,
and shift in the_center of pressurei{ The decrease in the
pfessure results in lower leing height, and the shift in
the'center of pressure results in an ipcreased-roll
angle. Also, the central recess 11 acts to couple the
flying height of one fail to the deviation in dimensions

of the other rail. Because_gf_their'reiatively narrow

configuration, thé tail(s) 2 do not form an appreciably
significaﬁt air béaring surfacé}_ Rather;.the_tail(s) 2
divide the central recess 11 into two or more volumes,
thus preventing dis;ribution_of sub-ambient pressure
within the central recess 11 fram'entirely'sﬁifting to
one side of the slider i."By 6ptimizing_the length and
orientation of the tail(s) 2, the effect of suction force
on the roll angle ofithe slider 1 canibe controlled. The
dashed lines in,Figs. la and 1b show possible

'orientatibns and lengths for the tails(s) 2. Also, the

use of tail(s) zlprevents the cﬁupling-oflthe flying -
height of one rail to the change in the dimension of the
other. ' '

Referfing to Fig. 1c, a conventional catamaran slider is

shown having tails 4 as described above.

_The depth of thé.cent?ai_re¢ess.;l caq-ha?e a substantial
effect on flying height over all tracks of a . disk. In

high altitude_environments, the change in pressure and
the mean-free path of air can alsé have an effect on
flying height. -BY chdosing an-appfOp:;ate depth for the
central recess 11, the range Qf-flying height values

"~ (i.e., the difference between the maximum and minimum

flying height of the head over all tracks'of a disk) can
be substantially smallér 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
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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
of the ID, MD, and OD curves. This will cause greater

£flying height sehsitivity 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

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
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.
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1. . A sub-ambient pressure, air bearing slider for
positioning a magnetic'read/write head proximately to a
rotating disk, said slider comprisiﬁgz _ :

first and second rails extending along the
bottom side of said slider from a leading edge of said
slider td a trailing edge of said slider,ﬁsaid bottom
side of said slider for facing a rotéting disk, each of
said first and second rails including:

a thigh region extending at an angle from
said leading edge to a laterallside offsaid ‘slider;

a foot region extending at an angle from
said 1ateral side of said sllder toward the tralllng edge
of said slider; and

a knee region at sald lateral side of said.
slider coupllng said foot region to said thigh region;

first and second thlgh.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. The slider of claim 1 wherein said first and
second rails have an approximately equal, uniform height.

3. The slider of claim. 1 wherein said first and
second thigh recesses, first and second foot recesses,
and said central recess have an approximately equal,
uniform depth. '

4. The slider of claim 2 wherein said first and
second thigh recesses, first and second foot recesses,
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and said central recess have an approximately egqual,
uniform depth.

5. The slider of claim 1 further comprising:
at least one tail extendfng from the leading
edge of said slider toward the trailing edge of said
slider and dividing said central recess into at least two
sections.

6. The slider of claim 5 wherein each tail and
said first and second rails have an approximately equal,
uniform height.

‘7. The slider of claim 5 wherein each tail extends
at an angle from the leading edge of said slider.

8. The slider of claim 5 wherein each tail has a
width substantially narrower than a width of each of said
first and second rails.

9. The slider of claim 1 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 pfesent at an innermost track of the
rotating disk. |

10. 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; o

first and second rails extending along the
bottom side of said slider from the front section of said
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. slider to é trailing edge of said slider, each of said

f1rst and second rails including:

a thigh region extending at an angle from
said leading edge to one of said lateral sides of said
slider; D _

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; o _ '

_ first and second foot recesses located on the
bottom side of said slider towards one of the lateral
sides of said respective foot regions of said first and
second rails; and _ o

' a central recess located on the bottom side of
said slider between said thigh, knee, and foot regions of
Said-first_and second rails.

11. The slider of claim 10 wherein said front
section and said first and second rails have an

approximately equal, uniform height. -

12. The slider of- claim 10 wherein said first and

second thigh recesses, first and second foot recesses,

and said central recess have an approximately equal,
uniform depth.

. 13. The slider . of claim 11 wherein said first and
second thigh recesses, first and second foot recesses,
and said central recess have an approximately equal,
uniform depth.

14; The slider of claim 10 further comprisingz_
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|I"| "IHHHII I at ‘least one tail exten&iﬁ% from the leading
edge of said slider toward the trailing edge of said

slider and dividing said central recess into at least two
sections. '

15. The slider of claim 10 wherein each tail and
‘said first and second rails have an approximately equal,
uniform height. '

16. The slider of claim 10 wherein each tail
extends at an angle from the leading edge of said slider.

17. The slider of claim 10 wherein each tail has a
width substantlally narrower than a width of each of said
first and second rails.

18. The slider of claim 10 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
rotatlng disk.

19. 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 sllder 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;
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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. |

20. The slider of claim 19 wherein said front
section, each of said tails and said first_and-second
rails have an approximately equal, uniform height.

21. The slider of claim 19 wherein said central
recess has an approximately equal, unifdrm depth.

22. The slider of claim 19 wherein each tail
extends at an angle from the 1eading edge of said slider.

23. The slider of claim 19 wherein each tail has a

- width substantially narrower than a width of each of said

first and second rails.

24. 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 comprlslng.

forming first and second ralls ~along a bottom
s1de of said slider from a leading edge of said slider to
a tralllng edge of said slider;

formlng a central recess on the bottom side of

sa1d 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 f1ying heigh; of said slider over said
rotating disk is most insensitive to fluctuations in said
uniform depth.

25. The method of claim 24, wherein said uniform
depth is chosen such that_thé.flying height as a function
of recess depth is approximately at a_minimum for all
tracks of the rotating disk. '



