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NEGATIVE PRESSURE AIR BEARING SLIDER

This invention relates generally to computer data storage drives
and more specifically to a negative air pressure air bearing slider

structure employed in conjunction with data storage drives.

5 The negative pressure air bearing slider designs of the-prior art
are generally preferable to conventional flat taper slider
configurations. The negative pressure structure enables the utilization
of low ‘suspension preloads, yielding decreased stationary frictional
forces. These forces are often referred to as "stictional" forces.

10 Negative pressure structures also offer the potential for improved

‘stop/start performance.

One shortcoming of state-of-the-art negative pressure air bearing
designs is that the slider produces large negative loads. B2An example of
such a design is disclosed in U.S. Patent No. A,475,135,Iby Warner et al.

15 These structures achieve a high air bearing stiffness which improves the
compliance to the disk, but also increases the impact forces resulting
i from asperity and third-body contact. Such high-impact forces tend to
degradeldevice reliability. Consequently, a structure offering the
.ability to optimize the amount of stiffness or negatiVe pressure would be
20 desirable. -

Although it is possible to adjust the amount of stiffness on
existing slider structures by increasing the depth of the etched relief,
this approach has significant drawbacks. Deepening the etched relief
increases the fly height sensitivity of the slider structure.

25 Furthermore, the reverse air current flow within the debths of the etched
relief will be increased, thereby increasing the slider's propensity to
accumulate debris.

Hence, it is an object of the present invention to develop a
technique for adjusting the negatlve pressure of the slider structure
30 which is independent of the etch depth.

A further ob]ect of the invention is to provide an air bearing
structure having 1mproved static-and dynamic performance over ex1st1ng

structures.
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Accordingly the present invention provides an air bearing slider
for supporting a transducer in relation to a movable storage medium, said
air bearing slider comprising: a slider structure Qith a leading edge, a
trailing edge, and first and second side edges enclosing a slider
surface, the slider surface facing said movable storage medium when in
uée; one or more U-shaped rails extending from said slider surface, each
said one or more U-shaped rails comprising: a cross rail substantially
parallel with said leading'edge and exteﬁding across substantially less
than the full width of said slider surface between said first and second
edges; and first and second side rails, each extending from said cross

rail in the direction of said trailing edge.

Viewed from a second aspect the present invention provides a slider
for supporting a transducer in relation to a movable data storage medium,
comprising: a slider structure with a leading edge, a- tralllng edge, and
first and second side edges enclosing a slider surface “the slider
surface facing said storage medium when in use; taper-flat rails on said
slider surface, said téper;flat rails extending from said leading edge
toward said trailing edge and including respective tapered portions at
said leading edge, and each taper-flat rail being substantially adjacent

and parallel to a respective side edge; and a U-shaped rail centered on

.said slider surface between said taper-flat rails and projecting

outwardly from said slider surface, said U-shaped rail including: two |
spaced-apart elongate rails, each elongate rail being shorter than, and
substantially parallel to, said taper-flat rails; and a cross rail
connecting said side rails, . the cfoss rail formed between said side rails

. and extending across less than.the full width of said slider surface.

Viewed from a third aspect the present invention provides a slider
for supporting a transducer in relation to a movable data storage medium,
comprising: a slider structure with a leading edge, a trailing edge, and
first and second side edges enclosing a slider surface, the slider
surface facing said storage medium when in use; a first U-shaped rail
projecting outwardly from said slider surface, said first U-shaped rail
including: a cross rail substantially parallel with and adjacent to said
leading edge and extending across less than one-half the width of said
slider surface; a first rail substantially perpendicular to and adjoining
said cross rail, said first side rail substantially adjacent and parallel
to a first side edge and extending ﬁ«om said cross raid towards said ..
trailing edge; and a second sidejrail, substantially parafiel to sa1d %;
\
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first side rail and offset from said first side rail toward the center of
said slider surface; and a second U-shaped rail projecting outwardly from
said slider surface, said second U-shaped rail including: a cross rail
substantially parallel with and adjacent to said leading edge and

extending across less than one-half the width of said slider surface; a

first rail substéntially perpendicular to and adjoining said cross rail,

said first side rail substantially adjacent and parallel to a first side
edge and extending from said cross rail towards'said trailing edge; and
a.second side rail, substantially parallel to said first side rail and
offset from said first side rail toward the center of said slider

- surface.

The air bearing slider of the present invention prévides a
structure which optimizes the amount of negative pressure provided by the
slider structure. This slider is employed in conjunction with a data

-storage medium which may be engaged in motion relative to the slider.
- The slider structure includes a leading edge and a trailing edge, the

edges being determined with reference to the motion of the data storage
medium. The slider also includes a bottom surface which faces the data
storégé”mediﬁm. The bottom surface extends between the leading edge and
the trailing edge. '

The negative pressure contours of the slider can, in one
embodiment, be determined by means of a U-shaped rail situated between
two outer taper-flat pads on the bottom surface. The amount of negative
pressure is controlled by adjusting the length and width of the area
enclosed by the U-shaped rail. The two outer taper-flat pads provide
roll stiffness. These pads may be extended to the trailing edge of the
slider to pfovide a mounting location for a read/write element. 1In this
manner, the negative pressure contours may be optimized for specific

device applications.

A second embodiment of the invention includes an isolated island
positioned between the legs of a U-shaped rail. The purpose of the
island is to provide means for mounting a read/write element to the

- slider. Two outer pads are employed for improving the roll stiffness

characteristics of the slider. These pads may be offset from the
trailing edge toward the leading edge of the slider to eliminate roll

sensitivity.
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A third embodiment of the invention includes element mounting means
in the form of a center rail extending from the U-shaped rail to the
trailing edge of the slider structure. Two outer pads are employed,

* which may be offset from the trailing edge toward the leading edge of the

slider to eliminate roll sensitivity.

According to a fourth embodiment of the invention, the U-shaped
rail can be situated at a position on the bottom surface between the
leading and trailing edges of the slider structure. " Centering the U-
shaped rail between the lateral edges of the slider provides gnhaﬁced

pitch angle and fly height design flexibility.

In an alternative embodiment of the slider, two U-shaped rails are
spaced laterally on the bottom surface near the slider leading edge.

The present invention will be described further, by way of example
only, with reference to an embodiment thereof,.in which:

Fig. 1 is a perspective view illustrating the operational

environment of the preferred embodiment of the present invention in the

context of a data storage drive mechanism;

Fig. 2 is a block diagram illustrating the operational environment
of the preferred embodiment of the present invention in the context of a
data storage drive mechanism;

Figs. 3A and 3B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure according
to a first embodiment of the present invention; '

Figs. 4A and 4B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure acéording
to a second embodiment of the present invention, which includés an
isolated island positioned between the side pads of the U-shaped rail;

Figs. 5A and 5B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure according
to a third embodiment of the present invention, which includes load

bearing means and a center rail attached to the U-shaped rail;
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Figs. 62 and 6B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure according
to a fourth embodiment of the present invention in which a curved portion
of the U-shaped rail is positioned near the center of the first surface
of the slider structure;

Figs. 7A-7B are bottom plan and rear elevation views, respectively,
of an alternate embodiment of the slider structure of the present

jnvention which employs two U-shaped rails separated by a center rail;

Flgs. 8A and 8B are bottom plan and rear elevatlon views,
respectively, of a slider structure 51m11ar to that of Figs. 7A and 7B,
but wherein outside rails have been adapted to support a‘read/write
element; '

Figs. 9A-9D illustrate bottom plan views of various prior-art
slider configurations and a U-shaped rail air bearing.slider according to

a preferred embodiment of the invention;

Fig. 10 graphically illustrates the magnitude of negative air
pressure versus velocity for the slider structures shown in Figs. 9A, 9B
and 9D;

'Fig. 11 graphically illustrates the magnitude of negative air
pressure versus velocity for two slider structures according to the
invention; and .

Fig. 12 graphically illustrates flying height versus 0elocity for
the slider structures shown in Figs. 52 and 5B, 7A and 7B,
and 9C.

THE INDUSTRIAL ENVIRONMENT

Fig. 1 is a perspective view illustrating means for employing a
slider according to a preferred embodiment of the present invention in a
direct access storage device (DASD). In this regard, the preferred
embodiment of the invention concerns a slider 10 which is supported in a
DASD with respect to a disk surface 12 by a slider suspension assembly 14
which includes a mount plate 16 .and load beam 18. The slider 10 is
attached to the load beam 18 by means of a flexure 19. A data read/write
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transducer 20 is mounted on the slider 10. One or more leads 21 connect
the transducer 20 to DASD electronics.

Fig. 2 is a block diagram illustrating the essential complement of
functional components in a DASD employing the slider design of a
preferfed embodiment of this invention. Although Fig. 2 illustrates a
single-disk device, it is to be understood that this is not intended to

1imit the practice of the invention to such devices. In fact, the

invention is equally applicable to DASD's with multiple disks.

In Fig. 2 the disk 30 is mounted on a rotatable spindle 32 that is
rotated by a drive motor 33. The disk 30 has an upper surface 34 and é
lower surface 35. A slider 38 with a transducer mounted thereon faces
the upper surface 34. Another slider 40 with a transducer mounted
thereon faces the lower surface 35. The sliders 38 and 40 are positioned
with'respect to these surfaces 34 and 35 by respective movable slider arﬁ.
assemblies 45 and 46. The arm assemblies are conventionally mounted to
an actuator 42. The transducers on the sliders 38 and 40 are connected
to conventional data channel electronics. In Fig. 2 read/write channel
electronics 48 are shown only for the 51i§er 38,ﬁit-béihgfﬁﬁd€%st .
the transducer on the slider 40 is similarly supported in the DASD. A~

control unit ‘50, typically in the form of a processor, provides position
control signals on a signal path 52 to the actuator 42. These signals
controi the positions of the slider 38 and 40 with respect to the
surfaces of the disk 30. The control unit 50 provides motor speed

. control signals to control the rotational speed of the drive motor 33.

The control unit 50 also processes read and write signals for the
transducer on the slider 38 by way of the read/write channel electronics
48. ' ’

Each slider 38 and 40 may support ohe or more read/write
transducers. As the disk 30 rotates, the sliders 38 and 40 are moved
radially in and out over their respective disk surfaces so that the’
read/write transducers may access different portions of the disk 30 where
desired data is recorded. Each slider 38 and 40 is attached to is

respective actuator arm 45 and 46 by means of a suspension mechanism.

During operation of the DASD, rotation of the disk 30 generates a
cushion of air (an "air bearing") between each of the sliders 38 and 40

and its respective disk surface. The air bearing exerts- an upward force
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against a slider, which counterbalances an opposing disk-directed force
exerted on the slider. The balance of forces supports a sllder off of a
disk by sﬁall, substantially constant spacing ("flying height") during
operation. In negative-pressure sliders, the upward force is exerted
against spaced-apart taper-flat slider rails; the opposing force is
exerted by receséed area on the slider surface between the rails which
creates a suction acting between the slider and the disk surface.  The
balance between the forces results in a very slight positive load on the

slider, while the rails provide a very stiff bearing.

The flying height of a slider is the distance between a particular
point on a slider and the disk surface when the slider is supported on
its cushion of air. Typically, the slider point coincides with a
transducer location; usually, this location is at the trailing edge of
the- slider. It should also be néted thatighé terms “spacing" and "slider
épacing".when used in the description and drawings are synonymous with

"flying height. . -

Figs. 3A and 3B illustrate bottom plan and rear elevation views,
respectively, of a U-shapéd rail air bearing slider structure 100 in
accordance with a first embodiment of the present invention. The slider
structure 100 is designed to be used in.a data storage device having a
storage medium engaged in motion relative to the slider during data
read/write operations. The slider structure includes a bottom surface
101 which, in the industrial environment, is positioned adjacent to and
facing the data storage medium. The U-shaped rail 102 extends outwardly
from the bottom surface 101 and is positioned between two ‘outer Eaper-
flat rails 104 and 105. The rails 104 and 105 include réspective forward
tapers 106 and 107. The slider structure 100 has a leading edge 110, a
trailing edge 111, and respective side edges 112 and 113. The U-shaped
rail 102 includes a cross rail portion 114 which transitions to a forward
tapered section 115. As éhown in Fig. 3A, the cross rail portion 114 .
extends laterally across less than the full width of the slider sfrucfure
100 between the side rails 104 and 105. The U-shaped-rail 102 also
includes a pair of side rails 116 and 117 which are substantially
parallel with the forward sections of the side rails 104 and 105 and
which join the cross rail portion 114 to form a three-sided enclosure

enclosing an area 118 on the slider bottom surface 101.
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puring operation, when the slider structure is supported on an air
bearing, a negative pressure is generated in the area 118 enclosed on
three sides by—the U~-shaped rail 102. The amount of negative air
pressure generated by the slider structure 100 is controlled by the
length and width of the area 118.

The two outer taper-flat rails 104 and 105 are each situated

substantially adjacent to a respective side edgé{'JTﬁese rails provide

 roll stiffness and may be extended to the rear surface 108 to provide a

mounting location for read/write transducers. BAs Fig. 3A illustrates,
the rails 104 and 105 have substantially constant widths from the leading
edge 110 to.the tips of the rails 116 and 117. From there to the
trailing edge 111, the widths of the pads 104 and 105 increase
constantly.

As shown in Fig. 3A (and in the embodiments illustrated in Figs.
4A, 5A and 6A), the U-shaped rail is formed on.the bottom surface of the
slider at a location which is centered between, but separated from the

side rails. This structure characterizes the first through the fourth

. embodiments of the invention.

Figs. 4A and 4B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure 200 in
accordance with a second embodiment of -the invention. The slider
structure 200 corresponds essentially to the slider structure 100 of
Figs. 3A and 3B in having a U-shaped rail 202 with a forward taper 203
that extends outwardly from the bottom surface 201 and is centered
iaterally between two outer taper-flat rails 204 and 205 with forward
tapers 206 and 207, respectively.. Unliké the taper-flat rails 104 and
105 of Fig. 3A, the taper-flat rails 204 and 205 in Fig. 4A exhibit a
contiﬁuous width. Further, the outer taper-flat rails 204 and 205 do not
extend along the full length of the bottom surface 201 from leading edge

210 to trailing edge 211. Rather, the rails 204 and 205 are offset from

the treiling edge-211 to eliminate roll sensitivity. An isolated island
212 is srovided on the bottom surface 201 at a position which abuts the
traili.., dge 211 and is centered between the legs of the U-shaped rail

202. This island provides a site at which a data read/write transducer
is mounted.
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Figs. S5A and 5B illustrate bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure 300 in
accordance with the third embodiment of the present invention. The
slider structure 300 is essentially identical with the slider structure
200 illustrated in Figs. 4A and 4B with exception that it does not
include an isolated island. Rather, the slider structure in Figs. 5& and
5B includes a center rail 310 which is adapted to carry a data read/write
transducer at the trailing edge 311. The center rail 310 extends from '

the vertex 313 of the U-shaped rail 302 to the trailing edge 311 of the

slider structure 300. The width of the center rail 310 increases
continuously from the vertex 313 to the trailing edge 31l.

Figs. 6A and 6B illustrate bottom plan and rear elévation views,
respectively, of a U-shaped rail air bearing slider structure 400 .in
accordance with a fourth embodimeht of the present invention{ The slider
structure 200 corresponds eSSéhtially to the slider structﬁre 300 of
Figs. 52 and 5B. In this regard, the slider- structure 400 includes on

_ its bottom surface 401 a U-shaped rail 402. However, the rail 402

includes an untapered forward edge 403 and is offset from the leading .
edge 410 of the slider structure in the direction of tHe trailing edge
411. This slider structure includes a center rail 410 which extend§,
with a consfantly-increasing width, from the vertex 413 of the U-shaped
rail 402 to the trailing edge 411. . Positioning the U-shaped rail 402 in
this manner provides a slider structure having desirable pitch angle and
flying height properties.

Figs. 7a and 7B are bottom plan and rear elevation views,
respeptivelx,_pf an alternate embodiment of the slider structure of the
present invention which employs two U-shaped rails separated by a center
rail. In this alternate embodiment, the slider structure 1300 has two U-
shaped rails 1301 and 1303 separated by a center rail 1305. Rails 1301
and 1303 include forward tapered sections 1302 and 1304, respectively.
The center rail 1305 includes a forward tapered section 1306. The U-
shaped rail 1301 includes outer and inner rails 1307 and 1311,
respectively, while the rail 1303 includes outer and inner rails 1309 and
1313, respectively. Although the outer rails 1307 and 1309 are
illustrated as being longer and wider than the inner rails 1311 and 1313,
the relative dimensions of length and width may be varied according to
design requirements. The outer rails are positioned adjacent respective
side edges of the slider to provide roll stiffness and to maintain the
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slider structure in a relatively high pitch angle. The length of the
jnner rails 1311 and 1313 and the width of theé U-shaped rails 1301 and
1303 at the rail vertices 1315 and 1317, respectively, may be optimized
for specific values of negative loading. Each of the U-shaped rails 1301

" and 1303 may be altered independently, allowing the the slider 1300 to be

optimized for specific roll conditions and/or rotary skew environments.

Figs. 8A and 8B illustrate bottom plan and rear eleﬁations_views{
respectively, of a U-shaped rail air bearing slider structure 1400 which
is essentially equivalent to the slider structure 1300 of Figs. 7A and
7B. In this regard, the-slider 1400 includes two U-shaped rails 1401 and
1403, respectively. The U-shaped rail 1401 includes an outer rail 1407
adjacent a first side edge of the slider, which extends to the trailing
edge 1411 of the slider 1400, and a shorter inner rail 1411. Similarly,
the U-shaped rail }403 includes ah outer rail 1409 adjacent a second side
edge of the slider and extending to the trailing edge 1411, and a

relatively shorter inner ;ail 1413, The extension of the outer rails
1407 and 1409 to the trailing edge 1411 adapts them for supporting data

read/write elements. This eliminates the need for a center rail in the
slider structure 1400.

Figs. 92-9D illustrate plan views for several air bearing slider .
structures, including various prior-art slider structures and a U-shaped
air bearing rail structure according to one embodiment of the present
invention. The slider structure of the third embodiment of the invention
is illustrated in Fig. 9D. This slider structure 300 is identical to the
structure shown in Fig. 5, and may hereinafter be referred to as the
"Embodiment three" slider 300. ' B

Figs. 93 and 9B show prior-art negativé-pressure slider structures,
referred to as the Prior Art "A" slider 1501, and the Prior Art "B"
slider 1502, respectively. The Prior Art "A" slider 1501 and the Prior
Art “B" slider 1502 are less advantageous than the Embodiment three
slider 300 shown in Fig. 9D. Fig. 9C illustrates a slider structure or
the prior art, which is very similar to the positively loaded tri-rail,
taper-flat structure commonly in use in presently-~existing data storage
drives. This prior-art slider structure is included in the present
analysis for purposes of comparison only, and may be referred to as the
Prior Art "C" slider 1504.
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Fig. 10 is a graph showing negative loading ?ersus velocity for the
Embodiment three slider 300, the Prior Art "aA" slider 1501, and the Prior
Art "B" slider 1502. The test conditions reproduced conditions of the
jndustrial environment illustrated in Fig. 1. 1In this regard, each’
slider was mounted to a suspension assembly and maintained thereby over a
rotating disk. Standard modelling techniques were used to determine the
negative loading produced by each slider in response to disk velocity.
Referring to. the graph of Fig. 10, the Embodiment three slider 300
exhibits relatively low negative loading as compared to the prior art
slider designs. The Embodiment three slider 300 also exhibits adjustable
negative pressure independent of flying height and rail etching depth.
The design has relatively low séhéitivity to fabrication tolerances and
low sensitivity to data accessing skew. Improved damping is provided ,
as well as relatively fast take-off from the data storage medium surface.

-”'Figs. 11 and 12 provide graphical comparisons betweeh the operation
of the alternative embodiment slider 1300 and the Embodiment three siider
300. The comparison of Fig. 12 also considers the performance of a =
conventional Prior Art "C" slider 1504 (Fig. 9C).

" The comparisons illu§tfated in Figs. 11 and 12 were conducted using
small sliders wbich measured 1.6 mm in width x 2.5 mm in length. The
resulting bottom surface area of the slider 1300 was 12% less than the
slider 300 with the consequence that the slider 1300 provided improved
stationary friction properties. . Both the slider 1300 and the slider 300

- utilized suspension loads of approximately 1 to 2 grams, which was four

times less than the suspension load needed for the Prior Art "C" slider
1504, This reduction in suspension loads leads to superior start/stop
performance and further reduces stiction.

The graph of Fig. 11 illustrate the low negative pressure
achievable for two negative-pressure slider designs of the invention;
namely, the slider 1300 and the slider 300. '

The graph-of Fig. 12 shows minimum flying height versus velocity
for the Prior Art "C" slider 1504, the slider 300, and the slider 1300.
The slider 1300 of the present invention takes off just as fast from the
data storage medium surface as the slider 300, and much faster than the
control Prior Art “C" slider 1504. The high take-off velocity is a
characteristic shared by negative-pressure slider designs. |
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With reference to Figs. 7A~8B, 11 and 12, the slider 1300 has
advantages over presently-existing air bearing slider designs. The
slider 1300 generates low negative pressure independent of etch depth and
flying height. This slider also exhibits reduced sensitivity to
manufacturing tolerances, and improved performance during the data
storage medium access operations. Furthermore, the slider features rapid
take-off from. the surface of the data storage medium.

A number of specific embodiments of the present invention have been
described. Nevertheless, it will be understood that various

- modifications and changes may be made without departing from the spirit

and écope of the invention. Accordingly, it is to be understood that the
invention is not to be limited by the specific illustratéd embodiments,

but only by the scope of the appended claims.

..
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CLAIMS
1. an air bearing slider for supporting a transducer in relation to a

movable storage medlum, said air bearing slider comprising:
a slider structure with a leading edge, a trailing edge, and first and
second side edges enclosing a slider surface, the slider surface facing

said movable storage medium when in use;

one or more U-shaped rails extending from said slider surface, each said

one ‘or more U-shaped rails comprisingi

a cross rail substantially parallel with said leading edge and
extending across substanhtially less than the full width of said
slider surface between said first and second edges; and

first and second side rails, each extending from said cross rail in
the direction of said trailing edge.

2. .A slider as claimed in Claim 1, wherein each said one or more U-
shaped rails ‘further includes a tapered portion formed in said cross rail

facing said leading edge.
3. A slider as claimed in Claim 1 or Claim 2, further including:

- first and sécond taper-flat side rails, each taper-flat side rall
being positioned on said sllder surface substantially adjacent a

respective side edge;

wherein the air bearing slider includes only one U-shaped rail,

said one U-shaped rail being substantially centered between said first

. and second taper-flat side rails.

4, A slider as claimed in Claim 3, wherein said taper-flat side rails
extend from said leading edge to said trailing edge.

5. A slider as claimed in Claim 3, wherein each of said taper-flat

side_rails extends from said leading edge to a respectivé point offset
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from said trailing edge, the air bearing slider further incquing an
island (212) on the slider surface abutting said trailing edge and
substantially centered between said taper-flat side rails.

6. A slider as claimed in Claim 3, wherein said side rails extend from °
said leading edge to a point offset from said trailing edge, the air
bearing slider further including a center rail. (310) substantially
centered between said first and second side rails and exténding from said

cross rail to said trailing edge.

7. A slider as claimed in Claim 6, wherein the cross rail is offset
from said leading edge towards said trailing edge, and the U-shaped rail

does not have a tapered portion.

8. A slider as claimed in Claim 2, wherein the air bearing slider
includes two U-shaped rails, and wherein, for each U-shaped rail:

L

the taper portion of the cross rail is adjacent the leading edge;

. i
the cross rail is not co-extensive with the cross rail of the other

-U-shaped rail; and

the first side rail is positioned adjacent a respective side edge,
and the second side rail is positioned parallel to the first side rail,
but is offset from the first side rail toward the opposite edge, the
second side rail being shorter than the first side rail.

9. A slider as claimed in Claim 8, wherein the first side rail of each
U-shaped rail extends from the leading edge to the trailing edge.

10. A slider as claimed in Claim 8, wherein the first side rail of each
U-shaped rail extends to a point offset from the trailing edge, the air
bearing slider further including a taper-flat center rail centered
between said two U-shaped rails on said slider surface and extending from
said leading edge to said trailing edge.
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