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1. Title of Invention
Subambient Pressure Slider with Partitioned Subambient Area,
Head Gimbal Assembly and Disk Drive

2. Detailed Description of Invention

{Technical Field of the Invention)

{0001] The present invention is directed to air bearing slider designs in disk drives. More

particularly, the present invention pertains to a multiple level surface configuration for a

subambient pressure air bearing slider.

(Prior Art)
Backeroundof the Invention-

10002} Hard disk drives are common information stora;ge devices essentially counsisting of a
series of rotatable disks that are accessed by magnetic reading and writing elements. These data
transferring elements, commonly known as transducers, are typically carried by and embedded lin
a slider body that is held in a close relative position over discrete data tracks formed on a disk to
permit a read or write operation to be carried out. In order to properly position the transducer
with respect to the disk surface, an air bearing surface (ABS) formed on the slider body
experiences a fluid air flow that provides sufficient lift forc_:c to "fly" the slider and transducer
above the disk dafa tracks. The high speed rotation of a magnetic disk gencrates a stream of air
flow or wind along its surface in a direction substantially paraflel to the tangential velocity of the
disk. The air flow cooperates with the ABS of the slider body which enables the slider to fly
above the spinning disk. In effect, the suspended slider is physically separated from the disk
surface through this self-actuating air bearing. The ABS of a slider is generally configured on

the slider surface facing the rotating disk, and greatly influences its ability to fly over the disk

C
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under various conditions.
[0003] Some of the major objectives in ABS designs are to fly the slider and its accompanying
transducer as close as possible to the surface of the rotating disk, and to uniformly maintain that
constant close distance regardless of variable flying conditions. The height or separation gap
between the air bearing slider and the spinning maggetic disk is commonly defined as the flying
height In general, the mounted transducer or read/write element flies only approximately a few
micro-inches above the surface of the rotating disk. The flying height of the slider is viewed as
one of the most critical parameters affcc.ting the magnetic disk reading and recording capabilities
of a mounted read/write element. For example, there are many advantages for reducing or
having a relatively small flying height. A relatively small flying height allqws the transducer to
achieve greater resolution between different data bit loc.ations and magnetic fields emanating
from closely defined regions on the disk surface. Also, a low flying slider is known to provide
improved high density recording or storage capacity of magnetic disks which is usually llimitcd
by the distance between the transducer and the magnetic media. Narrow separation gaps permit
shorter wavelength signals to be recorded or read as a result. At the same time, with the
increasing popularity of lightweight and compact notebook type computers that utilize relatively
small yet powerful disk drives, the need for a progressively smaller slider body with a lower
flying height has continually grown.
[0004] It has also been observed that a constant flying height provides desirable benefits which
may be more readily achieved through particular ABS designs. Fluctuations in flying height are
known to adversely affect the resolution and the data transfer capabilities of the accompanying

transducer or read/write element. The amplitude of the signal being recorded or read does not
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vary as much when the flying height is relatively constant. Additionally, changes in flying
height may result in unintended contact between the slider assembly and the magnetic rotating
disk. Sliders are generally considered to be either direct contacting, pseudo-contacting or flying
sliders which is descriptive of their intended contact with a rotating disk. Regardless of the type
of slider, it is often desirable to avoid unnecessary contact with the surface of the spinning
magnetic disk so as to reduce the wear on both the slider body and the disk. The deterioration or
wear of the recording media may lead to the loss of recorded data, while slider wear may also
result in the ultimate failure of the transducer or magnetic element.
[0005] What often causes changes to the flying height is the continual high speed movement of
the slider across the rotating disk while performing read or write operations. For example,
depending on the radial position of the slider, the respecﬁve linear velocity of the disk varies.
Higher velocities are observed at the outer edge of the rotating disk, while lower velocities are
found at the inner edge. As aresult, the air bearing slider flies at different relative speeds at
different radial positions relative to the disk. Because sliders typically fly higher at higher
velocities, there is a tendency for flying heights to increase when positioned above the outer
regions of the disk. At the same time, lower velocities at the inner regions of the disk cause the
slider to fly lower. Accordingly, slider designs must account for the noticeable effect ﬁat
variations in radial position, and relative velocity, have on the flying height.
[0006] The fiying height of a slider is also adversely affected by changes in skew. The skew
angle is defined and measured as the angle formed between the longitudinal axis of the slider
body and the direction of the air flow tangential to the disk rotation. When the mounted slider is

positioned near the inner or outer edges of the spinning disk, its longitudinal axis is often skewed
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in relation to the direction of the air flow. The longitudinal axis of the slider may be defined as a
center line of reference running along the length of the slider body. These angular orientations or
skew angles typically vary as a rotary actuator arm and gimbal suspension assembly turns about
its pivot point thereby moving the slider in an arcuate path across the rotating disk. In view of
the growing demand for compact disk drives having relatively smaller actuator arms, larger skew
angles are ever more present because of the shortened arm length. It has often been observed that
at skew values above zero, sliders are pressurized at reduced values which cause an undesirable
decrease in flying height. Even a relatively moderate skew angle range adversely affects the
flying capabilities of a slider. As a result, ABS designs continually atternpt to minimize slider
sensitivity to changes in skew.
[0007] Ancther fluctuation in flying height may be identified as slider roll. The roll angle is
measured and defined by the difference in flying height between the longitudinal sides of the
slider. Whenever aslider flies at skew with respect to the direction of the air flow, an unequal
pressure distribution tends to occur between the ABS and the disk. This imbalance causes slider
roll where one side of the slider body is closer to the disk surface than the other side. A slider,
however, is preferably positioned at a constant slider roll regardless of any changes in the flying
conditions including differences in tangential velocity between the inner and outer tracks of the
rotating disk, and continuous lateral movement above the surface of the disk or varying skew
angles.
[0008] As shown in FIG. 1 an ABS design known for a common catamaran slider 5 may be
formed with a pair of parallel rails 2 and 4 that extend along the outer edges of the slider surface

facing the disk. Other ABS configurations including three or more additional rails, with various
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surface areas and geometries, have also been developed. The two rails 2 and 4 typically run
along at least a portion of the slider body length from the leading edge 6 to the trailing edge 8.
The leading edge 6 is defined as the edge of the slider that the rotating disk passes before running
the length of the slider 5 towards a trailing edge 8. As shown, the leading edge 6 may be tapered
despite the large undesirable tolerance typically associated with this machjning\ process. The
transducer or magnetic element 7 is typically mounted at some location along the trailing edge 8
of the slider as shown in F1G. 1. The rails 2 and 4 form an air bearing surface on which the slider
flies, and provide the necessary lift upoﬁ contact with the air flow created by the spinning disk.
As the disk rotates, the generated wind or air flow runs along underneath, and in between, the
catamaran slider rails 2 and 4. As the air flow passes beneath the rails 2 and 4, the air pressure
between the rails and the disk increases thereby providing positive pressurization and 1ift,
Catamaran sliders generally create a sufficient amount of lift, or positive load force, to cause the
slider to fly at appropriate heights above the rotating disk. In the absence of the rails 2 and 4, the
large surface area of the slider body 5 would produce an excessively large air bearing surface
area. In general, as the air bearing surface area increases, the amount of lift created is also
increased. Without rails, the slider would thetefore fly too far from the rotating disk thereby
forcgoing all of the described benefits of having a low flying height,

[0009] As illustrated in FIG. 2, a head gimbal assembly 40 often provides the slider with
multiple degrees of freedom such as vertical spacing, or pitch angle and roll angle which describe
the flying height of the slider. As shown in Fig. 2, a suspension 74 holds the HGA 40 over the
moving disk 76 (having edge 70) and moving in the direction indicated by arrow 80. In

operation of the disk drive shown in Fig. 2, an actuator 72 moves the HGA over various
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diameters of the disk 76 {(e.g., inner diameter (ID}, middle diameter (MD) and outer diameter
{OD)) over arc 75.

[0010] Although catamaran sliders are initially effective in providing an adequate flying height,
they are especially sensitive to varying skew angle ranges and other adverse flying conditions.
When the skew angle is increased, such as when the flying slider moves across the rotating disk,
the air pressure distribution beneath the rails may become distorted.. By accessing both inner and
outer portions of a disk at relatively high speed, air is introduced in an uneven amount under each
rail which typically causes slider roll as Vdepictcd in FIG. 1. As a result, the slider experiences an
uneven distribution of pressure which may cause the slider to roll in one direction such that the
flying height is not uniform between the ABS rails. The mounted transducer may therefore be
unable to operate effectively or accurately perform its data transfer operations. Regardless of the
sensitivity of the ABS rails to various skew ranges and other adverse flying conditions, this rail

design is widely acknowledged as a general configuration that provides effective pressurization

or lift to enable a slider to fly.

{0011] In order to counteract the positive pressurization of the flying slider body to provide a
low and constant flying height, it is known to form an ABS that also provides negative or
subambient pressurization to pull or draw the slider body towards the disk. For example,
negative pressure air bearing (NPAB) or self loading sliders have been known to provide a
counteracting negative pressure load. In this dual pressurization scheme, the ABS may be
generally formed with a leading edge, a trailing edge, side rails, and a cross-rail that extends
between the side rails in a basic H-shaped orientation. The cross-rail, which is often positioned

closer to the leading edge than the trajling edge of the slider, creates a subambient pressure
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region trailing the cross-rail and in between the side-rails. The subambient pressure region
creates a negative pressure or load that counteracts the positive pressure generated along the side
rail portion of the ABS. This counteraction of negative and positive forces has been known to
increase the stability and air bearing stiffness of the slider, provide rapid slider take-off, and
reduce its sensitivity to vm‘iations in conditions such as changing disk velocity and radial
movement which cause fluctuations in flying height. The compensating changes in positive and
negative pressure, in accordance with the varying velocity between the inner and outer tracks of
the disk, contributes to the overall objective of maintaining a substantially constant and steady
flying height. However, the offsctting forces created in a subambient pressurization scheme may
often present undesirable effects that actually cause variations in flying height. A NPAB slider
often exhibits noticeable roll as well, and a reduction in flying height at skewed conditions
because of unequal pressurization or distribution of air beneath the rails.
[0012] Another type of ABS rail modification that has been developed is generally known as a
transverse pressurization contour (TPC). A TPC may be formed on ABS rails at various
locations along the edges of their air bearing surface areas. This has been observed to provide
some reduction in flying height variations at skew angles in certain applications. When there is a
transverse component of air flow directed across the face of the rail, the contour provided by a
transverse edge of a TPC rail may experience positive pressurization while a counter balancing
negative pressurization is producedin a cbntour along the other transverse edge of the rail. As a
result, the overall pressure distribution across the ABS may remain relatively unchanged over
some range of varying skew angles where the transverse component of air flow tends to cause

unequal pressurization.
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(Problems to be Solved by the Invention}
[0013] All of the aforementioned ABS configurations and modifications for air bearing sliders
attempt to achieve a low and constant flying height. Different degrees of effectiveness are
provided by these ABS designs which overall do not control flying height, or pitch and roll
angles very well. For example, many existing ABS designs have been observed to exhibit an
extremely increased slider roll angle over outer tracks regions of a disk. These configurations
also typically fail to control the increase in slider pitch angle when moving from inner track to
the outer track regions. Thus, there exists a need for an ABS configuration for an air bearing
slider that effectively maintains constant flying height and controls roll angle regardless of
constantly changing flying conditions such as the difference in relative velocity at the outer and
inner regions of a disk, the relative positioning of a slider over a rotating disk, and varying skew

angies ranges.

(Means for Selving the Problems)
SHMMARY OF-THEBRIENTON

[0014] The present invention provides a subambient pressure air bearing slider with an air
bearing surface (ABS) that provides a low and constant flying height in the presence of varying
directional air flow. Also, the slider design of the present invention may provide a constant
flying height a different altitudes and with different disk speeds. In one embodiment of the
present invention, the subambient pressure area of the slider body is partitioned such that a first
area is at a predetermined depth and the second area is at a deeper depth. In one example, the
first area extends between the rails and from the leading step portion of the slider while the

second area resides at the outer-rear quadrant of the slider body.
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[0015] FIG. 1 is a perspective view of a flying slider with a read and write element asgémbly
having a tapered conventional catamaran air bearing slider configuration.

[0016] FIG. 2 is a plan view of a mounted air bearing slider in accordancevith the present
invention (not drawn to scale).

[0017] FIG. 3 is a bottom plan view of a subambient pressure slider constructed according to a
an embodiment of the present invention.

[0018] FIG. 4 is a graph of the flying height of the4lider of FIG. 3 compared to one where the
sub-ambient area is not partitioned.

[0019] FIG. 5 is a bottom plan view of4 subarabient pressure slider constructed according to an -
alternative embodiment of the predent invention.

[0020] FIG. 6 is a bottom plén view of a subﬁmbient pressure slider constructed according to an
alternative embaodimept of the present invention.

{0021} FIG. 7 ig4 bottom plan view of a subambient pressure slider constructed according to an
alternativg€mbodiment of the present invention.

[0022] FIG. 8 is a bottom plan view of a subambient pressure slider constructed according to an

Gliarnn aambadimeant o o mpocandt i T
Hierng BeaH BHOHHe-P CRUIG VORI,

(Mode for Carrying out the Invention)
BETALED PESCRIPHON-OFTHEINVENTION

[0023] FIG. 3 is a plan view of the bottom side of an ABS 10 for a subambient pressure slider in
accordance with the present invention. It will be understood that for purposes of describing

particular features of an ABS as follows, the entire slider body, which may be formed from a
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substrate material such as A1,0,TiC, is not shown. The ABS 10 iliustraied in FIG. 3 includes a
pair of rails 12 and 14 each having effective air bearing areas 24 and 26. The inner rail 12 and
the outer rail 14 penerally extend from the leading edge 16 toward the trailing edge 18 of the
ABS. As shown in FIG. 3, the ABS rails 12 and 14 are shaped in a desired configuration by
conventional techniques in accordance with one aspect of the present invention. Rails 12 and 14
are connected together at the leading edge 16 of the slider by a leading portion 15, In this
embodiment of the present invention, the leading portion 15 extends from the leading edge of the
slider between and to the outside of the rails 12 and 14. In FIG. 3, this leading portion 15 is
created by etching the slider body in this area to a depth appropriate for desired flying
characteristics (e.g. between 5 and 50 microinches). Alternatively, a ramp structure (as known in
the art) can be used that extends from the leading edge 16 of the slider 10 to the leading portion
15
10024] In Fig. 3, according to an embodiment of the present invention, the sub-ambient pressure
area between rails 12 and 14 is divided into a plurality of sections. In this example, the sub-
ambient pressure area is divided into a first area 19 and a second area 20 behind the leading
portion 15. In this embodiment, the second area can be referred to as the cuter-rear quadrant of
the sub-ambient pressure area because the second area is substantially a quarter of the area locate
at the rear of the slider and at the outside edge of the slider body (relative to the moving disk).
The first sub-ambient pressure area 19 can be formed, for example, by etching that area to a
depth of between 20 and 100 microinches (e.g., 50 microinches). Preferably, the sub-ambient
pressure area 19 has a depth that is deeper than the leading portion 15. In this embodiment, the

second sub-ambient pressure area 20 has a depth between 20 and 200 microinches. Preferably,

10



m —m —m ~—= = @ @ @ @ @ @ @ @ @ o™@ @A ™@ & & & & & /& /& /s /&, M/, M/, /e o/, /e /e o/ /e e /e /e e /e e e e

C

(25) JP 2004-39215 A 2004.2.5

the second sub-ambient pressure area 20 has a depth deeper than the first sub-ambient pressure
area 19. Thus, for example, with a depth of 50 microinches for area 19, the second sub-ambient
pressure arca 20 can have a depth of 130 microinches.

{0025] Iu this embodiment of the present invention, the slider 10 includes additional features.
For example, the rails 12 and 14 may 'm;ludc arear pad 21that includes a magnetic read/write
head 22. In this example, the rear pad has two levels, a first level 21a, which has a depth equal to
the depth of the rails 24 and 26, and a second level 22a, which has a depth of between 2 and 50
microinches. The rails 24 and 26 also ﬁay include secondary structures 24a and 26a that are at a
depth equal to the depth of the second level of the rear pad. Further, antistiction pads 235, 27 may
be provided having a height greater than rails 12, 14. These pads would provide improved lift-
off for the slider 10 and prevent damage to the rails 12, 14 when the slider 10 is close to the
moving disk.

{0026] In operation, the slider of Fig. 3 with its partitioned sub-ambient pressure area will have a
flying height that is more uniform over the range of diameters of the moving disk. As known in
the art, the direction of air flow and the amount of air flow changes as the slider moves between
the inner diameter and outer diameter of the moving disk. In the slider of Fig. 3, air flow at the
inner diameter is at an angle from the lower-left direction and air flow at the outer diameter is at
an angle from the upper-left direction. At the inner diameter, the subambient pressure area
provides a force urging the slider in a direction toward the moving disk. The relatively deeper
sub-amnbient pressure area 2( increases this attractive force for the slider than if the sub-ambient
pressure area were of a uniform depth. At the outer diameter, on the other hand, the second sub-

ambient area plays less of a role in providing this attractive force for the slider because of the

11
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different direction of the air flow. The result is a more even flying height for the slider.
Referring to Fig. 4, a graph showing the relative flying height of the stider of Fig. 3 (with
diamonds) and 2 slider with a uniform sub-ambient pressure area is presented (with squares).
From the inner diameter to the outer diameter, the slider of Fig. 3 has less than a 5% change in
flying height. With a uniform sub-ambient pressure area, the flying height of the slider can vary
as much as 20% over the various diameters of the moving disk.

[0027] Referring to Figs. 5 through 8, alternative embodiments of the present invention are
shown. In Fig. 5, the sub-ambient prcssﬁrc area is divided into two halves. The inner half 50 of
the sub-ambient pressure area has a depth equivalent to the depth of the first area in Fig. 3 and
the outer half has a depth equivalent to the depth of the second area in Fig. 3. In Fig. 6, the sub-
ambient pressure area is divided in much the same manner as the slider of Fig. 5. In this case the
inner half 60 of the sub-ambient pressure area has a depth equivalent to the depth of the first area
in Fig. 3 and the outer half 61 has a depth equivalent to the depth of the second area in F.ig. 3. A
difference in the embodiment of Fig. 6 is that the inner half 60 extends in a channel 60a between
the outer half 61 and the outer rail. In Fig. 7, area 78 has a depth equivalent to the first area in
Fig. 3, and area 71 has a depth equivalent to the deptb of the second area in Fig. 3. In this
embodiment area 78 extends between the rails and from the leading section of the slider, while
area 71 extends in front of and to the sides of the rear pad.

[0028] In the embodiment of Fig. 8, the subambient pressure area is divided into four quadrants
81-84. The depths of each of these quadrants can be set depending on the conditions that exist at
the inner and/or outer diameter. As an example, the depths of quadrants 81 and 83 may be set so

as to set the flying height at one of the inner or outer diameter of the moving disk. Once that

12
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flying height is set, the depths of quadrants 82 and 24 may be set so as to set the flying height at
the other extreme (1.e., one of the outer and inner diamcter‘). It is desirable to set the flying
height of the inner and outer diameters to be as close as possible. The actual setting of the depths
may be done by manufacturing sliders with particular depths and changing them through an
iterative process. Preferably, this process is performed through computer simulation (e.g, using
Eq. 1 described below).

{0029] The flying height of any slider depends on a balancing of positive pressure (e.g.,
generating on the air-bearing rails of thc.slider) and negative or sub-ambient pressure {e.g., in the
sub-ambient pressure area between the rails). The magnitude of the pressure generated under the

slider is governed by the non-dimensional term called the bearing number, A, which can be

defined as:
&uUL
A = Ph: Eq 1
Where: = viscosity of air,

U = linear velocity of air,

L = characteristic length,

p = ambient pressure,

h = characteristic height.
Accordingly, from Eq. 1, changes in the velocity of air can be balanced by changing the
characteristic height. This is achieved through the control of the number, shape, and depth of the

partitioned areas of the sub-ambient pressure area of the slider.

13
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[0030] One possible advantage of sliders designed as set forth above with partitioned sub-
ambient pressure areas is that the slider is insensitive to air velocity. When the slider is
insensitive to air velocity, the slider can “take off” from the disk in a relatively quick manner
avoiding wear on the disk and slider. Another possible advantage of sliders with this design is
that the same slider may be used for drives operating at different rotational speeds (e.g., 5400 and
7200 RPM} and at different altitudes.

[0031) While the present invention has been described with reference to the aforementioned
applications, this description of the prcfcrred embodiments is not meant to be construed in a
limiting sense. It shall be understood that all aspects of the present invention are not limited to
the specific depictions, configurations or dimensions set forth herein which depend upon a
variety of aerodynamic principles and variables, and may be dctcnnjped, for example, through
computer simulation procedures using computer simulation programs such as that developed at
the Computer Mechanics Laboratory at the University of California, Berkeley, California.
Various modifications in form and detail of the disclosed apparatus, as well as other variations of
the present invention, will be apparent to a person skilled in the art upen reference to the present
disclosure. It is therefore contemplated that the appended claims shall cover any such
modifications or variations of the described embodixﬁcnts as falling within the true spirit and

scope of the present invention.

14
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3. Claims

What is-claimed-ig:
L A subambient pressure air bearing slider comprising;
a slider body defined by a leading edge, an inner and outer edge extending

longitudinally along the slider body, and a rear edge, said slider body including

an air bearing surface including at lcast first and second rails,

a leading portion extending from the leading edge of the slider to a leading
portion of said first and second rails;

a subambient pressure region extending between the leading portion and
between the first and second rails, wherein said subambient pressure region is divided into at
least first and second areas, where said first area has a first depth and said second area has a

second depth, and said second depth is deeper than said first depth.

2. The slider of claim ] wherein said first area extends from the leading portion of
the slider body and between said first and second rails, and said second area is disposed in an

outer-rear quadrant of said slider body.

3 The slider of claim 2 wherein said first area has a depth between 20 and 100

microinches and said second area has a depth between 20 and 200 microinches.

4, The slider of claim 1 wherein said first area extends from the leading portion of

the slider body in an inside half of the subambient pressure area and the second area extends

15
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from the leading portion of the slider body in an outside half of the subambient pressure area

between said first and second rails.

-5 The slider of claim 2 wherein said first area has a depth between 20 and 100

microinches and said second area has a depth between 20 and 200 microinches.

6. The slider of claim I wherein said second area is disposed in an outside half of the
subambient pressure area and the first area extends from the leading portion of the slider in an
inside half of the slider and includes a channel extending along the leading portion of the slider

and between the second area and one of said first and second rails.

7. The stider of claim 6 wherein said first area has a depth between 20 and 100

microinches and said second area has a depth between 20 and 200 microinches.
8. The slider of claim 1 further comprising a rear pad disposed proximately to the
rear edge of the slider, wherein said first area extends from said leading portion and between said

first and second rails and said second area is disposed around said rear pad.

9. The slider of claim 8 wherein said first area has a depth between 20 and 100

microinches and said second area has a depth between 20 and 200 microinches.

16
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10.  The slider of claim 1 wherein said subambient pressure region is divided into first,

second, third, and fourth regions.

11. A head gimbal assembly comprising:
a slider including
a slider body defined by a leading edge, an inner and outer edge extending

longitudinally along the slider body, and a rear edge, said slider body including

an air bez;.ring surface including at least first and second rails;

a leading portion extending from the leading edge of the slider to a
leading portion of said first and second rails;

a subambient pressure region extending between the leading
portion and between the first and second rails, wherein said subambient pressure region is
divided into at least first and second areas, where said first area has a first depth and said second

area has a second depth, and said second depth is deeper than said first depth.

12.  The head gimbal assembly of claim 11 wherein for the slider said first area
extends from the leading portion of the slider body and between said first and second rails, and

said second area is disposed in an outer-rear quadrant of said slider body.
13.  The head gimbal assembly of claim 12 wherein for the slider said first area has a

depth between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

17
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14.  The head gimbal assembly of claim 11 wherein for the slider said first area
extends from the leading portion of the slider body in an inside half of the subarnbient pressure
area and the second area extends from the leading portion of the slider body in an outside half of

the subambient pressure area between said first and second rails.

15.  The head gimbal assembly of claim 12 wherein for the slider said first area has a
depth between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

16. The head gimbal assembly of claim 11 wherein for the slider said second area is
disposed in an outside half of the subambient pressure area and the first area extends from the
leading portion of the slider in an inside half of the slider and includes a channel extending along
the leading portion of the slider and between the second area and one of said first and second

rails.

17. The head gimbal assembly of claim 16 wherein for the slider said first area has a

depth between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

18. The head gimbal assembly of claim 11 wherein said slider further comprises a

rear pad disposed proximately to the rear edge of the slider, wherein said first area extends from

18
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said leading portion and between said first and second rails and said second area is disposed

arcund said rear pad.

19.  The head gimbal assembly of claim 18 wherein for the slider said first area has a
depth between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

20, The head gimbal assembly of claim 11 wherein for the slider said subambient

pressure region is divided into first, second, third, and fourth regions.

21. A disk drive comprising:
a disk capable of rotation;
a head gimbal assembly coupled to an actuator, said head gimbal assembly
including a slider, said shider including
a slider body defined by a leading edge, an inner and outer edge extending
longitudinally along the slider body, and a rear edge, said slider body including
an air bearing surface including at least first and second rails,
a leading portion extending from the leading edge of the sliderto a
leading portion of said first and second rails,
a subambient pressure region extending between the leading

portion and between the first and second rails, wherein said subambient pressure region is

19
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divided into at least first and second areas, where said first area has a first depth and said second

area has a second depth, and said second depth is deeper than said first depth.

22.  The disk drive of claim 21 wherein for the slider said first area extends from the
leading portion of the slider body and between said first and second rails, and said second area is

disposed in an outer-rear quadrant of said slider body.

23.  The disk drive of claim 22 wherein for the slider said first area has a depth
between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches,

24, The disk drive of claim 21 wherein for the slider said first area extends from the
leading portion of the slider body in an inside half of the subambient pressure area and the
second area extends from the leading portion of the slider body in an outside half of the

subambient pressure arca between said first and second rails.
25, The disk drive of claim 22 wherein for the slider said first area has a depth

between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

26, The disk drive of claim 21 wherein for the slider said second area is disposed in

an outside half of the subambient pressure area and the first area extends from the leading portion

20
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of the slider in an inside half of the slider and includes a channel extending along the leading

portion of the slider and between the second area and one of said first and second rails.

27.  The disk drive of claim 26 wherein for the stider said first area has a depth
between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

28, The disk drive of claim 21 wherein said slider further comprises a rear pad
disposed proximately to the rear edge of the slider, wherein said first area extends from said
leading portion and between said first and second rails and said second area is disposed around

said rear pad.

29, The disk drive of claim 28 wherein for the slider said first area has a depth

between 20 and 100 microinches and said second area has a depth between 20 and 200

microinches.

30.  The disk drive of claim 2] wherein for the slider said subambient pressure region

is divided into first, second, third, and fourth regions.

21
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Brief Description of Drawings

BRIEFDESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view of a flying slider with a read and write element assembly
having a tapered conventional catamaran air bearing slider configuration.

[0016] FIG. 2 is a plan view of a mounted air bearing stider in accordance with the present
invention {not drawn to scale).

[0017] FIG. 3 is a bottorn plan view of a subambient pressure slider constructed according to a
an embodiment of the present inventioﬁ.

(0018] FIG. 4 is a graph of the flying height of the slider of FIG. 3 compared to one where the
sub-ambient area is not partitioned.

[0019] FIG. 5 is a bottom plan view of a sx;bambient -prcssure slider constructed according to an
alternative embodiment of the present invention.

{0020] FIG. 6 is a bottom plan view of a subambient pressure slider constructed according to an
alternative embodiment of the present invention. -

[0021] FIG. 7 is a bottom plan view of a subambient pressure slider constructed according to an

alternative embodiment of the present invention.

[0022] FIG. 8 is a bottom plan view of a subambieat pressure slider constructed according to an

alternative embodiment of the present invention.

22
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L. Abstract

A subambient provsure air bearing slider for disk drives and the like is presented where
the subarbient preesure: area is divided into two or more arems. Far examnle, 4 firgt ares.
exteading betorsen the raila can have 5 depth (¢.g., between 20 and 100 microinches) reletive to
th:]uighlufﬂ::xa&ia.whil:thnaumndmhuldeepetdep&(e.g,bemmmmmo
microinckes). In cae embodiment, the second arca is placed i the outside rar quadrant relstive
o the rear e<ige of the glider and the ail closer to the cunside digmeter of e moving disk. By
partitioning the subambient pressure anca and property sclerting the depths of the partitionsd
amal,!hul:iderulnﬂiﬂvaammmfmmhd@tmmemyﬂmdh
pacvwing disk, a i flavant rtational speed velocitics For the disk and et diffecent vperation

altftudes.

2. Representative Drawing

Fig.3

FIG. 1
(PRIOR ART)

2004-39215 A 2004.2.5

FIG. 2
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