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EDGE CONTACT PROTECTION FEATURE
FOR A DISC DRIVE HEAD

'FIELD OF THE INVENTION
The present invention rélates to data storage
systems. More specificélly, the present invention
relaﬁés to an edge contact protection - feature for
sliders_of a data storage system. | |
| BACKGROUND OF THE INVENTION
Disc drives are_ used to storé digitally
encoded information. Sliders support transducer

" elements for reading and/or writing data to the disc

surface. Sliders include an air bearing to fly above
the disc surface via rotation of discs in a disc drive
for operation. of the .transducer elements. In a
nmgnetic—type'disc_drivg, it is known that improved
magnetic interaction between the disc surface and

transducer elements can be achieved by reducing'the

spacing between the slider and the disc surface. With
closer flying distance between the slider and the disc.
surface,'there is an increased propensity for contact
between the slider and disc surface.. Contact between
the slider and disc surface can damage the disc surface
and can lead to data loss. _

The slider is susceptible to contact or impact
with the disc surface during load and unload operations.
In particular, in a dynamic ramp load system, corner
edges of the slider are susceptible to contact with the
disc surface. For ?ontact'start and stop ("CSS“) drive,
sliders are parked on a landing zone of the disc surface
prior to operation. Non-operational shock introduced
during shipping or handling can cause the slider to slam
into the disc surface or during "spin up" or "Spin down"
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dynamic interaction can result in significant head-disc
contact. '

Sliders can include rough or sharp edges due
to the fabrication process. When a slider contacts or

- slams into a disc surface, the rcﬁgh or sharp edges can

damage the disc surface. One technique used to reduce
damage introduced by contact between the slider and disc

surface is to "blend" the edges of the slider body.

Although "blending" reduces damage caused by interface
between the edges of the slider body and disc surface,

) contact between the disc surface and edges of the air

bearlng can also damage the disc surface. “Blendlng"
the edges of the.air'bearing is more.complex since the
air“bearing.surface.geometry is'more complexﬁ 'Also, the
fly height and performance cf the air bearihg are very
sensitive to changes in air bearing surface geometry so
manufacturlng'varlatlons in the "blendlng" process must
be controlled to limit 1nfluence to the fly height and
performance of the air bearing. The present invention
addresses these and other problems and offers advantages
over the prior art. |
~ SUMMARY OF THE In TION

The present 1nventlon relates to a sllder for
supportlng transducer elements in a disc drive. The
slider includes an edge protection feature for contact
interface protection for head disc interface.

'BRIEF_DESCRIPTION OF_THE DRAWINGS _

FIG. 1 is a perspective view of a disc drive.

FIG. 2 is a perspective view of an embodiment
of a sllder including an air bearing. |

FIG. 3 is a cross-sectional view of a portion
of the slider taken along llne 3--3 of FIG. 2.
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PIG. 4 is an embodiment of a slider according
to the present invention including edge protection
features.

FIG. 5 is a cross-sectional view taken along
line 5--5 of FIG. 4. .

FIG. 6 is a cross-sectional #iew taken along
line 6--6 of FIG. 4. _

FIG. 7 is a detailed illustration of a rounded
edge surface structure.

FIG. 8 is a detailed illustration of a rounded .

edge surface structure having a relatively smooth outer

layer.

FIG. 9 is an alternate embodiment of a slider
incorporating edge protection features of the present
invention. _

FIG. 10 is a cross-sectional view taken along
line 10 of FIG. 9. L

FIG. 11 illustrates an alternate embodiment of
a slider incorporating edge protection features.

FIG. 12 is a cross-sectional view taken along
lines 12--12 of FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

"FIG. 1. illustrates a disc drive 50 including
a chassis 52, discs 54, and actuator assembly 56. Discs
54 are rotationally coupled to chassis 52 via a spindle
motor (not shown) for rotation, as illustrated by arrow
58. Actuator assembly 56 rotationally supports heads 60
for reading and/ér writing data to and from discs 54.
The actuator assembly includes E-block 62, voice coil
motor (VCM) 64 and a suspension assembly 66. As shown,
E-block 62 is rotationally coupled to chassis 52. The
E-block 62 includes a plurality of actuator arms 68
(only one shown in FIG. 1). Suspension assemblies 66
are coupled to the actuator arms 68 to support heads 60
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relative to the disc surface. The actuator block -
rotates as illustrated by éfrrow 70 to move heads 60 -
along an arcuate path (in the particular embodiment
shown) for placement relative to data tracks of a disc
54 to read or write data relative to the disc surface.
Movement of the E-block 62 is controlled by voice coil
motor 64, which is coupled to drive circuitry of the
disc drive illustrated by block 72. Operation of the
spindle motor (not shown) is also coupled to drive
circuitry.

FIG. 2 illustrates head 60 which includes a
slider 74 supporting transducer elements 76 (illustrated
schematically) for read and write operations.-
Transducers may be inductive . type transducers;
magnetoresistive or magneto-optical transducers. As
shown in FIG. 2, slider 74 includes a slider body 80
having a leading edge 82, a trailing edge 84 and opposed -
side edges 86, 88. An air bearing 90 extends from and
is elevated above slider body 80 to support the slider
above the disc surface for read and write operations.
In the embodiment shown, air bearing 90 include a center.
rail 92 supporting transducers 76 and raised side rails
94, 96. An upper surface 100 of the slider 74 is
connected to suspension assembly 66 to support the
slider for read and write operations.

During operation, the slider 74 can contact or
slam into the disc surface due to vibration or shock.
The slider 74 can contact asperities in the disc surface
causing head-disc contact. The slider can also contact
the disc surface during CSS and load and unload
operations. Non-operational shocks introduced during
shipping or handling can also cause a slider parked on
the disc surface to contact the disc surface. Multiple
sliders are fabricated on a wafer (not shown) and are
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cut from the wafer for assembly in a disc drive.. Cut
edges and corners of sliders 74 are sharp as illustrated
in phantom 102 in FIG. 3 and can include:rough edges or
burrs. Contact between the sharpvedges of the slider 74
and a dise 54 can damage the disc surface. To limit
damage due to head - disc contact, edges 82, 84, 86, 88
of the slider can be rounded or blended 104 as
illustrated in FIG. 3. ,

The air bearing 90 is formed on the slider
body 80 by material removal or deposition processes

_ including ion milling, - chemical etching,

photolithography or other processes. The fabrication
process for the air bearing can produce sharp edges 106
Head-disc contact with sharp bearing edges 106 can
damage the disc media surface. Rounding of the edges of
the slider body 80 does not protect contact between the
bearing edges and disc surface. Rounding of the bearing
edges 94, 96 increases manufacturing complexity of the .
alr bearing since air bearing surface geometry is
complex. Detailed precision is required for rounding
bearing edges 94, 96 since fly height and performance of
the air bearing are very sensitive to variations in the
rounding process.

FIG. 4 is a perspective view of a slider 120
incorporating an embodiment of an edge protection
feature of the present invention for reducing head -
disc interface damage. Like numbers of slider 74 are
used to identify like parts of slider 120. As shown in
FIG. 4, slider 120 includes an elevated rim cap 122
extending about a perimeter of the slider body 80. As
illustrated in FIGS. 5-6, rim cap 122 extends above the
slider body 80 to an elevation slightly recessed from
the air bearing surfaces 94, 96.  In the embodiment
shown, rim cap 122 includes leading, trailing and side
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edge portions 124, 126, 128, 129. As shown in FIGS. 5-
6, rim cap 122 includes a rounded interface surface 130
which, as shown in PIG. 5, is blended between a base 132
of the rim cap 122 at the slider body 80, and an upperxr
surface 134 of rim cap 122. The rounded interface
surface 130 provides a lower contact stress for slider
disc contact. ' |

The leading, trailing and side edge portions
124, 126, 128, 129 of rim cap 122 provide a leading,
trailing and side edge contact interface. The elevation
of rim cap 122 is slightly below 'ai_r bearing surfaces
94, 96, to provide a contact interface for air bearing
edges without significant intérference with the
performance and operation of the air bearing . 90.
Although in the embodiment illustrated, 'portibn_ 124,
126, 128, 129 are formed of a continuous member,. the
invention is not limited to specific embodiments shown.
For example, perimeter ripi cap 122 can include multiple
- non continuous - spaced portions along perimeter edges.
of the slider body 80. | ' : |

Rim cap 122 can be fabricated via a material
removal process or mask during fabrication of the air
bearing, or subsequent to formation of the air bearing
90 via known material deposition processes. Rounded
interface surface 130 can be fabricated by mechanical
blending and grinding processes, chemical etching or ion
milling or other known process. Thus, during a shock or
contact event, the rim cap 122 extend along edges of the
slider body 80 to distribute contact stress during head
disc contact to protect the media surface from damage.
Because the rim cap 122 is recessed from the air bearing
90, rim cap 122 does not significantly influence the air
bearing and fly height performance of the head 60 nor
increase stiction between the slider and disc surface.
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Processes for fabricating rounded interface
surface 130 can provide a roughened surface structure as
illustrated in FIG. 7. The roughened surface structure
can scratch or damage a disc media surface. As shown in
FIG. 8, a smooth outer layer 140 can be applied to
rounded interface 'surface 130 to cover the rough surface
structure and provide a smooth contact interface
surface. Layer 140 can be a diamond like carbon or
alternativeiy, layer 140 can be a relatively soft layer
such as alumina Af,0, or plastic for increased impact

_ energy absorption.

FIGS. 9-10 illustrate another embodiment of an

edge protection feature for contact intéerface for a
slider having an air bearing edges (i.e. rails 94, 96)
extending to side edges 86, 88 of the slider body 80.
Like numbers of the previously illustrated sliders will
be used to identify like parts of slider 150 illustrated
in FIGS. 9-10. As shown, slider body 80 includes an air
bearing having side rails 94, 96. In the embodiment
shown, rails '94, 96 extend to the perimeter edges 86, 88
of the slider body 80. Slider 150 includes a perimeter
rim cap 152 about the perimeter of the slider body 80.
Rim cap 152 includes a rounded interface surface 154 as
previously explained with respect to rim cap 122.
Portions 156, 158 of rim cap 152 are formed integral
with bearing edges of rails 94, 96 as shown in FIG. 10.
In the embodiment shown, rim cap 152

includes leading, trailing and side edge portions 160,
162, 164, 166. Rim cap 152 can be formed by known
masking, etching and deposition processes. - Rounded
interface surface 154 can be formed by known rounding or
blending processes as previously explained. Thus, as
described, rim cap 152 provides a contact interface for
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edges of the slider body and the air bearing for
protecting the disc surface.. ' ' .

Slider 180, shown in FIGS. 11-12, illustrates
another embodiment of an edge prOtection feature. Like -
numbers in the previous FIGS. are used to identify like .
parts in slider 180. As 'shown, slider 180 includes
rounded slider body edges 182. Edges ‘are rounded by
known rounding or blending processes. Rounded edges

distribute contact stress to provide a contact interface

between slider body edges and a disc surface. 1In the :

embodiment shown, slider includes rounded leading, -

trailing and side edge portions 184, 186, 188, 190.

As shown, slider body 80 includes raised
corner caps 192, 194, 196, 198. Rounded corner. caps
192, 194, 196, 198 are located at corners of the slider -
body 80 and are elevated above the slider body 80 to a
height recessed from the air bearing 90 (for example; .
rails 94, 96), to provide a head disc contact interface
without significant affect to f£ly height characteristics -
of the air bearing. In the embodiment shown, caps 192,
194, 196, 198 are spaced from perimeter edges of the:
slider body 80 to provide a contact interface protection.
for the air bearing 90 (for example rails 94, 96).

Raised outer edges of corner caps 192, 194,
196, 198 include a rounded surface structure 200 -as
illustrated in FIG. 12. The rounded surface 200 .is-
formed by known blending or grinding techniques for.
distributing contact stress. In the embodiment -
illustrated, caps 192, 194, 196, 198 have a curved
outward face 202 (as shown in FIG. 11) extending in .
alignment with traverse edge portions of the slider body
80. The curved face 202 provides contact stress
distribution for head-disc contact. In the particular
embodiment shown, caps 192, 194, 196, 198 are
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semicircular shaped but application is not limited to

the specific shape shown. Corner caps 192, 194, 196,
198 can be fabricated via material removal during air
bearing mask or fabrication or can be formed subsequent

to formation of the air bearing 90 via known deposition
processes. . Outer protective or tribological layers,

such as diamond-like carbon, can be added to the rounded
surfaces 200 of the corner caps 192, 194, 196, 198 as

previously illustrated in FIG. 8.

Thus as described, the present invention
relates to a slider 120 including a slider body 80
‘having an air bearing 90 elevated above the slider body
80 and an elevated rim cap 122. The rim cap includes a
rounded interface surface . for head-disc impact
protection. Slider 180 includes rounded perimeter edges:
184, 186, 188, 190 and raised corner caps 192, 194, 196,
198 for head disc contact.

Although a particular bearing surface is
shown, it should be understood that alternate bearing.
designs may be used and application is not limited to a
particular bearing design. It is to be understood that
even though numerous characteristics and advantages of
various embodiments of the present invention have been
set forth in the foregoing description, together with
details of the structure and function of wvarious
embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of
parts within the principles of the present invention to
the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.
For example, the particular elements may vary depending
on the particular application while waintaining
substantially the same functionality without departing



WO 00/43992 PCT/US99/29877

-10-

from the scope and spirit of the. present invention. “In .

addition, although the preferred embodiment described
: herein is directed to a magnetic disc¢ drive system, it
| will be appreciated by those skilled in the art that the
5 Eeachings of the present invention can be applied to
. other systems, like an optical disc -syst"em, without
departing from the scope and spirit -of the present
invention. o L
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WHAT IS CLAIMED IS:
1. A slider comprising:
a slider body;
an air bearing elevated above the slider
body; and _
an elevated rim cap elevated above the slider
body and including a rounded interface
surface for head-disc impact protection.
2. The slider of claim 1 wherein the rounded
interface surface extends from a base of the rim cap to
an upper surface of the rim cap.

3. The slider of claim 1 wherein the elevated rim
cap is formed via a masking process.
4. The slider of claim 1 wherein the rounded

interface surface of the rim cap is formed via a:

mechanical, ion milling or chemical rounding process.

5. The slider of claim 1 wherein a portion of the
.rim cap is formed integral with the air bearing.

6. . The slider of claim 1 wherein the slider is
coupled to an E-block and assembled in a disc drive.
7. The slider of claim 1 wherein the rim cap
extends along leading, trailing and side edges of the
slider. ' _ _

8. The slider of claim 1 wherein the rounded

interface surface includes an outer layer of diamond-
like carbon.

9. A slider comprising: :
a slider body; _
an air bearing elevated above the slider
body; o
the slider body including rounded edges; and
at least one raised corner caps spaced from
This Sheet Has Been Replaced the rounded edges of the slider body

MUMDIG  excenses meve ehe sticer body o an
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elevation below the air bearing, the
corner caps having a rounded interface
surface for impact protection.
10. The slider of claim 9 including at least: four
corner caps. ' |
11.. ‘The slider of claim 9 wherein the rounded
interface surface of the corner cap extends from a base
of the corner cap along a rise of the corner cap to an
upper surface of the raised corner cap. _
12. The slider of claim 9 wherein the cormer cap
includes a curved outward face. ' ' "
i3. The slider of claim 9 wherein the cornexr cap
~ is semi-circular shaped. : _ o
14. The slider of claim 9 wherein the slidex body
includes rounded edges along leading, trailing and side
edges of the slider. . | ' o
15. - " The slider of claim 9 wherein the sl:Lder is

coupled ,to an E-block and assembled in a disc drive. -
16. - The slider of claim 9 wherein the rounded

edges are formed by a chemical, mechanical or ion
milling rounding process.
17. - The slider of claim 9 wherein the raised
corner cap includes an outer layer of diamond-like
carbon. |
18. A slider comprising:
a slider body having a leading, trailing and
side edges; |
an air bearing elevated about the slider
body; and
edge protéction means for providing contact
interface protection for the slider bbdy
and the air bearing.
19. The slider of claim 18 wherein the edge
protection means includes;

Tlns Sheet Has Been Replaced
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rounded edges extending about a perimeter of
‘the slider body; and
raised corner caps spaced from the perimeter
edges of.the slider body and elevated
above the slider body to an elevation'
below the air bearing, the raised corner
caps including a rounded interface
surface for iﬁpact protection.
20. The slider of claim 18 wherein the edge
protection means includes an elevated rim cap extending
about a perimeter of the slider body.

"This Sheet Has Been R laced -
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