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2. Description of the Background Art

BACKGROUND OF TE=Z INVENTION

- 1. Field of the Invention
The present invention relates to & magnetic head-slider
assembly used in a magnetic disk apparatus for recording and
reading back information-on a magnetic disk. The head-slider

assembly has improved stiction properties.

2, Description of the Background Art

A conventional structure for a magnetic slider is shown in
Fig. la. The slider (100) has a leading surface (101}, a
trailing surface (102), and an air bearing surface which resides
next to the disk and has a magnetic read/write element (303). As
used herein, the air bearing surface of a slider shall mean the
entire surface of the slider which faces the disk during
operation of the disk drive. The air bearing surface usually has
a upper portion (104) wvery close to the disk and a lower portion
(106). A cross-sectional view of the tzailing edge_of the slider
is shown in Figs. 1b and lc. In some sliders, the trailing
surface is normal to the air bearing surface as shown in Fig 1b.
In some cases, a single step (10Z., is fcrmed in the air bearing

surface as shown in Fig. lc¢ in oxrder tc better control the



"A conventional structure for a magnetic slider is shown in Fig. la. The
slidef (100) has a leading surface (101), a trailing surface (102), and an
ai r bearing surface which resides next to the dISk and has a nagnetlc
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operation of the disk drive. The accumulated material can then

x interfere with the normal flying of the slider, generally
increasing the spacing between the sensor and the disk. This
increased spacing can result in a high error rate when data is
retrieved from the disk. The spacing can also be reduced leading
to accelerated wear. The accumulated material can also migrate
back into the area of the air bearing surface when the slider
comes to rest on the disk and thus increase the stiction forces
at the air bearing surface during subsequent startup operation.

Stiction results from the accumulation of lubricant or

hydrocarbon contaminants on the trailing edges of sliders that
are flown over disks for prolonged periods of time. When the
disk drive 1s turned off and the head comes to rest on the disk,
the liquid materials can flow beneath the slider causing the
slider to stick to the disk. This stiction force, if severe, can
prevent the disk from starting again. As an example, if a liquid
covers 2000 um? of area on the air bearing surface, the effective
stigtion force can be 40 gm. The force is reported here as grams
equivalent. The force in units of dynes can be obtained by
multiplying by the acceleration of gravity. This propensity of

liquids to accumulate on the trailing edge of the slider
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.surface as shown in Fig. 1lc in order to better control the _
-2- afrflow of the air bearing or as an artifact of the manufacturing

process.

The trailing edge of the glider is susceptible to
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sensor

and the disk. This 'increased spaci ng can resu

error

rate Whe”r@@h%eHSSpa01ng between the slider and the disk in order to

increase areal density. For future designs requiring very high
densities, the slider will be in frequent contact with the disk.
Accordingly, the propensity of the slider to accumulate material
at the trailing edge will increase for future applications.

Thus, the stiction is a problem now and will be more pronounced

. in the future.

It is the object of the present invention to provide a novel
slider structure which greatly mitigates these problems with
stiction. Other objects and advantages will be apparent from the

following description.

SUMMARY OF THE INVENTION

A general object of the present invention is to provide a
slider which greatly reduces the stiction forces associated with
the material buildup on the trailing edge of the slider.

According to the present invention, multiple steps are
formed at the intersection of the trailing edge and the air
bearing surface of the slider. These multiple steps result in
unexpectedly large reductions of stiction forces and also
reductions in the accumulation of extraneous material on the
slider. In one embcdiment of the invention, two or more steps

are formed at the trailing edge of either a side element or a
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retrleved fromthe disk. The spacing can also be reduced leading to
accel erated wear. The accunul ated material can also migrate back into the
aréa of the air bearing surface when the slider cones to rest on the disk
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subsequent startup operation. Stictl ts fromthe accunul ation
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bearing sugface. tﬂgesgéégcgfgeformed across the entire trailing edge of the

. slider. 1In an alternative embodiment, the steps extend across
the trailing edge of the slider except in the near proximity of
the read/write element. In another embodiment, a disk drive
apparatus is described where the disk drive comprises a disk,

suspension, and slider wherein the slider has a plurality of

recessed steps in the air bearing surface at the trailing edge.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la is a perspective view of a present conventional
slider.

Fig. 1b is a cross-sectional view of a conventional slider
with no recessed step.

Fig. 1lc is a cross-sectional view of a conventional slider
with one recessed step.

Fig. 2 is a perspective view of the present invention as
instantiated on a side element slider.

Fig. 3 is a view of the present invention as-instantiated on
a center element slider.

Fig. 4 is a cross-sectional view of the trailing edge of a

slider showing the present invention.
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stiction force can be 40 gm The force is reported here as grans
equi valent. The force in units of dynes can be obtained by nmultiplying by

t hé accel eration of gravity. This propeQ%LIy of liquids to accurmul ate on
the trailing edgey ofs tihe & ider bearing surface view of the present.
- 3 - generally 1s nore pronounced as the spacing between the flying
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spaci ng between the slider and the disk ih order to increase area

For futurerdesignsg imRAWJJNG ¥ eme hilglyedensities, the slider will be in
frequent contact wth the disk. Accordingly, the propensity of -t he slider
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applications. Thus, the stiction is a problemnow and w e nore

pt onounced ndd s St &he resenktiaﬁeh?§oﬂpjeCt of the present invention
to provide a novel slider structure I ch

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 2, there is shown an embodiment of the
present invention as implemented on a.slider with side rails.
The slider has two side rails {201), one of which may be shorter
than the other. The two side rails form part of the air bearing
surface. The read/write element (202) is located near the
trailing’ edge (203) of one of the side rails. The key feature of
the present invention is the combination of an upper step (205),
recessed relative to the air beéring surface and at least one
lower recessed step (204). The upper and lower steps are
recessed to different depths relative to the air bearing surface.
The location of the recessed steps are at the intersection of the
air bearing surface(s) and the trailing edge of the slider.

Another embodiment of the present invention where the
read/write element is located in the center of the slider is
shown in Fig. 3. 1In Fig. 3, the air bearing surface comprises a
centrally located pad (301) near the trailing edge. The
read/write element {302) is located near the center of the

slider. The multiple steps (303) are located at the intersection

density.



greatly mtigates these problens with stiction. O her objects and
advantages will be apparent fromthe foll ow ng description.
SUMVARY OF THE | NVENTI ON A genegal obj ect of the present invention
is to progirdenad slhii-delWiingh sangatky (sedycesathge sidLtiiony farcmsaseard at ed
with the material buildup 6n the tralllng edge of the slider.
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surface,

A cross-sectional view along line A-A of the slider of Fig.
3 is shown in Fig. 4. The read/write element (401) is suitably
located in the air bearing sgrface (402} near the trailing edge
or surface of the slider {(403}. A lower step (404} and upper
step (405) are shown formed ;t the intersection of the trailing
surface (403} and the air bearing surface (402}. |

In some cases where the slider is designed to be in very
close spacing to the disk, it is desirable to avoid recessed
steps in the immediate vicinity of the read/write elements.
Accordingly, a second embodiment of the present invention is
shown in Fig. 5. A portion of the air bearing surface is shown
in Fig. 5 where the multiple recessed steps are not formed in the
immédiate proximity to the read/write element (504).

Figs. 6a and 6b show the vresent invention as used in a

magnetic recording disk drive. The magnetic recording disk (602)
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the trailihg
when the disk drive is stopped. In other disk drives, the slider

is lifted off of the disk surface when the disk drive is turned
off. The latter is preferable when the surfaces of the slider
and the disk are designed to have very low roughness. This is
advantageous for designs requiring frequent or continuous contact
between the slider and the disk during normal operation.

A read/write transducer (608) is formed on the trailing end
of a slider (610). The slider has a trai;ing vertical surface
(602), as shown in Fig. 6a. The read/write transducer usually
comprises an inductive write element and a magnetoresistive read
element. The slider {610} is connected to the actuator (612) by
means of a rigid arm {614} and a suspension (616}. The
suspension {616) provides a force which pushes the slider (610)
toward the surface of the recording disk (602). |

A test was designed to evaluate the propensity of slider
disk combinations to exhibit stiction forces. This test involved
injécting a contaminating hydrocarbon in a chamber containing a

slider and disk combiration. Subsequently, the area covered by



'surface, sai d steps being recessed at least two different distances from
t he upper portion of the air bearing surface; and a suspension
connected to the slider which positions said slider for magnetic recording

on the di $he contaminating hydrocarbddRLES RESCRLET! ONAE JHE DRAVERGS, .

Fig. 1 ais a perspective Vvieéew of a present conventiona
Fig. Ibisei@SRaectd aahayigWwhi@ gonventional slider with no recessed

st ep. Fig. 1c is a cross-sectional view of a conventional slider
w th one recessed step. Fig. 2 is a perspective view of the present
invention as instantiated on a side_elegent slider. I rigiigeis a view
the pr nventiQ i nst i_,ated o .center e n :
I(g}‘ g. 4 Ps%%gg'treog's'- sggc alsgznra e\ﬂq-%’w%%]E F&>t Pgi ?f%léoodé sofz{rcge’ﬁ i der show ng
the presept—i-hvention I T
Test # ~ Number of steps Liquid area (square um)
1 0 3,400
) 2 0 3,050
3 1 861
4 1 716
5 2 none

The data in Table 1 shows a very large reduction of the area of
liquid on the air bearing surface of sliders which have two
recessed steps on the trailing edge compared with the sliders
with less than two.

In order to verify that the reduction of the liquid surface
area also resulted in lower stiction, a separate measurement was
made on some slider and disk combinations which were subjected to
the same environment of introduced hydrocarbon contaminants. The
stiction forces were subsequently measured. The results are

shown in Table 2.

Table 2. Measurements of stiction forces from one and two
step sliders

Number of steps Stiction after one hour (grams)
1 15
2 0.7
2 1.5




F|g 51is an air bearing surface view of the present I nvention where the
receSSed steps do not extend across all of the trailing edge of the

sl i'der. Figs. 6a and 6b are views qi a disk drive appar at us

i ncor porafing tThe present ji nvention. UtIAIH%P DESCRHPTHON—CF

THE INVENT#GN—~——-——{E%fw+++mr+fr441T—4}—44Kﬁ{}+{%4H%am*—&n—eﬁbed+nenL_gi__
The

t he present |nvent|on as I npl emented on a slider with side rails.
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. reduction in the stiction forces.

Several well known techniques are available for fabricating
the steps. Typically, reactive ion etch techniques or focused
ion beams can be used to generate successive, recessed steps.
These techniques can be applied to the air bearing surface or
from the trailing surface. Alternatively, if two separate
materials are used to make the slider, a mechanical polishing
process can be used to generate at least one of the steps. An
example of a mechanical process is lapping using a particle

'siurry: Commonly the bulk of the slider is made from a
relatively hard ceramic material and a more thin softer layer of
material such as alumina will be formed over the read/write
element as a protective layer. This latter structure is more
appropriate for a mechanical polishing process to generate at
least one of the steps. Another machining process which can be
used to generate precise steps is ultrasonic machining.

The dimensions of the steps used in demonstrating the
present invention are illustrated in Fig 4. The upper step was
less than 0.5 um deep {(a) and about 18 um long (b)L The lower
step was about 2 um deep {c) and about 2 um long (d). Multiple

steps inhibit the formation and migration of accumulated liguids.



the present invention is the conbination of an upper step (205), recessed
relative to the air bearing surface and at |east one |ower recessed step
(204). The upper and | ower steps are re§§E§ed to different depths relative
i f
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intersection
apparent that various embodiments, changes, and modifications may

. be resorted to without departing from the spirit and scope
thereof; and it is understood that such equivalent embodiments

are intended to be included within the scope of this invention.



:6-'of the air bearing surface (321) and the trailing surface (304) The
present invention applies to both side elenent and center el enent designs.
In“all cases, it is inportant that the qq%tiple steps be forned at the

intersection of the trailing surface®@fnkhe slider and the portion of the

-

air bearing surface in proximty to the disk. This porti?ig - M
bearing surfaceg. i§.Gal.l ed the upper surface. The |ower 'i | I glﬂlr
bearing surface is farther fromthe disk and may al so have Tdie I I
steps formed at the intersection with the trailing
1. A slider for use in a disk drive apparatus, comprising:
a support structure having a leading surface, a trailing
. surface, an air bearing surface, and & read/write element; and
the structure having a plurality of steps formed at the
intersection of the trailing surface and the air bearing surface

and recessed from the air bearing surface.

2. A slider of claim 1, wherein the plurality of steps
extend across the entire intersection of said trailing surface

and said air bearing surface.

3. A slider of claim 1, wherein the plurality of steps
extend across the intersection of the upper portion of the air

bearing surface and the tréiling surface.

4. A slider of claim 1, wherein the plurality of steps
extend across the intersection cf the trailing surface and the
air bearing surface except in the proximity of the read/write

element.

5. A slider of claim 1, wherein the plurality of steps

extend across the intersection c¢f the upper portion of the air
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surf ace. A cross-sectional view along line A-A of the slider of Fig.
3 isshown in Fig. 4. The read/wite elenent (401) is suitably located in
the air bearing surface (402) near the téglllng edge or surface of the

slider (4@3hrih |9;‘(ﬁrfa%tee%n(i4@ﬁe and 1 YPRET sust P (SRR 1Al LHaMp Aarinpd. at

t he |ntersect|on of the trailing surfacé (403) and the air bearing surface

(402). of thl $QIB /£AIeS @ﬁg&gnghe slider is designed to-he in very
cl ose spacing to the disk, I's desirable to avoid recessed steps in the

I medi ate vicinity of the readIMW|te el ements. Accordingly,
enbodi ment of the present invention is shown in Fi g 5. A ;Hmm ﬂﬂ) " HH”“,
air bearing SugfacﬁhbisihQW@ve'Qpﬁhgatés é%ﬁbfigi tiple recessed steps =

are not forned in
° a magnetic recording disk;

a motor connected to the disk;.

a slider with an air bearing surface, a read/write
element, a trailinb surface, the slider having a plurality of
steps recessed from the air bearing surface formed at the
intersection of the trailing edge and the air bearing surface; -
and
a suspension connected to the slider which positions said

slider for magnetic recording on the disk.

7. A disk drive apparatus as claimed in claim 4, wherein
the plurality of the recessed steps extend across the entire

intersection of the trailing surface and the air bearing surface.

8. A disk drive apparatus as claimed in claim 4, wherein
the plurality of steps extend across the intersection of the
upper portion of the air bearing surface and the trailing

surface.

9. A disk drive apparatus as claimed in claim 4, wherein

the plurality of the recessed steps extend across the
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i mredi at e proximty to the read/ wite el enent (504). Figs. 6a and 6b
show t'he present invention as used in a magnetic recording disk drive. The

magnetic recording disk (602) -7- 1is
tated b ' t i 1| j i ._to_the
oo or SRS (O S CHIBEMgToLS, L1 B nd 48

opti onal at. | qyer car. .. and ically a _Jlubricant |ayer
such as ag%g%%ﬁﬁéfbgbey@%ﬁ%?ﬁﬁi?h§f£3§§tFﬁ?%}¥§l€?y%¥%g??9'either al um num
gl ass, or plastic. Some disk drives

10. A disk drive apparatus as claimed in claim 4, wherein
the plurality of steps extend across the intersection of the
. . upper portion of the air bearing surface and the trailing surface

except in the proximity of the read/write element.
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are designed such that the slider(610) conmes to rest on the disk when the
disk drive is stopped. In other disk drives, the slider is lifted off of

t he di sk surface when the disk drive is turned off. The latter is
preferabl e when the surfaces of the slider and the disk are designed to
have very | ow roughness. This is advantageous for designs requiring
frequent or continuous contact betweenlthe slider and the disk during

nor mal operati on. A read/wite transducer (608) is fornmed on the
trailing end of a slider (610). The slider has a trailing vertical surface

(609), as shown RECHSSEDSSLIDERe TRAAUING EDSHE FORRADIECING STLECYION onpri ses an
inductive wite elenent and a magnetoresistive read elenent. The slider

(610) is caprepiagdrto the actuator (612) by neans of a rigid arm(614) and
a suspension (616). The

A slider (201) used in a disk drive apparatus is described which has an air bearing surface
and a trailing surface and a plurality of recessed steps (204, 205) at the trailing edge (203).

These steps at the trailing edge greatly reduce stictional forces.

FIG2

-
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suspensi on (616) provides a force which pushes the slider (610) toward the
surface of the recording disk (602). A test was designed to eval uate
the propensity of slider disk conbinations to exhibit stiction forces.
This test involved injecting a contam hating hydrocarbon in a chanber
containing a slider and di sk conbi nati on. Subsequently, the area covered
by the contam nati ng hydrocarbon was neasured. The results of this
measurenent is shown in Table 1. 114

104 103




?aﬁfe‘l. Measurenents of areas of liquid on sliders Test #

Nunmber of steps Liquid area (square un) 1 0
3,400 2 0 3,050

3 1 861 4

1 716 5 2

none The data in Table 1 shows a very large reduction of the area of

liquid on the air bearing surface of slixgrs which have two recessed steps
on the trailing edge conpared with the sliders wth | ess than two.

In order to verify that the reduction of the liquid surface- area al so
resulted in |lower stiction, a separate neasurenent was nade on sone slider
and di sk combi nati ons which were subjected to

>




fhe same environment of introduced hydr ocar bon contam nants. The stiction
forces were subsequently neasured. The results are shown in Table 2.

Table 2. Measurenents of stiction forces fromone and two step sliders
Nunber of steps Stiction after one hour (gramns)
1 15
0.7 1.5 9 - 2
1.6
- 34
402 401
/ / )0405
[ 404
b) C/’ /
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~ 403

T~ 505
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“Thus, the multiple steps on the trailing edge of the sliders surprisingly
result i n approximately one order of magnitude reduction in the stiction
f or ces. Several well known techniques are available for fabricating
the steps. Typically, reactive ion etch techniques or focused ion beans
can be used to generate successive, recessed steps. These techniques can
be applied to the air bearing surface or fromthe trailing surface.
Alternatively, if two separate naterials are used to nake the slider, a
mechani cal polishing process can be us¥# to generate at |east one of the
steps. An exanple of a nechani cal process i's Iapplng using a particle
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-relatrvely hard ceramc materl Wirao
sych as alumna wll be forrred oV

| ayer. This latter structure is m)re
polishing process to generate at |east one of the steps’} Aro mai machi ni ng
process which can be used to generate {Fecise steps is ultrasonic

machi ni ng. The di nensi ons of the steps used in denbnstrating the

pr esent £SS t han
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and m grat] order to increase anrléala &e%(sjity IF%r fitare designs requiring very high densities, the slider
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Appropr i ate for a chaE| cal

will be in frequent contact with the disk. Accordingly, the propensity of the slider to
accumulate material at the trailing edge will increase for future applications. Thus, the
stiction is a problem now and will be more pronounced in the future.

It is the object of the present invention to provide a novel slider structure which
greatly mitigates these problems with stiction. Other objects and advantages will be

apparent from the following description.
SUMMARY OF THE INVENTION

A general object of the present invention is to provide a slider which greatly reduces
the stiction forces associated with the material buildup on the trailing edge of the slider.

According to one aspect of the invention there is provided a slider for use in a disk
drive apparatus, comprising:

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a rail,

said support structure having a plurality of steps formed on the rail at the intersection
of the rail and the trailing surface, said steps being recessed at least two different distances
from the upper portion of the air bearing surface.

According to another aspect of the invention there is provided a slider for use in a
disk drive apparatus, comprising;

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a pad,

said support structure having a plurality of steps formed on the pad at the
intersection of the pad and the trailing surface, said steps being recessed at least two
different distances from the upper portion of the air bearing surface.

According to yet another aspect of the invention there is provided A disk drive
appatatus, comprising:

a magnetic disk;

a motor connected to the disk; This is the replacement sheet
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- 10 -" For the experinental sliders, both of the steps were fabricated
wWith reactive ion etch procedures. Al though this invention has been
described with respect to specific enbodinents, the details thereof are
not to be construed as limtations for it will be apparent that various
enbodi nents, changes, and nodifications-#my be resorted to w thout
departing fromthe spirit and scope thereof; and it is understood that

2?0Phiegu: \é\élﬂeﬁ{‘;f %ﬁmﬁhﬁiﬁgta%upﬁfrﬁs&d%ﬁﬁ@ﬁﬁﬁldﬁk PRafiAE ISR, Wiballing dufgess GRPE
airbearing surface including an upper portion established by a rail, said support structure
having a plurality of steps formed on the rail at the intersection of the rail and the trailing
surface, said steps being recessed at least two different distances from the upper portion of
the air bearing surface; and

a suspension connected to the slider which positions said slider for magnetic
recording on the disk.

According to yet another aspect of the invention there is provided a disk drive
apparatus, comprising:

a magnetic disk;

a motor connected to the disk; .

a slider having a support structure including a leading surface, a trailing surface, an
airbearing surface having an upper portion established by a pad, said support structure
having a plurality of steps formed on the pad at the intersection of the pad and the trailing
surface, said steps being recessed at least two different distances from the upper portion of
the air bearing surface; and

a suspension connected to the slider which positions said slider for magnetic

recording on the disk.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1ais a perspective view of a present conventional slider.

Fig. 1b is a cross-sectional view of a conventional slider with no recessed step.

Fig. 1c is a cross-sectional view of a conventional slider with one recessed step.

Fig. 2 is a perspective view of the present invention as instantiated on a side element
slider.

Fig. 3 is a view of the present invention as instantiated on a center element slider.

Fig. 4 is a cross-sectional view of the trailing edge of a slider showing the present

invention.

This is the replacement sheet
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W Caim 1. A slider for use in a disk drive apparatus, conprising:
a support structure having a | eading surface, a trailing surface, and an
ai rbearing surface having an upper portion established by a rail,

sai d support structure having a plurality of steps forned onmthe—+rail_at
the intersection of the rail and the traill-i ng surfacaﬂ’ i d steps being

recessed at least two different distances fromthe u E@;ﬂﬂg ﬂ,’tﬂm’he air

bearing supfacBim: 2 A slider for use in a disk
conpri si ng; a support structure having a | eading surface, %a trailing
surface, and an ai rbearing surface having an upper portion established by a

pad, rt structure havi D urallty of steps fornmed on
the pad at 'the gﬁ?@%&?ﬁe%aa}&:&ﬁ@ ag%gdc‘t"l P¥M&i 1 i ng surface, said steps
bei ng recessed @tsuﬂﬁtsﬁtxdc‘ﬂﬁe %%ﬁgraele&dlﬁg ShRRELs tallRip fudfics) p&ﬂradoﬁfﬁdaﬁﬂg of

the air bearing surface.
surface having an upper portion established by a rail,

said support structure having a plurality of steps formed on the rail at the intersection
of the rail and the trailing surface, said steps being recessed at least two different distances

from the upper portion of the air bearing surface.

2. A slider for use in a disk drive apparatus, comprising;

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a pad,

said support structure baving a plurality of steps formed on the pad at the
intersection of the pad and the trailing surface, said steps being recessed at least two

different distances from the upper portion of the air bearing surface.

3. A disk drive apparatus, comprising:

a magnetic disk;

a ﬁotor connected to the disk;

a slider having a support structure including a leading surface, a trailing surface, an
airbearing surface including an upper portion established by a rail, said support structure
having a plurality of steps formed on the rail at the intersection of the rail and the trailing
surface, said steps being recessed at least two different distances from the upper portion of
the air bearing surface; and

a suspension connected to the slider which positions said slider for magnetic
recording on the disk.

4. A disk drive apparatus, comprising:

a magnetic disk;

a motor connected to the disk;

a slider having a support structure including a leading surface, a trailing surface, an
airbearing surface having an upper portion established by a pad, said support structure

having a plurality of steps formed on the pad at the intersection of the pad and the trailing
This is the replacement shewt
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-3. A di sk drive apparatus, conpri sing: a magnetic di sk; a

mat or connected to the disk; a slider having a support structure
including a |l eading surface, a trailing surface, an airbearing surface
i ncludi ng an upper portion established by a rail, said support structure

having a plurality of steps fornmed on the-rail at the intersection of the
rail and the trailing surface, said steps being recessed at |east two
different gj j i ' of and
@ Suspens o AP e AR LORU o iBlent (el s SR U g 6 of
magnet i ¢ rtheairdestpngurfibe add sk. 4. A di sk drive apparatus, conprising:
a magnetic di sk; . _a notor. co necffd to. the disk; . . 2@ slider.

havi ng a suppord SUSRERYPR, ConRseted f slidez Jphigh Rastons said, slides; or FPREGRS ace,
an ai r bear jRgrdigldnt€didRVi Ng an upper portion established by a pad, said
support structure having a plurality of steps fornmed on the pad at the
intersection of the pad and the trailing

(T
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~'12- . surface, said steps being recessed at |east two different distances
fromthe upper portion of the air bearing surface; and a suspensi on
connected to the slider which positions said slider for nagnetic recording
on the disk.

-13-

RECESSED SLIDER TRAILING EDGE FOR REDUCING STICTION
ABSTRACT

A slider (201) used in a disk drive apparatus is described which has an air bearing
surface and a trailing surface and a plurality of recessed steps (204, 205) at the trailing edge
(203). These steps at the trailing edge greatly reduced stictional forces.

FIG2

This is the replacement shegh
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