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AIR BEARING SLIDER WITH RELIEVED TRAILING EDGE

The present invention relates to transducer

head assemblies for rotating disd drives, and more
10 particularly to air béaring disc head sliders.

' Transducer head assemblies that "fly" relative
to a rotating disc are used.extensivély in rotating disc
drives. The assemblies include an air bearing slider for
carrying a magnetic transdﬁcer'proximate the rotating

15 disc. A track accessing arm positions the slider over
individual data tracks on the disc surface.

A gimbal is positiohed between the slider and
the track accessing arm to provide a resilient
connection that allows the slider to follow ‘the

20 topography of the disc. The gimbal includes a dimple
that is in point contact with the slider. The dimple
provides a pivot about which the slider can pitch and

. roll while following the topography of the disc.
A conventional catamaran slider includes a
25 pair of rails that are positioned along its edges and
are disposed about a recessed area to form a pair of air
bearing surfaces. As the disc rotates, the disc drags
air under the slider and along the air bearing surfaces
in a direction approximately parallel to the tangential
30 . velocit& of the disc. As the air passes beneath the
side rails, the skin friction on the air bearing
surfaces causes the air pressure between the disc and
the air bearing surfaces to increase which creates a
hydrodynamic 1lifting force ‘that causes the slider to
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invention relates to a slider for supporting a transducer

te a rotating disc, as defined in the
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1ift and fly above the disc surface.

Negative pressure air bearing sliders (NPAB)
further include a cross rail which extends between the
side rails and is positioned near the slider's leading
edge. The cross rail forms a subambient pressure region
trailing the cross rail, between the side rails. The
subambient pressure region develops negative pressure
that counteracts the hydrodynamic 1lifting force
developed along the side rails. The counter action
between the positive and negative forces reduces flying
height sensitivity with respect to disc velocity and
increases air bearing stiffness. '

As disc drives become more compact for
applications in smaller and more portable equipment,
rotary actuators are incfeasingly employed for the track

: acceséing arm. Further, the designer is motivated to

use a shorter actuator pivot arm to make the disc drives
even more compact. Rotary actuators cause the geometric
orientation between the disc rotation tangent and the
slider's center line to change as the arm moves the
slider between the inside and outside data tracks on the
disc. This is known as skew or skew angle. Large skew
angles make flying height control more difficult.
Flying height is viewed as one of the most
critical parameters of noncontact recording. As the
average flying height of the slider decreases, the
transducer achieves greater resolution between
individual data bit locations on the disc. Therefore,
it is desirable to have the transducers fly as close to
the disc as possible. Flying height is preferably
uniform regardless of variable flying conditions, such

as tangential velocity variation from inside to outside

tracks, lateral slider movement during a seek, and
v_arying skew angles.
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préan%le of claim 1. Transducer head assenblies which "fly"
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dve to a rotating disc-are used extensively in rotating disc dri
ssenblies include an air bearing slider for carrying a nagnetic
ducer proximate the rotating disc. A track accessing arm

"4 -

In the past, - the transducer has been
positioned on the trailing end of the side rails.
Because the slider flies with a pitch angle in which the
leading edge flies at a greater '‘distance than the
trailing edge, the transducer is as close to the disc
surface as possible when positioned at the trailing
edge.

Transducers have also been mounted on a small
mounting pad positioned on the center line of the slider
at the trailing edge. In this position, there is more
room on the trailing end of the slider for fabrication
of the transducer and its terminals, relative to the
position in which the transducer is mounted off to the
side of the trailing end, adjacent the side rails. A
disadvantage of central transducer mounting is that when
the slider rolls about its piﬁot_point, the spacing of
a corner of the trailing edge becomes smaller than the
spacing of the transducer. This reduces the minimum
flying height of the slider and causes increased risk of
slider contact with the disc surface.

Slider roll may be due to several factors.
The first factor is manufacturing errors in the gimbal
which attaches the slider to the track accessing arm.
The second factor is dynamic forces applied to the air
bearing slider by the track accessing arm during track
accessing. The third factor is varying skew angles of
the disc rotation tangent relative to the slider center
line. When the slider flies at skew with respect to the
direction of air flow, unequal pressure distribution
develops between the first and second side rails. This
causes the slider to fly with one rail closer to the
disc surface than the other rail. As a result, the
probability of contact with the disc surface at this
corner increases. Therefore, the reliability of the

. —\’m\\
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posifions the slider over individual data tracks on the disc surface.

A gipbal is positioned between the slider and the track accessing armto
provjde a resilient connection that allows the slider to follow the

t opogr aphy of the disc. The ginbal includes a dinple that is in point
contjact with the slider. The dinple provides a 'pivot about which the
slider can pitch.and roll while foll owng the topography of the disc.

disc drive is reduced. There is a continuing effort to

develop air bearing sliders that carry a transducer as

close to the disc surface as possible with a constant

flying height regardless of the varying flying
5 conditions such as disc velocity and skew angle.

Accordingly, the present invention relates to
an air bearing disc ' '
head slider configured for supporting a transducer
proximate a rotating disc. The slider includes a slider

10 body having a leading edge, a trailing-edge and first
and second side edges. First and second raised side
. rails are positioned along the first and second side
edges, respectively, to form a pair of air bearing
surfaces. The first and second side rails each includes
15 a trailing edge relief positioned adjacent the trailing
edge. The trailing edge reliefs form surfaces which are
recessed from the air bearing surfaces and are raised
from the slider body. 1In one embodiment, the recessed
surfaces have depths suitable for forming subambient

20 pressure regions at the trailing edge.

The air bearing surfaces develop positive
pressure as the disc rotateé beneath them. The relieved
trailing edges truncate the air bearing surfaces prior
to the slider's trailing edge and create subambient

25 pressure regions near the trailing edge. These
subambient pressure regions "pull" the transducer
mounting pad closer to the disc surface. The relieved
trailing ‘edges also shift the center of positive

- pressure forward along the first and second side ralls

30 toward the leading edge causing the slider to rotate
(pitch) which forces the transducer even closer to the
disc surface.

The relieved traiiing edges reduce transducer
flying height sensitivity to disc velocity. The
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A cohventional catamaran slider includes a pair of rails that are
posifioned along its edges and are di sposed about a recessed area to form
‘a pa[r of air bearing surfaces. As the disc rotates, the disc drags air
undef the slider and along the air bearing surfaces in a direction
apprpximately parallel to the tangentialgvelocity of the disc. As the air
passes beneath the side rails, the skin frlctlon on the air bearing

surfpces caus@ndditialr velocity of the rotating disc is greater at
its outer diameter than at its inner diameter. As a
result, the positive pressure along the first and second

side rails is greater when the slider is positioned at

5 the outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
positioned at the inner diameter. However, the
subambient pressure effects of the relieved trailing

edges also increase with disc velocity and limit any

10 increase in flying height. The negative pressure

" created near the trailing edge increases causing the
slider to rotate the trailing edge even further toward
the disc surface and substantially negate increases in
flying height.

15 In one embodiment, the transducer is mounted
on a mounting pad positioned on the slider body at the
trailing edge, between the fi}st anq second side rails.
In this embodiment, the relieved trailing edges also

' reduce risk of .slider contact with the disc surface

20 caused by slider roll about its center 1line. The
trailing edges of the first and second side rails have
substantially larger spacing from the disc surface than
the transducer. This allows a relatively large roll
angle without risking contact by the trailing edges.

25 . The trailing edge reliefs of the present
invention can be used in either catamaran-type air
bearing sliders or self-loading, negative pressure-type

air bearing sliders.
Embodiments of the present invention will now

be described with reference to the accompanying drawings

of which: .
Figure 1 is a top plan view of an air bearing

disc head slider supported above a rotating disc.
Figure 2 is a perspective view of a transducer

head assembly in accordance with the present invention.
Figure 3 is an end view of the transducer head
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préssure between the disc and the air bearing surfaces to increase which
Greatjes a hydrodynamc lifting force that causes the slider to

-6 -

assembly taken along line 3-3 of Figure 2.

Figure 4 is a perspective view of an air
bearing disc head slider in accordance with the present
invention, as viewed from a trailing edge.

5 Figure 5 is a graph of the pressure profile
for the air bearing disc head slider shown in Figure 4.

Figure 6a is a side plan view of the air
bearing disc head slider shown in Figure 1 in a pitched
position at an inner radius of the rotating disc.

10 Figure 6b is a side plan view of the air
bearing disc head slider shown in Figure 1 in a pitched
position at an outer radius of the rotating disc.

Figure 7 is a trailing end view of the air
bearing disc head slider shown in Figure 1 in a pitched

15 position over the disc surface.

Figure 8 is a perspective view of a self-

- loading, negative pressure air bearing slider in a
accordance with the present invention, as viewed from a
trailing edge.

20 Figures 9a and 9b are graphs which illustrate
transducer clearance sensitivity to disc velocity.

Figure 10 is a graph which compares pitch
angle sensitivity to disc velocity for a conventional
catamaran slider and an RTE catamaran slider of the

25 present invention.

Figures 1l1a and 11b are graphs which
illustrate close point variations between a transducer
and a slider body.

Figures 12a is a graph which illustrates air

.30 bearing vertical stiffness with respect to disc

velocity.
Figures 12b is a graph which illustrates air
bearing pitch stiffness with respect to disc velocity.
Figures 12c is a graph which illustrates air
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- 2- lift and fly above the disc surface. Negati ve
presgure air bearing sliders (NPAB) further include a cross rail which
‘ext efds bet ween the side rails and is positioned near the slider's

| eading 5 edge. -The cross rail fornms a subanbi ent pressure region
traiking the cross rail, between the side rails. The subanbi ent
presgure regi on devel ops negat'ive pressuf e- that counteracts the

hydr gdynamic lifting force
bearing roll stiffness with respect to disc velocity.

The present invention 1s an air bearing disc
head slider having first and second side rails with
5 trailing edge reliefs. Figure 1 is a top plan view of
an alr bearing disc head slider supported above a -
rotating disc. Actuator 10 and track accessing arm 12
support transducer head assembly 13 over disc 16 and
move head assembly 13 along arc 14. Arm 12 includes
10 supporting arm 18, base plate 20 and locad beam 22.
Transducer head assembly 13 .includes gimbal spring 24
and air bearing disc head slider 26. Arm 12 is known as
a rotary actuating arm because actuator 10 rotates arm
12 to position slider 26 over various data tracks (not
15 shown) on the disc surface between an outer diameter and
an inner diameter.
Figures 2 and 3 show transducer head assembly
13 in greater detail. Figure 2 is a perspective view of
transducer head assembly 13 .supported by load beam 22,
20 Figure 3 is an end view of transducer head assembly 13
taken along line 3-3 of Figure 2. Load beam 22 supplies
a preload force which urges transducer head assembly 13
toward the disc surface. Assembly 13 includes gimbal
. spring 24 and slider 26. Gimbal spring 24 is positioned
25 between slider 26 and load beam 22 to provide a
resilient connection that allows the slider to follow
the topography of the disc. Slider 26 1is connected to
gimbal spring 24 in a known manner, such as with an
adhesive. Gimbal 24 includes a dimple (not shown) that
30 is in point contact with slider 26. The dimple provides
a pivot about which slider 26 can pitch and roll while
following the topography of disc 16.
Slider 26 includes side rails 32, 34,
transducer mounting pad 36, tfansducer 38, and trailing
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devel qped along the side rails. The counter action 10 between the
positifve and negative forces reduces flying hei ght sensitivity with
respe¢t to disc velocity and i ncreases air bearing stiffness.

As difsc drives -becone nore conpact for applications in smaller
and re portable equipnment, 15 rotary actuators are increasingly enployed
for the track accessing arm Furtherg the designer is notivated to

use ajshorter actuator pivot armto make the disc drives even nore

conpagt. RotappgagbualPfsnsauser! e HEUBINtdd to tfdENimg iend e wmean t he
di'sc fotation tanggggsaacerhemount1ng pad 36. Transducer 38 is
electrically coupled to leads 42 at terminals 44.
Transducer 38 communicates with individual bit positions
5 on the surface of disc 16 as they pass beneath slider
26.
Figure 4 is a perspective view of slider 26,
as viewed from trailing end 40. Slider 26 is a
catamaran-type slider and includes first and second side
10 rails 32, 34, transducer mounting pad 36, transducer 38,
trailing end 40, leading edge 50, trailing edge 52 and
first and second side edges 54, 56. Firét and second
side rails 32, 34 are positioned along first and second
side edges 54, 56, respectively, and extend between
15 leading edge 50 and trailing edge 52. Side.rails 32 and
34 form a recessed area 58 between the side rails.
Transducer mounting pad 36 is positioned at
trailing edge 52, between first and second side rails 32
and 34. In the embodiment shown in Figure 4, transducer
20 mounting pad 36 is positioned along center line 60 of
slider 26. Transducer 38 is mounted on trailing end 40
and on transducer mounting pad 36. The central position
of transducer 38 on trailing end 40 allows more room on
the trailing end for fabrication of the transducer and
25 its terminals 44, relative to sliders on which the
transducer is mounted adjacent side rails 32 and 34.
Side rails 32 and 34 include leading edge
tapers 70 and 72, air bearing surfaces 74 and 76 and
trailing edge reliefs 78 and 80, respectively. As disc
30 16 rotates, the disc drags air under slider 26 and along
air bearing surfaces 74 and 76 in a direction generally
parallel to the tangential velocity of the disc. As the
air passes beneath side rails 32 and 34, the skin
friction on air bearing surfaces 74 and 76 causes the

———
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20 $lider's center line to change as the arm noves the slider between

the §nside and outside data tracks on the disc. This is known as skew
or skew angle. Large skew angl es nmake flying height control nore
difffcul t. . Fl ying height is viewed as one of the nost 25
critfjcal paraneters of noncontact recording. As the - average flying
hei ght of the slider decreases, the = %ransducer achieves greater
resojuti on between i ndi vi dual data bit | oca % s on the disc.

% A4F 2 PSRN to 30

the Hisc as purdddes tdl wn@ﬂéaeeghtwummrmaaiﬂs/ a hydrodynamic
lifting force that causes slider 2? to lift and to fly

above the disc surface.
5 Recessed area 58 remains at substantially

ambient pressure. Leading edge tapers 70 and 72 provide
faster takeoff when the .-disc begins to rotate by
scooping more air beneath rails 32 and 34 to increase
the hydrodynamic lifting force at 1leading edge 50.
10 Faster takeoff decreases the length of time slider 26
slides on the disc surface before it begins to fly and
thereby decreases wear on both slider 26 and disc 16.
Air bearing surfaces 74 and 76 are coplanar
with central mounting pad 36. Trailing edge reliefs 78
15 and 80 form surfaces which are recessed from the plane
defined by air bearing surfaces 74, 76 and are raised
from the slider body in recessed area 58. Trailing edge
reliefs 78 and 80 trunéate_air beaéing surfaces 74 and
76 short of trailing edge 52. Trailing edge reliefs 78
20 and 80 have a depth which is sufficient to form
subambient pressure regions adjacent trailing edge 52.
These subambient pressure regions "pull"
transducer mounting pad 36 closer to the disc surface.
Relieved trailing edges 78; 80 also shift the center of
25 positive'pressure forward along air bearing surfaces 74,
76 toward leading edge 50 causing slider 26 to rotate or
"pitch" and force transducer mounting pad 36 even closer
to the disc surface. When slider 26 flies with a
positive pitch, leading edge 50 flies at a greater
30 distance from the disc surface than trailing edge 52.
Pitch angle is a measurement of the degree of positive

pitch.

Ther LFf ore, 2alniprespuie gbrEvesmaféSthelfr o7R

Fér example, the pitch angles of a
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uni fol m regardl ess of variable flying conditions, such as tangenti al

velocfty variation frominside to outside tracks, lateral slider
novengnt during a seek, and varyi ng skew angl es.
' -10-

conventional catamaran-type slider and a catamaran-type slider with relieved trailing
edges were compared. Both versions had pivots positioned at the center of the
slider body. The pitch angle was calculated at the inner radius of the disc. The
width of the side rails for each slider were adjusted to give the transducer a flying
height of 2.32 x 10~7m (8.00 micro inches). The resulting pitch angles were 177
micro radians for the conventional slider, and 438 micro radians for the slider with
relieved trailing edges._ |

In one embodimc;nt in which slider 26 is 80mms long and 60mms wide and
load beam 22 supplies a preload force of 3.5 grams, trailing edge reliefs 78 and 80
have a dep_th of 1.016 x 10-6m (40 micro inches). However, the depth can range
from approximately 5.08 x 10-7m to 5.08 x 10-6m (20 to 200 micro inches).
Trailing edge reliefs 78 and 80 extend from trailing edge 52 toward leading edge 50
a distance of about 10 mms. This distance can range from approximately 1/12th to
1/4th of the length of slider 26, as measured from leading edge 50 to trmlmg edge
52. Leading edge tapers 70 and 72 are approximately 10 mms long, and have an
8.00 milliradian angle with respect to air bearing surfaces 74 and 76.

Figure 5 is a graph of the pressure profile for catamaran-type slider 26
shown in Figure 4. Side rail 32 develops positive pressure 82 along air bearing
surface 74. Similarly, side rail 34 develops positive pressure 84 along air bearing
surface 76. Trailing edge reliefs 78 and 80 create subambient pressure regions 86

and 88, respectively, near trailing edge 52 of slider 26.

Figures 6a and 6b are side views of slider 26 flying above the surface of disc

16. In Figure 6a,

_
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- 3- In the past, the transducer has been positi oned on

the tyailing end of the side rails. Because the slider flies with a
pitchf angl e in which the | eadi ng edge flies at a greater distance than
t he trailing edge, the transducer is as close to the disc surface
as pogsi bl e when positioned at the trailing edge.

- 11 -
slider 26 is positioned at the inner diameter of disc
l6. The. length and direction of arrows 90 are
representative of the tangential velocity of disc 16 at
the inner diameter. Slider 26 flies with a pitch angle
5 such that leading edge 50 flies at a greater distance
from the disc surface than does trailing edge 52.
Leading edge 50 flies at distance 92 from the disc
surface while trailing edge 52 flies at distance 94 from
the disc surface.

10. Because trailing edge reliefs 78 and 80
(relief 80 not shown) are recessed, the spacing between
transducer mounting pad 36 and the disc surface is the
smallest spacing of any point on the slider body. This
provides the greatest resolution between individual bit

15 - positions on the disc surface without risking contact
with the disc surface by other portions of the slider
body. - '

' In Figure 6b, slider 26 is positioned at the
outer diameter of disc 16. The length and direction of

20 arrows 96 are representative of the tangéntial velocity
of disc 16 at its outer diameter. The tangential
velocity of disc 16 is greater at its outer diameter
than at its inner diameter. As a result, positive
pressure along air bearing surfaces 54 and 56 (56 not

25 shown) is greater when slider 26 is positioned at the
outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
positioned at the inner diameter. However, the
subambient pressure effects of relieved trailing edges

30 78 and 80 (80 not shown) also increase with disc
velocity and limit any increase in flying height. The
increased subambiant pressure created near trailing edge
52 causes slider 26 to rotate the trailing edge even
further toward the disc surface and substantially negate

’————f—.f——____—___
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Tran§ducers have al so been nmounted on a snal | nounting pad positioned
on the center line of the slider 10 at the trailing edge. In this
posiyion, there is nore roomon the trailing end of the slider for
fabrgcation of the transducer and its termnals, relative to the

posi §ion in which the transducer is nounted off to the side of the
traifing end, adjacent the side rails. A 15 disadvantage of central
trangducer mounting is that when thd2stider rolls about its pivot

poi nj, the spaci ng of a caorner. of the traili becones I 1 er
t han}t he WESaresf inhE ydag Reighth A% eﬁﬁg ?’rfé ﬁ? %rLa

leading edge 50 flies at a greater distance 98 at the
outer diameter than the distance 92 at the inner
diameter (shown in Figure 6a). However, trailing edge

5 52 remains at distance 94 from the disc surface.
Therefore, trailing edge reliefs 78 and 80 reduce
transducer flying height sensitivity to disc velocity.
Figure 7 is an end view of slider 26 as viewed

from line 6-6 of Figure 6b. Slider 26 includes rails 32

10 and 34, transducer mounting pad 36, transducer 38 and
trailing edge reliefs 78 and 80. Relieved trailing
edges 78, 80 reduce risk of slider contact with the disc
surface caused by slider roll about its center line 60.
When slider 26 flies at skew with respect to the

15 direction of air flow, unequal pressure distribution

. develops between side rails 32 and 34. This causes
slider 26 to fly with one rail closer to the disc
surface than the other rail.

Side rails 32 and 34 include trailing edges

20 102 and 104, respectively. Trailing edges 102 and 104
have substantially larger spacing from the disc surface
than transducer mounting pad 36.  This allows a
relatively large roll angle without risking contact by
trailing edges 102 and 104.

25 Figure 8 is a perspective view of a self-
loading, negative pressure air bearing slider (NPAB) in
accordance with the present invention. NPAB slider 110
includes leading edge 112, trailing edge 114, side rails
116 and 118, cross rail 120, transducer mounting pad 122

30 and transducer 124. Cross rail 120 extends between side
rails 116 and 118 and is positioned closer to leading
edge 112 than to trailing edge 114. Cross rail 120
creates a subambient pressure region 126 trailing the
cross rail, between side rails 116 and 118. Subambient

N
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f 1yf ng height of the slider and causes increased risk of 20 slider

contpct with the disc surface. Slider roll may be due to
sevejal factors. The first factor is manufacturing errors in the ginbal
whi attaches the slider to the track accessing arm The second fact or
IS nam c forces applied to the air 25 _bearing slider by the track
accepsing armduring track accesSTrk? The third factor is varying skew

el “hen tRESSEREE: TRIbOR a2 cHANFLRPRe IRt ey (SR | ERREC
air flow, uneguatepaetsupesitivel préssure along air bearing surfaces
128 and 130 of side rails 116 and 118, respectively.
The counter action between the positive and negative
5 forces reduces the sensitivity of slider flying height
to disc velocity and increases slider stiffness.
Side rails 116 and 118 include trailing edge
reliefs 132 and 134 that truncate air bearing surfaces
128 and 130, respectively, prior to trailing edge 114.
10 Trailing edge reliefs 132 and 134 create subambient

-&

pressure regions near trailing edge 114. These
subambient pressure regions "pull" transducer mounting
pad 122 closer to the disc surface. Trailing edge
reliefs 132 and 134 on NPAB slider 110 provide similar

15 flying characteristic advantages that trailing edge
reliefs 78 and 80 provide the catamaran-type slider 26
shown in Figures 1-6. : )

Slider 110 alsc includes an alternative rail
configuration. Side rails 116 and 118 are wider at

20 leading edge 112 than at trailing edge 114. This causes
the variation of pitch angle with sliding velocity to
increase, thereby causing the degree of rotation of
transducer mounting pad 122 toward the disc surface to
increase.

25 Conventional sliders and the sliders with
relieved trailing edges (RTE sliders) were compared by
computer simulation analyses for sensitivity of
transducer clearance, pitch angle, close point and
stiffness over a velocity range of 5.08 m/s (200 in/s)

30 to 45.72 m.s (1800 in/s). It is well known that large
clearances and pitch angles reduce the stiffness of the
air bearing. Therefore, in order to better compare the
RTE sliders to the conventional sliders, the pivot point
was moved forward on the RTE designs. The rail widths

N

were also
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30 de;;Iops between the first and second side rails. This causes the

sliderfto fly with one rail closer to the di sc surface than the other
rail. JAs a result, the probability of contact with the disc surface at
this corner increases Therefore, the reliability of the

_14_

adjusted so that there was -a point near the center of
the velocity range where the sliders had the same
transducer clearance and pitch angle.

Figures 9a and 9b are graphs which illustrate

5 transducer clearance (flying height) sensitivity to disc

velocity. Figure Sa compares transducer clearance for

a conventional catamaran slider and an RTE slider.

Solid line 140 represents the transducer clearance for

the conventional catamaran slider. Dashed line 142

10 represents the transducer clearance for the RTE

catamaran slider. Figure 9b compares <transducer

clearance for the conventional NPAB slider and the RTE

NPAB slider. Solid line 144 represents the conventional

NPAB slider transducer clearance. Dashed - line 146

15 represents the RTE NPAB slider transducer clearance.

Figures 9a and 9b show that the transducer clearance of

the RTE slider is less sensitive to disc wvelocity than

the conventional slider. This is due to two effects.

First, the subambient pressurization of the relieved

20 trailing edges increases with disc velocity, tending to

hold the transducer down. Second, the subambient

pressurization of the relieved trailing edges increases

the sensitivity of pitch angle to velocity. The larger

pitch angle at high velocity tends to rotate the

25 transducer toward the disc surface and limit increases
in transducer flying height.

Figure 10 is a graph which compares pitch
angle sensitivity to velocity between the conventional
catamaran slider and the RTE catamaran slider. Solid

30 line 148 represents the pitch-angle for the conventional
catamaran slider. Dashed line 150 represents the pitch -
angle for the RTE catamaran slider. As discussed with
reference to Figqures 9a and 9b, the relieved trailing
edges increase the sensitivity of pitch angle to disc

————
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bearijng sliders that carry a transducer as close to the disc surface as
possifple, with a constant flying height, regardless of varying flying
condiftions such as disc velocity and skew angle. A slider

-15-

4 c{sc drive is reduced. There is a continuing effort to develop air

velocity.

Figures 11a and 11b are graphs which illustrate close point variations
between the slider body and the transducer. Preferably the transducer remains the
closest point to the disc surface with resepct to any other point on the slider body.
This maximises transducer resolution between individual bit positions on the disc
surface and allows a relatively large roll angle without risking contact with the disc
by other points on the slider body.

Figure 11a illustrates the clearance variations for a conventional catamaran
slider with respect to disc velocity. Solid line 152 represents the clearance or "close
point" of the transducer. Dashed line 154 represents the close point of the slider
body, .excluding the transducer. Figure 11b illustrates the clearance variations for
the RTE catamaran slider. Solid line 156 respresents the RTE transdlllcer clearance.
Dashed line 158 represents the close point of the RTE slider body, excluding the
transducer.

As shown in Figure 11b, the effect of the relieved trailing edges provides a
maximum margin of 4.064 x 10-8m (1.6 micro inches) between the transducer and
the rest of the slider body at a disc speed of 45.72 m/s (1800 in/s). This maximum
margin would allow the slider to roll within a 53 micro radian range before the
spacing of the outer trailing edge became less fhan the transducer spacing. The
spacing margin is negative at 5.08 m/s (200 in/s) sliding velocity, due to the effect

of crown height at low pitch angles where the center of the slider flies with a lower

clearance than the transducer (crown height is the measure of "roundness” of the air
bearing surface).
Figures 12a, 12b and 12c are graphs which illustrate various air bearing

stiffnesses with respect
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accorqing to the preanble of Caim1l1 is known fromJP-A-1211383 and

US- A- 4870521. According to the present invention, there is provided
a sligder for supporting a transducer of the aforesaid type, characterised
in that the first relieved trailing edge surface is uniformy recessed
fromthe first air bearing surface but raised fromthe slider body surface
and extends froman inner edge of the firig side rail to the outer edge of

t he
to disc velocity for the conventional catamaran slider

_and the RTE catamaran slider. Figqure 12a illustrates
air bearing vertical stiffness with respect to velocity.
Solid line 160 represents the conventional catamaran

5 vertical stiffness. Dashed line 162 represents the RTE
catamaran vertical stiffness.

Figure 12b illustrates air bearing pitch

stiffness with.respect to velocity. Solid line 164
represents the conventional catamaran pitch stiffness.

10 Dashed 1line 166 represents the RTE catamaran pitch
stiffness. -Figure 1l2c illustrates air bearing roll
stiffness with respect to velocity. Solid line 168
represents the conventional catamaran roll stiffness.
Dashed 1line 170 represents the RTE catamaran roll

15 stiffness. Figures 12a, 12b and 12c show that the RTE
catamaran stiffness is generally 1lower than the
conventional catamaran stiffness for the above
categories. The air bearing stiffness is decreased
because the clearances of the air bearing surfaces are

20 generally higher due to the reliefs at the traditionally
low clearance areas near the trailing edge. Pitch
stiffness is further reduced by the truncated air
bearing length, which offers a shorter lever arm for
pressure responses to act upon.

25 The net downward forces on the slider due to
subambient pressurization are shown below in Table I.
The downward forces on the relieved trailing edges are
shown under the RTE catamaran column. These forces are
rather small compared to the preload force of 3.5 gm and

30 the conventional NPAB downward force.
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firstf side rail; and that the second relieved trailing edge

surf g
rai se
secor
air I
t hem
to th

ce is uniformy recessed fromthe second air bearing surface but

d fromthe slider body surface and extends froman inner edge of the
d side rail to the outer edge of the second side rail. . The
earing surfaces devel op positive pressure as the disc rotates beneath
The relieved trailing edges truntkte the air bearing surfaces prior

e slider's .

VELOCITY RTE CONVENTIONAL RTE

m/s (N/S) CATAMARAN NPAB NPAB
5.08 ( 200) 0.12 097 1.09
15.24 ( 600) 0.21 - 2.58 2.75
25.40 (1000) 0.25 3.90 4.04
33.56 - (1400) 0.26 4.93 5.03
45.72 (1800) 0.27 5.70 5.78

Although the present invention has been described with reference to
preferred embodiments, persons skilled in the art will recognise that changes may
be made in form and detail without departing from the scope of the present
invention. For example, the trailing edge reliefs are not limited to use with
catamaran-type or NPAB-type air bearing surfaces, but may be used with virtually
any air bearing surface configuration. Furthermore, reference is hereby made to the
application of Robert E. Cha.pil'x, entitled “Negative Pressure Air Bearing slider with
Relieved Rail Ends", filed on even date herewith.

Has Been R laced
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trélrl ng edge and create subanbi ent pressure reg| ons near the trailing
edgqd. These subanbient pressure regions "pull" the t ransducer nountihg pad
cIo%er to the disc surface. The relieved trailing edges-.also shift the

centjre of —pﬁﬁfrvrmorward along the first andzsecond side rails

towgrd the sing the slider to rotate (pitch) which Torces
t he transdH ﬂﬁm ﬂﬂs“am‘to the di sc _surface.

-18-
LAIM,

1. A slider (26; 110) configured for supporting a transducer (38; 124)
proximate a rotating disc (16), the slider comprising:

a slider body having a leading edge (50; 112), a trailing edge (52; 114) and
first and second side edges (54., 56);

first and second raised side rails (32, 34; 116, 118) positioned along the first
and éecond side edges, respectively, and forming a pair of air bearing surfaces (74,
76; 128, 130);

a mounting pad (136, 122) positioned on the slider body at the trailing edge

' ..and between the first and second side rails, wherein the transducer is mounted on

the mounting pad; and characterised in that said first and second raised side rails
each have trailing edge reliefs (78, 80; 132, 134) positioried adjacent the trailing
edge, the trailing edge reliefs being recessed from the air bearing surfaces and

raised from the slider body."

2. A slider as claimed in claim 2, wherein the air bearing surfaces are coplanar
with the mounting pad and wherein the trailing edge reliefs are recessed from the

plane defined by the air bearing surfaces and the mounting pad.

3. A slider as claimed in claim 1 or 2, wherein the trailing edge reliefs have

depths suitable for forming subambient pressure regions at the trailing edge.

4. A slider as claimed in claim 3, wherein the depths are between

approximately 0.5 to 5.0 x 10-6m.

e

as Been Reﬁaced
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L
The felieved trailing edges reduce transducer flying height sensitivity to
disc| velocity. The

-19-
5. A slider as claimed in claim 4, wherein the depths are approximately
1.0 x 106m.
6. A slider as claimed in any one of the preceding claims, wherein the trailing

edge relief extends from the trailing edge toward the leading edge for a distance that
is approximately 1/12 to 1/4 of a length of the slider, as measured from the leading
edge to the trailing edge.

7. A slider as claimed in any one of the preceding claims, wherein the first and

second side rails are each wider at the leading edge than at the trailing edge.

8. A slider as claimed in any one of the preceding claims, wherein the first and

second side rails each further include a leading edge taper.

S. A slider as claimed in any one of the preceding ciaims, further comprising
cross rail (120) extending between the first and second side rails and positioned
closer to the leading edge than to the trailing edge for forming subambient pressure
regions from the cross rail to the trailing edge, between the first and second side

rails.

o
i
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: tanagntial velocity of the rotating disc is greater at Its outer

dianeter than at its inner dianeter. As a result, thé positive’
pregsure along the first and second side rails is greater when the
slider is positioned at 5 the outer dianeter which causes the slider to
fly jJat a greater di stance fromthe disc surface than when
posiftioned at the inner dianeter. However, the subanbi ent

pres

sure effects of the relieved trai I-?Q"lg

ABSTRACT

AIR BEARING SLIDER WITH RELIEVED TRAILING EDGE

A slider (26; 110) supports a transducer (38; 124) proximafe a rotating disc
(16). The slider includes a slider body having a leading edge (50; 112), a trailing
edge (52; 114) a_md first and second edges (54, 56). First and second raised side
rails (32, 34; 116, 118) are posiﬁoﬁed along the first and second edges,
respectively, to form a pair of air bearing surfaces (74, 76; 128, 130). The first
and second side rails each includes a trailing edge relief (78, 80; 132, 134)
positioned adjacent the trailing edge. The trailing edge reliefs are recessed from the
air bearing surfaces and are raised from the slider body. The trailing edge reliefs
have depths which are suitable for forming subambient pressure regions at the

trailing edge.

is Sheet Has Been Ri laced
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edg s also increase with disc velocity and limt any 10 _increase_in

flyijng height. The negative pressure create r the trailing edge
i ncrifeases causi ng thgﬂﬂ__iﬂ,sLLdef~tU”Totate the trgi] png edge even further
towgrd the di Sc surface and_ s gétantially negatie i ncreases in )
flyijng height. 15 Thisst\eetﬁasl?eﬁ\“'ﬁ#enbodi ment, the transducer is nounted
on nounti ng pad posit | i der body at the trailing edge,
bet ieen the first and s\wm‘u\r\ |'s. In this enmbodi ment, the
relijeved trailing edges SO

reduce risk of slider contact with the
di sd surface :




ZORrEaused by slider roll about its center |ine. The é§ging edges

of the first and second side rails have substantially | spaci ng
“froamthe disc surface than ~the transducer. This allows a‘relatively
| arjge roll angl e wi thout risking contact by the trailing edges. 25
Thel trailing edge reliefs of the present I nvention can be used in

ei tjher catamaran-type air bearing sliders or self-|oading, negative
pressure-type air bearing sliders. ~  ——————Enbodi nents of the
present invention will now be described with refergnce to the
accpnpanyi ng draw ngs H““\iﬁii\l\;\e“eil\‘mir

27
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‘a pé
pr e

ofafﬂich:
di si

rspective view of a transducer head assenbly in accordanée)yi
Figure 3 is an end view of the transducer ‘head

i

ent invention.

Figure 1 is a top plan view of an air RQepring
head slider supported above a rotating disc. ure 2 is

t he




asééﬁ%ly taken along line 3-3 of Figure 2. Figure 4 is a

perspective view of an air bearing disc head slider inJja ggrdance
Wit hf the present invention, as viewed froma trailing 5

Figure 5 is a graph of the pressure pro[LLg/////
o~

fig. 7
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rotgqting disc.
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Fi gure 6

beanli ng di sc head slider shown in Figure

an

uter radius of the rotating disc.
traijl ing end view of the air

the air bearing disc head slider shomn i
Figyre 6a is a side plan view of the alﬂhmsh
in Figure 1 in a pitched
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beari

[W

di sc he
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¥ vi ew of the air

position at
Flgure 71s a
beari ng disc head slider shown in

5%

LR ANGES U Ve fliysc surface

Figgre 1 in a pi o
Figgre 8 |sua3peiégﬂgq¥k

Fig.9HA

12.0-F /,/
- wo LA
Z0of N AR
510.0-F »
= - / \ Iv2
- 8.0F =
& - g
= : ......
& 6.0 '
< - By
3|y
S 4.0 s
1 - ;7/7
&30+ |
R E [ RTE CATAMARAN SLIDER TRANSDUCER CLEARANCE
o [
Z 0.0F——} ——CONVENTIONAL SLIDER TRANSDUCER CLEARANCE
ac L
1-_2.0-! 1!1!1L1!1!|!1!|!1!
0 200 400 600 800 1000 1200 1400 1600 1800 2000
DISK SPEED, IN/SEC
4.0~ TRANSDUCER CLEARANCES VS. VELOCITY
120+
- 144 -
5 100+ N |
= of / ..............--""
8 8.0 5 P \
g - NIHE
e 60
- n )
O 40 2L
e F [
O -
a 20T
2 e RTE NPAB SLIDER TRANSDUCER CLEARANCE
< u ) .
e 00T ~——CONVENTIONAL NPAB SLIDER TRANSDUCER CLEARANCE
—2.0F SN N [ R T

O 200 400 600 800 1000 1200 1400 1600 18002000
DISK SPEED, IN./SEC.



—————
—_—

a8 ng, negative pressure air bearing Hiis Shest His/Bean accord e

théTpresent invention, as viewed fron1a ng edge.

Fi gtif es 9a and 9b are graphs which iIIus "@m 'Itransducer
i Vi i ity. 10 is a graph

pres pitch angle sensitivity to disc velocity for a

gEntional FaTorRr AN GlLEdeys, avgl_@rcﬁl'f catamaran slider of the

25 fl.:resent ééé ntion. Figures 1la and 11b are graphs
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and E slider body. ——Figures 12a is a graph which /&
t

Illustrates air 30 bearing vertical stiffness with res t
~di sc vel ocity. lsSh eﬁR Red S @ graph whfch
illulstrates air bearing pitch stiff ct to disc vel bcity.
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-7 bearing roll stiffness with-respect to d| sc velocity.
The Qresent invention is an air bearing disc i &
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head slider
reliefs. Fi‘'gure 1 is a top plan
slider supportgd above a
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vi ew of

rotating disc.

head

Tr ansducer

O 4.
spring R4 0061’1(19% bgari ng di'sc head

as a rotafry ] Because act uat

position slid

r 26 over variousjdata tracks (

trailing edge
an_air bearing disc head

coPbiil ggﬁst v

—

|
mem) SUpPOL nm&gg
PagR
r 1‘% ro{: tespa&“‘&: tolpagedt'ﬁ

AIR BEARING SLIDER WITH RELIEVED TRAILING EDGE

The present invention relates to transducer
head assemblies for rotating disc drives, and more
particularly to air bearing disc head sliders.

.Transducer head assemblies that "fly" relative
to a rotating disc are used.extensivély in rotating disc
drives. The assemblies include an air bearing slider for
carrying a magnetic transdﬁcer'proximate the rotating
disc.
individual data tracks on the disc surface.

A glmbal is positloned between the slider and

A track accessing arm positions the slider over

arm to resilient
the slider to follow the
topography of the disc. The gimbal includes a dimple
that is in point contact with the slider. The dimple
provides a pivot about which the slider can pitch and

the track

connection that

accessing provide a

allows

roll while following the topography of the disc.

' A conventional catamaran slider includes .a
pair of rails that are positioned along its edges and
are disposed about a recessed area to form a pair of air
bearing surfaces. As the disc rotatés,'the disc drags

air under the slider and along the air bearing surfaces

in a direction approximately parallel to the tangential

velocity of the disc. As the air passes beneath the

side rails, the skin friétion on the air bearing
surfaces causes the air pPressure between the. disc and
the air bearing surfaces to increase which .creates a

hydrodynamic lifting force ‘that causes the slider to



15 ’shomn) on the disc surface between an outer dianeter _and an

di anet er.
13 in greater detail

head assenbly 13 supported by | oad beam 22. 20 Fi qune i is1an end|v
of transducer head assenbly 13 taken al ong |ine |3{3 b QET196 2

beam 22 supplies
13 toward the di
and slider 26. G nba

i nner

Fi 2 d 3 sh t d
I gures an show trans L§$PLHEENF?ﬂ§S,ﬁ i

Figure 2 is a perspective view

a preload force which urges trgngducer head asge
sc surface. Assenbly 43-incl udeg gi nbal spri
spring-24 is positioned 25 betlween—slider 26 3

ew
| oad
pbl y
hg 24
hd

| oad beam 22 Ititprand dely above the disc surface.

Negative pressure air bearing sliders (NPAB)

further include a cross rail which extends between the
side rails and is positioned near the slider's leading

edge.

The cross rail forms a subambient pressure region

trailing the cross rail, between the side rails. The
subambient pressure region develops negative pressure

that

counteracts the hydrodynamic 1lifting force

developed along the side rails. The counter action
between the positive and negative forces reduces flying
height sensitivity with respect to disc velocity and

increases air bearing stiffness.

As disc drives become more compact for

applications in smaller and more portable equipment,

rotary actuators are incféasingly'employed for the track

accessing arm. Further, the designer is motivated to
use a shorter actuator pivot arm to make the disc drives
even more compact. Rotary actuators cause the geometric
orientation between the disc rotation tangent and the
.slider's center line to change as the arm moves the
slider between the inside and outside data tracks on the

disc.
angles

This is known as skew or skew angle. Large skew
make flying height control more difficult.
Flying height is viewed as one of the most

critical parameters of noncontact recording. As the

average flying height of the slider decreases,

the

transducer achieves greater resolution between
individual data bit locations on the disc. Therefore,
it is desirable to have the transducers fly as close to
the disc as possible. Flying height is preferably
uniform regardless of variable flying conditions, such
as tangential velocity variation from inside to outside

tracks, 1lateral slider movement during a seek,

varying skew angles.

and



resilient connection that allows the slider to foII&EPLACENﬁﬁg?S aphy
of the disc. Slider 26 is connected to gi nbal sgring 24 in a kngwn
manner, such as with an adhesi ve. G nbal 24 ingcljude® GCTNIY e |( jot
shown) that 30 is in point contact with slider 26} [The dinple prqvijdes

a pivot about which slider 26 can pitch and roll whjl fottowng t he
t opogr aphy of disc 16. -Sljder 26 incjudes side rails 32, 34,
transducer nounting pad 36, transducer” 38, and trai M™Mg

In the past, - the transducer has been
positioned on the trailing end of the side rails.
Because the slider flies with a pitch angle in which the
leading edge flies at a greater -‘distance than the
trailing edge, the transducer is as close to the disc
surface as possible when positioned at the trailing
edge. ' |

Transducers have also been mounted on a small
mounting pad positioned on the center line of the slider
at the trailing edge. In this position, there is more
room on the trailing end of the slider for fabrication
of the transducer and its terminals, relative to the
position in which the transducer is mounted off to the
side of the trailing end, adjacent the side rails. A

' disadvantage of central transducer hounting is that when
the slider rolls about its pivot point, the spacing of
a corner of the trailing edge becomes smaller than the
spacing of the transducer. This reduces the minimum
flying height of the slider and causes increased risk of
slider contact with the disc surface.

Slider roll may be due to several factors.
The first factor is manufacturing errors in the gimbal
which attaches the slider to the track accessing arm.
The second factor is dynamic forces applied to the air
bearing slider by the track accessing arm during track
accessing. The third factor is varying skew angles of
the disc rotation tangent relative to the slider center
line. When the slider flies at skew with respect to the
direction of air flow, unequal pressure distribution
develops between the first and second side rails. This
causes the slider to'fly with one rail closer to the
disc surface than the other rail. As a result, the
probability of contact with the disc surfdbé at this
corner increases. Therefore, the reliability of the



-8 end 40. Transducer 38 is nounted to trailindREPEACBMENT SHEETon

transducer nounting pad 36. Transducer 38 is
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disc drive is reduced. There is a continuing effort to
develop air'bearing sliders that carry a transducer as
close to the disc surface as possible with a constant
flying height regardless of the varying flying
conditions such as disc velocity and skew angle.

Accordingly, the present invention relates to
an air bearing disc
head slider configured for supporting a transducer
proximate a rotating disc. The slider includes a slider
body having a leading edge, a trailing.edge and first
and second side edges. First and second raised side

. rails are positioned along the first and second side
edges, respectively, to form a pair of air bearing
surfaces. The first and second side rails each includes

' a trailing edge relief positioned adjacent the trailing
edge. The trailing edge reliefs form surfaces which are
recessed from the air bearing surfaces and are raised
from the slider body. In one embodiment, the recessed
surfaces have depths suitable for forming subambient
pressure regions at the trailing edge.

The air bearing surfaces develop positive
pressure as the disc rotateé beneath them. The relieved
trailing edges truncate the ailr bearing surfaces prior
to the slider's trailing edge and create subambient
pressure regions near the trailing edge. These
subambient pressure regions "pull" the transducer
mounting pad closer to the disc surface. The relieved
trailing 'edges also shift the center of positive
pressure forward along the first and second side rails
toward the leading edge causing the slider to rotate
(pitch) which forces the transducer even closer to the
disc surface. "

The relieved traiiing edges reduce transducer
flying height sensitivity to disc velocity. The



el ectrically. coupled to |l eads 42 at term nal s 44.
comuni cates with individual bit positions 5 on the 9
t hey pass beneath slider 26. Fi gur ¢
view of slider 26, as viewed fromtrailing end 40. Slider 26 isja
cat amaran-type slider and includes first and second sijde 10 rails 32, 34,
mounti ng pad 36, transducer 3% - trailing |
first and second side edges 54, 56. First and

si §angamntd ado velraity ki thencatabbng Alsst igngreadam at

t ransducer
50, trailing edge 52 and

second

its outer diameter than at its inner diameter. As a
result, the positive pressure along the first and second
side rails is greater when the slider is positioned at
the outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
positioned at the inner diameter. However, the
subambient pressure effects of the relieved trailing
edges also increase with disc velocity and limit any
increase in flying height. The negative pressure
created near the trailing edge increases causing the
slider to rotate the trailing edge even further toward
the disc surface and substantially negate increases in
flying height.

In one embodiment, the transducer is mounted
on a mounting pad positioned on the slider body at the
trailing edge, between the first anq second side rails.,
In this embodiment, the relieved trailing edges also
reduce risk of .slider contact with the disc surface
caused: by slider roll about its center 1line. The
trailing edges of the first and second side rails have
substantially larger spacing from the disc surface than
the transducer. This allows a relatively large roll
angle without risking contact by the trailing edges.

The trailing edge reliefs of the present
invention can be used in either catamaran-type air
bearing sliders or self-loading, negative pressure-type

air bearing sliders.
Embodiments of the present invention will now

be described with reference to the accompanying drawings
of which: . _
Figure 1 is a top plan view of an air bearing
disc head slider supported above a rotating di%éa
Figure 2 is a perspective view of a transducer
head assembly in accordance with the present invention.
Figure 3 is an end view of the transducer head

as
e

ige



si de edges 54, 56, respectively, and extend between 15 |eading edge 50 and
trailing edge 52. Side rails 32 and 34 forma recessed

the side rails. Transducer nmounting pad 36 isﬁgcf:egggggvgﬁEEr
trailing edge 52, . between first and second side rails 32 agaﬂiﬁ, bn

t he enbodi nent shown in Figure 4, transducer 20 nounting pgad 36Yi 1996
positioned al ong center |ine 60 of slider 26. Transducer [38 is nmounted
on trailing end 40 and on transducer foonting pad 36. The central
position of tragidu e ntrailing end 40 alloms rmrn 0000

the trailing eht°¥B %F%@Rt? Angr ldme Fsh QRUEHIERe 2

Figure 4 1is a perspective view of an air
bearing disc head slider in accordance with the present
invention, as viewed from a trailing edge.

Figure 5 is a graph of the pressure profile
for the air bearing disc head slider shown in Figure 4.

Figure 6a is a side plan view of the air
bearing disc head slider shown in Figure 1 in a pitched
position at an inner radius of the rotating disc.

Figure 6b is a side plan view of the air
bearing disc head slider shown in Figure 1 in a pitched
position at an outer radius of the rotating disec.

Figure 7 is a trailing end view of the air
bearing disc head slider shown in Figure 1 in a pitched
position over the disc surface.

Figure 8 is a perspective view of a self-
loading, negative pressure air bearing slider in a
accordance with the present invention, as viewed from a
trailing edge.

Figures 9a and Sb are graphs which illustrate
transducer clearance sensitivity to disc velocity.

Figure 10 is a graph which compares pitch
angle sensitivity to disc velocity for a conventional
catamaran slider and an RTE catamaran slider of the
present invention.

Figures 1la and 11b are graphs which
illustrate close point variations between a transducer
and a slider body. }

. Figures 12a is a graph which illustrates air
bearing vertical stiffness with respect to disc
velocity.

Figures 12b is a graph which illustrates air
bearing pitch stiffness with respect to disc velocity.

Figures 12c is a graph which illustrates air



25 its termnals 44, relative to sliders on which the t ransducer is

.ounted adj acent side rails 32 and 34. PENGENE%“HSHE@%‘and 34

i ncl ude | eadi ng edge tapers 70 and 72, air beprjyrg—strfFaces—i4 land 76

and
r ot at es,

surfaces 74 and 76 in a direction generally

trailing edge reliefs 78 and 80, respectipe y1CﬁﬁC§H 30
the disc drags air 'under slider 26 and al ohg [

16

eqrijng
phrhallel to the tlangenti al

velocity of the disc. As the air passes beneaLh side rails 32 and 34,

the skin

friction on air bearing surfaces 74 bre—F+6—causes—the
bearing roll stiffness with respect to disc velocity.

The present invention is an air bearing disc
head slider having first and second side rails with
tralling edge reliefs. Figure 1 is a top plan view of
an air bearing disc head slider supported above a
rotating disc. Actuator 10 and track accessing arm 12
support transducer head assemb}yf13 over disc 16 and
move head assembly 13 along arc 14. Arm 12 includes
supporting arm 18, base plate 20 and load beam 22.
Transducer head assembly 13 .includes gimbal spring 24
and air bearing disc head slider 26. Arm 12 is known as
a rotary actuating arm becauée actuator 10 rotates arm
12 to position slider 26 over various data tracks (not
shown) on the disc surface between an outer diameter and
an inner diameter. '

Figures 2 and 3 show transducer head assembly
13 in greater detail. Figure 2 is a perspective view of
transducer head assembly 13 .supported by load beam 22,
Figure 3 is an end view of transducer head assembly 13
taken along line 3-3 of Figure 2. Load beam 22 supplies
a preload force which urges transducer head assembly 13
toward the disc surface. Assembly 13 includes gimbal

. spring 24 and slider 26. Gimbal spring 24 is positioned

between slider 26 and load beam 22 to provide a
resilient connection that allows the slider to follow
the topography of the disc. Slider 26 is connected to
gimbal spring 24 in a known manner, such as with an
adhesive. Gimbal 24 includes a dimple (not shown) that
is in point contact with slider 26. The dimple provides
a pivot about which slider 26 can pitch and roll while
following the topography of disc-16. i

Slider 26 includes =side rails '32, 34,
transducer mounting pad 36, transducer 38, and trailing

i
t

-
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end 40. Transducer 38 is mounted to trailing end 40 and
on transducer mounting pad 36. Transducer 38 is
electrically coupled to leads 42 at terminals 44.
Transducer 38 communicates with individual bit positions
on the surface of disc 16 as they pass beneath slider
26.

Figure 4 is a perspective view of slider 26,
as viewed from trailing end 40. Slider 26 is a
catamaran-type slider and includes first and second side
rails 32, 34, transducer mounting pad 36, transducer 38,
trailing end 40, leading edge 50, trailing edge 52 and
first and second side edges 54, 56. First and second
side rails 32, 34 are positioned along first and second
side edges 54, 56, respectively, and extend between
leading edge 50 and trailing edge 52. Side rails 32 and
34 form a recessed area 58 between the side rails.

Transducer mounting pad 36 is positioned at
trailing edge 52, between first and second side rails 32
and 34. In the embodiment shown in Figure 4, transducer
mounting pad 36 is positioned along center line 60 of
slider 26. Transducer 38 is mounted on trailing end 40
and on transducer mouni:ing pad 36. The central position
of transducer 38 on trailing end 40 allows more room on
the trailing end for fabrication of the transducer and
its terminals 44, relative to sliders on which the
transducer is mounted adjacent side rails 32 and 34.

Side rails 32 and 34 include leading edge
tapers 70 and 72, air bearing surfaces 74 and 76 and
trailing edge reliefs 78 and 80, respectively. As disc
16 rotates, the disc drags air under slider 26 and along
air bearing surfaces 74 and 76 in a direction generally
parallel to the tangential velocity of the disc. As the
air passes beneath side rails 32 and 34," the skin
friction on air bearing surfaces 74 and 76 causes the
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when the disc begins to rotate by scoopi ng npr ls 32
and 34 to increase t he hydrodynamic lifting {otce at _leading efdge 50.
10 Faster takeoff decreases the |ength,of tine slfider 26. slides on

the disc surface before it begins to fly and Li-hereby—decreases wear

both slider 26-an0disGrd6 petween disc 1 ' aR@AMtRE SHikACESafdngnd 76

are copl anar

surfaces to increase which creates a hydrodynamic
lifting force that causes slider 26 to lift and to fly
above the disc surface. '

Recessed area 58 remains at substantially
ambient pressure. Leading edge tapers 70 and 72 provide
faster takeoff when the disc begins to rotate by
scooping more air beneath rails 32 and 34 to increase
the hydrodynamic. lifting force at leading edge 50.
Faster takeoff decreases the length of time slider 26
slides on the disc surface before it begins to fly and
thereby decreases wear on both slider 26 and disc 16,

Air bearing surfaces 74 and 76 are coplanar
with central mounting pad 36. Trailing edge reliefs 78
and 80 form surfaces which are recessed from the plane
defined by air bearing surfaces 74, 76 and are raised
from the slider body in recessed area 58. Trailing edge
reliefs 78 and 80 truncate air beaéing surfaces 74 and
76 short of trailing edge_Sz. Trailing edge reliefs 78
and 80 have a depth which is sufficient to form
subambient pressure regions adjacent trailing edge 52.

These subambient pressure regions '"pull"
transducer mounting pad 36 closer to the disc surface.
Relieved trailing edges 78, 80 also shift the center of
posiﬁive-pressure forward along air bearing surfaces 74,
76 toward leading edge 50 causing slider 26 to rotate or
"pitch" and force transducer mounting pad 36 even closer
to the disc surface. When slider 26 flies with a

- positive pitch, leading edge 50 flies at a greater

distance from the disc surface than trailing edge 52.
Pitch angle is a measurement of the degree of positive
pitch. _ .

For example, the pitch angles of a +

on



with central nounting pad 36. Trailing edge relief REELA@ENENT SHEE’@ m
surfaces which are recessed fromthe plane defli y L Ng
surfaces 74, 76 and are raised fromthe slide odygmr;-rrggg sedj area
58. Trailing edge reliefs 78 and 80 truncate 4if bearing surfpcpes 74
and 76 short of trailing edge 52. Trﬁbl I ng edge and 80
have a depth which is.sufficient to form subajfbi ent pressure regions
adjacent tralllng edge 52. These suba egi ons
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edges were compared. Both versions had pivots positioned at the center of the
slider body. The pitch angle was calculated at the inner radius of the disc. The
width of the side rails for each slider were adjusted to give the transducer a flying
height of 2.32 x 10-7m (8.00 micro inches). The resulting pitch angles were 177
micro radians for the conventional slider, and 438 micro radians for the slider with
relieved trailing edges.

In one embodiment in which slider 26 is 80mms long and 60mms wide and
load beam 22 supplies a preload force of 3.5 grams, trailing edge reliefs 78 and 80
have a dep.th .of 1.016 x 10-6m (40 micro inches). However, the depth can range
from approximately 5.08 x 10-7m to 5.08 x 10-6m (20 to 200 micro inches).
Trailing edge reliefs 78 and 80 extend from trailing edge 52 toward leading edge 50
a distance of about 10 mms. This distance can range from approximately 1/12th to
1/4th of the length of slider 26, as measured from leading edge 50 to trailiné edge
52. Leadinig edge tai:ers 70 and 72 are approximately 10 mms long, and have an
8.00 milliradian angle with respect to air bearing surfaces 74 and 76.

Figure 5 is a graph of the pressure profile for catamaran-type slider 26
shown in Figure 4. Side rail 32 develops positive pressure 82 along air bearing _
surface 74. Similarly, side rail 34 develops positive pressure 84 along air bearing
surface 76. Trailing edge reliefs 78 and 80 create subambient pressure regions 86
and 88, respectively, near trailing edge 52 of slider 26.

' Figures 6a and 6b are side views of slider 26 flying above the surface of disc

16. In Figure 6a,



25 positive pressure forward al ong air bearing sur
| eadi ng edge 50 causing slider 26 to rotate or

transducer nmounting pad 36 even cl oser to the [di[gc surtace.
slider 26 flies with a positive pitch, |eading gdge 059CTH9%§55t
greater 30 distance fromthe disc surface than tralllng edge 5

angle is a neasurenent of the degree of positive —-ch-

For exanpl e,

the pitch angles of a

slider 26 is positioned at the inner diameter of dlSC
16. The length and direction of arrows 90 are
representative of the tangential velocity of disc 16 at
the inner diameter. Slider 26 flies with a pitch angle
such that leading edge 50 flies at a greater distance
from the disc surface than does trailing edge 52.

Leading edge 50 flies at distance 92 from the disc

surface while trailing edge 52 flies at distance 94 from
the disc surface. '

Because trailing edge reliefs 78 and 80
(relief 80 not shown) are recessed, the spacing between
transducer mounting pad 36 and the disc surface is the
smallest spacing of any point on the slider body. This
provides the greatest resolution between individual bit

- positions on the disc surface without risking contact

with the disc surface by other portions of the slider
body. . '

In Figure 6b, slider 26 is positioned at the
outer diameter of disc 16. The length and direction of
arrows 96 are representative of the tangential velocity
of disc 16 at its outer diameter. The tangential
velocity of disc 16 is greater at its outer diameter
than at its inner diameter. As a result, positive
pressure along air bearing surfaces 54 and 56 (56 not
shown) is greater when slider 26 is positioned at the
outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
positioned at the inner diameter. However, the
subambient pressﬁre effects of relieved trailing edges
78 and 80 (80 not shown) also increase with disc
velocity and limit any increase in flying height. The
increased subambiant pressure created near trail‘ing edge
52 causes slider 26 to rotate the trailing edge even
further toward the disc surface and substantially negate
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increases in flying heighf. As shown in Figure 6b,
leading edge 50 flies at a greater distance 98 at the
outer diameter than the distance 92 at the inner
diameter (shown in Figure 6a). However, trailing edge
52 remains at distance 94 from the disc surface.
Therefore, trailing 'edge reliefs 78 and 80 reduce
‘transducer flying height sensitivity to disc velocity.
Figure 7 is an end view of slider 26 as viewed
from line 6-6 of Figure 6b. Slider 26 includes rails 32
and 34, transducer mounting pad 36, transducer 38 and
trailing edge reliefs 78 and 80. Relieved trailing
edges 78, 80 reduce risk of slider contact with the disc
. surface caused by slider roll about its center line 60.
When slider 26 flies at skew with respect to the
direction of air flow, unequal pressure distribution
develops between side rails 32 and 34. This causes
slider 26 to fly with one rail closer to the disc
surface than the other rail.
» Side rails 32 and 34 include trailing edges
102 and 104, respectively. Trailing edges 102 and 104
have substantially larger spacing from the disc surface
than transducer mounting pad 36.  This allows a
relatively large roll angle without risking contact by
trailing edges 102 and 104.

Figure 8 is a perspective view of a self-
loading, negative pressure air bearing slider (NPAB) in
accordance with the present invention. NPAB slider 110

" includes leading edge 112, trailing edge 114, side rails
116 and 118, cross rail 120, transducer mounting pad 122
and transducer 124. Cross rail 120 extends between side
rails 116 and 118 and is positioned closer to leading
edge 112 than to trailing edge'114. Cross, rail 120
creates a subambient pressure region 126 trailing the
cross rail, between side rails 116 and 118. Subambient
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128 ehydl/18% hot Oside rails 116 and 118, respectively.
The counter action between the positive and negative
forces reduces the sensitivity of slider flying height
to disc velocity and increases slider stiffness.

Side rails 116 and 118 include trailing edge
reliefs 132 and 134 that truncate air bearing surfaces
128 and 130, respectively, prior to trailing edge 114.
Trailing edge reliefs 132 and 134 create subambient
pressure regions near trailing' edge 114. These
subambient pressure regions "pull" transducer mounting
pad 122 closer to the disc surface. Trailing edge

‘reliefs 132 and 134 on NPAB slider 110 provide similar

flying characteristic advantages that trailing edge
reliefs 78 and 80 provide the catamaran-type slider 26
shown in Figures 1-6. )

Slider 110 also includes an alternative rail
configuration. Side rails 116 and 118 are wider at
leading edge 112 than at trailing edge 114. This causes
the variation of pitch angle with sliding velocity to
increase, thereby causing the degree of rotation of
transducer mounting pad 122 toward the disc surface to
increase.

Conventional sliders and the sliders with
relieved trailing edges (RTE sliders) were compared by
computer simulation analyses for sensitivity of
transducer clearance, pitch angle, close point and
stiffness over a velocity range of 5.08 m/s (200 in/s)
to 45.72 m.s (1800 in/s). It is well known that large
clearances and pitch angles reduce the stiffness of the
air bearing. Therefore, in order to better compare the
RTE sliders to the conventional sliders, the pivot point
was moved forward on the RTE designs. The rail widths

were also

in which slider 26 is 80ms | ond and 60ms widelapd | oad
beam 22 supplies a preload force of 3.5 granms, trgiling edge relief
80 have a depth of 1.016 x 10[err]m (40 mcro incF
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iﬁé e reliefs 78 and 80 exte$d fromtrailing edge 52
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range
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transducer clearance and pitch angle.

Figures 9a and 9b are graphs which illustrate
transducer clearance (flying height) sensitivity to disc
velocity. Figure 9a compares transducer clearance for
a convéntional catamaran slider and an RTE slider.
Solid line 140 represents the transducer clearance for
the conventional catamaran slider. Dashed line 142
represents the transducer clearance for the RTE
catamaran slider. Figure 9b compares transducer
clearance for the conventional NPAB slider and the RTE
NPAB slider. Solid line 144 represents the conventional
NPAB slider transducer clearance. Dashed line 146
represents the RTE NPAB slider transducer clearance.
Figures 9a and 9b show that the transducer clearance of
the RTE slider is less sensitive to disc velocity than
the conventional slider. This is due to two effects.
First, the subambient pressurization of the relieved
trailing edges increases with disc velocity, tending to
hold the transducer down. Second, the subambient
pressurization of the relieved trailing edges increases
the sensitivity of pitch angle to velocity. The larger
pitch angle at high velocity tends to rotate the
transducer toward the disc surface and limit increases
in transducer flying height.

Figure 10 is a graph which compares pitch
angle sensitivity to velocity between the conventional
catamaran slider and the RTE catamaran slider. Solid
line 148 represents the pitch-angle for the conventional
catamaran slider. Dashed line 150 represents the pitch -
angle for the RTE catamaran slider. As discu§sed with
reference to Figures 9a and 9b, the relievéd trailing
edges increase the sensitivity of pitch angle to disc
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velocity.

Figures 11a and 11b are graphs which illustrate close point variations
between the slider body and the transducer. Preferably the transducer remains the
closest point to the disc surface with resepct to any other point on the slider body.
This maximises transducer resolution between individual bit positions on the disc
surface and allows a relatively large roll angle without risking contact with the disc
by other points on t.hé slider body.

Figure 1la illustrates the clMce variations for a conventional catamaran
slider with respect to disc velocity. Solid line 152 represents the clearance or "close
point" of the transducer. Dashed line 154 represents the close point of the slider
body, excluding the transducer. Figure 11b illustrates the clearance variations for
the RTE catamaran slider. Solid line 156 respresents the RTE transdl‘xcer clearance.

“Dashed line 158 represents the close point of the RTE slider body, excluding the
.transducer. v

As shown in Figure 11b, the effect of the relieved trailing edges provides a
maximum margin of 4.064 x 10-8m (1.6 micro inches) between the transducer and
the rest of the slider body at a disc speed of 45.72 m/s (1800 in/s). This maximum
margin would allow the slider to roll within a 53 micro radian range before the
spacing of the outer trailing edge became less than the transducer spacing. The
spacing margin is negative at 5.08 m/s (200 in/s) sliding velocity, due to the effect

" of crown height at low pitch angles wheré the center of the slider flies with a lower
clearance than the transducer (crown height is the measure of "roundness” of the air
bearing surface). )

Figures 12a, 12b and 12c are graphs which illustxaté various ais béaring

stiffnesses with respect



slider 26 is positioned at the inner dianeter of d T
| ength and direction of arrows 90 are re L\A‘CX@ msﬁ’* He

tangential velocity of disc 16 at the inner dj gmeter. Slider |26 flies
with a pitch angle 5 such that |eading edge 50 flji s 40 QCHAMt e di stance
fromthe disc surface than does trailing edge 52. Leadi ng edge (50
flies at distance 92 fromthe disc surface I le TrarTTngedye|52
flies at distance 94 from the di st 3frface. Becajise

trailing edge reliole ol A% tne(C8hlEheI0nle" SR SIGRESSSS
and the RTE catamaran slider. Figure 12a illustrates
air bearing vertical stiffness with respect to velocity.
Solid line 160 represents the conventional catamaran
vertical stiffness. Dashed line 162 represents the RTE
catamaran vertical stiffness.

Figure 12b illustrates air bearing pitch
stiffness with'respect to velocity. Solid line 164
represents the conventional catamaran pitch stiffness.
Dashed line 166 represents the RTE catamaran pitch
stiffness. Figure 12c illustrates air bearing roll
stiffness with respect to velocity. Solid line 168
represents the conventional catamaran roll stiffness.
Dashed 1line 170 represents the RTE catamaran roll
stiffness. Figures 12a, 12b and 12c show that the RTE
catamaran stiffness 1is generally 1lower than the
conventional catamaran stiffness for the above
categories. The air bearing stiffness is decreased
because the clearances of the air bearing surfaces are
generally higher due to the reliefs at the traditionally
low clearance areas near the trailing edge. Pitch
stiffness is further reduced by the truncated air
bearing length, which offers a shorter lever arm for
pressure responses to act upon. )

The net downward forces on the slider due to
subambient pressurization are shown below in Table I.
The downward forces on the relieved trailing edges are
shown under the RTE catamaran column. These forces are
rather small compared to the preload force of 3.5 gm and
the conventional NPAB downward force.

-y




transducer nmounting pad 36 and the disc surface is

H-est-—spaci ng
of any point on the slider body. This provi des REEL@&EQQEQ&ESﬁEEB ution
bet ween individual bit 15 positions on the disc syurface w thout rj sking
cont act with the disc surface by other portiong body.
In Figure 6b, slider 26 is positioned at the buj er di aneter o I sc
16. The length and direction of 20 ows 96 are ' fl t he
tangential velocity of disc 16 af*its outer dfaneter. The tangenti al

velocity of disc 16 is greater at its outer dianeter
CONVENTIONAL RTE

m/s

5.08
15.24
25.40
33.56
45.72

VELOCITY

(N/S)

( 200
( 600)
(1000)
(1400)
(1800)

RTE
CATAMARAN

0.12
0.21
0.25
0.26
0.27

NPAB NPAB
0.97 1.09
2.58 2,75 .
3.90 4.04
4.93 5.03
5.70 5.78

' Although the present invention has been described with reference to

preferred embodiments, persons skilled in the art will recognise that changes may

be made in form and detail without departing from the scope of the present

invention. For example, the trailing edge reliefs are not limited to use with

catamaran-type or NPAB-type air bearing surfaces, but may be used with virtually

any air bearing surface configuration. Furthermore, reference is hereby made to the

_application of Robert E. Chapin, entitled "Negative Pressure Air Bearing slider with

Relieved Rail Ends", filed on even date herewith.



than at its inner dianeter. As a result, positive pressure along air
bearing surfaces 54 and 56 (56 not 25 shown) is greater when slider 26 is

positioned at the outer diameter which causes the slider to fly at a
greater distance fromthe disc surface than when positioned at the
I nner di arreII t he subanbi ent pr gssure=effects of
relieved tra ||||L"mmm”“|78 and 80 (80 not ShOWREPLACEMBNFSHEE@ wi th
di sc vel 6city and lism# any increpge in flyi ng [hgrght—Fhe-

I ncreased subanbi ent pressure created near trailing ecg ca
slider 26 to rotate the trailing edge even e1OOCT1%6

S—

SeS

CLAIMS

1. A slider (26; 110) configured for supporting a transducer (33; 124)
proximate a rotating disc (16), the slider comprising:
a slider body having a leading edge (50; 112), a trailing edge (52; 114) and
first and second side edges (54', 56);
first and second raised side rails (32, 34; 116, 118) positioned along the first
and second side edges, fespectively, and forming a pair of air bearing surfaces (74,
76; 128, 130);
' a mounting pad (136, 122) positioned on the slider body at the trailing edge
" and between the first and second side rails, wherein the transducer is mounted on
the mounting pad; and characterised in that said first and second raised side rails
“each have trailing edge reliefs (78, 80; 132, 134) positioned adjacent the trailing
edge, the trailing edge reliefs being recessed from the air bearing surfaces and

raised from the slider body.

2. A slider as claimed in claim 2, wherein the air bearing surfaces are coplanar
with the mounting pad and wherein the trailing edge reliefs are recessed from the

plane defined by the air bearing surfaces and the mounting pad.

3. A slider as claimed in claim 1 or 2, wherein the trailing edge reliefs have
depths suitable for forming subambient pressure regions at the trailing edge.
4, A slider as claimed in claim 3, wherein the depths are between

api:roximately 0.5 t0 5.0 x 10-6m.
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5. ‘A slider as claimed in claim 4, wherein the depths are approximately
1.0 x 106m.
6. A slider as claimed in any one of the preceding claims, wherein the trailing

edge relief extends from the trailing edge toward the leading edge for a distance that
is approximately 1/12 to 1/4 of a length of the slider, as measured from the leading

edge to the trailing edge.

7. A slider as claimed in any one of the preceding claims, wherein the first and

second side rails are each wider at the leading edge than at the trailing edge.

8. A slider as claimed in any one of the preceding claims, wherein the first and

", second side rails each further include a leading edge taper.

LY

9. A slider as claimed in any one of the preceding ciaims, further comprising
cross rail (120) extending between the first and second side rails and positioned
closer to the leading edge than to the trailing edge for forming subambient pressure
regions from the cross rail to the trailing edge, between the first and second side

rails.



increases in flying height. As shown in Figure 6b, | eadi ng edge 50

flies at a greater distance 98 at the outer dianeter than the distance
92 at the inner di aneter (shown in Figure 6a). However, trailing edge
5 52 remains at distance 94 fromthe disc surface. Therefore, trailing
edge reliefs 78 and 80 reduce transducer flying he oy DR avamn No)
di sc velocity. Figure 7 is an end view cmR% LZX MS&L Uil fwed
fromline 6-6 of Figure 6b. Slider 26 ipcludes rails 32110 and 34,
transducer nounting pad 36, transducer 33 and 100CT 199%
ABSTRACT

AIR BEARING SLIDER WITH RELIEVED TRAILING EDGE

A slider (26; 110) supports a transducer (38; 124) proximate a rotating disc

(16). The slider includes a slider body having a leading edge (50; 112), a trailing
edge (52, 114) and first and second edges (54, 56). First and second raised side
rails (32, 34; 116, 118) are positioned along the first and second edges,
respectively, to form a pair of air bearin-g surfaces (74, 76; 128, 130). The first

" and second side rails each includes a trailing edge relief (78, 80; 132, 134)
positioned adjacent the trailing edge. The trailing edge reliefs are recessed from the
air bearing surfaces and are raised from the slider body. The trailing edge reliefs
have depths which are suitable for forming subambient pressure regions at the

trailing edge.

FIGURE 4

R
2



trailing edge reliefs 78 and 80. Relieved trailing edges 78, 80 reduce
| oo

risk of slider contact with the disc surfac d—by—s Ty roll
about“its center line 60. Wien slider 26 fli BACENENTWSd JLA gspect to
the 15 direction of air flow, unequal pressure |digstrrburion evel ops

between side rails 32 and 34. Thi's causes | ijde y {wtt h one
rail closer to the disc surface thgn the other rr&iqz.ad‘on% Si de
rails 32 and 34 include trailing edges 20 102 and_l04.—espeettvdly.
Trailing edges 102 and 104 have substantiallly |arger spacing firomthe
di sc surface - -

AIR BEARING SLIDER WITH RELIEVED TRAILING EDGE

)

The present invention relates to a slider forISupporting

a transducer proximate a rotating disc; as defined in the

preamble of claim 1.

Transducer head assemblies which "fly" relative to a rotating disc are used’
extensively in rotatirg disc drives. The assemblies include an air bearing slider for
carrying a magnetic t'jgans_duc_er proximate the rotaiing _gii_sc_._-_ A track accessing arm
positions the slider over individual data tracks on:"'v.:fh.e.disc sﬁfféce.

A gimbal is poSiti’gS_ﬂed betw.e,en the sl'id_er- and the track accessing arm to proyide
a resilient connection that allows the slider to follow the topography of the disc. The
gimbal includes a dimple that is in point contact with the slider. The dimple provides a
pivot about which the slider can pitch and roll while foﬂoWin_g the topography of the
disc. | ‘

A conventional catamaran slider includes a pair of raiis that are positibﬁed along
its edges and are disposed about a recessed area to form a pair of air bearing surfaces.
As the disc rotates, the disc drags air under the slider and along the air bearing surfaces
- in a direction approximately parallel to the tangential yelbcity of the disc. As the air

passes beneath the side rails, the skin friction on the air bearing surfaces causes the air

pressure between the disc and the air bearing surfaces to increase which creates a

hydrodynamic lifting force that causes the slider to



t han transducer nounting pad 36. This allows a relatively | arge
roll angle w thout risking contact by trailing edges 102 and 10‘ 5
Figure 8 is a perspective view of a self- | oadi nRe (: re
air bearing slider (NPAB) in accordance with thegRl

NPAB slider 110 I ncl udes | eadi ng edge 112, trail

rails 116 and 118, cross rail 120, transducer mopinfi pot 98 30
transducer 124. Cross rail 120 extends bet®een side ralls 116 and {118

and is positioned closer to l'ead |ng
Cross railiffpand £1ly above the disc ‘surface.
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Negative pressure air bearing sliders (NPAB)
further include a cross rail which extends between the
side rails and is positioned near the slider's leading
edge. The cross rail forms a subambient pressure region
trailing the cross rail, between the side rails. The
subambient pressure region develops negative pressure
that counteracts the hydrodynamic 1lifting force
developed along the side rails. The counter action
between the positive and negative forces reduces tlyin§
height sensitivity with respect to disc.velocity and
increases air bearing stiffness. '

As disc drives become more compact for
applications in smaller and more portable equipment,
rotary actuators are incz:easingly employed for the track
accessing arm. Further, the designer is motivated to
use a shorter actuator pivot arm to make the disc drives
even more compact. Rotary actuators cause the geometric
orientation between the disc rotation tangent and the
slider's center line to change as the arm moves the
slider between the inside and outside data tracks on the
disc. This is known as skew or skew angle. Large skew
angles make flying height control more difficult.

Flying height is viewed as one of the most
critical parameters of noncontact recording. As the
average flying height of the slider decreases, the
transducer achieves greater resolution between
individual data bit locations on the disc. Therefore,
it is desirable to have the transducers fly as close to
the disc as possible. Flying height is preferably
uniform regardless of variable flying conditions, such
as tangential velocity variation from inside to outside
tracks, lateral slider movement during a seek, and
varying skew angles.
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In the past, the transducer has been
positioned on the trailing end of the side rails.
Because the slider flies with a pitch angle in which the
leading edge flies at a greater distance than the
trailing edge, the transducer is as close to the disc
surface as possible when positioned at the trailing
edge. '

Transducers have also been mounted on a small
mounting pad positioned on the center line of tha slider
at the trailing edge. 1In this position, there is more
room on the trailing end of the slider for fabrication
of the transducer and its terminals, relative to tpe
position in which the transducer is mounted off to the
side of the trailing end, adjacent the side rails. A
disadvantage of central transducer mounting is that when
the slider rolls about its piv'ot point, the spacing of
a corner of the trailing edge becomes smaller than the
spacing of the transducer. This reduces the minimum
flying height of the slider and causes increased risk of
slider contact with the disc surface.

Slider roll may be due to several factors.
The first factor is manufacturing errors in the gimbal
which attaches the slider to the track accessing arm.
The second factor is dynamic forces applied to the air
bearing slider by the track accessing arm during track
accessing. The third factor is varying skew angles of
the disc rotation tangent relative to the slider center
line. When the slider flies at skew with respect to the
direction of air flow, unequal pressure distribution
develops between the first and second side rails. This
causes the slider to fly with one rail closer to the
disc surface than the other rail. As a result, the
probability of contact with the disc surface at this
corner increases. Therefore, the reliability of the

4
.
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- 13 - pressure'region 126 devel ops negative pressure that
counteracts positive pressure along air bearing surfaces 128 and 130
of .side rails 116 and 118, respectively. The counter action between
the positive and negative 5 forces reduces the sensitivity of slider
flying height to disc velocity and increases slider stiffness.

Side rails 116 and 118 include trailing ¢gdge reliefs 132 and 134 that
truncate air bearing surfaces 128 and 130,. respectively, prior to
trailing edge 114.

- disc drive is reduced. There is a continuing effort to develop air bearing sliders that
carry a transducer as close to the disc surface as possible, with a constant flying height,
regardless of varying flying conditions such as disc velocity and skew angle. A slider
according to the preamble of Claim 1 is known from JP-A-1211383 and US-A-4870521.

According to the present invention, there is provided a slider for supporting a
transducer of the aforesaid type, characterised in that the first relieved trailing edge
surface is uniformly recessed from the first air bearing surface but raised from the slider

'body surface and extends from an inner edge of the first side rail to the outer-edge of the
first side rail; and that

the second relieved trailing edge surface is uniformly recessed from the second
air bearing surface but raised from the slider body surface and extends from an inner
edge of the second side rail to the outer edge of the second side rail.

The air bearing surfaces develop positive pressure as the disc rotates beneath
them. The relieved trailing edges truncate the air bearing surfaces prior to the slider's
trailing edge and create subambient pressure regions near the trailing edge. These
subambient pressure regions "pull” the transducer mounting pad closer to the disc
surface. The relieved trailing edges also shift the centre of positive pressure forward
along the first and second side rails toward the leading edge causing the slider to rotate
(pitch) which forces the transducer even closer to the disc surface.

The relieved trailing edges reduce transducer flying height sensitivity to disc
velocity. The
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10 Trailing edge reliefs 132 and 134 create subambi ent pressure

regions near trailing edge 114. These subanbi ent pressure regions
"pul 1" transducer nounting pad 122 closer to the disc surface.

Trailing edge reliefs 132 and 134 on NPAB slider 110 provide simlar. 15
flying characteristic advantages that trailing edge reliefs 78 and 80
provi de the catamaran-type slider 26 « 8§ shown in Figures 1-6.

Slider 110 al so includes an alternative rail configuration. Side rails

116 and 118 taagentdalatvélbeityasf nthedpetitinghdisxt is agreatgerdae 114.
This causes {¢g outer diameter than at its inner diameter. As a
result, the positive pressure along the first and second
side rails is greater when the slider is positioned at
5 the outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
positioned at the inner diameter. However, the
subambient pressure effects of the relieved trailing
edges also increase with disc velocity and limit any

10 increase in flying height. The negative pressure

" created near the trailing edge increases causing the
slider to rotate the trailing edge even further toward
the disc surface and substantially negate increases in
flying height.

15 In one embodiment, the transducer is mounted
on a mounting pad positioned on the slider body at the
trailing edge, between the girst and second side rails.
In this embodiment, the relieved trailing edges also
reduce risk of slider contact with the disc surface

20 caused by slider roll about its center 1line. The
trailing edges of the first and second side rails have
substantially larger spacing from the disc surface than
the transducer. This allows a relatively large roll
angle without risking contact by the trailing edges.

25 The trailing edge reliefs of the present
invention can be used in either catamaran-type air

. bearing sliders or self-loading, negative pressure-type

air bearing sliders.
Embodiments of the present invention will now

bé described with reference to the accompanying drawings

of which: . o

Figure 1 is a top plan view of an air bearing
disc head slider supported above a rotating disc.

— Figure 2 is a perspective view of a transducer

REPLACE@EQH’SHE . ly in accordance with the present invention.

‘—’F'gure 3 is an end view of the transducer head

29 OCT 1998




the variation of pitch angle with sliding velocity to I ncr ease,

t hereby causing the degree of rotation of transducer nounting pad 122
toward the disc surface to i ncrease. 25 Conventi ona
sliders and the sliders with  relieved trailing edges (RTE sliders) were
conpar ed by conput er simulation anal yses for sensitivity of

transducer clearance, pitch angle, close pgint and stiffness over a
velocity range of 5.08 mis (200 in/s) 30" ®t0 45.72 ms (1800 in/s). It is

nel | penown thaladdlnly takéh°d18RG™ LAY’ 14 Yk FPGESa"g00uCe the stiffness
of the Figure 4 is a perspective view of an air
bearing disc head slider in accordance with the present
invention, as viewed from a trailing edge.
5 Figure 5 is a graph of the pressure profile
' for the air bearing disc head slider shown in Figure 4.
Figure 6a is a side plan view of the air
bearing disc head slider shown in Figure 1 in a pitched
position at an inner radius of the rotating disc.
10 Figure 6b is a side plan view of the air
e bearing disc head slider shown in Figure 1 in a pitched
position at an outer radius of the rotating disc.
Figure 7 is a trailing end view of the air
bearing disc head slider shown in Figure 1 in a pitched
15 position over the disc surface.
Figure 8 is a perspective view of a self-
loading, negative pressure air bearing slider in a
accordance with the present invention, as viewed from a
trailing edge. '
20 Figures 9a and 9b are graphs which illustrate
transducer clearance sensitivity to disc velocity.

Figure 10 is a graph which compares pitch
angle sensitivity to disc velocity for a conventional
catamaran slider and an RTE catamaran slider of the

25 present invention.

Figures 11a and 11b are graphs which
illustrate close point variations between a transducer
and a slider body.

Figures 12a is a graph which illustrates air

30 bearing vertical stiffness with respect to disc
velocity.

Figures 12b is a graph which illustrates air
bearing pitch stiffness with respect to disc velocity.’

REPLACENEmﬂ'SHEET Figures 12c is a graph which illustrates air
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air bearing. Therefore, in order to better conpare the

RTE sliders to

the conventional sliders, the pivot point was noved forward on the RTE
desi'gns. The rail w dths were al so

10

15

20

25

30

-7 -

bearing roll stiffness with respect to disc velocity.

The present invention is an air bearing disc
head slider having first and second side rails with
trailing edge reliefs. Figure 1 is a top plan view of
an air bearing disc head slider supported above a
rotating disc. Actuator 10 and track accessing arm 12
support transducer head assembly 13 over disc 16 and
move head assembly 13 along arc id4. Arm 12 includes
supporting arm 18, base plate 20 and load beam 22.
Transducer head assembly 13 .includes gimbal spring 24
and air bearing disc headdéliﬁer 26. Arm 12 is known as
a rotary actuating arm because actuator 10 rotates arm
12 to position slider 26 over various data tracks (not
shown) on the disc surface between an outer diameter and
an inner diameter. |

‘Figures 2 and 3 show transducer head assembiy
13 in greater detail. Figure 2 is a perspective view of
transducer head assembly 13 .supported by load beam 22.
Figure 3 is an end view of transducer head assembly 13
taken along line 3-3 of Figure 2. Load beam 22 supplies
a preload force which urges transducer head assembly 13
toward the disc surface. Assembly 13 includes gimbal

- spring 24 and slider 26. Gimbal spring 24 is positioned

between slider 26 and load beam 22 to provide a
resilient connection that allows the slider to follow
the topography of the disc. Slider 26 is connected to
gimbal spring 24 in a known manner, such as with an
adhesive. Gimbal 24 includes a dimple (not shown) that
is in point contact with slider 26. The dimple provides
a pivot about which slider 26 can pitch and roll while
following the topography of disc 16.

Slider 26 includes side rails 32, 34,
transducer mounting pad 36, transducer 38, and trailing
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-14 - adjusted so that there was a point near the center of t he

vel ocity range where the sliders had the sane transducer cl earance and

piteh angl e. Figures 9a and 9b are graphs which illustrate

transducer clearance (flying height) sensitivity to disc

vel ocity.

Fi gure 9a conpares transducer clearance for a conventional catamaran

slider and an RTE slider.

10

-~.trailing end 40, leading edge 50, trailing edge 52 and

15

20

25

30

end 40. Transducer 38 is mounted to trailing end 40 and
on transducer mounting pad 36. Transducer 38 is
electrically coupled to leads 42 at terminals 44.
Transducer 38 communicates with individual bit positions
on the surface of disc 16 as they pass beneath slider
26.

Figure 4 is a perspective view of slider 26,
as viewed from trailing end 40. Slider 26 is a
catamaran-type slider and includes first and second side
rails 32, 34, transducer mounting pad 36, transducer 38,

first and second side edges 54, 56. First and second
side rails 32, 34 are positioned along first and second
side edges 54, 56, respectively, and extend between
leading edge 50 and trailing edge 52. Side rails 32 and
34 form a recessed area 58 between the side rails.
Transducer mounting pad 36 is positioned at
trailing edge 52, between first and second side rails 32
and 34. In the embodiment shown in Figure 4, transducer
mounting pad 36 is positioned along center line 60 of
slider 26. Transducer 38 is mounted on trailing end 40
and on transducer mounting pad 36. The central position
of transducer 38 on trailing end 40 allows more room on
the trailing end for fabrication of the transducer and
its terminals 44, relative to sliders on which the
transducer is mounted adjacent side rails 32 and 34.

. Side rails 32 and 34 include leading edge
tapers 70 and 72, air bearing surfaces 74 and 76 and
trailing edge reliefs 78 and 80, respectively. As disc
16 rotates, the disc drags air under slider 26 and along
air bearing surfaces 74 and 76 in a direction generally
parallel to the tangential velocity of the disc. As the
air passes beneath side rails 32 and 34, the skin
friction on air bearing surfaces 74 and 76 causes the
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Solid line 140 represents the transducer clearance for t he conventi onal
catamaran slider. Dashed line 142 10 represents the transducer

cl earance for the RTE catamaran slider. Figure 9b conpares

t ransducer cl earance for the conventional NPAB slider and the RTE

NPAB slider. Solid |ine 144 represents the conventi onal NPAB sl i der
transducer cl earance. Dashed |ine 146=18® =represents the RTE NPAB sli der

t ransducer cl earance. Fi gures 9a and 9b show that the transducer
clearance of air{ RFeasuEe; Jeetveencsdisensi§i and o thec aid ohearingn

the conventi orAlr£acdsr - tdhi Entfedsd Rhivh ctteates a hydrodynamic
lifting force that causes slider 2§ to lift and to fly
above the disc surface.

5 Recessed area 58 remains at substantially
ambient pressure. Leading edge tapers 70 and 72 provide
faster takeoff when the disc begins to rotate by
scooping more air beneath rails 32 and 34 to increase
the hydrodynamic lifting force at leading edge 50.

10 Faster takeoff decreases the length of time slider 26.
slides on the disc surface before it begins to fly and
thereby decreases wear on both 'slider 26 and disc 16.

Air bearing surfaces 74 and 76 are coplanar
with central mounting pad 36. Trailing edge reliefs 78

15 and 80 form surfaces which are recessed from the plane
defined by air bearing surfaces 74, 76 and are raised
from the slider body in recessed area 58. Trailing edge
reliefs 78 and 80 truncate air hea;':ing surfaces 74 and
76 short of trailing edge 52. Trailing edge reliefs 78

20 and 80 have a depth which is sufficient to form
subambient pressure regions adjacent trailing edge 52.

These subambient pressure regions '"pull"”
transducer mounting pad 36 closer to the disc surface.
Relieved trailing edges 78, 80 alsc shift the center of

25 positive-pressure forward along air bearing surfaces 74,
76 towarad leading edge 50 causing slider 26 to rotate or
"pitch" and force transducer mounting pad 36 even closer
to the disc surface. When slider 26 flies with a
positive pitch, leading edge 50 flies at a greater

30 distance from the disc surface than trailing edge 52.
Pitch angle is a measurement of the degree of positive
pitch.

For example, the pitch angles of a
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First, the subanbient _p‘r essurization of the relieved 20 trailing edges
i ncreases with disc velocity, tending to hold the transducer down.
Second, the subanbi ent pressurization of the relieved trailing edges
I ncreases the sensitivity of pitch angle to velocity. The | arger
pitch angle at high velocity tends to ret@ate the 25 transducer toward the
disc surface and limt increases in transducer flying height.
Figure 10 is a graph which conpares pitch angl e sensitivity to
vel ocity becanventional csamaran-typealider and xcatamaranstyps sliler withrireligvediFiiling
catamaran slider. Solid
edges were compared. Both versions had pivots positioned at the center of the
slider body. The pitch angle was calculated at the inner radius of the disc. The
width of the side rails for each slider were adjusted to give the transducer a flying
height of 2.32 x 10-7m (8.00 micro inches). The resulting pitch angles were 177
micro radians for the conventional slider, and 438 micro radians for the slider with
reiieved trailing edges.
In one embodiment in which slider 26 is 80mms long and 60mms wide and
*load-beam 22 supplies a preload force of 3.5 grams, trailing edge reliefs 78 and 80
have a depth of 1.016 x 10-5m (40 micro inches). However, the depth can range
from approximately 5.08 x 10-7m to 5.08 x 10-6m (20 to 200 micro inches).
Trailing edge reliefs 78 and 80 extend from trailing edge 52 toward leading edge S0
a distance.of about 10 mms. This distance can range from approximately 1/12th to
1/4th of the length of slider 26, as measured from leading edge 50 to trailing edge
52. Leading edge tapers 70 and 72 are approximately 10 mms long, and have an
8.00 milliradian angle with respect to air bearing surfaces 74 and 76.
Figure § is a graph of the pressure profile for catamaran-type slider 26
shown in Figure 4. Side rail 32 develops positive pressure 82 along air bearing
surface 74. Similarly, side rail 34 develops positive pressure 84 along air bearing
surface 76. Trailing edge reliefs 78 and 80 create subambient pressure regions 86
and 88, respectively, near trailing edge 52 of slider 26.
Figures 6a and 6b are side views of slider 26 flying above the surface of disc

16. In Figure 6a,
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30 line 148 represents the pitch angle for the conventi onal cat amar an

slider. Dashed line 150 represents the pitch angle for the RTE
catamaran slider. As discussed wth reference to Figures 9a and 9b,
the relieved trailing edges increase the sensitivity of pitch angle to
di sc

- 11 -

slider 26 is positioned at the inner diameter of disc
16. The 1length and direction of arrows 90 are
representative of the tangential velocity of disc 16 at
the inner diameter. Slider 26 flies with a pitch angle
5 such that leading edge 50 flies at a greater distance
from the disc surface than does trailing edge 52.
Leading edge 50 flies at distance 92 from the disc
surface while trailing edge 52 flies at distance 94 from
the disc surface.

10. Because trailing edge reliefs 78 and 80
" “(relief 80 not shown) are recessed, the spacing between
transducer mounting pad 36 and the disc surface is the
smallest spacing of any point on the slider body. This
provides the greatest resolution between individual bit
15 _positions on the disc surface without risking contact
with the disc surface by other portions of the slider

body. .
In Figure 6b, slider 26 is positioned at the
outer diameter of disc 16. The length and direction of
20 arrows 96 are representative of the tangential velocity
of disc 16 at its outer diameter. The tangential
velocity of disc 16 is greater at its outer diameter
than at its inner diameter. As a result, positive
pressure along air bearing surfaces 54 and 56 (56 not
25 shown) is greater when slider 26 is positioned at the
outer diameter which causes the slider to fly at a
greater distance from the disc surface than when
. positioned at the inner diameter. However, the
subambient pressure effects of relieved trailing edges
30 78 and 80 (80 not shown) also increase with disc
velocity and limit any increase in flying height. The
increased suhambight pressure created near trailing edge
52 causes slider 26 to rotate the trailing edge even
further toward the disc surface and substantially negate

290CTH98 | |
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15 vglpci;y. Figures 1la and 11b are graphs which iIIusfrate cl ose
poi nt variations between the slider body and the transducer. Preferably
t he-transducer renains the closest point to the

increases in flying height. As shown in Figure 6b,
leading edge 50 flies at a greater distance 98 at the
outer diameter than the distance 92 at the inner
diameter (shown in Figure 6a). However, trailing edge

S 52 remains at distance 94 from the disc surface.
" Therefore, trailing edge reliefs 78 and 80 reduce
transducer flying height sensitivity to disc velocity.
Figure 7 is an end view of slider 26 as viewed

from line 6~6 of Figure 6b. Slider 26 includes rails 32

10 and 34, transducer mounting pad 36, transducer 38 and
' trailing edge reliefs 78 and 80.  Relieved trailing
edges 78, 80 reduce risk of slider contact with the disc
surface caused by slider roll about its center line 60.
When slider 26 flies at skew with respect to the

15 direction of air flow, unequal pressure distribution
develops between side rails 32 and 34. This causes
slider 26 to fly with one rail closer to the disc
surface than the other rail.

Side rails 32 and 34 include trailing edges

20 102 and 104, respectively. Trailing edges 102 and 104
have substantially larger spacing from the disc surface
than transducer mounting pad 36. This allows a
relatively large roll angle without risking contact by
trailing edges 102 and 104.

25 Figure 8 is a perspective view of a self-
loading, negative pressure air bearing slider (NPAB) in
accordance with the present invention. NPAB slider 110
includes leading edge 112, trailing edge 114, side rails

. 116 and 118, cross rail 120, transducer mounting pad 122

30 and transducer 124. Cross rail 120 extends between side
rails 116 and 118 and is positioned closer to leading
edge 112 than to trailing edge 114. Cross rail 120
creates a subambient pressure region 126 trailing the
cross rail, between side rails 116 and 118. Subambient
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disc surface with respect to any other point on the slider body. This
maxi m ses transducer resol ution between I ndi vidual bit positions on the
di sc surface and allows a relatively large roll angle w thout risking
contact with the di sc by other points on the slider body. _ Fi gure
lla illustrates the clearance variations for a conventional catamaran

- 13 -

pressure region 126 develops negative pressure that

counteracts positive pressure along air bearing surfaces

128 and 130 of side rails 116 and 118, respectively.

The counter action between the positive and negative

s forces reduces the sensitivity of slider flying height
to disc velocity and increases slider stiffness.

Side rails 116 and 118 include trailing edge

reliefs 132 and 134 that truncate air bearing surfaces

128 and 130, respectively, prior to trailing edge 114.

10 Trailing edge reliefs 132 and 134 create subambient
pressure regions near trailing edge 114. These
subambient pressure regions "pull" transducer mounting
pad 122 closer to the disc surface. Trailing edge
reliefs 132 and 134 on NPAB slider 110 provide similar

15 flying characteristic advantages that trailing edge
reliefs 78 and 80 provide the catamaran-type slider 26
shown in Figures 1-6. 1

Slider 110 also includes an alternative rail
configuration. Side rails 116 and 118 are wider at

20 leading edge 112 than at trailing edge 114. This causes
the variation of pitch angle with sliding velocity to
increase,'thereby causing the degree of rotation of
transducer mounting pad 122 toward the disc surface to
increase.

25 Conventional sliders and the sliders with
relieved trailing edges (RTE sliders) were compared by
computer simulation analyses for sensitivity of
transducer clearance, pitch angle, close point and

~ stiffness over a velocity range of 5.08 m/s (200 in/s)

30 to 45.72 m.s (1800 in/s). It is well known that large
clearances and pitch angles reduce the stiffness of the
air bearing. Therefore, in order to better compare the
RTE sliders to the conventional sliders, the pivot point
was moved forward on the RTE designs. The rail widths
were also
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slider with respect to disc velocity. Solid line 152 represents the
clearance or "close point" of the transducer. Dashed line 154 represents
t he- cl ose point of the slider body, excluding the transducer. Figure 11b
illustrates the clearance variations for the RTE catamaran slider. Solid
| i ne 156 respresents the RTE transducer clearance. Dashed |ine 158
represents the close point of the RTE s] ifj‘ar_body, excl udi ng the

adjusted so that there was a point near the center of

the velocity range where the sliders had the same
transducer clearance and pitch angle.

Figures 9a and 9b are graphs which illustrate

5 transducer clearance (flying height) sensitivity to disc

velocity. Figure 9a compares transducer clearance for

a conventional catamaran slider and an RTE slider.

Solid line 140 represents the transducer clearance for

the conventional catamaran slider. ©Dashed 1lins 142

10 represents the transducer clearance for the RTE

catamaran slider. Figure 9b compares transducer

clearance for the con_ventionai NPAB slider and the RTE

NPAB slider. Solid line 144 represents the conventional

NPAB slider transducer clearance. Dashed 1line 146

15 represents the RTE NPAB slider transducer clearance.

Figures 9a and 9b show that the transducer clearance of

the RTE slider is less sensitive to disc velocity than

the conventional slider. This is due to two effects.

First, the subambient pressurization of the relieved

20 trailing edges increases with disc velocity, tending to

hold the transducer down. Second, the subambient

pressurization of the relieved trailing edges increases

the sensitivity of pitch angle to velocity. The larger

pitch angle at high velocity tends to rotate the

25 transducer toward the disc surface and limit increases

in transducer flying height.

Figure 10 is a graph which compares pitch

angle sensitivity to velocity between the conventional

_ catamaran slider and the RTE catamaran slider. Solid

30 line 148 represents the pitch angle for the conventional

' catamaran slider. Dashed line 150 represents the pitch

angle for the RTE catamaran slider. As discussed with

reference to Figures 9a and 9b, the relieved trailing

edges increase the sensitivity of pitch angle to disc
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transducer. As shown in Ff gure 11b, the effect of the relieved
trailing edges provides a maximummargin of 4.064 x 10[err]m (1.6 mcro
i nches) between the transducer and the rest of the slider body at a disc
speed of 45.72 m's (1800 in/s). This maxi num nargin would allow the slider
toroll within a 53 mcro radi an range before the spacing, of the outer
trailing edge came | ess than the transducer spacing. The spacing margin
IS negative a‘fe§° HREH s (200 in/s) sliding velocity, due to the effect
Figures 11a and 11b are graphs which illustrate close
point variations between the slider body and the transducer.
Preferably the transducer remains the closest point to the
disc surface with respect to any other point on the slider
body. This maximises transducer resolution between
individual bit positions on the disc surface and allows a
relatively large roll angle without risking contact with the
disc by other points on the slider body.

Figure 11a illustrates the clearance variations for a conventional catamaran
slider with respect to disc velocity. Solid line 152 represents the clearance or "close
point” of the transducer. Dashed line 154 represents the close point of the slider
body, excluding the transducer. Figure 11b illustrates the clearance variations for
the RTE catamaran slider. Solid line 156 respresents the RTE transducer clearance.
Dashed line 158 represents the close point of the RTE slider body, excluding the
transducer.

As shown in Figure 11b, the effect of the relieved trailing edges provides a
maximum margin of 4.064 x 10-8m (1.6 micro inches) between the transducer and
the rest of the slider body at a disc speed of 45.72 m/s (1800 in/s). This maximum
margin would allow the slider to roll within a 53 micro radian range before the
spacing of the outer trailing edge became less than the transducer spacing. The
spacmg inargin is negative at 5.08 m/s (200 in/s) sliding velocity, due to the effect
of crown height at low pitch angles where the center of the slider flies with a lower
clearance than the transducer (crown height is the measure of "roundness” of the air
bearing surface). |

Figures 12a, 12b and 12c are graphs which illustrate various air bearing

stiffnesses with respect
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of crown height at |low pitch angles where the center of the slider flies
with a [ower clearance than the transducer (crown height is the neasure of
"roundness" of the air bearing surface). Figures 12a, 12b and 12c
are graphs which illustrate various air bearing stiffnesses with respect

- 16 -

to disc velocity for the conventional catamaran slider
and the RTE catamaran slider. Figure 12a illustrates
air bearing vertical stiffness with respect to velocity.
Solid line 160 represents the conventional catamaran
5 vertical stiffness. Dashed line 162 represents the RTE
catamaran vertical stiffness.
Figure 12b illustrates air bearing pitch
stiffness with respect to velocity. Solid line 164
represents the conventional catamaran pitch stiffness.
10 Dashed 1line 166 represents the RTE catamaran pitch
stiffness. Figure 12c illustrates air bearing roll
stiffness with respect to velocity. Solid line 168
represents the conventional catamaran roll stiffness.
Dashed 1line 170 represents the RTE catamaran roll
15 stiffness. Figures 12a, 12b and 12¢ show that the RTE
catamaran stiffness is generally 1lower than the
conventional catamaran stiffness for the above
categories. The air bearing stiffness 1is decreased
because the clearances of the air bearing surfaces are
20 generally higher due to the reliefs at the traditionally
low clearance areas near the trailing edge. Pitch
stiffness is further reduced by the truncated air
bearing length, which offers a shorter lever arm for
pressure responses to act upon. .
25 The net downward forces on the slider due to
subambient pressurization are shown below in Table I.
- The downward forces on the relieved trailing edges are
shown under the RTE catamaran column. These forces are
rather small compared to the preload force of 3.5 gm and
30 the conventional NPAB downward force.

~



to disc velocity for the conventional catamaran slider and the RTE
catamaran slider. Figure 12a illustrates air bearing verti cal
stiffness with respect to velocity. ' '

-17-

VELOCITY RTE CONVENTIONAL RTE

m/s (AN/S) CATAMARAN NPAB NPAB
5.08 ( 200) 0.12 0.97 1.09
15.24 ( 600) 0.21 2.58 2.75
25.40 (1000) 0.25 3.90 4.04
33.56 (1400) 0.26 4.93 5.03
45.72 (1800) 0.27 5.70 5.78

Although the present invention has been described with reference to
preferred embodiments, persons skilled in the art will recognise that changes may
be made in form and detail without dei:arﬁng from the scope of fhe present
invention. For example, the trailing edge reliefs are not limited to use with
catamaran-type or NPAB-type air bearing surfaces, but may be used with virtually
-any air bearing surface configuration. Furthermore, reference is hereby made to the
application of Robert E. Chépm. entitled "Negative Pre;sure Air Bearing slider with
Relieved Rail Ends", filed on the same date as 't"'h'isl applica't-ic.;n .




Solid line 160 represents the conventional catamaran 5 vertical stiffness.

Dashed.line 162 represents the RTE = catamaran vertical stiffness.
Figure 12b illustrates air bearing pitch stiffness wth respect—to
vel ocity. Solid line 164 represents the conventi tch
stiffness. 10 Dashed |line 166 represents the RTE cat ar}mnmmiﬂﬂmu‘m
stiffness. Figure 12c illustrates air bearing roll . “sti¢ffmess wt
respect to velocity. Solid line 168 18 represents the conventional
catamaran rol |l stiffness. Dashed line 170 represents the RTE catamaran
roll

CLAIMS

1. A slider (26,110) for supporting a transducer (38,124) proximate a rotating disc
(16), said slider comprising a slider body (26) having a leading edge (50,112), a trailing
edge (5.2, 114) and first and second side edges (54,56);

a first side rail (32) extending along the first side edge having a first air bearing
surface (74) which is raised from the slider body surface;

a second side rail (32) extending along the second side edge having a second air
bearing surface (74) which is raised from the slider body surface;

a first relieved trailing edge surface (78) positioned within the first side rail
adjacent the trailing edge;

a second relieved trailing edge surface (78) poéitioned within the second side rail
adjacent the trailing edge; characterised in that ‘

the first relieved trailing edge surface is uniformly recessed from the first air
bearing surface but raised from the slider body surface and extends from an inner edge
of the first side rail to the outer edge of the first side rail; and that

the second relieved trailing edge surface is uniformly recessed from the second
air bearing surface but raised from the slider body surface and extends from an inner

edge of the second side rail to the outer édge of the second side rail.

2. A slider as claimed in claim 1, wherein the first and second relieved trailing edge
surfaces are recessed by a depth of substantially 0.5 x 106 t0 5.0 x 106,

3. A slider according to claim 1 or claim 2, wherein said depths are substantially 1.0

micron.
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15 stiffness. Fi gures 12a, 12b and 12c show that the RTE cat amar an

stiffness is generally |ower than the conventional catamaran_stiffness
for the above categories. The air bearing stiffness is decreased
because the cl earances of the air bearing surfaces a:mlllmum'ﬁ ﬂtmuhl gher
due to‘the reliefs at the traditionally - low clea t he
trailing edge. Pitch stiffness is %urt her reducéd y the' t r‘undat ed
air bearing |l ength, which offers a é orter lever armfor pressure
responses to act upon. 25 The net downward forces on the slider
due to

4. A slider according to any of claims 1 to 3, wherein the first and second relieved

trailing edge surfaces extend from the trailing edge toward the leading edge for a
distance that is substantially one twelfth to one quarter of a length of the slider, as
measured from the leading edge to the trailing edge of said slider.

5. A slider according to any of claims 1 to 4, wherein the first and second side rails

are each wider at the leading edge than at the trailing edge.

6. A slider according to any of claims 1 to 5, wherein the first and second side rails
include a leading edge taper.
7. A slider according to any of claims 1 to 6, comprising a cross rail (120)

extending between the first and second side rails and positioned closer to the leading
edge than to the trailing edge, said cross rail forming a sub ambient pressure region
which extends from the cross rail to the trailing edge, between the first and second side
rails.

8. A slider according to any of claims 1 to 7, comprising

a transducer mounting pad positioned on the slider body surface between the side
rails, said pad having a trailing edge surface which is raised from the slider body
surface, wherein

the transducer is mounted along the trailing edge surface of the transducer
mounting pad.

9. A slider according to claim 8, wherein the transducer mounting pad extends from

the trailing edge towards the leading edge by a distance substantiall _ thof
the slider. REPLACE@NT SHEET

2 9 OCT 1ne




subanbi ent pressurization are shown below in le I. The downwar d
forces on the relieved trailing edges are | hown er the RTE cat amaran
colum. These forces are rat her smal | co/ﬁklw I/t he oad force of
3.5 gmand 30 the conventional NPAB downwar ”
! [ .
| | il

10. A slider according to claim 8 or claim 9, wherein the trailing edge surface of the
transducer mounting pad lies within a plane defined by the air bearing surfaces.

11, A slider as claimed in any one of claims 1 to 7, in which the transducer is
mounted to the trailing edge of the slider body.

12, A slider as claimed in any one of the preceding claims, in which the transducer is
disposed centrally of the slider.




-17- ' VELOCI TY <~ RTE CONVENTI ONAL RTE m's

(IN/ S CATAVARAN NPAB >NPAB 5. 08 ( 200)
0.12 0.97 1.09 15.24 ( 600) 0.21
2.58 2.75 25.40 (1000) 0.25 3. 90
4.04 33.56 (1400) 0. 26 4.93 5.03

- |REPLACEMENT SHEET
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45. 72 (1800) 0.27 - 5.70 5.78

Al t hough the present .inventi on has been described with reference to
preferred enbodi nents, persons skilled in the art will recognise .that
changes may be made in formand detail w thout departing fromthe scope of
the present invention. For exanple, the trailing edge reliefs are not
limted to use with catanmaran-type or NBPAB-type air bearing surfaces, but
may be used with virtually any air beari®ng surface configuration.
Furthernore, reference is hereby nade to the applicatjqp of Robert E.

Chapin, entitled "Negative Pressure Air Bearing slid Rqi |
Ends", filed on the sane date as this application. REPL%EE@HH#f&ﬁ ET]
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CLAIMS 1. A slider (26,110) for supporting a transducer -(38, 124)
proximate a rotating disc (16), said slider conprisirng a slider body (26)

havi ng a | eadi ng edge (50, 112), a trailing

edge (52,114) and first and

second si de edges (54, 56); : a first side rail- (32) extending al ong
the first side edge having a first air bearing _

4

REPLACEMENT SHEET
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surface (74 which is raised fromthe slider body surface; a second
side rail (32) extending along the second side edge havin,ﬁth B

bearing surface (74) which is raised fromthe slider bodw‘w' ~w1w'w
a first relieved trailing edge surface (78) positioned w ’
side rail adjacent the trailing edge; . a second r
edge surface (78) positioned within tﬁe second side rai

. &8
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adj acent the trailing edge; characterised in that
relieved trailing edge surface is uniformy recessed

i nner edge of the first side rail to the outer. edge
and t hat the second relievéd trailing edge -0
recessed fromthe second air bearing surface but ira onlthe S|IdFr

body surface and extemja'cmomweuannvs YRIOOFTYhe second side Tait—+e the
out er edge CéSé e second side r
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2. A slider as clainmed in claim1, wherein the first and second relieved
trailkng edge surfaces are recessed by a depth of subst
1Q[err] to 5.0 x 10[err]. 3. A slider according to
wherei-n said depths are substantially 1.0 mcron.
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19 4. A slider according to any of clainms 1 to 3, whegsgin the i rst.
and second relieved trailing edge surfaces extend fromt Wi
toward the | eading edge for a
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di stance that is substantially one twelfth to one quarter of a |ength of
the slider, as neasured fromthe |eading edge to the trailing edge of said

sl i der. 5. A slider according to any of clains 1 to 4, wherein the
first and second side rails are each wider at thé | eading edge than at the
trailing edge. 6. A slider according to any of clainms 1 to 5, wherein

the first and second side rails

REPLACEMENT SHEET
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I ncl ude a | eadi ng edge taper. 7. A slider according to any of clains 1
to 6, conprising a cross rail (120) extending between the first and second
" side rails and positioned closer to the | eading edge than to the trailing
edge, said cross rail formng a sub anbient pressure region which extends
fromthe cross rail to the trailing edge, between the first and second side

rails. |
. -2- REPLACEMENT SHEET
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8. A slider according to any of clains 1 to 7, conprising a
.transducer nounting pad positioned on the slider body surface between the
side rails, said pad having a trailing edge surface which is raised from
the slider body surface, wherein the transducer is nounted al ong
the trailing edge surface of the transducer nounting pad.

e REPLACEMENT SHERT
100CT 1998

IEEEEEEEEEEEEEEEEE A
—— — ———— —Q — —re P P

FTT7T77TT77 IITrTlffI/III.III/IIIIIf//ITTff///llrr

o -7 - . —>



9. A slider accordi ng to claima8, wherein the transducer nounting pad
extends fromthe trailing edge towards the | eadi ng edge by a distance
substantially | ess than a | ength of

20
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10. A slider according to claim8 or claim9, wherein the trailing edge

surface of the transducer nounting pad lies within a

= |
air bearing surfaces. 11. A slider as clained in anm bAQJ_{i{éI ai s -%*

7, in which the transducer is nounted to the trailing gdde of the slider
body. 12. A slider as clainmed in any one of the prededi n§0OQCH 1886 i

whi ch the transducer is disposed centrally of the sliddgr.
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PITCH ANGLE, MICRO*RADIAN
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PITCH STIFENESS, IN-LB/RADIAN
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