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The invention relates to a negative pressure air
bearing slider for use in a magnetic head assembly of a
rotary disk drive.

Magnetic head assemblies that fly relative to a
rotating magnetic disk have been used extensively.
Typically, these heads comprise a slider upon whose
trailing end a transducer is mounted. Advantageously,
the design is such as to enable the magnetic transducer
to fly as close to the disk as possible, and the flying
height to be uniform regardless of variable flying
conditions, such as speed variation from inside track to
outside, seek operations, and skew caused by rotary
actuators. Flying height is viewed as one of the most
critical parameters of non-contact magnetic recording.

As disk drives become increasingly compact, rotary
actuators with short pivot arms are increasingly
employed. However, these actuators increase the
difficultly of flying height control because a rotary
actuator causes the geometric orientation between the
slider, which is fixed to the pivot arm, and the tangent
to the disk rotation to change as the actuator moves the
slider over the disk surface. A measure of this
orientation is given by the skew angle 14 as shown in
Figure 1, which is defined as the angle between the
slider’s longitudinal axis and the direction of the
disk’s tangential velocity. (The "wind" caused by disk
rotation is approximately parallel to this tangent).
With the trend towards more compact disk drive packages
for applications in smaller, more portable, equipment,
there is a need to use shorter actuator pivot arms and
thus create rather large skew angles.

However, conventional sliders are very sensitive
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rotary disk drive. Magneti c head assenblies that fly relative to a
rotating. magnetic di sk have been used, extensively. Typically, these heads
cofprise a slider upon whose trailing end a transducer i sfmotrted

Advant ageously, the design is such as to enable the nagn q}Fig cer ; to
fly as close to the disk as possible, and ﬁhe flying helg @N]
regardl ess of variable flying conditions, such as speed vari at Tom—-esmi

inside track to outside, seek operations, and skew caused by rotary

actuators. Flyifg diehdindfey/] e%@sw%ﬁ Rédéf‘&t&n§keﬁr bhiyiak Rarameters

of non-cont act nag%etlc recordi sk drives_ heCone increasingly
conpact, rotary® 9ﬁi§N4§9ﬁ§¢1€#RE? p?v%?n§$ﬂ§199éllﬁ&F@S§|ﬁgf}Ylng

height and roll angle (defined as the difference in
flying height between inside and outside rails of the

slider as shown in Figure 1b) are adversely influenced.
Increasing the skew angle at a fixed tangential
velocity causes the slider pressure distribution to

w

become distorted. This influences the net forces and
torque acting upon the slider and results in both
decreased flying height and increased roll. Because
transducers are located at the trailing edges of the

10

rails (as is conventional), roll affects transducer
performance because of greater flying height variations.

The effect of flying at a skew angle alsc extends
slider lift off thereby increasing wear, and exacerbates
the negative effects of a rapid seek movement. Further-
more, conventional sliders are very sensitive to disk
surface speeds. With linear actuation (i.e. the skew
angle as a constant 0 degrees), flying height is higher
at outer disk radii. While this may be alleviated
somewhat with optimised rotary actuator designs, the
flying height is still dependent upon disk speed.

A conventional "“zero load" or negative pressure
air bearing ("NPAB") slider can achieve a flying height
substantially independent of disk speeds. However, at
skewed conditions, the NPAB slider exhibits excessive
roll and average flying height loss because its down
stream rail receives little air from its negative
pressure cavity while at the same time its up stream
rail is receiving air at ambient pressure.

Thus, there is a need for a negative pressure air
bearing slider having a near constant, but low, flying
height when used in conjunction with short arm rotary
actuators and/or with high seek velocities wherein
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enpl oyed. However, these actuators increase the difficultly of flying

hei ght .control beca & Gedi RhPeln RLHAL O causes the geonetric orientation
et ween the slider, u%un&uﬂﬁuﬁ%o the pivot arm an t. to the
disk rotation to chan tor noves the slider' dj sk
surface. A neasure of [ on is given by the MGH&AT_&S

shown in Figure 1, which is defined as the angle between The StHde+—s-
| ongi tudi nal axis and the -direction of the disk's tangential velocity. (The
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skew angles. The slider also preferably achieves a rapid take off but can still fly low at

full speed.

It is the object of the present invention to provide a negative pressure air bearing

slider, which displays reduced skew angle effects.

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider, characterised in that the slider includes
means, formed in the negative pressure cavity and disposed near the trailing edge, for
producing an effective lift at low disc speeds but producing a less effective lift at high
disc speeds relative to the pressure in the negative pressure cavity.

The island preferably has a forward taper. It may be used to mount a centrally
positioned transducer.

The invention is described further, by way of example, with reference to
the accompanying drawings in which:

Figure 1a is a bottom plan view of a conventional H-shaped negative pressure air
bearing (NPAB) slider and an illustration of the angle defined to be skew angle;

Figure 1b is an illustration showing, in exaggerated form, roll for the
conventional NPAB slider under the influence of wind from the direction shown in
Figure la;

Figure 1c is a partial side plan view showing the conventional NPAB slider riding
on an air bearing above the disk surface;

Figures 2a to 2d are Mous views of an NPAB slider having isolation channels
according to the pl:esent invention;

Figures 3a to 3k are bottom plan views of alternative embodiments of the NPAB

slider according to the present invention having isolation channels;
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Figures 4a to 4f are bottom plan views of alternative embodiments of the NPAB

slider according to the present invention having a take off assist spoiler and either

isolation channels or a divided negative pressure cavity or both; and
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10 to 15 degree range, a conventional slider's flying height and roll angle
(defined.as the difference in flying hei ght between inside and outside
rails of the slider as shown in Figure 1b) are adversely i Qgimncedp
I ncreasing the skew angle at a fixed tangential velocity c fﬁ@#lder
pressure distribution to becone distorted._This influences ces

and torque acting upon the slider and resu?ts I n both decr &ased—ft+yrmy
hei ght and increased roll. Because transducers are |ocated at the tralllng

edges of the rails (ap ?a gnygn g,ogel %rergytts&f Bk ianaluee!

per f or mance because o0 er f vari atirons. The effect
of flying at a.%kb@rnmg @eaembo@xmenug Qfldbe NPAB sflfideire agiopridiayedsi ng

wear, and exacefjha!Sfesent invention having fast take off extended
front tapers and anterior pressure reduction channels.
Figure la is a bottom plan view of a conventional
H-shaped NPAB slider 10 flying into the wind at.an angle
8. The source of the wind is the rotation of the disk
surface below the slider, movement of the slider
relative to the surface by the disk drive’s actuator arm
10 (not shown) during a seek operation, and/or the wind
from the sweeping action across the rotating disk

surface.
The conventional NPAB slider 10 has two "high

pressure” rails 20 and 22 (each of which has a leading
taper 25, 27 respectively for funnelling air under the
rails), a cross rail 24, a negative pressure cavity 28,
and a leading cavity 26.

Wwith the wind impinging on the slider 10 as shown
in Figure la, the leading (or up stream) rail 22 remains
pressurised, but to a lesser extent then when the slider
10 is flying directly into the wind with a skew angle of
0 degrees, both because of the shortened rail length
relative to the direction of the wind and because of the
diminished effect of the forward tapers which act as
"scoops" to funnel air under the rails. As the negative
pressure cavity does not permit air to traverse
laterally to the trailing (or down stream) rail 20, much
less air reaches this rail for pressurisation. The net
result is that the leading rail 22 drops slightly, the
trailing rail drops even more and the entire slider 10
flys at a reduced height.

Figure 1b shows such slider reoll in great
exaggeration. Normally, the slider 10 will fly about 8
micro—-inches (0.2 mm) off the disk surface 11 with each
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the negative effects of a rapid seek novenent. Further- noregp—sehuantional
sliders are very sensitive to disk surface speeds. Wth |line Pﬁ
(i:e. the skew angle as a constant O degrees), flying height éﬁiﬂd

outer disk radii. Wiile this may be alleviated sonewhat w t h  OptTri-sed
rotary actuator designs, the flying height §s still dependent upon disk
speed. A conventional "zero |oad" or negative pressure air bearing

("NPAB") slider can achieve a flying height substantially independent of
g;igsgﬁsgdfblrbmey Z %%@gﬁggﬁg:gﬁgel8§§Q%€§§u? SII ?%% k?L;2n1rai
recei ves IittIesutfa¢eoh1;tsIﬁeghe|8élgeessmneloavmﬁﬁaﬂmwaatﬂ & ldd skane
time its up Stréﬁﬁ@ent is skewed (& > 0 degrees or 8 < 0 degrees), the
conventional slider rolls. A 2 micro-inch (0.05 mm)
difference in flying height between the trailing and
leading rails 20 and 22 is considered to be a large
roll.

In Figure 1b, H ROLL designates the difference in
flying height of the two rails 20 and 22, and H MIN
designates the flying height of the lowest rail (in this
case the rail 20). Significantly, when the slider 10
rolls, H MIN also decreases from its value when there is
zero roll. If H MIN decreases too much, not only is
transducer performance affected, but the head could
"crash'", causing catastrophic failure.

Figure 1lc is a partial side plan view of the
slider 10 flying close to the disk surface 11. As
stated above, typical flying heights are 8 micro-inches
(0.2 mm).

As shown, the conventional K-shaped slider 10 is
formed with the leading cavity 26, which is preferably
made deep, and which may be cut through the whole slider
body. This leading cavity 26 reduces the flying pitch
of the slider 10 and thereby the height to which it
would otherwise fly.

Just after the leading cavity 26 is the cross rail
(or cross bar) 24. The cross rail 24 is preferably
recessed slightly by about 40 micro-inches (0.1 mm) from
the level of the rails 20, 22. This prevents small
particles of debris from collecting in the leading
cavity 26. The recess of the cross rail 24 slightly
reduces the negative pressure effectiveness of the

wn
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negative pressure cavity 28. However, it alsoc allows
some air into the negative pressure cavity 28 on take
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rail is receiving air at anbient pressure. Thus, there is a need for
a negative pressure air bearing slider having a near constanf;

flying height when used in conjunction with short armrotary F;ft;fs
and/or with high seek velocities wherein o PU/\L_

7

off to reduce the negative pressure holding the slider
10 to the disk surface 11.

The use of the recessed cross rail 24 is optional.
It has been included as an example in several of the
embodiments that follow in the Figures. The importance
of a recessed cross rail is not a requirement for
obtaining the beneficial effects of the other features
described.

Typically, the negative pressure cavity 28 will be
a recess 350 micro-inches (8.89 mm) deep from the level
of the rails 20 and 22. The conventiocnal slider body is
typically 0.125 inches (3.18 mm) wide, 0.160 inches
(4.06 mm) long and 0.034 inches (0.86 mm) high. Leading
tapered edges 25 and 27 of the rails taper to a depth of
200 micro-inches (5.08 mm) from the level of the rails
20, 22. Each rail 20, 22 is approximately 0.026 inches
(0.66 mm) wide and the cavity 28 is 0.071 inches (1.8
mm) wide at the cross rail 24. Unless otherwise
mentioned, the dimensions of the sliders according to
the preferred embodiments of the present invention are
generally similar to the dimensions of the conventional
H-shaped NPAB slider 10 of Figures la to lc. It should
be noted that the slider dimensions can be scaled up or
down to achieve larger or smaller sliders with similar

10
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20

characteristics.

Figure 1lc also shows a feature which is not found
in the prior art: a step 29 in the cavity depth of the
cavity 28. This feature will be discussed in more
detail later.

The first embodiment of the present invention is
shown in Figures 2a to 2d. Isolation channels 30 and 32
extending from the forward edge of the slider to the
trailing edge are located adjacent to the inside of the
positive pressure rails 20 and 22 and provide a source
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-3- reading froma disk during the seek operation is continued for reading

track addresses, for exanple. Preferably, the slider will exhibit little
or no roll over a wide variation in skew angles. Exanples og—ﬁFlor ar i
negative pressure air bearing sliders can be found in EP-A- @ g%gg!AL
article in Research Disclosure Noverber 198p page 25946, US-Ac ndj

EP- A- 155756. However, none of the sliders disclosed provide features which
mnimse variations in the flying height.

of near ambient pressure air along their length. When
the slider is flying at a skew angle, the trailing rail
20 draws air from the channel 32 to pressurise and 1lift
the slider on the down stream side, thus reducing the
roll. Located between the channels 30 and 32 and the

w

? negative pressure cavity 28 are separating rails 22 and

20’, respectively.

Figure 2b is a detailed cross section showing the
rail 22, the isolation channel 30, the separating rail
22’ and the negative pressure cavity 28. The channels
30 and 32 are made relatively deep and wide, eg 0.004
inches by 0.004 inches (0.1 mm by 0.1 mm), in order to
provide as little pressure drop along their length as

10

possible. '

Figure 2c shows a similar cross section of the
rail 22, the isolation channel 30, the cavity 28 and the
isolation channel separating rail 22' separating the
isolation channel from the cavity. In the embodiment of
Figure 2c the edges of the rails include steps 21, 23
for easing the transition of air from a rail edge to the
rail itself. These optional edges are preferably
chamfered as shown in the embodiment of Figure 2d.
However, processing chamfered edges is difficult, while
steps can be formed from conventional processes such as
ion milling.

The inside step 23 eases the transition of air
from the channel 30 to the rail 22 when the channel is
"up stream” from the rail and aids in pressurisation
along the entire length of the rail. The step 21
similarly aids in pressurisation of the rail 22 along
30 its entire length when the step 21 is flying up stream

to the rail (into the wind). _
In Figure 2c, the rail 22 is 0.02 inches (0.51 mm)
wide, the channel 30 is 0.004 inches (0.1 mm) wide, and
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It is the object of the present invention to provide a negative pressure
air bearing slider, which displays reduced skew angl e ef fects.

According to the present i nvention, there is provided a ne essure
air bearing slider for a magnetic head of a rotary disc d ¢slider
conprising: two side rails; a cross rail;9% negative pres S?gaigslﬁy

di sposed between the side rails and betmeen the cross rai ailing

edge of the slider characterised in that said side rails extend the | engt h
of the slider, thhel isolattohhehshnd2rseparating rail 22’ is 0.002

inches (0.05 mm) wide. An important feature of the
isolation channel separating rail 22’ is that it has
sufficient width to isolate the cavity 28 from the
channel 30 but is not sufficiently wide to act as a rail
itself.

Figure 2d is a similar cross section of the rail
22 having an alternative relatively shallow isolation
channel 30’. Because of the shallow depth, the air
pressure along the channel 30’ increases above the
ambient pressure fore to aft. Unlike the deep channel
30 of Figure 2c (which has near ambient pressure along
its length), in Figure 24 the shallow channel air
pressure will be a complex function of flying speed and
skew angle as well as position (along its length).
Nevertheless, the shallow channel 30’ provides a similar
benefit of reducing roll and loss of flying height over
a range of skew angles.

Also, the isolation channel 30’ and steps or
chamfers may not necessarily have a constant width or
depth along their lengths. It should be noted also that
the negative pressure cavity 28 need not be a constant
depth. The cavity 28 may be stepped as at 29 in Figure
1c (which is not prior art) or tapered in a vafiety of
configurations to alter the negative pressure
characteristics. These variables can be manipulated by
the designer for a specific application to provide
custom flying performance.

In Figure 2d, the rail 22 is 0.02 inches (0.51 mm)
wide, the channel 30’ is 0.004 inches (0.1 mm) wide, and
the isolation channel separating rail 22’ is 0.002
inches (0.05 mm) wide. The depth of the channel 30’ is
approximately the same as the depth of the negative
pressure cavity 28, i.e. 350 micro-inches (8.89 mm) in
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I ncludes an island (40) having a forward edge (40') which is tapered, which
island is formed in the negative pressure cavity and di sposed near the
trailing edge thereby producing an effective lift at |ow ?hsc_speeds but
producing a less effective |ift at high disc speeds relatjtig§?gir§£e
pressure in the negative pressure cavity 1g The i sl an d to

nmount a centrally positioned transducer. The i nvent FomTs—edeset+i bed
further, by way of exanple, with reference to the acconpanying drawings in

whi ch: Ehﬂ“??e%eérie& emBRali BNt 2N ML URImfe PV HAPH dFshaped
negative pressure a

each approximately the same width as the channel 30/,

i.e. 0.004 inches (0.1 mm), and taper to a depth of

about 40 micro-inches {1.02 mm) in the preferred
embodiment.

Figures 3a to 3k show alternative arrangements for
the isolation channel. In Figure 3a, both the width of
the leading cavity 26 and the trailing portion of the
negative pressure cavity 28 are reduced, with corres- -
ponding increases in width for the leading tapers 25, 27
and trailing ends of the rails. This configurétion
provides for faster take off, but the large trailing
rail portions and smaller trailing negative cavity
portion reduce pitch and reduce the increase in flying
height at higher speeds.

In Figure 3b, the isolation channels 30 and 32 are
angled into and intersect the leading cavity 26. As the
skew angle increases, air flow into the channel 30 or 32

(93]

10

15

which is more aligned with the direction of motion
increases, while air flow into the other decreases. The
net result is that more air is available to pressurise
the trailing rail thus reducing roll.

In Figure 3¢, the leading cavity 26 is even
further reduced and the cross rail 24 is shaped like an
arrow head to enhance the funnelling effect of air into
the down stream iscolation channel. Moreover, the
increased frontal area provides greater lift, especially
on take off.

In Figure 3d, the size of the cross rail is
reduced from Figure 3c so that it is now "V" shaped and
the isolation channels 30 and 32 are widened to consume
the entire leading cavity or recess. This design
reduces over pressure at the leading edge during high
speed operation, increases the air flow into the down
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bearing (NPAB) slider and an illustration of the angle defined to be the
skew angl, e; Figure Ib is an illustration showng, in exaggerated
form roll for the conventional NPAB slider under the inf

from.the direction shown in Figure |a; Figure 1 c | Ei”ﬁim?@y S|de
pl an vi ew showi ng the conventional NPAB Sl&? riding on arin
above the di sk surface; Figures 2a"to 2d are vari o5 views of an
NPAB sl ider having isolation channels according to the present invention;

stream isolation channel and thus the skew compensation
and further increases the size of the negative pressure
cavity 28 for lower flying height.

Figure 3e is similar to Figure 3b. However, here
the entire cross rail 24 is recessed vertically.
Further, the isolation channels 30 and 32 are shallower,
and broader than the isolation channels shown in Figure
3b. Thus their capacities are increased so that the&
provide an adequate source of air in use to the
pressurised rails 20 and 22. Furthermore, the rails
include edge steps (or tapers) 21 and 21’ and 23 and 23’
to ease pressurisation at a skew angle as discussed
above. An important feature of this design is that the
negative pressure cavity 28 and the isolation channels
30 and 32 are approximately the same depth so that they
may be formed during a single ion milling step. As
well, the cross rail recesses 24 and edge steps 21, 21’
23 and 23’ are approximately the same depth so that they
may be formed during a single ion milling step.

In Figure 3e, the overall length and width of the
slider is 0.16 inches by 0.121 inches (4.06 mm by 3.07
mm). The outside edge steps 21 and 21’ are 0.004 inches
(0.1 mm) wide. The inside steps 23 and 23’ are 0.002
inches (0.05 mm) wide. The isolation channels 30 and 32
are 0.006 inches (0.15 mm) wide. The isolation channels
separating rails 20’ and 22’ are 0.002 inches (0.05 mm)
wide. The negative pressure cavity 28 at its forward
end is 0.066 inches (1.68 mm) wide, and at its trailing
end is 0.589 inches (14.96 mm) wide. The leading edge
taper 25, 27 is 0.014 inches (0.36 mm) wide. The length
and width of the leading cavity 26 are 0.589 inches by
0.031 inches (14.96 mm by 0.79 mm). The length of the
cross rail 24 at its leading edge is 0.04 inches (1.02
mm), its length at its trailing edge is 0.07 inches
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4 Figures 3a to 3k are bottom plan views of alternative enbodi nents

of isolation
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(1.78 mm) and its width is 0.013 inches (0.33 mm). The
distance from the leading edge to the first channel bend
is 0.07 inches (1.78 mm), and to the second bend is
0.125 inches (3.18 mm). The depth of the steps 21, 21',
23 and 23’ at the cross bar 24 recess is 0.04 inches
(1.02 mm).

Figure 3f is a design similar to that of Figure 34
with straight-angled isolation channels 30 and 32. The
straight-angled channels are provided by removing the
final outward bend therein. The longer angled inside
edge of the down stream rail is more effective in
pressurising the air supplied by the adjacent isolation
channel 30 or 32, thus improving the roll compensation
versus skew angle.

Figure 3g is a design similar to that of Figure 3f
with the addition of a vertical recess to the cross rail
24, steps 23 and 23' along the trailing portions of the
rails 22 and 20 respectively, and steps 21 and 21’ in
the outside edges of the rails. The steps further
improve the pressurisation of the down stream rail in
use. The recessing of the cross rail 24 reduces the
chance of debris collection at the cross rail 24 and
further aids in breaking the negative pressure cavity 28

10

15

20

vacuum at take off.

Figures 3h to 3j shows alternative isolation
channel arrangements designed to reduce the flying
height sensitivity of the flyer to increased disk speed.

In Figure 3h, the isolation channels 30 and 32 do
not extend the full length of the rails 20 and 22, but
instead terminate and communicate with the negative
pressure cavity 28. An increase in flying height at
higher speeds can be lessened by shorting the isolation
channel separating rails 20’ and 22’'. This allows

| greater inter-action of the positive and negative
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channel s of the NPAB slider according to the present invention;

Figures 4a to 4f are bottom plan views of alternative enbodi havi ng a
take off assist spoiler and either isolation channels or #%f ’
negative pressure cavity or both of the NPAB slider accord| 55 (Bépgg\L_

present invention; and Fi gures 5a tg 5f are bottom plaf—wsws of
al ternative enbodi nents having fast take dff ext ended fromtapers and

anterior pressure reductions channels of the NPAB slider according to the

present 'nvent'%@essure effects.

In Figure 3i, the isolation channel separating
rails 20’ and 22’- are widened at the trailing end of the
negative pressure cavity 28 to provide greater lift

there.

> In Figure 3j, an island 40 is formed in a.centre
region of the negative pressure cavity 28 adjacent the
trailing edge of the cavity. The island 40 is substan-
tially the same height as the rails 20 and 22. a

Lo tapered or stepped forward end 40’ increases pressuri-

sation of the island 40 in use. The island 40 improves

the flying characteristics of the slider by reducing

flying height variation.

Preferably, the slider has a near flat flying

profile between an inner and an outer radius of the

15 disk. 1In other words, the slider preferably flys at
substantially the same height above the disk surface 11
(shown in Figure 1lc) at the inner radius as it flys at
the outer radius. However, the velocity of the air
being dragged between the slider and the disk at the

20 inner radius is less than the velocity at the outer
radius. As a result, the positive pressure that builds
along the rails 20 and 22 is less at the inner radius
than at the outer radius, causing the slider to fly
lower at the inner radius than at the outer radius.

25 The island 40, however, reduces the effects on
flying height caused by changes in the air velocity. At
low speeds, the air travelling beneath the island 40
pressurises the island and produces lift at the trailing
edge of the slider. This lift increases the flying

30 height at the inner radius of the disk. At high speeds,

the effective pressure on the island 40 is diminished,

relative to the increasing effects of the negative

pressure cavity 28. Therefore, the island 40 has almost
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no effect on flying height at the outer radius of the
disk. The overall result is a flatter flying profile
between the inner radius and the outer radius of the
disk. The flying height variation is further reduced by
positioning the transducer on the island 40 since the
island is generally co-incident with the roll axis (not
shown) of the slider.

Figure 3k shows isolation channels 30 and 32
terminating generally adjacent to side rail break
points. At the break points, the side rails 20 and 22
begin to broaden towards the trailing edge of the
slider. The isolation channels 30 and 32 shown in
Figure 3k are shorter than those shown in Figure 3h and
allow for greater inter-action of the positive and
pressure effects for further decreasing flying height.

Figure 3k also shows the edge steps 21 and 21°’.
However, unlike Figure 3e, the steps 21 and 21’ do not
extend the full length of the rails 20 and 22 but
terminate generally adjacent to the side rail break
points. The terminated edge steps 21 and 21’ ease
pressurisation of the rails at a skew angle and provide
a large rail surface area near the trailing edge.
Increasing the rail surface area near the trailing edge
increases the pressure on the rails 20 and 22 during
flight. The increased pressure stablises the slider
flight and provides a constant flying height through
varying skew angles.

Figures 4a to 4f illustrate selective spoiling of
the negative pressure in cavity 28 both to shorten take
off and compensate for skew effects.

Figure 4a illustrates the basic spoiler concept.
Here, a circuitous spoiler channel 31 is formed in the
cross rail 24 to communicate air between the leading
cavity or recess 26 and the cavity 28. The spoiler
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5 Figure la is a bottom plan view of a conventiona

H shaped NPAB slider 10 flying into the wind at an angle [err] " The
source of the wind is the rotation of the disk sur f ag HSE ?g
slider, nmovenment of the slider relative to the surfad |sk
drive's actuator arm 10 (not shown) tiri ng a seek operation, and/ or
the w nd fromthe sweeping action across the rotating disk

surface. The conventional NPAB slider 10 has two "high
pressure” rail g h%%rﬁﬂi # é@&&@l&tsv@ixﬁmaﬁyatbeadteeeééed crokaPghr25, 27
respectively for tunnelling alr under gs Ils), a cross rail 24,

a negative pre§§UF@4§ﬁRQ$f§ﬁke off spee The a1r flow through the
spoiler channel 31 is proportional to the pressure

difference across the cross bar 24. The dimensions of
the spoiler channel 31 must be chosen so that there will
not be a large reduction in the negative pressure within
the cavity 28 at higher flying speed. Skew compensation
is provided by the isoclation channels 30 and 32 as

before.
Another variation of the negative pressure spoiler

is shown in Figure 4b. Here, the spoiler channel 31 is
split into two angled segments. The effect of these
angled channel segments increases when flying at

10

positive or negative skew angles. These spoiler
channels 31 help reduce the overall loss of flying
height when flying at skew angles. The isolation
channels 30 and 32 are angled into the leading cavity 26
and perform in a similar fashion to those described in

15

Figure 3b.
Figure 4c shows additionally a negative pressure

20 cavity divider bar 36 whose head 36’ is arrow shaped to
provide two angled spoiler channels 31’ and 31'° leading'
to negative pressure cavities 28’ and 28’' respectively.
The spoiler channels 31’ and 31’’ assists in breaking
negative pressure on take off, and the angles retard air
entry into the cavities 28’ and 28’’ at speed. However,
when the slider flys at a skew angle, one of the spoiler
channels will begin to line up with the direction of
motion and more air will enter the corresponding down
stream cavity, thereby reducing negative pressure
30 effects in that cavity. Correspondingly, the other

spoiler channel will become less aligned with the

direction of motion and less air will spoil the negative

pressure in the up stream or leading cavity thereby

25
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and a | eading cavity 26. Wth the wind inpinging on the

slider 30 as shown in Figure la, the |eading (or up g@gtream—Tail 22
remai ns 20 pressurised, but to a | esser extent then whe#cgﬁqjggﬂqq¢;!w
10 is flying directly into the wwnd with a skew angl e of egrees,
bot h because of the shortened rail length relative to the direction
of the wind and because of the di mlei shed effect of the forward
tapers which act as "scoops" to funnel air under the rails. As the
negative pressure cavity does not permt air to traverse

lateral ly to tHacreasing ¥t nrestite eRgssare ebfegtisn The overadd air
reaches this raidgdtGved ffadiurdtéePfectdowiel be approk&mdkbliysthlat the
| eading rail 22 drops sli htIy,Eﬁéma denc t%aégénglgggg %rogslivggt re
and the entire Saf&er FQyever, tendency o ¢ ro

the leading rail high will be lessened by the increased
negative pressure in the'leading cavity and the reduced
negative pressure trailing cavity.

Figure 4d shows another variation on the same
theme. Here, the divider path 36 is slightly shortened
and a leading triangular block 34 is added. The block
34 acts to reduce spoiling air flow into the cavities
28’ and 28’’ with no skew angle, to a greater extent
than the design of Figure 4c. The spoiler channels 31’

and 31’’ are now crossed. Air flows through the crossed

10

spoiler channels 31’ and 31‘’ in a generally constricted
manner as with the other spoiler channels. However,
when one of the channels becomes more aligned with the
direction of motion, the flow therethrough increases
while flow simultanecusly decreases in the other
channel. With better alignment, the overall flow
increases into the down stream negative pressure cavity
28’ or 28’’. With appropriate dimensions, the cross
spoiler channels 31’ and 31’’ can be made to function as
a fluidic type device whereby the differences in the
quantity of air flow to the divided cavities 28’ and
287’ can be greatly enhanced providing a greater amount
of slider roll compensation.

Figure 4e shows an alternative spoiler design.
Here, a choke 3la is employed which passes air at low
speeds but which causes air flow to approach a constant
at higher flying speeds when the speed of the air within
the choke 31la approaches sonic velocities. Thus, the
primary spoiling effect of air through the choke 31a
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the

15
20
25

30

eet Has Been Reilaced

"



flys at a reduced height.
exaggeration. Normally, the slider 10 will fly ahout 8 . ..
m cro-inches (0.2 mm off the disk surface 11 with each

gr eat

6

10

15

20

30

Figure | b shows such slider rol

17

negative pressure at much higher speeds.

Figure 4f shows an alternative spoiler channel
location when isoclation channels 30 and 32 are included.
The spoiler channel 31 may be located to communicate
through the isolation channel separating rails 22’ and
20’ between the negative pressure cavity 28 and' the
isolation channels 30 and 32. Here, the negative
pressure cavity is divided into two cavities 28’ and
28’'’ and the isolation channels 30 and 32 are inclined
into the leading cavity 26. At a skew angle, the
pressure in the down stream isolation channel increases,
thereby increasing the spoiling effect of the down
stream cavity. Thus, roll is decreased by having
relatively greater negative pressure in the up stream
cavity. This design has some similarities with the
design of Figure 4b. Here, the spoiler channels 31’ and
31’' are moved around to the sides and a divider bar 36
is added.

Figures 5a to 5g illustrate several variations of
a highly enlarged leading edge taper section 25, 27,
which increases 1lift to provide for shorter take off.
Each variation includes a pressure reduction channel 41
anterior to the cross rail both to reduce the over
pressure of the leading taper at speed and to maintain a
high degree of negative pressure in the cavity 28.

Figure 5a illustrates the basic concept. Broad
leading tapers 25, 27 are provided. Just after the
leading taper and anterior to the negative pressure
cavity 28, a pressure relief channel 41 is provided.
Preferably, this channel is open to ambient air pressure
to vent air flowing past the leading tapers 25, 27. 1In
Figure 5a, the vent is provided by a channel 40 leading
to the forward edge of the slider.

The pressure relief channel anterior to the
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rail 20, 22 about the sanme distance fromthe disk surface 11. If the
sliders notion relative to a disk tangent is skewed ([err] >r0-d£ﬂL§eS or
[err] < O degrees), the conventional slider rolls. A2 mcro Cjﬁ? 0 05 nn)
difference in flying height between the trailing and | eadi ng E

22 is considered to be a large roll. In Figure 1b, H R:Et-des#gnates
the difference in flying height of the twd&ails 20 and 22, and H M N
designates the flying height of the lowest rail (in this case the rail 20).
Significantly, when the slider 10 rolls, H MN al so decreases fromits

val ue when t hergedatiee opr@ssurefl chviki decpeaventisoaifugroopid ap by S
the leading taper from entering the negative pressure
cavity 28 to spoil the negative pressure. This results
in a slider that has good take off characteristics and
also low flying height. Further, it has been found to
have a relatively constant flying height versus' speed, a
desirable property, and a higher flying height at low
speeds than the conventional NPAB slider.

Figure 5b illustrates a variation which provides
two lateral access channels 40’ and 40’’ from the
leading edge of the slider to the anterior preésure
relief channel 41. Additional edge steps or tapers 42’
and 42’'’' communicating between the leading sections of
the rails 20 and 22 and the access channels 40’ and 40'’
act, in conjunction with the access channels, to provide
air to the leading portion of the down stream or inside
rail at a skew angle in use. The cross rail 24 is shown
recessed in this design. The effect is similar to a
limited isolation channel and may be particularly useful
for sliders having only small skew angle variations in

10

15

20 use.

Figure 5c illustrates a variation which provides
two lateral access channels 40’ and 40’’ from the
leading edge of the slider to the anterior pressure
relief channel 41. These access channels are in turn
connected to isolation channels 30 and 32. This design
provides a high degree of skew compensation with good
take off and flying height properties. ‘

Figure 54 illustrates a variation which provides
two lateral access channels 40’ and 40'’ communicating
30 between the pressure relief channel 41 and the side

edges of the slider. These channels are in turn
connected to the isolation channels 30 and 32. This
design provides pressure reduction along the entire

25
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transducer performance affected, but the head could "crash", causing

catastraqphic failure. Figure 1c is a partial side planfvirew-oft—the
slider 10 flying close to the disk surface 11. As stated aba '
flyi.-ng heights are 8 micro-inches (0.2 mm. As shown, QEIGINAL

conventional H shaped slider 10 is formed with the | eading cavity 26, wnrch
is preferably made deep, and which may bejgut through the whole slider
body. This | eading cavity 26 reduces the flying pitch of the slider 10 and

thereby the height to which it would otherw se fly. Just after the
| eadi ng cavity l2@dgth tdfe theodeading (taper cssctbibon 025) Thincludéngaih 24 is
preferably front of the rails 20 and 22 and cross rail 24. As

well, an optional spoiler channel 31 connects the
anterior pressure relief channel to the negative
pressure cavity 28 to assist in take off as described
above.

In this design, the frontal area of the leading
taper section 25 is maximised for fast take off while
the isolation channels provide skew compensation. The
presence of the pressure relief channel 41 in front of
the rails 20 and 22 reduces their effectiveness slightly
so that high speed over pressure from the large leading
taper section 25 is reduced.

Figure 5e shows another variation which connects

10

the anterior pressure relief channel 41 to ambient air
through the isolation channels 30 and 32. Here, the
area of the leading taper section 25 is again maximised
for fast take off, and skew compensation is provided by
the isolation channels 30 and 32. Pressurised air
flowing past the front taper section 25 enters the
pressure relief channel 41 and exits through the
isolation channels 30 and 32. At a skew angle, this air
tends preferably to flow into the down stream isolation
channel, which enhances skew compensation. This design
includes a recessed cross bar 24, which increases the

15

20

23 air flow in the isolation channels 30 and 32.

Pigure 5f shows another variation which provides a
single anterior pressure relief channel 41 spanning the
slider side edge to side edge. Air flowing past the
taper section 25 exits through this channel 41. How-
ever, rail edge tapers or steps 44’ and 44’’ connected
to the channel 41 help to pressurise the rail from this

30

source of air.
Figure 5g illustrates another variation very
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recessed slightly by about 40 mcro-inches (0.1 nm fromthe level of the
rails 20; 22. This prevents small particles of debris fromcollecting in

the | eading cavity 26. The recess of the cross rail 24 slightlfy reduces the
negative pressure effectiveness of the negative pressure cavifi)i%l(}]?d}\[_é

However, it also allows sone air into thejgegative pressure cavliy 23.0n
t ake

similar to that of Figure 3c. This configuration has
the anterior pressure relief channel 41 of Figure Sa
connected to the isolation channels 30 and 32. However,
the pressure relief channel 41 is angled or V-shaped so
that air will tend to flow to the down stream isolation
channel (30 or 32) enhancing skew compensation.-

At the trailing edge of the slider of Figure S5g,
the negative pressure cavity 28 bends into a channel 50,
which communicates with the side edges of the slider.
As well, isolation channels 30 and 32 have side vents
46’ and 46'’, respectively. The combination of the side
vents permits the transducer bearing portion 48 of the
head to be a solid rail, which gives more area for
transducer elements and eliminates the need to machine
off a portion of the transducer materials during
manufacture. This is important for certain machining
methods (e.g. laser machining) that cannot remove all of
the transducer materials effectively.

It will be appreciated that the described
isolation channels 30 and 32, anterior pressure relief
channel 41, leading edge tapers 25, 27, spoiler channels
31, cavity dividers 36, and other particulars herein
described, may be selectively combined in other ways to
produce an NPAB slider hav1ng optimum properties for a
given application.

N
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7 off to reduce the negative pressure holding the slider 10 to the disk

surface 11. The use of the recessed cross rail 24 is opt'onal I't has
been included as an exanple in several of the enbodinments tha _
the Figures. The inportance of a recessed cross rail is not a (B , er
for obtaining the beneficial effects of the other features de G§ ﬁ%!
Typically, the negative pressure cavity 28 wll be

21
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1. A negative pressure air bearing slider for a magnetic head of a rotary disc drive,

said slider comprising:

two side rails (20,22);

a cross rail (24);

a negative pressure cavity (28) disposed between the side rails and between the
cross rail and a trailing edge of the slider, characterised in that the slider includes

means (40; 20'; 22'), formed in the negative pressure cavity and disposed near
the trailing edge, for producing an effective lift at low disc speeds but producing a less

effective lift at high disc speeds relative to the pressure in the negative pressure cavity.

2. A negative pressure air bearing slider as claimed in claim 1, in which the lift

producing means comprises an island (40)..

3. A negative pressure air bearing slider as claimed in claim 2, in which the island

has a forward edge (40') which is tapered or stepped.

4, A negative pressure air bearing slider as claimed in claim 2 or 3, in which said

slider further comprises a transducer which is located on said island. |

5. A negative pressure air bearing slider as claimed in any one of the previous
claims, further comprising:

a pair of isolation channels (30,32) disposed between the negative pressure cavity
and the side rails; and

a pair of separating rails (20',22'), each separating rail bemg dlsposed between a

(NN IIIH lllll ll IIII

respective isolation channel and the negative pressure cavity.



a recess 350 micro-inches (8.89 mm) deep-fromthe level of the rails 20 and
22. The conventional slider body is tg/pl cal | y 0.125 inches (3.18 mm) wi de,
0. 160 inches (4.06 mm |ong and O. 034 [ '

@n Réplapad) hi gh,__Leadi ng
t apered edges 25 and 27 of the rails !‘ , Fh of Z&QCW | NnChes

(5.08 mm) fromthe level of the rails ai l ]?dj\L_
approximately 0.026 inches (0.66 M) w de and the Cavity 28—s Lnches
(1.8 m) wide at the cross rail 24. Unless otherw se nentioned, the

di rensions of the sliders according to thezpreferred enbodi nents of the
present invention are generally simlar to the dinensions of the
conventional H shaped NPAB slider 10 of Figures la to 1c. It should be
noted that the slider dinensions can be scal ed up or

6. A negative pressure air bearing slider as claimed in claim 5, in which said lift

producing means comprises said separating rails (20',22') which are widened at the
trailing edge.

7. A negative pressure air bearing slider as claimed in claim 5 or 6, in which the

isolation channels join at a leading cavity (26).

8. A negative pressure air bearing slider as claimed in any one of the previous
claims, in which said lift producing means has substantially the same height as the side
rails.

9. A negative pressure air bearing slider as claimed in any one of the previous
claims, in which the side rails have leading portions, central portions and trailing
portions and the leading and trailing portions are wider than the central portions.

\\I!\ll\ llll\\ |||\\ \\Iil \\ \ll\



down to achieve larger or smaller sliders with simlar characteristics.

Figure 1c-al so shows a feature which is not found in the prlor art—ast

29 in the cavity depth of the cavity 28. This feature wll e {ﬁ ?gﬁqu

nore detail later. The first enbodi nent of the present i nventi

shown in Figures 2a to 2d. Isolation channels 30 and 32 extending from

forward edge of the slider to the trailing2®dge are | ocated adjacent to the

i nside of the positive pressure rails 20 and 22 and provi de a source
ABSTRACT

NEGATIVE PRESSURE AIR BEARING SLIDER

The present invention provides a negative pressure' air bearing slider having two
side rails (20, 22), a cross rail (24), a negative pressure cavity (28), and characterised by
means (40; 20'; 22'), formed in the negative pressure cavity and disposed near the
trailing edge, for producing an effective lift at low disc speeds but producing a less

effective lift at high disc speeds relative to the pressure in the negative pressure cavity.

{Fig. 3]
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8 of near anbient pressure air along their |ength. W -t S
flying at a skew angle, the trailing rail 20 draws air f [ﬁ;ﬁﬂg@ggfl 32
to pressurise and lift the slider on the down stream si des +Ng

the roll. Located between the channels 30 and 32 and the uLe
cavity 28 are separating rails 22' and | ]fl_
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20", respectively. Figure 2b is a detailed cross section showi ng the
rail 22, the isolation channel 30, the separating rail 22' and the negative
pressure cavity 28. The channels 30 and 32 are made rel atively deep and

wi de, eg 0.004 inches by 0.004 inches (0.1 mmby 0.1 mm,rmrorter—
provide as little pressure drop along their length as po Jﬁgfiﬁﬁl-
Figure 2c shows a simlar cross section of the rail t

channel 30, the cavity 28 and the isolation channel separatlng rart 22
separating the isolation channel fromthe cavity. In the enbodi nent of
Figure 2c the edges of the rails include steps 21, 23 for easing the
transition of air froma rail edge to the
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rail itself. These optional edges are preferably chanfered gs_sho ™ t he
enbodi nent of Figure 2d. However, processing chanfered edge (DE?ﬂ(;[ wt,
whil e steps can be forned from conventional processes such i ing.
The inside step 23 eases the transition of air fromthe channel 30 to tﬁg
rail 22 when the channel is "up streanmt fromthe rail and aids in ;L

pressurisation along the entire length of the rail. The step 21 simlarly
aids in pressurisation of the rail 22 along its entire |l ength when the step
21 is flying up streamto the rail (into the w nd). In Figure 2c, the

rail 22 is 0.02 inches (0.51 nmm w de, the channel 30 is 0.004 inches (0.1
nm w de, and
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9 the isolation channel separating rail 22" is 0.002 inches (0.05 m

wi de. An inportant feature of the
' ORIGINAL ),
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i sol ation channel -separating rail 22' is that it has sufficient wdth to
isolate the cavity 28 fromthe channel 30 but is not suffi m‘to

act as arail itself. Fi gumhis Rdetitfas Beeh Repldcéd CrosSs s rq %p@L
rail 22 having an alternative rel jmnﬂmggmlgm i sol ati onLghann 5//01
I

Because of the shallow depth, the ong t he channel

I ncreases above the anbient press Unli ke the deep channel
30 of Figure 2c (which has near ambient pressure along its length), in
Figure 2d the shallow channel air pressure will be a conplex function of
flying speed and skew angle as well as position (along its |ength).

Nevert hel ess, the shall ow channel - 30" provides a simlar
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benefit of reducing roll and |oss of flying height over a range of skew
angl es. Al so, the isolation channel_30'_ _and steps dr_chanfers may not

necessarily have a constant width or depth al ong their Iel@ﬁs{dh\bﬁ&ul %
be noted al so that the negatlvmlslgﬁ&ﬂsasﬂeendhﬁ 28 need net—be—a—consta /ol

depth. The cavity 28 may be ste in Figure 1c (which is not
prior art) or tapered in a varim rations to alter the negative
pressure characteristics. These es can be mani pul ated by the
designer for a specific application to provide customflying perfornmance.
In Figure 2d, the rail 22 is 0.02 inches (0.51 mm w de, the channel 30' is

0.004 inches (0.1 mm w de, and

25
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t he isolation channel separating rail 22

The depth of the channel 30

negative pressure cavity 28,

10

I's 0.002 inches (0.05 nm w de.

I's approximtely the sane as the depth of the
i.e. 350 mcro-inches (8.89 mm _in

ORIGINAL /12
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the preferred enbodi nent. The chanfers 21 and 23 are each approximately the
sane width as the channel 30', i.e. 0.004 inches (0.1 mm), and taper to a
dept h of about 40 micro-inches (1.02 mm) in the preferred e i ment .

Figures 3a to 3k show alternative arrangenents for the isol at| d@rlNl

In Figure 3a, both the width of the |Ieading cavity 26 and th 5//2
portion of the negative pressure cavity 28 are reduced, with corres-

pondi ng increases in width for the |eading tapers 25, 27 and tral i ng ends
of the rails. This configuration provides for faster t 1egrﬂf

large trailing rail portions and smaller trailing negatfi ﬂ” ” ”,”i,’
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21’
/

20'—

w3




portion reduce pitch and reduce the increase in flying height at higher
speeds. In Figure 3b, the isolation channels 30 and 32 are angl ed

into and intersect the |eading causs$ ZﬁsB&ﬁ kew angl e |ncreases ~air
flow into the channel 30 or 32 Whl gned W|th th ORIGIN

notion increases, while air flom1| decreases i resuA%ﬂ/al
Is that nore air is available to pressurlse he trailing rall t hus reduci é
roll. In Figure 3c, the leading cavity 26 is even further reduced and
the cross rail 24 is shaped | i ke an arrow head to enhance the funnelling
effect of air into the down streamisol ation channel. Moreover, the

I ncreased frontal area provides greater lift, especially

|
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on take off. In Fi gure 3d, the size of the cross rail is reduced from
Figure 3c so that it is now "V' ghanediRBekn Fﬁcwol ation channel s 30 and 32

are wi dened to consune the enti re y Or reces Thi S de5| n
reduces over pressure at the Iead 'ig“lﬁﬂ g high spe%ﬁ =4
increases the air flowinto the d L -/0//&2
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streamisol ati on channel and thus the skew conpensati on and further

I ncreases the size of the negatl
hei ght . Figure 3e is S|ml
cross rail 24 is recessed vertical
and 32 are shall ower, and broader

adequate source of air in use to the
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<

pressurised rails 20 and 22. FurthernDre,
tapers) 21 and 21' and 23 and 23’
di‘scussed above.

pressure cavity 28 and the |solat|on
the sane depth so that they may be f

As wel |,

the cross rail

recesses 24

LQp is that |t

the rails include edge steps (or
to ease ‘pressurisation at

AnlnpmwantfeaUﬁ@S@hﬁQB&n

- as
nd 32 are

single io iaa?%aﬁgvy

21, 21' 23 and 23'

apprOX|nater t he sane depth so that they may be formed during a S|ngle i on

mlling step.

In Figure 3e,

t he overal l

| ength and wi dth of the

slider is 0.16 inches b

edge steps 212
and 23' are O

0 121 inches (4.06 mm by 3.07 nm. The outside
0.004 i nches (0.1 nm wi de.

The inside steps 23

d 21
O
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] BATSY 4 o=
i nches[(0.05 nm) wi.de. The isotatiof channels 30 and 32 are 0.006 inches
(0.15 hv?_Mﬁder.The_isokauh@mwﬂhannels separating réils 20' and 22'‘are"i:t .2
03002 ipches (0.05 mm) wi.depaaenedative pressure €avity 28 at its3forwaid?.
end is;0.066 inches .(1.68 gmgeai.de..fand at its trai¥ing end is O. 5d0 inched. %

(14.96:mm) wide. The |eadipg.gdge. tdper 2, 27 is 0014 inches (0.38 :mmy l.m

w de. Ihg:length andHMAdth of the Il gading cavity 26 are 0.589 inches by

0. 031 innches .(14: 96 mm-by =0~ . Ss rail;24m:pbfel t S
| eadi ng edge is 0.04 i nqu@sa ~IDER} I'i ng -edge-1s—
0. 07 inches

The invention relates to a negative pressure air
bearing slider for use in a magnetic head assembly of a
rotary disk drive.

Magnetic head assemblies that fly relative to a
rotating magnetic disk have been used extensively.
Typically, these heads comprise a slider upon whose
trailing end a transducer is mounted. Advantageously,
the design is such as to enable the magnetic transducer
to fly as close to the disk as possible, and the flying
height to be uniform regardless of variable flying
conditions, such as speed variation from inside track to
outside, seek operations, and skew caused by rotary
actuators. Flying height is viewed as one of the most
critical parameters of non-contact magnetic recording.

As disk drives become increasingly compact, rotary
actuators with short pivot arms are increasingly
employed. However, these actuators increase the
difficultly of flying height control because a rotary
actuator causes the geometric orientation between the
slider, which is fixed to the pivot arm, and the tangent
to the disk rotation to change as the actuator moves the
slider over the disk surface. A measure of this
orientation is given by the skew angle 14 as shown in
Figure 1, which is defined as the angle between the
slider’s longitudinal axis and the direction of the
disk’s tangential velocity. (The "wind" caused by disk
rotation is approximately parallel to this tangent).
With the trend towards more compact disk drive packages
for applications in smaller, more portable, equipment,
there is a need to use shorter actuator pivot arms and
thus create rather large skew angles.

However, conventional sliders are very'sensitive
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12 (1.78 mm and its width is 0.013 inches (0.33 mm). The distance from
the | eading edge to the first channel bend is 0.07 inches (1.78 nmm), and to
t he_second bend is 0.125 inches (3.18 nm). The depth of the steps 21, 21',
23 and 23" at the cross bar 24 recess is 0.04 inches - -

2

to skew angles. Even with moderate skew angles in the
10 to 15 degree range, a conventional slider’s flying
height and roll angle (defined as the difference in
flying height between inside and outside rails of the
slider as shown in Figure 1b) are adversely influenced.

Increasing the skew angle at a fixed tangential
velocity causes the slider pressure distribution to
become distorted. This influences the net forces and
torque acting upon the slider and results in both
decreased flying height and increased roll. Because
transducers are located at the trailing edges of the
rails (as is conventional), roll affects transducer
'performance because of greater flying height variations.

The effect of flying at a skew angle alsoc extends
slider 1ift off thereby increasing wear, and exacerbates
the negative effects of a rapid seek movement. Further-
more, conventional sliders are very sensitive to disk
surface speeds. With linear actuation (i.e. the skew
angle as a constant 0 degrees), flying height is higher
at outer disk radii. While this may be alleviated
somewhat with optimised rotary actuator designs, the
flying height is still dependent upon disk speed.

A conventional "zero load" or negative pressure
air bearing ("NPAB") slider can achieve a flying height
substantially independent of disk speeds. However, at
skewed conditions, the NPAB slider exhibits excessive
roll and average flying height loss because its down
stream rail receives little air from its negative
pressure cavity while at the same time its up stream
rail is receiving air at ambient pressure.

Thus, there is a need for a negative pressure air
bearing slider having a near constant, but low, flying
height when used in conjunction with short arm rotary
actuators and/or with high seek velocities wherein
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(1.02 mm. Figure 3f is a design simlar to that of

straight-angled isolation channels 30 and 32. The strai ght as et e a%ed
ate provided by renoving the final outward bend therein.
i nsi de edge of the down streamrail is norg effective in pr

air supplied by the adjacent i sol ati on channel 30 or 32, thus |nprOV|ng the

rol |l COWW“?&B[,-%‘{ i&'ﬁ% gﬁ%ﬁi&gie@ko mnonﬁéﬁhhﬂu@tﬂfdr%eﬁd:ﬂf%‘a@l?a&dr& gr to

that of Figure Ition o a vertical recess to the cross rail

24, steps 2grsdmpie. Pretadblyehd flitiel Will eRRIbtING 0P ho rble oveér & WidevaafatioR Qn
respectlvely, and steps 21 and 21" in the outside edges of the rails. The

steps furthgkew angles. The slider also preferably achieves a rapid take off but can still fly low at
full speed.

It is the object of the present invention to provide a negative pressure air bearing
slider, which displays reduced skew angle effects.

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider, characterised in that the slider includes
means, formed in the negative pressure cavity and disposed near the trailing edge, for
producing an effective lift at low disc speeds but producing a less effective lift at high
disc speeds relative to the pressure in the negative pressure cavity.

The island preferably has a forward taper. It may be used to mount a centrally
positioned transducer.

The invention is described further, by way of example, with reference to
the accompanying drawings in which:

Figure l1a is a bottom plan view of a conventional H-shaped negative pressure air
bearing (NPAB) slider and an illustration of the angle defined to be skew angle;

Figure 1b is an illustration showing, in exaggerated form, roll for the
conventional NPAB slider under the influence of wind from the direction shown in
Figure 1a;

Figure Ic is a partial side plan view showing the conventional NPAB slider riding
on an air bearing above the disk surface;

Figures 2a to 2d are various views of an NPAB slider having isolation channels
according to the pllesent invention;

Figures 3a to 3k are bottom plan views of alternative embodiments of the NPAB

slider according to the present invention having isolation channels;
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i nprove the pressurisation of the dowmn streamrail in use. The recessing of
the cross rail 24 reduces the chance of debris collection at the cross rail
24 and further aids in breaking the negative pressure cavity 28 vacuum at

take of f. Figures 3h to 3j shows alternative isolation channel
arrangenments designed to reduce the flying height sensitivity of the flyer
to increased di sk speed. . In Figure 3p, the isolation channels 30 and

32 do not extend the full length of the rails 20 and 22, but instead

termnate and COIRjiTesad o 4 iré Hoomslan views dirabifiative ealbolimeifls of the MPABase
in flying height at higher speeds can be | essened by shorting the isolation

channel sepaliddriaegonding 1© the present iA¥éntionhasingld taks off assist spoiler and either

isolation channels or a divided negative pressure cavity or both; and
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greater inter-action of the positive and negative -
13 pressure effects. In Figure 3i, the isolatioqhggﬁgﬂlese arat | ng
- as been

5 i

Figures 5a to 5f are bottom plan views of
alternative embodiments of the NPAB slider according to
the present invention having fast take off extended

front tapers and anterior pressure reduction channels.

Figqure la is a bottom plan view of a conventional
H-shaped NPAB slider 10 flying into the wind at.an angle
6. The source of the wind is the rotation of the disk
surface below the slider, movement of the slider
relative to the surface by the disk drive’s actuator arm
(not shown) during a seek operation, and/or the wind
from the sweeping action across the rotating disk
surface.

The conventional NPAB slider 10 has two "high
pressure” rails 20 and 22 (each of which has a leading
taper 25, 27 respectively for funnelling air under the
rails), a cross rail 24, a negative pressure cavity 28,
and a leading cavity 26.

With the wind impinging on the slider 10 as shown
in Figure l1a, the leading (or up stream) rail 22 remains
pressurised, but to a lesser extent then when the slider
10 is flying directly into the wind with a skew angle of
0 degrees, both because of the shortened rail length
relative to the direction of the wind and because of the
diminished effect of the forward tapers which act as
"scoops" to funnel air under the rails. As the negative
pressure cavity does not permit air to traverse
laterally to the trailing (or down stream) rail 20, much
less air reaches this rail for pressurisation. The net
result is that the leading rail 22 drops slightly, the
trailing rail drops even more and the entire slider 10
flys at a reduced height.

Figure 1b shows such slider roll in great
exaggeration. Normally, the slider 10 will fly about 8
micro-inches (0.2 mm) off the disk surface 11 with each
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rails 20" and 22'-are widened at the trailing end of the negative pressure
cavity 28 to provide greater |ift there. In Figure 3j, an island 40
i5 formed in a centre region of the negative pressure cavity 28 adjacent
the trailing edge of the cavity. The island 40 is substan- tially the same
height as the rails 20 and 22. A tapered oP stepped forward end 40

I ncreases pressuri- sation of the island 40 in use. The island 40 inproves
the flying characteristics of the slider by reducing flying height

vari ation. raiPrzd gr2pl gbotibe thlei damehadd stamze fram theidiskprofile

betveen an | et A0G 20Ut gt LAY U1 8k Gl JOLAIVL 49T Lu e
tangent is skewed (8 > 0 degrees or 6 < O degrees), the
conventional slider rolls. A 2 micro-inch (0.05 mm)
difference in flying height between the trailing and
leading rails 20 and 22 is considered to be a large
roll.

In Figure 1b, H ROLL designates the difference in
flying height of the two rails 20 and 22, and H MIN
designates the flying height of the lowest rail (in this
case the rail 20). Significantly, when the slider 10
rolls, H MIN also decreases from its value when there is
zero roll. If H MIN decreases too much, not only is
transducer performance affected, but the head could
"crash", causing catastrophic failure.

Figure lc is a partial side plan view of the
slider 10 flying close to the disk surface 11. As
stated above, typical flying heights are 8 micro-inches
(0.2 mm}.

As shown, the conventional H-shaped slider 10 is
formed with the leading cavity 26, which is preferably
made deep, and which may be cut through the whole slider
body. This leading cavity 26 reduces the flying pitch
of the slider 10 and thereby the height to which it
would otherwise fly.

Just after the leading cavity 26 is the cross rail
(or cross bar) 24. The cross rail 24 is preferably
recessed slightly by about 40 micro-inches (0.1 mm) from
the level of the rails 20, 22. This prevents small
particles of debris from collecting in the leading
cavity 26. The recess of the cross rail 24 slightly
reduces the negative pressure effectiveness of the
negative pressure cavity 28. However, it also allows
some air into the negative pressure cavity 28 on take
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substantially the same hei ght above the di sk surface 11 (shown in Figure
1c) at the inner radius as it flys at the outer radius. However, the
velocity of the air being dragged between the slider and the disk at the
inner radius is less than the velocity at the outer radius. As a result,
the positive pressure that builds along the rails 20 and 22 is less at the
I nner radius than at the outer radius, causing the slider to fly | ower at
the inner radius than at the outer radius. The island 40, however,

reduces the effege¢ts o filyin ei n E Qo E§ s ocity.
At IOM/speeds,o?%eigi?ep%%@bgpghégﬁk%eat ﬁ?ﬂ%¥?§ gnggggiggeggﬁ?$%é§6%he
i sl and and pro@iQcée Ithet ddisk issnfane iy edge of the slider. This lift

increases the flyingphe yse of the recessed cross rail 24 is optional.
It has been included as an example in several of the
embodiments that follow in the Figures. The importance
of a recessed cross rail is not a requirement for
obtaining the beneficial effects of the other features
described.

Typically, the negative pressure cavity 28 will be
a recess 350 micro-inches (8.89 mm) deep from the level
of the rails 20 and 22. The conventional slider body is
typically 0.125 inches (3.18 mm) wide, 0.160 inches
(4.06 mm) long and 0.034 inches (0.86 mm) high. Leading
tapered edges 25 and 27 of the rails taper to a depth of
200 micro-inches (5.08 mm) from the level of the rails
20, 22. Each rail 20, 22 is approximately 0.026 inches
(0.66 mm) wide and the cavity 28 is 0.071 inches (1.8
mm) wide at the cross rail 24. Unless otherwise
mentioned, the dimensions of the sliders according to
the preferred embodiments of the present invention are
generally similar to the dimensions of the conventional
H-shaped NPAB slider 10 of Figures la to 1lc. It should
be noted that the slider dimensions can be scaled up or
down to achieve larger or smaller sliders with similar
characteristics. _

Figure 1c also shows a feature which is not found
in the prior art: a step 29 in the cavity depth of the
cavity 28. This feature will be discussed in more
detail later.

The first embodiment of the present invention is
shown in Figures 2a to 2d. Isolation channels 30 and 32
extending from the forward edge of the slider to the
trailing edge are located adjacent to the inside of the
positive pressure rails 20 and 22 and provide a source
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hei ght at the inner radius of the disk. At high speeds, the effective
pressure on the island 40 is dimnished, relative to the increasing effects

g;_;he negative pressure cavity 28. Therefore, the island 40 has al nost

8

of near ambient pressure air along their length. When
the slider is flying at a skew angle, the trailing rail
20 draws air from the channel 32 to pressurise and lift
the slider on the down stream side, thus reducing the
roll. Located between the channels 30 and 32 and the
negative pressure cavity 28 are separating rails 22’ and
20’, respectively.

Figure 2b is a detailed cross section showing the
rail 22, the isolation channel 30, the separating rail
22’ and the negative pressure cavity 28. The channels
30 and 32 are made relatively deep and wide, eg 0.004
inches by 0.004 inches (0.1 mm by 0.1 mm), in order to
provide as little pressure drop along their length as
possible.

Figure 2c shows a similar cross section of the
rail 22, the isolation channel 30, the cavity 28 and the
isolation channel separating rail 22’ separating the
isolation channel from the cavity. In the embodiment of
Figure 2c the edges of the rails include steps 21, 23
for easing the transition of air from a rail edge to the
rail itself. These optional edges are preferably
chamfered as shown in the embodiment of Figure 2d.
However, processing chamfered edges is difficult, while
steps can be formed from conventional processes such as
ion milling.

The inside step 23 eases the transition of air
from the channel 30 to the rail 22 when the channel is
"up stream” from the rail and aids in pressurisation
along the entire length of the rail. The step 21
similarly aids in pressurisation of the rail 22 along
its entire length when the step 21 is flying up stream
to the rail (into the wind).

In Figure 2c, the rail 22 is 0:02 inches (0.51 mm)
wide, the channel 30 is 0.004 inches (0.1 mm) wide, and
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no effect on flying height at the outer radius of the disk. The overal

result is a flatter flying profile between the inner radius and the outer
radi us of the disk. The flying height variation is further reduced by

positioning the transducer on the island 40 since the island is generally
co-incident with the roll axis (not shown)_ of the slider. Fi gure 3k
shows isolation channels 30 -and 32 tern1naﬁ|ng general ly adjacent to side
rail break points. At the break points, the side rails 20 and 22 begin to

broaden towards, the tralllng dge of the slider | splatign_channels 30
and 32 shown i FPE ¢&P (iéiﬂq rs?9ﬁﬁﬁ?+ﬁger§ﬁ§m%§|nlﬁléuPQZSh and

al l ow for greatiachest e(rt}axst inRi) efidde [siimpereagt feature of the
isolation channel- separating rail 22’ is that it has
sufficient width to isolate the cavity 28 from the
channel 30 but is not sufficiently wide to act as a rail
itself.

Figure 2d is a similar cross section of the rail
22 having an alternative relatively shallow isoclation
channel 30’. Because of the shallow depth, the air
pressure along the channel 30’ increases above the
ambient pressure fore to aft. Unlike the deep channel
30 of Fiqure 2c (which has near ambient pressure along
its length), in Figure 24 the shallow channel air
pressure will be a complex function of flying speed and
skew angle as well as position (along its length).
Nevertheless, the shallow channel 30’ provides a similar
benefit of reducing roll and loss of flying height over
a range of skew angles.

Also, the isolation channel 30’ and steps or
chamfers may not necessarily have a constant width or
depth along their lengths. It should be noted also that
the negative pressure cavity 28 need not be a constant
depth. The cavity 28 may be stepped as at 29 in Figure
l1c (which is not prior art) or tapered in a variety of
confiqurations to alter the negative pressure
characteristics. These variables can be manipulated by
the designer for a specific application to provide
custom flying performance.

In Figure 2d, the rail 22 is 0.02 inches (0.51 mm)
wide, the channel 30’ is 0.004 inches (0.1 mm) wide, and
the isolation channel separating rail 22’ is 0.002
inches (0.05 mm) wide. The depth of the channel 30’ is
approximately the same as the depth of the negative
pressure cavity 28, i.e. 356 micro—inches (8.89 mm) in
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pressure effects for further decreasing flying height. Figure 3k al so
shows the edge steps 21 and 21'. However, unlike Figure 3e, the steps 21
and 21' do not extend the full length of the rails 20 and 22 but term nate
generally adjacent to the side rail break_ points. The term nated edge ‘steps
21 and 21' ease pressurisation of the rait? at a skew angl e and provide a

|l arge rail surface area near the trailing edge. Increasing the rail surface

area near the trailing edge increases the pressure_on the rails, 20 and 22
during fli ght.tlmePFﬁgFE'éf?édeB‘Pé’Qémeé‘tSta & %W%@i%%r%‘#i%%t%%d

lg_f ovi d654a Con%éﬁlt approRdmatealyt thier Gagte wadtimaskeve atpiasel 307,
'gures 4a to i.e[ E?%BZaE%ciiég tk%eﬁﬁ%?léﬂg)égper to a depth of
about 40 micro-inches (1.02 mm) in the preferred
embodiment.

Figures 3a to 3k show alternative arrangements for
the isolation channel. In Figure 3a, both the width of
the leading cavity 26 and the trailing portion of the
negative pressure cavity 28 are reduced, with corres-
ponding increases in width for the leading tapers 25, 27
and trailing ends of the rails. This configurétion
provides for faster take off, but the large trailing
rail portions and smaller trailing negative cavity
portion reduce pitch and reduce the increase in flying
height at higher speeds.

In Figure 3b, the isolation channels 30 and 32 are
angled into and intersect the leading cavity 26. As the
skew angle increases, air flow into the channel 30 or 32
which is more aligned with the direction of motion
increases, while air flow into the other decreases. The
net result is that more air is available to pressurise
the trailing rail thus reducing roll.

In Figure 3c, the leading cavity 26 is even
further reduced and the cross rail 24 is shaped like an
arrow head to enhance the funnelling effect of air into
the down stream isolation channel. Moreover, the
increased frontal area provides greater lift, especially
on take off.

In Figure 34, the size of the cross rail is
reduced from Figure 3c so that it is now "V" shaped and
the isolation channels 30 and 32 are widened to consume
the entire leading cavity or recess. This design
reduces over pressure at the leading edge during high
speed operation, increases the air flow into the down
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t he negative pressure in cavity 28 both to shorten take off and conpensate
for skew effects. Figure 4a illustrates the basic spoiler concept.
Here, a circuitous spoiler channel 31 is forned in the cross rail 24 to
communi cate air between the |leading cavity or recess 26 and the cavity 28.
The spoiler 11 '

stream isclation channel and thus the skew compensation
and further increases the size of the negative pressure
cavity 28 for lower flying height.

Figure 3e is similar to Figure 3b. However, here
the entire cross rail 24 is recessed vertically.
Further, the isolation channels 30 and 32 are shallower,
and broader than the isolation channels shown in Figure
3b. Thus their capacities are increased so that they
provide an adequate source of air in use to the
pressurised rails 20 and 22. Furthermore, the rails
include edge steps (or tapers) 21 and 21’ and 23 and 23’
to ease pressurisation at a skew angle as discussed
above. An important feature of this design is that the
negative pressure cavity 28 and the isolation channels
30 and 32 are approximately the same depth so that they
may be formed during a single ion milling step. As
well, the cross rail recesses 24 and edéé steps 21, 21°
23 and 23’ are approximately the same depth so that they
may be formed during a single ion milling step.

In Figure 3e, the overall length and width of the
slider is 0.16 inches by 0.121 inches (4.06 mm by 3.07
mm). The outside edge steps 21 and 21’ are 0.004 inches
(0.1 mm) wide. The inside steps 23 and 23’ are 0.002
inches (0.05 mm) wide. The isolation channels 30 and 32
are 0.006 inches (0.15 mm) wide. The isolation channels
separating rails 20’ and 22’ are 0.002 inches (0.05 mm)
wide. The negative pressure cavity 28 at its forward
end is 0.066 inches (1.68 mm) wide, and at its trailing
end is 0.589 inches (14.96 mm) wide. The leading edge
taper 25, 27 is 0.014 inches (0.36 mm) wide. The length
and width of the leading cavity 26 are 0.589 inches by
0.031 inches (14.96 mm by 0.79 mm). The length of the
cross rail 24 at its leading edge is 0.04 inches (1.02
mm), its length at its trailing edge is 0.07 inches
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15 channel 31 functions simlarly to a recessed cross bar in reducing
take of f speeds. The air flow through the spoiler channel 31 is
proportional to the pressure difference across the cross bar 24. The

di rensi ons of the spoiler channel 31 nust be chosen so that there will not
be a large reduction in the negative pressgure within the cavity 28 at

hi gher flying speed. Skew cenpensation is grovided by the isolation
channel s 30 and 32 as before. Anot her variation of the negative

pressure spoil eri sgSRgun iy R dih 17601 beiseRkL {0 BINRRY 31 The
distance from the leading edge to the first channel bend
is 0.07 inches (1.78 mm), and to the second bend is
0.125 inches (3.18 mm). The depth of the steps 21, 21’,
23 and 23’ at the cross bar 24 recess is 0.04 inches
(1.02 mm).

Figure 3f is a design similar to that of Figure 34
with straight-angled isolation channels 30 and 32. The
straight-angled channels are provided by removing the
final outward bend therein. The longer angled inside
edge of the down stream rail is more effective in
pressurising the air supplied by the adjacent isolation
channel 30 or 32, thus improving the roll compensation
versus skew angle.

Figure 3g is a design similar to that of Figure 3f
with the addition of a vertical recess to the cross rail
24, steps 23 and 23’ along the trailing portions of the
rails 22 and 20 respectively, and steps 21 and 21’ in
the outside edges of the rails. The steps further
improve the pressurisation of the down stream rail in
use. The recessing of the cross rail 24 reduces the
chance of debris collection at the cross rail 24 and
further aids in breaking the negative pressure cavity 28
vacuum at take off.

Figqures 3h to 3j shows alternative isolation
channel arrangements designed to reduce the flying
height sensitivity of the flyer to increased disk speed.

In Figure 3h, the isolation channels 30 and 32 do
not extend the full length of the rails 20 and 22, but
instead terminate and communicate with the negative
pressure cavity 28. An increase in flying height at
higher speeds can be lessened by shorting the isolation
channel separating rails 20’ and 22'. This allows
greater inter-action of the positive and negative
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split into two angl ed segnents. The effect of these angl ed channel segnents
I ncreases when flying at positive or negative skew angles. These spoil er
channel s 31 hel p reduce the overall |oss of flying height when flying at
skew angl es. The isolation channels 30 and 32 are angled into the | eading
cavity 26 and performin a simlar fashiops3to those described in Figure 3b.
Fi gure 4c shows additionally a negative pressure cavity divider bar 36
whose head 36' is arrow shaped to provide two angl ed spoiler channels 31
and 31'' | eadipgeésunegeffeetgressure cavities 28 and 28'' respectively.

The spoi ler channel s, 3le; gdeSTs A% SR8 1ab U Uldh O Wb Ea P SFo1r © O
rails 20’ and 22’- are widened at the trailing end of the
negative pressure cavity 28 to provide greater lift
there.

In Figure 3j, an island 40 is formed in a.centre
region of the negative pressure cavity 28 adjacent the
trailing edge of the cavity. The island 40 is substan-
tially the same height as the rails 20 and 22. A
tapered or stepped forward end 40’ increases pressuri-
sation of the island 40 in use. The island 40 improves
the flying characteristics of the slider by reducing
flying height variation.

Preferably, the slider has a near flat flying
profile between an inner and an outer radius of the
disk. 1In other words, the slider preferably flys at
substantially the same height above the disk surface 11
(shown in Figure 1ic) at the inner radius as it flys at
the outer radius. However, the velocity of the air
being dragged between the slider and the disk at the
inner radius is less than the velocity at the outer
radius. As a result, the positive pressure that builds
along the rails 20 and 22 is less at the inner radius
than at the outer radius, causing the slider to fly
lower at the inner radius than at the outer radius.

The island 40, however, reduces the effects on
flying height caused by changes in the air velocity. At
low speeds, the air travelling beneath the island 40
pressurises the island and produces- lift at the trailing
edge of the slider. This 1lift increases the flying
height at the inner radius of the disk. At high speeds,
the effective pressure on the island 40 is diminished,
relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has almost
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entry into the cavities 28 and 28 ' at speed. However, when the slider
flys at a skew angle, one of the spoiler channels will begin to line up
wth the direction of notion and nore air will enter the correspondi ng down
stream cavity, thereby reducing negativeipressure effects in that cavity.
Correspondingly, the other spoiler channel will becone less aligned with
the direction of notion and-less air will spoil the negative pressure in

the up streanqﬁg éffgéggoﬁa¥i§Xn5hﬁE§Eﬁt at the outer radius of the
disk. The overall result is a flatter flying profile
between the inner” radius and the outer radius of the
disk. The flying height variation is further reduced by
positioning the transducer on the island 40 since the
island is generally co-incident with the roll axis (not
shown) of the slider.

Figure 3k shows isolation channels 30 and 32
terminating generally adjacent to side rail break
points. At the break points, the side rails 20 and 22
begin to broaden towards the trailing edge of the
slider. The isolation channels 30 and 32 shown in
Figure 3k are shorter than those shown in Figure 3h and
allow for greater inter-action of the positive and
pressure effects for further decreasing flying height.

Figure 3k also shows the edge steps 21 and 21’.
However, unlike Figure 3e, the steps 21 and 21’ do not
extend the full length of the rails 20 and 22 but
terminate generally adjacent to the side rail break
points. The terminated edge steps 21 and 21’ ease
pressurisation of the rails at a skew angle and provide
a large rail surface area near the trailing edge.
Increasing the rail surface area near the trailing edge
increases the pressure on the rails 20 and 22 during
flight. The increased pressure stablises the slider
flight and provides a constant flying height through
varying skew angles.

Figures 4a to 4f illustrate selective spoiling of
the negative pressure in cavity 28 both to shorten take
off and compensate for skew effects.

Figure 4a illustrates the basic spoiler concept.
Here, a circuitous spoiler channel 31 is formed in the
cross rail 24 to communicate air between the leading
cavity or recess 26 and the cavity 28. The spoiler
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16 increasing its negative pressure effects. The overall negative

pressure effects will be approximtely the sanme. However, the tendency of
the slider toroll with the leading rail high will be | essened by the

i ncreased negative pressure in the |eading cavity and the reduced negative
pressure trailing cavity. Fi gure 4dishows anot her variation on the
sane :

channel 31 functions similarly to a recessed cross bar
in reducing take off speeds. The air flow through the
spoiler channel 31 is proportional to the pressure
difference across the cross bar 24. The dimensions of
the spoiler channel 31 must be chosen so that there will
not be a large reduction in the negative pressure within
the cavity 28 at higher flying speed. Skew compensation
is provided by the isolation channels 30 and 32 as
before.

Another variation of the negative pressure spoiler
is shown in Figure 4b. Here, the spoiler channel 31 is
split into two angled segments. The effect of these
angled channel segments increases when flying at
positive or negative skew angles. These spoiler
channels 31 help reduce the overall loss of flying
height when flying at skew angles. The isolation
channels 30 and 32 are angled into the leading cavity 26
and perform in a similar fashion to those described in
Figure 3b.

Figure 4c shows additionally a negative pressure
cavity divider bar 36 whose head 36’ is arrow shaped to
provide two angled spoiler channels 31’ and 31’'’ leading'
to negative pressure cavities 28’ and 28’'’ respectively.
The spoiler channels 31’ and 31’’ assists in breaking
negative pressure on take off, and the angles retard air
entry into the cavities 28’ and 28’’ at speed. However,
when the slider flys at a skew angle, one of the spoiler
channels will begin to line up with the direction of
motion and more air will enter the corresponding down
stream cavity, thereby reducing negative pressure
effects in that cavity. Correspondingly, the other
spoiler channel will become less aligned with the
direction of motion and less air will speil the negative
pressure in the up stream or leading cavity thereby
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theme. Here, the divider path 36 is slightly shortened and a | eading
triangular block 34 is added. The block 34 acts to reduce spoiling air flow
into the cavities 28" and 28'" with no skew angle, to a greater extent than
the design of Figure 4c. The spoiler channels 31' and 31'' are now crossed.
Air flows through the crossed spoiler chan s 31' and 31'' in a generally
constricted manner as with the other spoiler channels. However, when one of
t he channel s becones nore aligned with the direction of notion, the flow

t her et hrough i n§1§§93§§ x\gnhgsfhgplﬁ&_ggl P o HFHIRASES THe t&}pelcgfpr

channel. Wth b nment e ove ow I ncreases Iinto the down
stream negat i vmgge‘ssmepcassuyezsffgﬁtésmll\m apRFsHkRatel ¥ theisi ons,

the cross same. However, the tendency of the slider to roll with
the leading rail high will be lessened by the increased
negative pressure in the leading cavity and the reduced
negative pressure trailing cavity.

Figure 44 shows another variation on the same
theme. Here, the divider path 36 is slightly shortened
and a leading triangular block 34 is added. The block
34 acts to reduce spoiling air flow into the cavities
28’ and 28’’ with no skew angle, to a greater extent
than the design of Figure 4c. The spoiler channels 31’
and 31’' are now crossed. Air flows through the crossed
spoiler channels 31’ and 31’’ in a generally constricted
manner as with the other spoiler channels. However,
when one of the channels becomes more aligned with the
direction of motion, the flow therethrough increases
while flow simultaneously decreases in the other
channel. With better alignment, the overall flow
jncreases into the down stream negative pressure cavity
28’ or 28’’. With appropriate dimensions, the cross
spoiler channels 31’ and 31’’ can be made toc function as
a fluidic type device whereby the differences in the
quantity of air flow to the divided cavities 28’ and
28'’ can be greatly enhanced providing a greater amount
of slider roll compensation.

Figure 4e shows an alternative spoiler design.
Here, a choke 3la is employed which passes air at low
speeds but which causes air flow to approach a constant
at higher flying speeds when the speed of the air within
the choke 31a approaches sonic velocities. Thus, the
primary spoiling effect of air through the choke 31la
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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spoi l er channels 31' and 31'' can be nmade to function as a fluidic type
device whereby the differences in the quantity of air flow to the divided
cavities 28' and 28'' can be greatly enhanced providing a greater anmount of
slider roll conpensation. Figure 4e shows an alternative spoiler
design. Here, a choke 3la is enpl oyed mhicﬁ7passes air at | ow speeds but
whi ch causes air flow to approach a constant at higher flying speeds when
the speed of the air within the choke 3la approaches sonic velocities.
Thus, the primyegativid ipxesdfinetaofmach hbghaeghspeedshoke 3la occurs at

| ow speed. Thi's T Mpr Ques, 16 # Aol falf "41 LA TR SpBY 163VchlRRAT W thout

spoi ling the
location when isolation channels 30 and 32 are included.

The spoiler channel 31 may be located to communicate
through the isolation channel separating rails 22’ and
20’ between the negative pressure cavity 28 and the
isolation channels 30 and 32. Here, the negative
pressure cavity is divided into two cavities 28’ and
28’' and the isolation channels 30 and 32 are inclined
into the leading cavity 26. At a skew angle, the
pressure in the down stream isolation channel increases,
thereby increasing the spoiling effect of the down
stream cavity. Thus, roll is decreased by having
relatively greater negative pressure in the up stream
cavity. This design has some similarities with the
design of Figure 4b. Here, the spoiler channels 31’ and
31’’ are moved around to the sides and a divider bar 36
 is added.

Figures 5a to 5g illustrate several variations of
a highly enlarged leading edge taper section 25, 27,
which increases lift to provide for shorter take off.
Each variation includes a pressure reduction channel 41
anterior to the cross rail both to reduce the over
pressure of the leading taper at speed and to maintain a
high degree of negative pressure in the cavity 28.

Figure 5a illustrates the basic concept. Broad
leading tapers 25, 27 are provided. Just after the
leading taper and anterior to the negative pressure
cavity 28, a pressure relief channel 41 is provided.
Preferably, this channel is open to ambient air pressure
to vent air flowing past the leading tapers 25, 27. 1In
Figure 5a, the vent is provided by a channel 40 leading
to the forward edge of the slider.

The'pressure relief channel anterior to the
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17 negative pressure at much higher speeds. Fi gure 4f shows an
alternative spoiler channel |ocation when isolation channels 30 and 32 are
i ncl uded. The spoiler channel 31 nay be | ocated to comrunicate

18

negative pressure cavity 28 prevents air scooped up by
the leading taper from entering the negative pressure
cavity 28 to spoil the negative pressure. This results
in a slider that has good take off characteristics and
also low flying height. Further, it has been found to
have a relatively constant flying height versus speed, a
desirable property, and a higher flying height at low
speeds than the conventional NPAB slider.

Figure 5b illustrates a variation which provides
two lateral access channels 40’ and 40’’ from the
leading edge of the slider to the anterior preésure
relief channel 41. Additional edge steps or tapers 42’
and 42’’ communicating between the leading sections of
the rails 20 and 22 and the access channels 40’ and 40’’
act, in conjunction with the access channels, to provide
air to the leading portion of the down stream or inside
rail at a skew angle in use. The cross rail 24 is shown
recessed in this design. The effect is similar to a
limited isolation channel and may be particularly useful
for sliders having only small skew angle variations in
use.

Figure 5c illustrates a variation which provides
two lateral access channels 40’ and 40'’ from the
leading edge of the slider to the anterior pressure
relief channel 41. These access channels are in turn
connected to isolation channels 30 and 32. This design
provides a high degree of skew compensation with good
take off and flying height properties.

Figure 5d illustrates a variation which provides
two lateral access channels 40’ and 40°’ communicating
between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn
connected to the isolation channels 30 and 32. This
design provides pressure reduction along the entire
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through the isolation channel separating rails 22' and 20' between the
negative pressure cavity 28 and the isolation channels 30 and 32. Here, the
negative pressure cavity is divided into two cavities 28" and 28'' and the
i solation channels 30 and 32 are inclined into the |leading cavity 26. At a
skew angl e, the pressure in the down streami sol ati on channel increases,
thereby increasing the spoiling effect of j§e down stream cavity. Thus,

roll is decreased by having relatively greater negative pressure in the up
streamcavity. This design has sonme simlarities with the design of Figure
4b. Here, the spength ofathel 3edd@ingndtaper smotiomd® ) ovincledimg Emdes

and a divider bf{ogé B? %ﬂgegails 20 and 22 and cross rail 24. As
well, an optional spoiler channel 31 connects the
anterior pressure relief channel to the negative
pressure cavity 28 to assist in take off as described
above.

In this design, the frontal area of the leading
taper section 25 is maximised for fast take off while
the isolation channels provide skew compensation. The
presence of the pressure relief channel 41 in front of
the rails 20 and 22 reduces their effectiveness slightly
so that high speed over pressure from the large leading
taper section 25 is reduced. |

Figure S5e shows another variation which connects
the anterior pressure relief channel 41 to ambient air
through the isoclation channels 30 and 32. Here, the
area of the leading taper section 25 is again maximised
for fast take off, and skew compensation is provided by
the isolation channels 30 and 32. Pressurised air
flowing past the front taper section 25 enters the
pressure relief channel 41 and exits through the
ijsolation channels 30 and 32. At a skew angle, this air
tends preferably to flow into the down stream isolation
channel, which enhances skew compensation. This design
includes a recessed cross bar 24, which increases the
air flow in the isolation channels 30 and 32.

Figure Sf shows another variation which provides a
single anterior pressure relief channel 41 spanning the
slider side edge to side edge. Aair flowing past the
taper section 25 exits through this channel 41. How-
ever, rail edge tapers or steps 44’ and 44'’ connected
to the channel 41 help to pressurise the rail from this

source of air.
Figure 5g illustrates another variation very
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Figures 5a to 5g illustrate several variations of a highly enlarged | eadi ng
edge taper section 25, 27, which increases |ift to provide for shorter take
of f, Each variation includes a pressure reduction channel 41 anterior to
the cross rail both to reduce the over pressure of the |eading taper at
speed and to maintain a high degree of neg@dti ve pressure in the tavity 28.
Figure 5a illustrates the basic concept. Broad | eading tapers 25, 27 are
provi ded. Just after the |eading taper and anterior to the negative

pressure cavit)siab )b PESSER4E b2l FefueBaneel 4hilss donPidlacht fefirgabl y,
this channel is open to anbient air pressure to vent air Il own st the
| eadi ng t aper s B anteripoypressyye Fﬁi"?gnf:&’iaémﬁﬂmﬁ%dé’(f U@l%%]?‘;ﬁ]el 40
| eadi ng connected to the isolation channels 30 and 32. However,
the pressure relief channel 41 is angled or V-shaped so
that air will tend to flow to the down stream isolation
‘ chahnel (30 or 32) enhancing skew compensation.-

At the trailing edge of the slider of Figure 5g,
the negative pressure cavity 28 bends into a channel 50,
which communicates with the side edges of the slider. '
As well, isolation channels 30 and 32 have side vents
46' and 46'’, respectively. The combination of the side
vents permits the transducer bearing portion 48 of the
head to be a solid rail, which gives more area for
transducer elements and eliminates the need to machine
off a portion of the transducer materials during
manufacture. This is important for certain machining
methods (e.g. laser machining) that cannot remove all of
the transducer materials effectively.

It will be appreciated that the described
isolation channels 30 and 32, anterior pressure relief
channel 41, leading edge tapers 25, 27, spoiler channels
31, cavity dividers 36, and other particulars herein
described, may be selectively combined in other ways to
produce an NPAB slider having optimum properties for a
given application.
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to the forward edge of the slider. The pressure relief channel
anterior to the 18

. Il

Claims

1. A negative pressure air bearing slider for a magnetic head of a rotary disc drive,
said slider comprising:

two side rails (20,22);

a cross rail (24);

a negative pressure cavity (28) disposed between the side rails and between the
cross rail and a trailing edge of the slider, characterised in that the slider incluci'eﬁs’

means (40; 20'; 22'), formed in the negative pressure cavity and disposed near
the trailing edge, for producing an effective lift at low disc speeds but producing a less

effective lift at high disc speeds relative to the pressure in the negative pressure cavity.

2. A negative pressure air bearing slider as claimed in claim 1, in which the lift

producing means comprises an island (40).

3. A negative pressure air bearing slider as claimed in claim 2, in which the island

has a forward edge (40') which is tapered or stepped.

4, A negative pressure air bearing slider as claimed in claim 2 or 3, in which said

slider further comprises a transducer which is located on said island.

5. A negative pressure air bearing slider as claimed in any one of the previous
claims, further comprising:

a pair of isolation channels (30,32) disposed between the negative pressure cavity
and the side rails; and

a pair of separating rails (20',22"), each separating rail being disposed between a
respective isolation channel and the negative pressure cavity.
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negative pressure cavity 28 prevents air scooped up by the | eading taper
fromentering the negative pressure cavity 28 to spoil the negative
pressure. This results in a slider that has good take off cHhlkisSheet $§@n laced
and also low flying height. Further, it has been found to ha %i
constant flying height versus speed, a desirable property,

flying height at | ow speeds than the conventional NPAB slid Fi gure
5b illustrates a variation which provides tw |ateral access channels 40

and 40'' fromthe |eading edge of the slidér to the anterior pressure

relief channel 41. Additional edge steps or tapers 42' and 42

communi cati ng between the | eading sections of the rails 20 and 22 and the

access channels 40' and 40"' . . . . ) . o
6. A negative pressure air bearing slider as claimed in claim 5, in which said lift

producing means comprises said separating rails (20',22") which are widened at the

trailing edge.

7. A negative pressure air bearing slider as claimed in claim 5 or 6, in which the

isolation channels join at a leading cavity (26).

8. A negative pressure air bearing slider as claimed in any one of the previous
claims, in which said lift producing means has substantially the same height as the side
rails.

9. A negative pressure air bearing slider as claimed in any one of the previous
claims, in which the side rails have leading portions, central portions and trailing
portions and the leading and trailing portions are wider than the central portions.

| RNE O AR A This is the replacement sheet
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act, in conjunction with the access channels, to provide air to the |eading
portion of the down streamor inside rail at a skew angle in use. The cross
rail 24 is shown recessed in this design. The effect is simlar to a-
limted isolation channel and may be particularly useful for sliders having
only smal|l skew angle variations in use. Figure 5c illustrates a
variation which provides two |ateral acc@8s channels 40' and 40'' fromthe
| eadi ng edge of the slider to the anterior pressure relief channel 41.
These access channels are in turn conr&ABSFRACT i sol ati on channel s 30 and

32. This design provides a high degree of skew conpensation wi th good take
off and flying hei ght prNEGATEEE PRESSURE AIR B G SLIDER

The present invention provides a negative pressure. air bearing slider having two
side rails (20, 22), a cross rail (24), a negative pressure cavity (28), and characterised by
means (40; 20'; 22"), formed in the negative pressure cavity and disposed near the
trailing edge, for producing an effective lift at low disc speeds but producing a less

effective lift at high disc speeds relative to the pressure in the negative pressure cavity.

- Fig. 35’
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Figure 5d illustrates a variation which provides two |ateral access
channel s 40" and 40'' communi cating between the pressure relief channel 41
and the side edges of the slider. These channels are in turn connected to
the isolation channels 30 and 32. This design provides pressure reduction
along the entire
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19 | ength of the | eading taper section (25), including in front of the

rails 20 and 22 and cross rail 24. As well, an optional spoiler channel 31
connects the anterior pressure relief channel to the negative pressure
cavity 28 to assist in take off as described above. In this design, -

the frontal area of the |eading taper section 25 is maxim sed for fast take
off while the isolation channels provide skew conpensati on. The presence of
the pressure relief channel 41 in front of '

21

Q
Q
N Y
o .
T @)
L (B
199}
Q¥
o —%
199
N
aV|
o
N~ & g
N \ " o o
N \ /7 ] X
@ 2
N o)
N N g
< :;—’”' —T N
o n D
r : — ™
WA \
\
A ) \ ,
;C% 8 This is the replacement sheet

Date: 2 3 0CT 19%



the rails 20 and 22 reduces their effectiveness slightly so that high speed
over pressure fromthe |arge | eading taper section 25 is reduced.

Fifgure 5e shows anot her variation which connects the anterior pressure
relief channel 41 to anmbient air through the isolation channels 30 and 32.
Here, the area of the | eading taper section 25 is again nmaximsed for fast
take off, and skew conpensation is provideg by the isolation channels 30
and 32. Pressurised air flowing past the front taper section 25 enters the
pressure relief channel 41 and exits through the isolation channels 30 and
32. At a skew angle, this air tends preferably to flowinto the down stream
i sol ati on channel, which_enhances skew conpensation Thisg si gn

~—
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N

{

Fig. 2d

23

This is the replacement sheet

Date: £ 3 0CT 1996



I ncl udes a recessed cross bar 24, which increases the air flowin the

I sol ati on channel s 30 and 32. Fi gure 5f shows anot her variation which
provi des a single anterior pressure relief channel 41 spanning the slider
side edge to side edge. Air flow ng past the taper section 25 exits through
this channel 41. How ever, rail edge tapers or steps 44" and 44

connected to the channel 41-help to presgurise the rail fromthis source of
air. Figure 5g illustrates another variation very

/ ./f/\
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20 simlar to that of Figure 3c. This configuration has the anterior
pressure relief channel 41 of Figure 5a connected to the isolation channels
30 and 32. However, the pressure relief channel 41 is angled or V-shaped so
that air will tend to flowto the down streamisolation channel (30 or 32)
enhanci ng skew conpensati on. At the trailing edge of the slider of

Fi gure b5g, : -2 -
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t he negative pressure cavity 28 bends into a channel 50, which communi cates
with the side edges of the slider. As well, isolation channels 30 and 32
have side vents 46' and 46'', respectively. The conbi nati on of the side
vents permts the transducer bearing portion 48 of the head to be a solid
rail, which gives nore area for transducer elenents and elim nates the need
to machine off a portion of -‘the transduéer materials during manufacture.
This is inportant for certain nmachining nmethods (e.g. |aser machining) that
cannot renove all of the traqggycer materials e cti %%y. It wll be-
appreci ated that the describe ol at i 2 8 32, anterior
pressure relief channel 41, | ____gE?}Ier channel s
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31, cavity dividers 36, and other particulars herein described, nay be

sel ectively conbined in other ways to produce an NPAB slider h;ivi ng opti mum

properties for a given application.
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-21- dains 1. A negative pressure air bearing slider for a nmagnetic
head of a rotary disc drive, said slider conprising: two side
rails (20, 22); a cross rail (24);

_8_

21’\ ya v\ /21

20 _/ Fig. 3k
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a negative pressure cavity (28) disposed between the side rails and between
the cross rail and a trailing edge of the slider, characterised in that
said side rails extend the |l ength of the slider, and in that the
slider includes an island (40) having a forward edge (40") which is
tapered, which island is forned in the negative pressure cavity and

di sposed near the trailing -edge thereby_ @deUC|ng an effective lift at |ow
di sc speeds but producing a less effectivé |ift at high disc speeds
relative to the pressure in the negative pressure cavity.
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2. A negative pressure air bearing slider as clainmed in claiml, in
whi ch said slider further conprises a transducer which is | ocated on sai d:

i sl and. 3. A negative pressure air bearing slider as clainmed in any
one of the previous clainms, further conprising: a pair of

I sol ati on channel s (30,32) disposed between the negative pressure cavity
and the side rails; and : - 10 -

2
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a pair of separating rails (20",22"),

whi ch the isol ation

each separating rail being di sposed
between a respective isolation channel and the negative pressure cavity.
4. A negative pressure air bearing slider as claimed in claim3, in

-— 11 -
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channels join at a | eading cavity (26).

25 40" 41 4o
L\ |
I 42"
f N
427 o
T 24
28
V4
Ve
20 Fig. 5b 22
25 400 41 31 40"
| / / \
\/, [/
/ VA
7 f
24
28
32 (( 30

20 20’[ Fig. 5d \22' 22

" This is the replacement sheet

Date: 2 3 OCT 1996



-22- 5. A negative pressure air bearing slider as clainmed in any one
of the previous clains, in which the island (40) has substantially the
: A negative pressure air bearing
slider as clained in any one of the previous clains,

sanme height as the side rails.
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which the side rails have |eading portions, central, portions and traifing#*
portions and the | eading and trailing portions aré’ wi der than the3 ce’*nt"-‘f'-ialuf A
porti ons. : ‘

3-
i E‘. - ET B]‘lﬁ

for example. Preferably, the slider will exhibit little or no roll over a wide variation in
skew angles. Examples of prior art negative pressure air bearing sliders can be found in
EP-A-277414, an article in Research Disclosure November 1985 page 25946, US-A-
4605977 and EP-A-155756. However, none of the sliders disclosed provide features
which minimise variations in the flying height.

It is the object of the present invention to provide a negative pressure air bearing
slider, which displays reduced skew angle effects.

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider
characterised in that said side rails extend the length of the slider, and in that the slider

includes an island (40) having a forward edge (40') which is tapered, which island is

formed in the negative pressure cavity and disposed near the trailing edge thereby
producing an effective lift at low disc speeds but producing a less effective lift at high
disc speeds relative to the pressure in the negative pressure cavity

The island may be used to mount a centrally positioned transducer.

The invention is described further, by way of example, with reference to the
accompanying drawings in which:

Figure la is a bottom plan view of a conventional H-shaped negative pressure air
bearing (NPAB) slider and an illustration of the angle defined to be the skew angle;

Figure 1b is an illustration showing, in exaggerated form, roll for the conventional
NPAB slider under the influence of wind from the direction shown in Figure 1a;

Figure 1c is a partial side plan view showing the conventional NPAB slider riding
on an air bearing above the disk surface;

Figures 2a to 2d are various views of an NPAB slider having isolation channels

according to the present invention;
. ‘ This is the replacement sheet
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Figures 3a to 3k are bottom plan views of alternative embodiments of isolation
channels of the NPAB slider according to the present invention;

Figures 4a to 4f are bottom plan views of alternative embodiments having a take
off assist spoiler and either isolation channels or a dividéd negative pressure cavity or
both of the NPAB slider according to the present invention; and

Figures 5a to 5f are bottom plan views of alternative embodiments having fast
take off extended from tapers and anterior pressure reductions channels of the NPAB

slider according to the present invention.

This is the repiécemem sheet

Date: ? 3 AUG ?999



10

15

20

25

30

Figure la is a bottom plan view of a conventional
H-shaped NPAB slider 10 flying into the wind at.an angle
8. The source of the wind is the rotation of the disk
surface below the slider, movement of the slider
relative to the surface by the disk drive’s actuator arm
(not shown) during a seek operation, and/or the wind
from the sweeping action across the rotating disk
surface.

The conventional NPAB slider 10 has two "high
pressure” rails 20 and 22 (each of which has a leading
taper 25, 27 respectively for funnelling air under the
rails), a cross rail 24, a negative pressure cavity 28,
and a leading cavity 26..

With the wind impinging on the slider 10 as shown
in Figure la, the leading (or up stream) rail 22 remains
pressurised, but to a lesser extent then when the slider
10 is flying directly into the wind with a skew angle of
0 degrees, both because of the shortened rail length
relative to the direction of the wind and because of the
diminished effect of the forward tapers which act as
"scoops" to funnel air under the rails. As the negative
pressure cavity does not permit air to traverse .
laterally to the trailing (or down stream) rail 20, much
less air reaches this rail for pressurisatidn. The net
result is that the leading rail 22 drops slightly, the
trailing rail drops even more and the entire slider 10
flys at a reduced height.

Figure 1b shows such slider roll in great
exaggeration. Normally, the slider 10 will fly about 8
micro—inches (0.2 mm) off the disk surface 11 with each
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Claims

1. A negative pressure air bearing slider for a magnetic head of a rotary disc drive, said
slider comprising:

two side rails (20,22);

a cross rail (24);

a negative pressure cavity (28) disposed between the side rails and between the cross
rail and a trailing edge of the slider, characterised in that

said side rails extend the length of the slider,

and in that the slider includes an island (40) having a forward edge (40") which is
tapered, which island is formed in the negative pressure cavity and disposed near the trailing
edge thereby producing an effective lift at low disc speeds but producing a less effective lift at

high disc speeds relative to the pressure in the negative pressure cavity.

2. A negative pressure air bearing slider as claimed in claim 1, in which said slider

further comprises a transducer which is located on said island.

3. A negative pressure air bearing slider as claimed in any one of the previous claims,
further comprising:

a pair of isolation channels (30,32) disposed between the negative pressure cavity and
the side rails; and

a pair of separating rails (20',22"), each separating rail being disposed between a

respective isolation channel and the negative pressure cavity.

4. A negative pressure air bearing slider as claimed in claim 3, in which the isolation

channels join at a leading cavity (26). This is the replacement sheet
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5. A negative pressure air bearing slider as claimed in any one of the previous claims, in

which the island (40) has substantially the same height as the side rails.

6. A negative pressure air bearing slider as claimed in any one of the previous claims, in
which the side rails have leading portions, central portions and trailing portions and the

leading and trailing portions are wider than the central portions.
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