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1 NEGATI VE PRESSURE Al R BEARI NG SLI DER The invention relates to a negative
prgssure air bearing sllder for use in a magnetic head assenbly of a rotary
di Sk drive. Magnetic head ‘assenmblies that fly relative to a rotating
magneti c di sk have been used extensively. Typically, these heads conprise a
slider upon whose trailing end a transduger is nounted. Advantageously, the
design is such as to enable the magnetic transducer to fly as

- NEGATIVE PRESSURE AJR BEARING SLIDER

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. A@vantageously,

10 the design is such as to enable the magnetic transducer .
to fly as close to the disk as possible, and the flying 4
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

- eritical 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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cl ose !Egthe di sk as possible, and the flying height to be uniform
regardl ess 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 nost critical paraneters
of non-contact magnetic recordi ng. An exadmpl e of such assenblies can be
found in US-A-3855625. As disk drives becone increasingly conpact, rotary
actuators with short pivot arms_are increasingly enployed. However, these
actuators i ncreeaskewh@nglies culEXehWithingderateiskemtanglescinsthe rotary

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 also extends
slider 1lift 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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actuator'%duses the geonetric orientation between the slider, which is
fixed to the pivot arm and the tangent to the disk rotation to change as
t he actuator noves the slider over the disk surface. A neasure 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 3ongitudinal axis and the
direction of the disk's tangential velocity. (The "wi nd" caused by di sk

rotation is approx%ﬁrnatgfly paléaa in]f %gﬁ%ségng;gﬁ)qutg.teaeitﬁlr)end t owar ds
nmore conpact dirsadind iRt 0 i i | PPSFAFLER, re
portabl e, equi EBHYinddiErfor sreading traciccaddpesses actont exapplet arns and

thus preferably, the slider will exhibit little or no roll
over a wide variation in 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 having
two side rails, a cross rail, and a negative pressure
cavity, which comprises a vented cavity arranged between
the side rails so as to trail the cross rail in use, and
characterised by a pair of isolation channels disposed
between the negative pressure cavity and the side rails.

In one form of the invention described below,
isolation channels situated on the inside of "catamaran"
rails of the slider, adjacent the negative pressure
cavity, provide air to the down stream rail when the
slider is skewed, which increases the pressure at this
rail and thereby decreases slider roll.

Preferably, the isolation channels comprise
recesses adjacent the side rails having substantially
the same depth as the negative pressure cavity.

Each isolation channel may be separated from the
negative pressure cavity by a respective separating:
rail. In one embodiment, the separating rails terminate
prior to a trailing edge of the negative pressure
cavity. In another embodiment, the separating rails
each widen towards a trailing edge of the negative
pressure cavity. ‘

Advantageously, edges of the side rails adjacent
the isolation channels are formed so as to ease
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creat e‘FI—a'rge skew angl es. However, conventional sliders are very
sensiti¥e to skew angles. Even with noderate skew angles in the 10 to 15
defree 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 adversd y infl uenced.

transition of air from the respective isolation channel
to the associated side rail when the slider is flying at
a skew angle and the isolation channel is up stream of
the side rail. For example, the edges of the side rails
made by chamfered. Alternatively, they may be formed
with steps therein.

As a result, an air "scoop" is provided when a
side rail is sliding at a skew angle and is down stream
from an isolation channel. The additional air aids

' in pressurisation of the down stream rail.

Additionally, the other edges of the side rails
may be similarly chamfered or stepped to provide .the
same effect when a rail is sliding at a skew angle with
its up stream edge into the "wind". Increasing
pressurisation at both the up stream and down stream
side rail at a skew angle lessens the reduction in
overall flying height caused by skew flying.

The use of isolation channels causes the NPAB
slider to have greater sensitivity to flying speed
because of the reduced inter-action of the positive and
negative pressure effects. The increase in flying
height at higher disk surface speeds can be lessened
either by shortening or by widening the isclation
channel separating rail near the trailing edge of the
flyer.

Further improvement may also be provided by a
centrally positioned island located at the trailing edge
of the negative pressure cavity.

According to a further aspect of the invention,
therefore, there is provided a negative pressure air
bearing slider having two side rails, a cross rail, and
a negative pressure cavity, which comprises a vented
cavity arranged between the side rails so as to trail
the cross rail in use, and characterised by an island
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Wyv angle at a fixed-tangential velocity causes the slider

distribution to becone distorted. This influences the net forces

and torque acting upon the slider and results in both decreased flying

hei ght and increased roll. Because transducers are |ocated at the trailing
edges of the rails (as is conventional), ¥oll affects transducer
performance because of greater flying helght variations. The effect of
flying at a skem/angle al so extends slide ft off thereb |30£ea5|ng

wear ,

formed in a centre region o the negative press

cavity adjacent a trailing edge thereof.
The island preferably has a forward taper. It may

d to mount a centrally positioned transducer.
The loss of flying height at a skew angle may be
further lessened by partially spoiling the negative
pressure in the negative pressure cavity in response to

be use

the skew angle.
Therefore, according to another aspect of the

present invention, there is provided a negative pressure
air bearing slider having two side rails, a cross rail,
and a negative pressure cavity, which comprises a vented
cavity arranged between the side rails so as to trail
the cross rail in use, and characterised by spoiler
means formed in said cross rail for communicating air
forward of the cross rail to the negative pressure
cavity.

In one embodiment, the spoiler means comprise
choke or channel means in the cross rail.

For example, the spoiler means may comprise a
labyrinthine channel, or a pair of angled channels, or a
pair of intersecting channels arranged in the form of a
cross. In the latter two instances, air flow into the
negative pressure cavity increases with skew angle as
the channels increasingly align with the direction of
slider motion or wind direction.

when the spoiler means comprise a pair of
channels, then the negative pressure cavity is prefer-
ably divided by a divider bar into two sections, with
each channel communicating with a respective one of the
sections. This greatly reduces negative pressure
effects in the down stream cavity section, thereby
raising the down stream side of the slider and reducing

roll.
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and exa’ﬁrbates the negative effects of a rapid seek novenent. Furthernore,
conventional sliders are very sensitive to disk surface speeds. Wth |inear
actuation (i.e. the skew angle as a constant 0O degrees), flying height is
hi gher at outer disk radii. Wiile this may be alleviated sonmewhat with
optim sed rotary actuator designs, the fibying height is still dependent
upon di sk speed. A conventional "zero |oad" or negative pressure air
bearing ("NPAB") slider can achi eve a_flying height substantiallf,

i ndependent of di skrapeetiakeHofifvBay be Premidesomy tingreagipg lift

at the forward edge of the slider and spoiling negative
pressure at low speeds. The forward lift may be
provided by extending the area of a forward taper
surface of the slider. However, without compensation, a
large forward taper causes the slider to fly too high at
speed and further is far too responsive to speed
variation from inside to outside disk tracks. Compen-
sation may be provided by a pressure reduction channel
behind the leading taper and in front of the negative
pressure cavity cross rails. This "anterior" pressure
reduction channel reduces and flattens the response
curve of overall flying height versus speed but still
provides a faster take off than conventional designs.

Therefore, according to still another aspect of

- the present invention, there is provided a negative
pressure air bearing slider having two side rails, a
cross rail, and a negative pressure cavity, which
comprises a vented cavity arranged between the side
rails so as to trail the cross rail in use, and
characterised by a leading edge taper spanning a
substantial proportion of the width of the slider, and a
pressure relief channel arranged between the leading
edge taper and the negative pressure cavity.

Preferably, at least one communicating channel
leads from the pressure relief channel to a leading edge
of the slider. Alternatively, however, a pair of

. communicating channels may lead from the pressure relief
channel to side edges of the slider.

In one embodiment, a low speed, negative pressure
spoiler provides communication between the pressure
relief channel and the negative pressure cavity. The
spoiler may be either a choke gap or a resistive flow
channel in the cross rail. At low speeds, air traverses
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NPAB sl |W excessive roll and average flying height |oss because
Its down ‘'streamrail receives |little air fromits negative pressure cavity
while at the sane tinme its up streamrail is receiving air at anbient

pressure. Thus, there is a need for a neggtive pressure air bearing slider

having a near constant, but low, flying height when used in conjunction
with short armrotary actuators and/or with high seek velocities wherein

{rack addr essoshef choBR-AE CHABRBLG ATy L MRS SMERSFIRAN SBNES . TF 1 e or
no roll over d,egative pressure. However, at high speeds the spoiler’s
capacity limitations have a significantly reduced effect
on negative pressure.

Advantageously, each of the side rails includes a
jeading taper section adjacent the pressure relief
channel, or the associated communicating channels.
Further, the pressure relief channel may communicate
with the isolation channels. For example, the pressure
relief channel may be angled, having a leading apex near
the centre of the slider, whereby when the slider is
flying at a skew angle air tends to flow more into the
pressure relief channel portion which is located down
stream and from thence into an associated one of the
isolation channels.

In a still further aspect, the present invention
provides a negative pressure air bearing slider having a
leading edge, a trailing edge, two side rails having
outer edges, a cross rail, and negative pressure cavity
comprising a vented cavity trailing the cross rail
between the side rails, and characterised by a pair of
isclation channels disposed between the negative
pressure cavity and the side rails, and a chamfer on
each of the outer edges of the side rails and extending
from the leading edge of the slider, a chamfer termi-
nating prior to the trailing edge for stabilising the
slider during flight and maintaining substantially
constant flying height at skewed angles.

In a still further aspect of the present
invention, there is provided a negative pressure air
bearing slider having a leading edge, a trailing edge,
two side rails having outer edges, a cross rail, and a
negative pressure cavity comprising a vented cavity
trailing the cross rail between the side rails, and
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w de vaH-'!o'r'f in skew angl es. The slider also preferably achieves a rapid
take of i but can still fly low at full speed. 31t is the object of the
présent .invention to provide a negative pressure air bearing slider,

8

characterised by a break point on the side rails, the
gide rails broadening from the break point towards the
trailing edge and reducing the vented cavity width near
the trailing edge, and a pair of isolation channels
disposed between the negative pressure cavity and the
side rails, the isolation channels being formed with
jsolation channels separating rails disposed between the
respective isolation channels and the pressure cavity,
the isolation channels separating rails terminating
generally adjacent to the break point of the side rails.

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 1a;

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

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

Figures 3a to 3k are bottom plan views of
alternative embodiments of the NPAB slider according to
the present invention having isolation channels;

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

ot Has Been Replaced

'- R



whi ch di =1 educed skew angle effects. According to the present

I nventio here is a negative pressure air bearing slider for a magnetic
head of a rotary disc drive, said slider conprising: two side rails; a
cross rail: a negative pressure cavity di sposed between the side*rails and

between the cross rail and a trailing edg® of the slider:

Figures 5a to Sf 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.

Figure la is a bottom plan view of a conventional
H-shaped NPAB slider 10 flying into the wind at an angle
9. 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 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. Nbrmally, the slider 10 will fly about 8
micro-inches (0.2 mm) off the disk surface 11 with each

This Sheet Has Been Repl

HIIIIH llllll i




»

a | eadi no\M _ aper spanning a substantial portion of the wdth of the
slider, c acterised in that the slider includes, a pressure relief
channel which is open to anbient air pressure and is arranged between the

| eadi ng edge taper and the negative pressure cavity extending generally
transversely to said side rails. Preffereggenbodi nents of the invention are

set out in the dependent cl ains.

22 about the same distance from the disk
gurface 11. 1f the sliders motion relative to a disk
tangent is skewed (8 > 0 degrees or & < 0 degrees), the
conventional slider rolls. A 2 micro-inch (0.05 mm)
difference in flying height between the trailing and
jeading rails 20 and 22 is considered to be a large

rai]_ 20,

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 rai; (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
t*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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4 The id!%ntion i s described further by way of exanple, with reference to
t he acconpanying drawings in which: Figure la is a bottomplan view of a
conventi onal H shaped negative pressure air bearing

11

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.
1t 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 ic. 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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(NPAB) sl ®an illustration of thé“angle defined to be skew angl e:

Figure 1b an illustration showi ng, in exaggerated form roll for the
conventi o®al NPAB slider under the influence of wind fromthe direction
shown in Figure la; Figure 1c is a partial side plan view show ng the

conventional NPAB slider riding on an air I#earing above a di sk surface:
Figures 2a to 2d are various views of an NPAB slider having isolation

channel s Figures 3a to 3k are bottom pl an vi%ws of . t he
NPAB sl i der 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 isglation 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 24.
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 (intc 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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“channel s: Figures 4a to 4f are bottom plan views of
er having a take off assist spoiler and either isolation
a divided negative pressure cavity or both: and
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having is
t he NPAB
chdannel s

solation channel separating rail 22’ is 0.002

the 15 (0.05 mm) wide. An important feature of the

:::tlon channel separating rail 22’ is that it has
;sz1c1ent 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 2¢ (which has near ambient pressure along
ijts length), in Figure 2d 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
penefit 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 variety 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 isoclation 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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5 Figure
NPAB sl i d
ext'ended

is a botta&m plan view of a conventi onal
the wind at an angle

ont tapers and anterior pressure reduction channels.
Fifhaped NPAB slider 10 flying into

ccordlng to the present invention having fast take off

he preferred empbodiment. The chamfers 21 and 23 are
: each approxlmatelY the same width as the channel 30',
Le. 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 jsolation 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 conflguratlon
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 isclation 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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[err]. e of the wind is the rotation of the disk surface bel ow the

slider, ment of the slider relative to the surface by the disk drive's
actuat or ¥garm (not shown) during a seek operation, and/or the wind fromthe

sweepi ng action across the rotating disk surface. The conventional NPAB
slider 10 has two "high 15

n channel and thus the skew compensation
4 furt s the size of the negative pressure

> iy 28 for lower flying height.

v YFigure j3e is similar to Figure 3b. However, here

e cross rail 24 is recessed vertically.

the isolation channels 30 and 32 are shallower,

stream isolatio
her increase

the entir

Further,
and broader than the isolation channels shown in Figure

3p. Thus their capacities are increased so that they

provide an adequate source of air in use to the
pressurised rails 20 and 22. Furthermore, thelrails
jnclude 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 isoclation channels
30 and 32 are approximately the same depth so that they
may be formed during a single ion milling step. Aas
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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s 20 andhéam%each of which has a | eading taper 25, 27

pressur
respectiggely for funnelling air under the rails), a cross rail 24, a
negati vefpressure cavity 28, and a | eading cavity 26. Wth the w nd

inpinging on the slider 10 as shown in Figure la, the leading (or up
stream) rail 22 remains pressurised, butlGo a | esser extent then when the

sl i der
(1.78 mm) and its width is 0.013 inches (0.33 mm). The
gistance from the leading edge to the first channel bend
4s 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’,
53 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 3d
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.

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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'Tectly into the wind with a skew angl e of O degrees, both

10 is fl

because T he shortened rail length relative to the direction of the wind
and becadlse of the dimnished effect of the forward tapers which act as
"scoops” *to funnel air under the rails. t he negative pressure cavity
does not permt air to traverse laterally“to the trailing (or down streamn

rail 20, nuch

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

223

there-
Iin 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 OT 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. In other words, the slider preferably flys at
substantially the same height above the disk 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 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 lift 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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- L e : : :
>this rail for pressurisation. The net result is that the
2 drops slightly, the trailing rail drops even nore and the
entire sl r 10 flys at a reduced height. Figure | b shows such slider rol
in great xaggeration. Normally, the slider 10 will fly about 8
mcro-inches (0 .2 [err]m) off the diskl8urface 11 with each

| ess ai
| eading r

o,

, effect on flying height at the outer radius of the
the overall result is a flatter flying profile
petween the inner radius and the outer radius of the
gisk- the flying height variation is further reduced by
ositioning the transducer on the island 40 since the

nd is generally co-incident with the roll axis (not

d15k

isla
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
pegin to broaden towards the trailing edge of the
glider. 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 spoillng 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

This Sheet Has Been Reilaced

"  (IWAREE




about the sane distance fromthe disk surface 11. If the
lon relative to a disk tangent is skewed ([err] > O degrees or
degrees), the

6 rail
sliders
[err] <

19

channel 31 functions similarly to a recessed cross bar
in reducing take off speeds. The air flow through the
spoiler channel 31 is proporticnal to the pressure
gifference 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
pefore.

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'' 1eading'
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 spoil the negative
pressure in the up stream or leading cavity thereby
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vw‘:'der rolls. A2 micro-inch (0.05[err]m) difference
flying hgmt between the trailing and leading rails 20 and 22 is

consider@ to be a large roll. In Figure 1b, H ROLL designates the
differenge in flying height of the two rails 20 and 22, and H M N

designatgs the flying height of the lowe0 rail (in this

conventi

in

increasing its negative pressure effects. The overall

qegative pressure effects will be approximately the

game-.

However, the tendency of the slider to roll with

¢he leading rail high will be lessened by the increased

negative pressure trailing cavity.

Figure 44 shows another variation on the same

theme.

jve pressure in the leading cavity and the reduced

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

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

28’’’ can be greatly enhanced providing a greater amount

of slider roll compensation.
Figure 4e shows an alternative spoiler design.

Here, a choke 31a 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 31a
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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case tr;erajl 20). Significantly, when the slider 10 rolls, HMN al so
decreases fromits value when there is zero roll. If HMN decreases too
much, not only is transducer perfornmance affected, but the head could
"crash"; causing catastrophic failure. Figure 1c is a partial side plan
view of- the slider 10 flying close to ti disk surface 11. As

negative pressure at much higher speeds.

Figure 4f shows an alternative spoiler channel
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 1ift 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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st at ed
shown,
cavity
whol e s
slider

typical flying heights are 8 mcro-inches (0.2 [err]nm). As

~conventional H shaped slider 10 is forned with the | eading
which is preferably nmade deep, and which may be cut through the
der body. This leading cavity 26 reduces the flying pitch of the
and t hereby the height to which2it

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 isclation 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
between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn
connected to the isclation channels 30 and 32. This
design provides pressure reduction along the entire
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woul d o
cross b
40 m cr
prevent
26. The

|
1
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se fly. Just after the leading cavity 26 is the cross rail (or

~24. The cross rail 24 is preferably recessed slightly by about
A nches (0.1[err]m) fromthe level of the rails 20, 22. This
smal | particles of debris fromcollecting in the |eading cavity

ecess of the cross rail 24 slid@8ly

1ength of the leading taper section (25), including in
gront of the rails 20 and 22 and cross rail 24. As
qell, an optional spoiler channel 31 connects the
pressure relief channel to the negative

anterior
cavity 28 to assist in take off as described

pressure

apove. )
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
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
air flow in the isolation channels 30 and 32.

FPigure Sf 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

source of air.
Figure 5g illustrates another variation very

fhiﬁliiilfemllﬁm




reduces

28. Howeyer ,
EPLACENVENT SHEET

on take

fie negative pressure effectiveness of the negative pressure cavity

it also allows sone air into the negative pressure cavity 28

24

similar 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 flow to the down stream isolation
channel (30 or 32) enhancing skew compensation.

At the trailing edge of the slider of Figure 5gq,
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 sidg 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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7 off reduce the negative pressure holding the slider 10 to the disk (E)
surfacg 11. Recessing cross rail 24 fromside rails 20, 22 is optional. |
has bedn included as an exanple in several of the enmbodiments that follow

in theffigures. The inportance of recessing cross rail 24 is not a

requi rgnent for obtaining the benefi ci aB3effects of the other features —

descri Bed. However, the cross rail and side rails nust b '
slider.i Typically, the negative pressure_cavity 28 wll Fﬂﬂmﬁmﬂﬂﬁl lili
m cro-inches (8.89[err]m CLAIMS P A -

1. A negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by a pair of isolation
channels (30, 32) disposed between the negative pressure
cavity and the side rails.

! 2. A slider according to claim 1 characterised in
that the isolation channels extend rearwardly from a
leading edge of the slider.

3. A slider according to claim 1 characterised in
that the isolation channels communicate with a leading

3 cavity (26) of the slider adjacent a leading edge of the

slider.

4, A slider according to claim 3 characterised in

that the isolation channels converge towards the leading

cavity.

5. A slider according to claim 3 or 4 characterised

in that the isolation channels each widen in the

direction of the leading cavity.

6. A slider according to claim 1 characterised in

that the isolation channels communciate with a pressure

relief channel {41), which is arranged between an edge
taper (25) at a leading edge of the slider and the
negative pressure cavity.

7. A slider according to any preceding claim

characterised in that the isolation channels extend to a

trailing edge of the slider. _

; 8. A slider according to any of claims 1 to 6 characterised

§ in that the isolation channels communicate at rear ends

thereof with the negative pressure cavity.

——
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¥he level of the rails 20 and 22. The conventional slider body is
~0.125 inches (3.18 mm) w de, 0.160 inches (4.06 mm—I| ahg- and --- -

deep fr
typi cal |

0.034 irghes (0.86 mm high. Leading tapered edges 25 and 27 of the rails
taper tgfa depth of 200 micro-inches (5.08 [err]m froniﬁ ﬂﬂ Hu Hﬂluﬂn
rails 2 22. Each rail 20, 22 is approxi¥@tely 0.026 i : 1 de
and the cavity 28 is 0.071 inches (1.8 mm) wide at the cross rail 24, *

Unl ess

herw se nentgﬁged, t he diensions of the sliders according to the
preferrdd enb@di ment's Brideke ng kR ARHPhrelaR bt Sinilar to the

di mensi dns of characterddddrial that the isolation channels communicate
with the negative pressure cavity by way of spoiler
means (31’, 31'’).
10. A slider according to any of claims 1 to 6
characterised in that the negative pressure cavity
communicates with a vent channel (50), which extends
between side edges of the slider, and in that the
isolation channels extend to the side edges adjacent the
; vent channel.
’ 11. A slider according to any preceding claim
characterised in that a respective separating rail

(20', 22’') is disposed between each isolation channel and
the negative pressure cavity.
12. A negative pressure air bearing slider having two
- gide rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by an island (40) formed
in a centre region of the negative pressure cavity
' adjacent a trailing edge thereof.
13. A negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by spoiler means (31)
formed in said cross rail for communicating air forward
of the cross rail to the negative pressure cavity.
14. A negative pressure air bearing slider having two
side rails (20, 22), a cross rail {24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by a leading edge taper
(25) spanning a substantial proportion of the width of
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shaped
slider
sl’i der
i s not
28. Thi
Fi gure
edge of
of the

AB slider 10 of Figures la to 1lc. It should be neted that the
i mensi ons can be scaled up or down to achieve Ia&aer or small er

with simlar characteristics. Figure lc also sho lﬂl"mmummmm

ound in the prior art: a step 29 Ln the cavity de
feature will be discussed in rmofe detail later. AS sfiowh ih 5
2a to 2d, isolation channels 30 and 32 extending fromthe forward

the slider tp the trailin .lpc d adj t hRegi nsi de

posi t (5P ﬁlé‘és)ﬁﬁ 1% ‘ﬁ)e(gaén%é %%ﬁﬁégr%$ ¢ Egg?cgi@a §ea
petween the leading edge taper and the negative pressure
cavity.
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8 of nghr anmbient pressure air along their length. Wien the slider is
flying pt a skew angle, the trailing rail 20 draws air fromthe channel 3
to pregsurise and lift

28

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), and a negative pressure cavity (28),
which comprises a vented cavity arranged between the
side rails so as to trail the cross rail in use, and
characterised by a pair of isolation channels (30, 32)

] disposed between the negative pressure cavity and the
side rails.

[Figure 2a and 2b]
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the sli “the down stream side, thus reducing the roll. Located betmeen<§§
t he chan 30 and 32 and the negative pressure cavity 28 are separati

: n
rails 22fand 20", respectively. Figure 2b is a detailed cross section 2?
e rail 22, the isolation channel 30, the separating rail 22

 ve pressure cavity 28. The channels
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30 and
i nches

channel

ir
22,
separating rai

/22

are made rel atively deep and wi de,
.1 mmby 0.1 mm,
| engt h as possi bl e.
t he isol ation channel
22'

eg 0.004 inches by 0.004
in order to provide as little pressure drop
Figure 2c shows a simlar cross sectioq27@:l’
30, the cavity 28 and the isolation
separating the
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I sol n channel fromthe cavity. In the enbodi nent of Figure 2c the_edges
of th@rails include steps 21, 23 for easing the transition of air fr

Jail dlge to the rail itself. These edges are preferably

chanf & ed as shown in the enbodi nent of Figure 2d. However, processing
chanf g ed edges is difficult, while steps can be forned from conventi onal
procegses such as

Y
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I on ng. The inside step 23 eases the transition of air fromthe
channd¥30 to the rail 22 when the channel is "up streantf fromthe rail;ézzl

ai'ds i @ pressurisation along the entire length of the rail. The step 21
simla@y aids in pressurisation of the rail 22 along its entire length

when t step 21 is flying up stream

25
: /26 /24 /27 2% /26 24 /27
| / //f AN 7 7
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ot brai | (i tothevm nd). In Figur eZC the rail 22 is 0.02 inches (0.51
m) e, the channel 30 is 0.004 inch (Olm”r)vmd and 9 ‘j/JL



iciently wide to act as a rail itself.
of the rail

S

i on channel separating rail 22' is 0.002 inches (0.05 nm w de.
ant feature of the isolation channel separating rail 22

ufficient width to isolate the cavity 28 fromthe channel 30 bu

th

Figure 2d is a simlar crdéél

21’
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22 ng an alternative relatively shallow isolation channel 30'. Because
of t shal | ow depth, the air pressure along the channel 30 |ncreas

he anbi ent pressure fore to aft.
2c (which has near anbient pressure along its length), in Figu

Unli ke the deep channel 30 of écég

25 /26 24 27
N r 4 l rd
20" 22
28 \
32 301 22
2
_ 25 Yl
20 Fig. 3h /
25 26 24 o7 28 \
i ,l. < |32 30| 22
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20 og@ Fig.3i 22’
20" 22"
22
— 40’
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ske le as well as position (along its length). Neverthel ess, the _
shal channel 30" provides a simlar benefit of reducing roll and Io?§62i
t

fl*yi nQFhei ght over a range of skew angles. Al so, the isolation channel
and st®ps or chanfers may not necessarily have a constant width or dep
heir lengths. It should be noted al so that

25\\ / / 26 /24 /27

21’ V / 21
| {22

20" ‘ \

/32 30\ 22

20 / Fig. 3k
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t he
may b
arvari
These
applic

e R

I ve pressure cavity 28 need not be a constant depth. The cavity 28
tepped as at 29 in Figure 1c (which is not prior art) or tapered

y of configurations to alter the negative pressure characteristﬁ%za
riabl es can be mani pul ated by the designer for a specific 91
lon to provide customflying perfornmance.
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re 2d, the rail 22 is 0.02 inches (0.51 mm w de, the channel 30" is

0.0 ‘'nches (0.1 nm) wide, and the isolation channel separating rail H@'
[ 02 inches (0.05 nmm) wide. The depth of the channel 30' is 4;L
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hanf ers 21 and 23 are each approximtely the sanme width as the

chan F 30 .e. 0.004 inches (0.1 mm, and taper to a depth of about f/)
m'cr o-Whches (1 02[err]m 2
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a to 3k show alternative arrangenents for the isolation channel.
3a, both the width of the |eading cavity 26 and the trailing

pdrti ongof the negative pressure cavity 28 are reduced, with corres- 3//;)_
pondi ng fi ncreases in width for the | eading tapers 25, 27 and trailing end
of the rails. This conf|49urat|on provi des for faster take off, but the

large trailing2§
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NEGATIVE PRESSURE AIR BEARING SLIDER

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 medsure of this
orientation is given by the skew angle 14 as shown in
Figqure 1, which is defined as the angle between the
- slider’s longitudinal axis and the direction of the
disk’s tangential velociﬁy. (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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increases, while air flowinto 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 streamisol ati on channel. Moreover, the

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 also 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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I ncreased frontal area provides greater |lift, especially on take off. In
Frgure 3d, the size of the cross rail is reduced fromFigure 3c so that it
is now "V' shaped and the isolation channels 30 and 32 are w dened to
consune the entire |leading cavity or recess. This design reduces over
pressure at the | eading edge during high

reading from a disk during the seek operation is
continued for reading track addresses, for example.
preferably, the slider will exhibit little or no roll
over a wide variation in 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 having
two side rails, a cross rail, and a negative pressure
cavity, which comprises a vented cavity arranged between
the side rails so as to trail the cross rail in use, and.
characterised by a pair of isolation channels disposed
between the negative pressure cavity and the side rails.

In one form of the invention described below,
isolation channels situated on the inside of "catamaran"
rails of the slider, adjacent the negative pressure
cavity, provide air to the down stream rail when the
slider is skewed, which increases the pressure at this
rail and thereby decreases slider roll.

Preferably, the isolation channels comprise
recesses adjacent tlie side rails having substantially
the same depth as the negative pressure cavity.

Each isolation channel may be separated from the
negative pressure cavity by a respective separating
rail. In one embodiment, the separating rails terminate
prior to a trailing edge of the negative pressure
cavity. In another embodiment, the separating rails
each widen towards a trailing edge of the negative

pressure cavity.
Advantageously, edges of the side rails adjacent

the isolation channels are formed so as to ease
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speed operation, increases the air flowinto _the down

and thus the skew conpensation and f rﬁﬁq?ctm ﬂ? Tthe si ze of
t he negative pressure cavity 28 for |ower flyipg ﬂ!gﬁf Stiee

channel

streami sol ati on

10 OCT 1996

transition of air from the respective isolation channel
to the associated side rail when the slider is flying at
a skew angle and the isolation channel is up stream of
the side rail. For example, the edges of the side rails
made by chamfered. Alternatively, they may be formed
with steps therein.
As a result, an air "scoop" is provided when a

side rail is sliding at a skew angle and is down stream

from an isolation channel. The additional air aids
" in pressurisation of the down stream rail.

Additionally, the other edges of the side rails
may be similarly chamfered or stepped to provide .the
same effect when a rail is sliding at a skew angle with
its up stream edge into the "wind". Increasing
pressurisation at both the up stream and down stream
side rail at a skew angle lessens the reduction in
overall flying height caused by skew flying.

The use of isolation channels causes the NPAB
slider to have greater sensitivity to flying speed
because of the reduced inter-action of the positive and
negative pressure effects. The increase in flying
height at higher disk surface speeds can be lessened
either by shortening or by widening the isolation
channel separating rail near the trailing edge of the
flyer.

Further improvement may also be provided by a
centrally positioned island located at the trailing edge
of the negative pressure cavity.

According to a further aspect of the invention,
therefore, there is provided a negative pressure air
bearing slider having two side rails, a cross rail, and
a negative pressure cavity, which comprises a vented
cavity arranged between the side rails so as to trail
the cross rail in use, and characterised by an island
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Figufe 3e is simlar to Figure 3b. However, here the entire cross rail 24
IS recessed vertically. Further, the isolation channels 30 and 32 are
shal | ower, and broader than the isolation channels shown in Figure 3b. Thus

their capacities -are increased so that they prf0o ageguateysour ce of
air in use to the pressurised rails 20 and 22. E% @H@Wﬁ@ﬁé§“&ﬁna rails

10 OCT 1995

formed in a centre region of the negative pressure
cavity adjacent a trailing edge thereof.

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

The loss of flying height at a skew angle may be
further lessened by partially spoiling the negative
pressure in the negative pressure cavity in response to
the skew angle.

Therefore, according to another aspect of the
present invention, there is provided a negative pressure
air bearing slider having two side rails, a cross rail,
and a negative pressure cavity, which comprises a vented
cavity arranged between the side rails so as to trail
the cross rail in use, and éharacterised by spoiler
means formed in said cross rail for communicating air
forward of the cross rail to the negative pressure
cavity.

In one embodiment, the spoiler means comprise
choke or channel means in the cross rail.

For example, the spoiler means may comprise a
labyrinthine channel, or a pair of angled channels, or a
pair of intersecting channels arranged in the form of a
cross. In the latter two instances, air flow into the
negative pressure cavity increases with skew angle as
the channels increasingiy~align with the direction of
slider motion or wind direction.

When the spoiler means comprise a pair of
channels, then the negative pressure cavity is prefer-
ably divided by a divider bar into two sections, with
each channel communicating with a respective one of the
sections. This greatly reduces negative pressure
effects in the down stream cavity section, thereby
raising the down stream side of the slider and reducing

roll.
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I ncl ude edge steps (or tapers) 21 and 21' and 23 and 23' to ease
pressurisation at a skew angle as discussed above. An inportant feature of
this design is that the negative pressure c and_the jsol ation
channel s 30 and 32 are approxi mately the safreRERLACEMENT SHEET they may be
formed during a single ion mlling step. AsfwerT,"the-ctross rjail recesses

24 and edge steps 21, 21' L 10 OCT 1996

Fast take off may be provided by increasing lift
at the forward edge of the slider and spoiling negative
pressure at low speeds. The forward lift may be
provided by extending the area of a forward taper
surface of the slider. However, without compensation, a
large forward taper causes the slider to fly too high at
speed and further is far too responsive to speed
variation from inside to outside disk tracks. Compen-
sation may be provided by a pressure reduction channel
behind the leading taper and in front of the negative
pressure cavity cross rails. This "anterior” bressure
reduction channel reduces and flattens the response
curve of overall flying height versus speed but still
provides a faster take off than conventional designs.

Therefore, according to still another aspect of

- the present invention, there is provided a negative
pressure air bearing slider having two side rails, a
cross rail, and a negative pressure cavity, which
comprises a vented cavity arranged between the side
rails so as to trail the cross rail in use, and
characterised by a leading edge taper spanning a
substantial proportion of the width of the slider, and a
pressure relief channel arranged between the leading
edge taper and the negativé pressure cavify.

Preferably, at least one communicating channel
leads from the pressure relief channel to a leading edge
of the slider. Altérnatively, however, a pair of
communicating channels may lead from the pressure relief
channel to side edges of the slider.

In one embodiment, a low speed, negative pressure
spoiler provides communication between the pressﬁre
relief channel and the negative pressure cavity. The
spoiler may be either a choke gap or a resistive flow
channel in the cross rail. At low speeds, air traverses
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23 and 23" are approximately the sanme depth so that they may be forned
during a single ion mlling step. In Figure 3g;
width of the slider is 0.16 inches by 0.121 i hdHESACEN
The outside edge steps 21 and 21' are 0.004 ipches (0.1 mm) \ﬁ
inside steps 23 and 23' are 0.002 inches (0.0p pmy ovoRT: 1998€ |
channel s 30 and 32

7

the choke or channel in volumes sufficient to spoil the

negative pressure. However, at high speeds the spoiler’s
capacity limitations have a significantly reduced effect
on negative pressure.

Advantageously, each of the side rails includes a
leading taper section adjacent the pressure relief
channel, or the associated communicating channels.
Further, the pressure relief channel may communicate
with the isolation channels. For example, the pressure
relief channel may be angled, having a leading apex near
the centre of the slider, whereby when the sli&er is
flying at a skew angle air tends to flow more into the
pressure relief channel portion which is located down
stream and from thence into an associated one of the
isolation channels.

In a still further aspect, the present invention
provides a negative pressure air bearing slider having a
leading edge, a trailing edge, two side rails having
outer edges, a cross rail, and negative pressure cavity
comprising a vented cavity trailing the cross rail
between the side rails, and characterised by a pair of
isolation channels disposed between the negative
pressure cavity and the side rails, and a chamfer on
each of the outer edges of the side rails and extending
from the leading edge of the slider, a chamfer termi-
nating prior to the trailing edge for stabilising the
slider during flight and maintaining substantially
constant flying height at skewed angles.

In a still further aspect of the present
invention, there is provided a negative pressure air
bearing slider having a leading edge, a trailing edge,
two side rails having outer edges, a cross rail, and a
negative pressure cavity comprising a vented cavity
trailing the cross rail between the side rails, and
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are 0.006 inches (0.15 nmm) wide. The isolation channels separating rails

gg' and 22; are 0.002 inches (0.05 Mm wd The negative pressure cavity
at its forward end is 0.066 inches (1.6 mg_mmfgmag}qt gtjits trailing

end is 0.589 inches (14.96 nm) w de. The | dag-rg—edge 1““5 £5, 27 is 0.014

inches (0.36 MM w de. The length and wi dth qf %8 éfadlng cavity 26 are

0. 589 inchgs by

8

characterised by a break point on the side rails, the
side rails broadening from the break point towards the
trailing edge and reducing the vented cavity width near
the trailing edge, and a pair of isolation channels
disposed between the negative pressure cavity and the
side rails, the isolation channels being formed with
isolation channels separating rails disposed between the
respective isoclation channels and the pressure cavity,
the isolation channels separating rails terminating
generally adjacent to the break point of the 51de rails.

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 conventlonal
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 1la;

Figure 1lc is a partial side.plan view showing the
conventional NPAB slider riding on an air bearing above

a disk surface;
Figures 2a to-2d are various views of an NPAB

slider having isolation channels according to the
present invention;

Figqures 3a to 3k are bottom plan views of
alternative embodiments of the NPAB slider according to
the present invention having isolation channels;

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 I R
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0.031 inches (14.96 mmby 0.79 mm). The length.af the cross rail 24 at
| eadi ng edge is 0.04 inches (1.02 mm), its | encREPLACEMENT SHBEET ijng edge

0. 07 inches

12
10 OCT 1996

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.

Figure la is a bottom plan view of a conventional
H-shaped NPAB slider 10 flying into the wind at an angle
g. 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 legding
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 1a, 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

WA

I
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(1.78 m) and its width is 0.013 inches (0.33 nm. The distance fromthe

| eadi ng edge to the first channel bend is 0.07 inches (1.78 nm, and to the
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 inchegp{ Acfewikppff qure 3f is a
design simlar to that of Figure 3d \ C e ey

10 OCT 1996
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rail 20, 22 about the same distance from the disk
surface 1l. If the sliders motion relative to a disk
rangent is skewed (8 > 0 degrees or & < 0 degrees), the
Conventional slider rolls. A 2 micro—-inch (0.05 mm)
gifference 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
£1ying 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). sSignificantly, when the slider 10
rolls, H MIN also decreases from its value when there is
gzero roll. If H MIN decreases too much, not only is
transducer performance affected, but the head could
verash", 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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wi th straight-angled isolation channels 30 and 32. The straight-angl ed
channel s are provided by renoving the final outward bend therein. The
| onger angl ed inside edge of the down streamr efjreet{ve in

pressurising the air supplied by the adjacent ils Ea@cgﬁtgl SHEEY B0 or 32,

thus inproving the roll conpensation versus skgwiangl e.
1 0 OCT 1996

11

off to reduce the negative pressure holding the slider
10 to the disk surface 11.
7he use of the recessed cross rail 24 is optional.
1t 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 incﬁes
(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 1c. It should
be noted that the slider dimensions can be scaled up or
down to achieve larger or smaller sliders with similar
characteristics.
_ Figure ic 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. 1Isolation 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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Figure 3g is a design simlar to that of Figure 3f with the addition of a

vertical recess to the cross rail 24, steps 23 23' _along the trailing

portions of the rails 22 and 20 respectively, @nHER{ACPMERT SHEET2) in the

out side edges of the rails. The steps further nﬂrﬁrﬁkﬁrfw suf i sati on of

the down streamrail in use. The recessing of fhe¢ c 24 freduces the
; 9 185t %96
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of near ambient pressure air along their length. When
che 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
Located between the channels 30 and 32 and the

roll.
jve pressure cavity 28 are separating rails 22' and

negat
207, 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, e§ 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 51m11ar 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. 1In 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 24.
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 2¢, 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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chance of debris collection at the cross rail 24 and further aids in
breaki ng the negative pressure cavity 28 vacuum at take off. Figures 3h to
3j shows alternative isolation channel arrangenents designed to reduce the

flying height -sensitivity of the flyer to inc eggﬁgde§§;‘ Iy In Figure
3h, the isol ati.on channels 30 and 32 do e f&??

10 OCT 1996
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jsolation channel separating rail 22’ is 0.002
e

th An important feature of the

inches (0. 05 mm) wide.
olation channel separating rail 22’ is that it has
is

sufficient width to isolate the cavity 28 from the
hannel 30 but is not sufficiently wide to act as a rail
jtself. :

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
jts length), in Figure 2d 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
lc (which is not prior art) or tapered in a variety 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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not extend the full length of the rails 20 and 22, but instead term nate
and communi cate with the negative pressure cavity 28. An increase in flying

hei ght at hi gher speeds can be | essened by shqrt tHHe—i-sotat+9n channel
separattng.rail.s 20° and 22'. This allows greetbtbﬁﬂﬁ@ﬁwﬁc$ﬁﬁﬁf f the .

positive, and negative

10 OCT 1996
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ferred embodiment. The chamfers 21 and 23 are

the Pre .

ch approximately the same width as the channel 30',
?a 0.004 inches (0.1 mm), and taper to a depth of
:g:;t 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 configuration
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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13 pressure effects. In Figure 3i, the isolation channel separating rails

20' and 22'

28 to provide greater |ift REPLACEMENT SHEET
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are widened at the trailing end of _the negatjve pressure cavity
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ation channel and thus the skew compensation

4 further increases the size of the negative pressure
an

cavity 28 for ljower flying height.
is similar to Figure 3b. However, here

stream iSOl

Figure 3e
the entire cross rail 24 is recessed vertically.

rFurther,
and broader than the isolation channels shown in Figure

rthus their capacities are increased so that they

the isolation channels 30 and 32 are shallower,

3b.
provide an adequate source of air in use to the

pressurlsed 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 isclation 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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there. In Figure 3j, an island 40 is fornmed in a centre region of the

negative pressure cavity 28 adjacent the trailing edge of the cavity. The

P REPIRCERENT shgenne

island 40 is substan- tially the sane height
tapered or stepped forward end 40" increases
40 in use. The island 40 inproves
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1.78 mm) and its width is 0.013 inches (0.33 mm).
gistance from the leading edge to the first channel bend
07 inches (1.78 mm), and to the second bend is

22. A
t he i sl and

The

0.125 inches (3.18 mm). The depth of the steps 21, 217,
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 3d
with straight-angled isolation channels 30 and 32.

straight—-angled channels are provided by removing the

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 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

the outside edges of the rails.

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

i
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the flying characteristics of the slider by reducing flying height

variation. Preferably, the slider has a near flat flying profile between an
i nner and an outer radius of the disk. |In other~words—the-sli-des
preferably first at substantially the sane heichﬁEBtkﬁﬁMENﬁeSHﬁEik surface 11
(shown in Figure 1c) at the inner radius as it |flfys—=at

10 OCT 996
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pressure effects.
in Figure 3i, the isolation channel separating

rails 20’ and 22’ are widened at the trailing end of the
pegative 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. &
tapered Or stepped forward end 40' increases pressuri-
gation 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. In other words, the slider preferably flys at
substantially the same height above the disk 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 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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t he outer
t-he slider
t he outer

rails 20 and-22 is less at therinner radius thdnREPLAGEM

radi us. However, the velocity of the air being dragged between

and the disk at the inner radius is less than the velocity at

radius. As a result, the positive prgssgre-tit é al ong the
A

li us,

causing 't he s1|der to fly lower at the inner radijus than at the quter

radi us.
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offect on flying height at the outer radius of the
rhe overall result is a flatter flying profile
cen the inner radius and the outer radius of the
gisk- rhe flying height variation is further reduced by
posltlonlng the transducer on the island 40 since the
generally co-incident with the roll axis (not

dlsk
pet¥

island is
shown) of the slider.

Figure 3k shows isolation channels 30 and 32
terminating generally adjacent to side rail break

At the break points, the side rails 20 and 22

pegin to broaden towards the trailing edge of the
slider. The isolation channels 30 and 32 shown in

rigure 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 217,
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 fliing height through

varying skew angles.,
Figures 4a to 4f illustrate selective sp0111ng 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

|

A
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The island 40, however, reduces the effects on flying height caused by
changes in the air velocity. At |ow speeds, the air travelling beneath the
i sl and 40 pressurl ses the island and produceg ﬁgﬁmcmmhgﬂggm i ng edge of
the slider."This lift increases the flying hei radi us of
the disk. At high speeds, the effective prespufe o I d 40 is

di m ni shed, 18 oct o
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channel 31 functions similarly to a recessed cross bar
in reducing take off speeds. The air flow through the
gpoiler channel 31 is proportional to the pressure
jifference across the cross bar 24. The dimensions of
¢he 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
pefore.

Another variation of the negative pressure spoiler
ijs 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 spoil the negative
pressure in the up stream or leading cavity thereby
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relative to the increasing effects of the negative pressure cavity 28.

Therefore, the island 40 has al nost 14 no efﬁu;-4xk4+y+ﬁg—he+ght at the
outer radius of the REPLACEMENT SHEET
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increaSing its negative pressure effects. The overall
pegative pressure effects will be approximately the

same- However, the tendency of the slider to roll with
the 1eading rail high will be lessened by the increased
pegative 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 cgvities
28’ and 28’7’ 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
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
28'' can be greatly enhanced providing a greater amount
of slider roll compensation.

Figure 4e shows an alternative spoiler design.
Here, a choke 31a 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 3la
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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di sk. The overall result is a flatter flying profile between the inner
r-adius and the outer radius of the disk. The flylng height variation is

further

island is generally co-incident with the roll aki p~net—shewi}of} t he

sl i der.

Fi gure 3k shows isolation channels 30 anhd
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negative pressure at much higher speeds.

Figure 4f shows an alternative spoiler channel
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
28’7’ and the isolation channels 30 and 32 are inclined
into the leéding cavity 26. At a skew angle, the
pressure in the down stream isclation channel increases,
théreby 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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term nating generally adjacent to side rail break points At t he break
points, the side rails 20 and 22 begin to brpatemr—tower trailing edge
of the slider. The isolation channels 30 and REPE MﬁM\ENTn§&Eérure 3k are
shorter-than those shown in Figure 3h and alj ow for greater |irfter-action of
the positive and pressure effects for further deqiegerrgeg! Vi 9 hei ght .
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hegative 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
jeading 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 54 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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Jength of the leading taper section (25), including in
the rails 20 and 22 and cross rail 24. As

optional spoiler channel 31 connects the

well: an
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
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
air flow in the isolation channels 30 and 32.

Figure 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

source of air.
Figure 5g illustrates another variation very

A

|

This Sheet Has Been Re(laced

|

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 |gngth of therails 20 and 22
but term nate generally adjacent to the side reRBPLthMENTpSHETS The
term nat'ed edge steps 21 and 21' ease pressur tromof—tieTai|jl s at a skew

angle and provide a large rail surface area nea HQFohﬁahb%ng gddge.
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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 const ang—f1vi b rough
varying skew angles. Figures 4a to 4f illustrate ;Teflpe,@”@@ﬁos 'ET(E:; of the
negative pressure in cavity 28 both to shorten takg

10 OCT 1996

24

similar to that of Figure 3c. This configuration has
the anterior pressure relief channel 41 of Figure 5a
connected to the isoclation 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 5gq,
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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of f and conpensate for skew effects. Figure 4a illustrates the basic
spoi l er concept. Here, a circuitous spoiler channel 31 is forned in the

cross rail 24 to communicate air between the | eading ca
and the cavity 28. The spoiler : ”“lmm"l'nﬂmﬂl
* c L " S *
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1. A negative pressure air bearing slider having two

side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by a pair of isolation
channels (30, 32) disposed between the negative pressure
cavity and the side rails.

2. A slider according to claim 1 characteriéed in
that the isolation channels extend rearwardly from a
leading edge of the slider.

3. A slider according to claim 1 characterised in
that the isolation channels communicate with a leading
cavity (26) of the slider adjacent a leading edge of the
slider.

4. A slider according to claim 3 characterised in
that the isolation channels converge towards the leading
cavity.

5. A slider according to claim 3 or 4 characterised
in that the isolation channels each widen in the
direction of the leading cavity.

6. A slider according to claim 1 characterised in
that the isolation channels communciate with a pressure
relief channel (41), which is arranged between an edge
taper (25) at a leading edge of the slider and the
negative pressure cavity.

7. A slider according to any preceding claim
characterised in that the isolation channels extend to a
trailing edge of the slider.

8. A slider according to any of claims 1 to 6 characterises
in that the isolation channels communicate at rear ends

thereof with the negative pressure cavity.
This Sheet Has Been Replaced
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15 channel 31 functions simlarly 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 4REFP&E‘MEW”§FQEE’TS of the

spoi |l er g¢hannel 31 nu II nf m hat therle
ARSI 10 00T e
26
9. A slider according to any of claims 1 to 6

characterised in that the isolation channels communicate
with the negative pressure cavity by way of spoiler
means (31, 31'').

10. A slider according to any of claims 1 to 6
characterised in that the negative pressure cavity
communicates with a vent channel (50), which extends
between side edges of the slider, and in that the
isolation channels extend to the side edges adjacent the
vent channel.

11. A slider according to any preceding claim
characterised in that a respective separating rail

(207, 22') is disposed between each isclation channel and
the negative pressure cavity.

12. A negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by an island (40) formed
in a centre region of the negative pressure cavity-
adjacent a trailing edge thereof.

13, A negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by spoiler means (31)
formed in said cross rail for communicating air forward
of the cross rail to the negative pressure cavity.

14. A negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), and a negative
pressure cavity (28), which comprises a vented cavity
arranged between the side rails so as to trail the cross
rail in use, and characterised by a leading edge taper
(25) spanning a substantial proportion of the width of
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not be a large reduction in the negative pressure within the cavity 28 at
ht gher flying speed. Skew conpensation is provided by the isolation
channel's 30 and 32 as before. Another variation of the negative pressure
spoiler is shown in Figure 4b. Here, the spoiler channel 31 is Sp||t into

two angl ed segnents. The effect of these
HIIIIII ) lllll il
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the slider, and a pressure relief channel (41) arranged
between the leading edge taper and the negative pressure

cavity.
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angl ed channel segnents increases when flying at positive or negative skew:
angl es. These spoiler channels 31 help reduce the overall |oss of flying
hei ght when flying at skew angl es. The isol ation channels 30 and 32 are
angled into the leading cavity 26 and performin a simlar fashion to those
described in Figure 3b. -

28

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), and a negative pressure- cavity (28),
which comprises a vented cavity arranged between the
side rails so as to trail the cross rail in use, and
characterised by a pair of isolation channels (30, 32)
disposed between the negative pressure cavity and the
side rails.

Figure 2a and 2b REPLACEMENT SHEET
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Figure 4c shows additionally a negative pressure cavity divider bar 36
whose head 36' is arrow shaped to provide two angl ed spoil er 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, -1-
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when the slider flys at a skew angle, one of the spoiler channels wll
begin to line up with the direction of notion and nore air will enter the
correspondi ng down stream cavity, thereby reducing negative pressure
effects in that cavity. Correspondingly, the other spoiler channel wll

becone* | ess aligned with the direction of notion and less air will spoil
t he negative

-2~

21

AN

/22

Fig. 2c

Fig. 2b

23

28 \22'\ 3

N
N & &
N 7 Q
© > \ -
N . < © REPLACEMENT SHEET
\\\ o N (40
N o D |
w1 \
¥ d _ N
Lo ] QO
N N

This Sheet Has Been RTlaced

AR




pressure in the up streamor |eading cavity thereby 16 increasing its
negative pressure effects. The overall negative pressure effects wll be
approxi mately the

pz ‘64
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sanme. Howgver, the tendency of the slider to roll with the | eading rai
high w || ¥be | essened by the increased negative pressure in the |eading
cavity and the reduced negative pressure trailing cavity. Figure 4d shows

anot her variation on the sane thene. Here, the divider path 36 is slightly -

shortened:and a | eading triangular block 34 is added. The bl ock
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34 acts to reduce spoiling air flowinto 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

spoi l er channels 31' and 31'' in a generally constricted manner as with the
ot her spoiler channels. However, when one of the channels becones nore
aligned with the -5~
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direction of notion, the flow therethrough increases while flow
sirmul t aneousl y decreases in the other channel. Wth better alignnent, the
overall flow increases into the down stream negative pressure cavity 28" or
28''. Wth appropriate dinensions, the cross spoiler channels 31" and 31
can be made to function as a fluidic type device whereby the differences in
t he
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quantity of air flowto the divided cavities 28 and 28 ' can be greatly
enhanced providing a greater anount of slider roll conpensation. Figure 4e
shows an alternative spoiler design. Here, a choke 3la is enpl oyed which
passes air at | ow speeds but which causes air flow to approach a const anf
at higher flying speeds when the speed of the air within
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t he choke 31la approaches sonic velocities. Thus, the primary spoiling
effect of  air through the choke 31a occurs at |ow speed. This inproves the
take of f characteristics at | ow speeds w thout spoiling the
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17 negative pressure at nuch hi gher speeds.

Figure 4f shows an alternative

spoi l er channel | ocation when isolation channels 30 and 32 are incl uded.
The spoiler channel 31 nay be | ocated to conmuni cate through the isolation
channel separating rails 22' and 20' between the negative pressure cavity

28 and the
..g..
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I sol ati on 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 streamisol ati on channel increases, thereby increasing the spoiling
effect of the down streamcavity. Thus, roll is decreased by having
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relatively greater negative pressure in the up streamcavity. This design
has sone simlarities with the design of Figure 4b. Here, the spoiler
channels 31' and 31'' are noved around to the sides and a divider bar 36 is
added. Figures 5a to 5g illustrate several variations of a highly enlarged

| eadi ng edge taper section 25, 27,
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which increases |ift to provide for shorter take off. Each variation
I ncl udes, 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

hi gh degree of negative pressure in the cavity 28. Figure 5a illustrates
t he basic conceppg Broad Ydadi ng tapers 25, 27 are provided. Just after the
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| eadi ng taper and anterior to the negative pressure cavity 28, a pressure
reliref channel 41 is provided. This channel is open to anbient air pressure
to vent air flowi ng past the |leading tapers 25, 27. In Figure 5a, the vent
is provided by a channel 40 |leading to the forward edge of the slider. The
pressure relief channel anterior to thé . .

NEGATIVE PRESSURE AIR BEARING SLIDER

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 bf
non-contact magnetic recording.

An example of such assemblies can be found in US-A-3855625. As disk drives become
increasingly compact, rotary actuators with short pivot arms are increasingly employed.
However, these actuators increase the difficulty 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 i,‘
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 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 lb) are adversely influenced. REPLACEMENT SHERETS G
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18 negative pressure cavity 28 prevents air scooped up by the |eading tape}
fromentering the negative pressure cavity 28 to spoil the negative
pressure. This results

r2

Increasing the skew angle at a tixed 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 ot greater flying height variations.

The effect of flying at a skew angle also extends slider lift off thereby increasing wear,
and exacerbates the negative effects of a rapid seek movement. Furthermore, conventional
sliders are very sensitive to disk surface speeds. With linear actuation (i.e. the skew angle as a
constant O degrees), flying height is higher at outer disk radii. While this may be alleviat
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 reading from a disk during the seek operation is continued for
reading track addresses, for example. Preferably, the slider will exhibit little or no roll over a
wide variation in skew angles. The slider also preferably achieves a rapid take off but can stiil

fly low at full speed.
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in a slider that has good take off characteristics and also low flying

hei ght. Further, it has been found to have a‘relatively constant flying
hei ght versus speed, a desirable property, and a higher flying height at

| ow speeds than the conventional NPAB slider. Figure 5b illustrates a
variation which provides two | ateral access channels 40" and 40'' fromthe

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 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:
a leading edge taper spanning a substantial portion of the width of the slider,

characterised in that the slider includes,

a pressure relief channel which is open to ambient air pressure and is arranged between
the leading edge taper and the negative pressure cavity extending generally transversely to

said side rails.

Preffered embodiments of the invention are set out ian the

dependent claims.
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| eadi ng edge of the slider to the anterior pressure relief channel 41.
Addi ti onai edge steps or tapers-42' and 42'' tonmuni cati ng between the

| eadi’hg 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
| eadi ng portion of the down streamor ,inside rail at a skew angle in use.

The cross rail 24 is shown 4

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 skew angle;

Figure Ib 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 lc is a partial side plan view showing the conventional NPAB slider riding on an

air bearing above a disk surface:

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

Figures 3a to 3k are bottom plan views of the NPAB slider
having isolation channels:

Figures 4a to 4f are bottom plan views of _ . the NPAB slider

having a take off assist spoiler and either isolation channels

Y

or a divided negative pressure cavity or both: and
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recessed in this design. The effect is simlar to alimted 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 l.ateral access channels 40" and 405' fromthe | eading edge of the
slider to the anterior pressure :

Figures 5a to Sg are bottom plan views of
alternative embodiments ¢f the NPAB slider according to
the present :invention having fast take off extended
front tapers and anterior pressure reduction channels.

Figure 1a is a bottom plan view of a conventional
H-shaped NPAB slider 10 Zlying 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 crcss 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, sut 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
raelative 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. Normaliiy, the slider 10 will fly about 8
micro~inches (0.2'ym ) off the disk surface 11 with each
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relief channel 41. These access channels are in turn connected to isolation
channel s «30 and 32. This design provides a high degree of skew conpensation
wi th 'good take off and flying height properties. Figure 5d illustrates a
variation which provides two |ateral -gccess channels 40' and 40'

comuni cati ng between the pressure rel% ef channel 41 and the side

rail 20, 22 about the same distance from the disk
surface 11. If the sliders motion relative to a disk
tangent is skewed (8 > 0 degrees or €& < 0 degrees), the
conventional slider rolls. A 2 micro-inch (0.0S#m )
difference in flying height between the trailing and
leading rails 20 and 22 is considered to be a large
roll.

In Figure 1lb, 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
"erash", causing catastrcphic failure.

Figure ic is & parcial side plan view of the
slider 10 flying clecse ts the disk surface 11. As
stated above, typical flying heights are 8 micro-—inches
(0.2 pm ).

As shcwn, the conventional H-shaped slider 10 1is
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¥m ) 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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edges of the slider. These channels are in turn connected to the i sol ati on
channel s *30 and 32. This design provides pressure reduction along the
entire 19

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

Recessing cross rail 24 from side rails 20, 22 is optional. It has been included as an
example in several of the embodiments that follow in the figures. The importance of
recessing cross rail 24 is not a requirement for obtaining the beneficial effects of the other

features described. However, the cross rail and side rails must be present in the slider.

Typically, the negative pressure cavity 28 will be a recess 350 micro-inches (8.8%m )
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
pm) 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 1a to lc. 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.

As 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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| 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
conneécts 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 8 )

of near ambient pressure air along their length. Wwhen
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 frcm 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 - edges are preferably
chamfered as shown in the embodiment of Figure 24.
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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taper section 25 is maxi mised for fast take off while the isolation
channel s qprovi de skew conpensati on. 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 fromthe | arge |eading taper
section 25 is reduced. Figure 5e showsganother variation which connects

the isolation channel separating 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 isoclation 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
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 isclation 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 (8.89um=x).
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the anterior pressure relief channel 41 to anbient air through the

I sol ati on channels 30 and 32. Here, the area of the |eading taper section
25 is again maxi m sed for fast take off, and skew conpensation is provided
by the isolation channels 30 and 32. Pressurised air flow ng past the front
taper section 25 enters the pressure t@lief channel 41 and exits through

t he

_ The chamfers 21 and 23 are
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 gm ),

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 isclation 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 1ift, 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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i*sol ation channels 30 and 32. At a skew angle, this air tends preferably to
flowinto the dowmn streami sol ati on channel, which enhances skew
conpensation. This design includes a recessed cross bar 24, which increases
the air flowin the isolation channelg 30 and 32. Figure 5f shows anot her
vari ation which provides a single anterior pressure relief channel 41
spanni ng t he

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 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 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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slider side edge to side edge. Air flow ng past the taper section 25 exits
t hrough t-his channel 41. How ever, rail edge tapers or steps 44' and 44
connected to the channel 41 help to pressurise the rail fromthis source of
air. Figure 5g illustrates another variation very :

12

(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 3d
with straight-angled isoclation 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.

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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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

13

pressure effects.

In Figure 3i, the isclation 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
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 wvariation.

Preferably, _the slider has a near flat flying
pro%ile between an ihner and an outer radius of the
disk. In other words, the slider preferably-ﬁﬁvs 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
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 1lift 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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fhat air will tend to flowto the down streamisol ation channel (30 or 32)
enhanci ng skew conpensation. At the trailing edge of the slider of Figure
5g, t'he negative pressure cavity 28 bends into a channel 50, which

comuni cates with the side edges of the slider. As well, isolation channels
30 and 32 have side vents 46' and 44 ', respectively. The conbination of

t he side

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 largé 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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vents pernmits the transducer bearing portion 48 of the head to be a solid
rail, which gives nore area for transducer elenents and elimnates the need
to machine off a portion of the transducer nmaterials during manufacture.
This is inportant for certain machining nethods (e.g. l|aser machining) that
cannot renove all of the transducerldmaterials effectively. ’ '

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 spoil the negative
pressure in the up stream or leading cavity thereby
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d ains 1. A negative pressure air bearing slider for a magnetic head of
a rotary -disc drive, said slider conprising: two side rails (20, 22);

16

increasing its negative pressure effects. The overall
negative pressure effects will be approximately the
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 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 éxtent
than the design of Figure 4c. The spoiler channels 31’
and 31’’ are now crossed. Air flows through the croésed
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
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
28’'’ can be greatly enhanced providing a greater amount
of slider roll compensation.

- Figure 4e shows an alternative spoiler design.
Here, a choke 31a 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 31la
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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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; a
| eadi'ng edge taper (25) spanning a substantial portion of the width of the
slider, characterised in that the slider includes, a pressure relief
channel (41) which is open to ambientl7air pressure and is arranged between-
the | eadi ng edge taper and the negative pressure cavity extending

negative pressure at much higher speeds.

Figure 4f shows an alternative spoiler channel
location when isolation channels 30 and 32 are included.
The spoiler channel 31 may be located to communicate
through the isclation 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.

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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generally transversely to a said side rails. 2. A negative pressure air
bearing slider as clained in claim1, in which said pressure relief channel
i s di'sposed between the | eadi ng edge taper and the cross rail. 3. A
negative pressure air bearing slider as claimed in claim1 or 2, further
conprising a vent (40) extending fropga | eadi ng edge or side edges of the
slider to the pressure relief channel. 4. A negative pressure air
bearing slider as clained in claim3, in which there are

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.

Figqure 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 isclation 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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two vents (40',40'') extending fromthe |eading edge or side edges to the
pressure-relief channel. 22 5. A negative pressure air bearing slider
as clraimed in any one of clains 1 to 4, in

19

length of the leading 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 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 Se shows another variation which connects
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
air flow in the isolation channels 30 and 32.

i Figure 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

source of air.
Figure 5g illustrates another variation very
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whi ch said pressure relief channel or said vents includes a tapered or
st epped profile. 6. A negative pressure air bearing slider as clainmed in
any one of the previous clainms, further conprising: a pair of isolation
channel s (30, 32) disposed between the negative pressure cavity and the side
rails; and a pair of separating railsgg(20',22'), each separating rail being
di sposed between a respective isolation channel and the negative pressure
cavity.
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 5gq,
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.
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7. A negative pressure air bearing slider as clainmed in claim6, in

whi ch sai'd isol ation channels provide air comuni cation with said pressure
relief channel. 8. A negative pressure air bearing slider as clained in
claim6 or 7 when dependant upon claim3, in which said isolation ¢hannels

provide air communication with said vents. 9. A negat i '
bearing slider as clained in any one of2 clains 6 to 8, in”“m %Em?”rlm
pressure relief channel is shaped into™a V with the apex tbwards s 3

| eadi ng Claim

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;

a leading edge taper (25) spanning a substantial portion of the width of the slider,
characterised in that the slider includes,

a pressure relief channel (41) which is open to ambient air pressure and is
arranged between the leading edge taper and the negative pressure cavity extending

generally transversely to a said side rails.

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

pressure relief channel is disposed between the leading edge taper and the cross rail.

3. A negative pressure air bearing slider as claimed in claim 1 or 2, further
comprising a vent (40) extending from a leading edge or side edges of the slider to the

pressure relief channel.

4, A negative pressure air bearing slider as claimed in claim 3, in which there are
two vents (40',40'") extending from the leading edge or side edges to the pressure relief

channel.
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edge taper to enhance air flow 23 10. A negative pressure air bearing
slider as clained in claim9, further including a trailing channel (50)
extendi ng substantially the width of the slider and with which the .

L

S. A negative pressure air bearing slider as claimed in any one of claims 1 to 4, in

which said pressure relief channel or said vents includes a tapered or stepped profile.

6. 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.

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

isolation channels provide air communication with said pressure relief channel.

8. A negative pressure air bearing slider as claimed in claim 6 or 7 when dependant
upon claim 3, in which said isolation channels provide air communication with said

vents.

9. A negative pressure air bearing slider as claimed in any one of claims 6 to 8, in
which said pressure relief channel is shaped into a V with the apex towards the leading

'edge taper to enhance air flow.
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negative pressure cavity communi cates, and a pair of side vents (46", 46").
each coterm nous with a respective isolation channel and extending to a
respective side edge of the slider. 11. A negative pressur_e"air ‘beari ng

slider as clained in any one of clains 6 to 10, in tion
channel s and said separating rails ternminate in th ymgm ;gm )
cavity and so do not extend to the traipgng edge. neg pressure
air bearing slider as clainmed in any one of the preceding

10. A negative pressure air bearing slider as claimed in claim 9, further including a
trailing channel (50) extending substantially the width of the slider and with which the
negative pressure cavity communicates, and a pair of side vents (46', 46'') each

coterminous with a respective isolation channel and extending to a respective side edge

of the slider.

11. A negative pressure air bearing slider as claimed in any one of claims 6 to 10, in
which said isolation channels and said separating rails terminate in the negative pressure

cavity and so do not extend to the trailing edge.

12. A negative pressure air bearing slider as claimed in any one of the preceding
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.

13. A negative pressure air bearing slider as claimed in any one the previous claims,
further comprising means (31) formed in the cross rail for communicating air from the

pressure relief channel to the negative pressure cavity.

14. A negative pressure air bearing slider as claimed in any one of the previous
claims, further comprising a divider bar (36) which extends from the cross rail to the
trailing edge to define a first negative pressure cavity (28') and second negative pressure

cavity (28'"").
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clainms, in which the side rails have |eading portions, central portions and
trailing.portions and the |eading and trailing portions are wi der than the
central portions. 13. A negative pressure air bearing slider as clainmed
in any one the previous clains, further conprising neans (31) fornmed in the
cross rail for communicating air frgmthe pressure relief channel to the
negative pressure cavity. 14. A negative pressure air bearing slider as
clainmed in any one of the previous clainms, further conprising a divider bar
(36) which extends fromthe cross rail to the
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trailing edge to define a first negative pressure cavity (28 ) and second
negative .pressure cavity (28").
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