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1 i 'NEGATI VE PRESSURE Al R BEARI NG SLI DER
relates to a negative pressure air bearing slider for use
head assenbly of a

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

10

outside, seek operations, and skew caused by rotary
15  actuators. Flying height is viewed as one of the most
critical parameters of non-contact magnetic recording.
As disk drives become increasingly compact, rotary
actuators with short pivot arms are increasingly
employed. However, these actuators increase the
difficultly of flying height control because a rotary
actuator causes the geometric orientation between the
slider, which is fixed to the pivot arm, and the tangent
to the disk rotation to change as the actuator moves the

slider over the disk surface. A measure of this

20

25 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
rotat}on is approximately pafallel to this tangent)..
With#sthe trend towards more compact disk drive packages
forggppllcatlons in smaller, more portable, equlpmént
there is a need to use shorter actuator pivot arms and

‘é!r thus create rather large skew angles.

However, conventlonal sliders are very sensitive
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rotary disk drive. Magneti c head assenblies that fly Lve to a
rotating nmagnetic di sk have been used extensively. TypicaLﬁZﬁRl&%’
A t
N*ll- o

conprise a slider upon whose trailing end a transducer is

Advant ageously, the design is such as to enable the magnetic

fly as close to the disk as possible, ang the flying height to be uni
regardl ess of variable flying conditions, such as speed variation from
inside track to outside, seek operations, and skew caused by rotary
actuators. Flybngkbei ghles.vi Eweth &dthhencdferdte mksdw @rigliesalirpartesret er s

of non-contacignggnggiaeagggrggg e, a coﬁ%%ﬁ¥1éﬁa'WQT¥EQ¥%§M?i§fE§eaS'ngly

conpact, rota
' 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 variationms.

The effect of flying at a skew angle also extends
slider l1ift off thereby increasing wear, and exacerbates
the negative effects of a rapid seek movement. Further-

10
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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

20

25

stream rail receives little air from its negative
pressgre cavity while at the éame time its up stream*
rai}fis receiving air at ambient pressure.
' Thus, there is a need for a negative pressuré air
bearing slider having a near constant, but low, flying
‘Agr height when used in conjunction with short arm rotary .
actuators and/o;'with higﬁ seek velocities wherein

1
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actuators with short pivot arnms are increasingly enployed.
actuators increase the difficultly of flying height contro
rotary actuator causes the geonetric orientation between t
is fixed to the pivot arm and the tangent to the disk rota
as the 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 Iongitudinal axis and the
direction eéadingfromskdisk darige tis sekk vperation is copfiheed’ foir meddingntrackiadayessess k
rotation is approximately parallel to this tangent). Wth the trend towards
nmor e conpador ekasiplelr Pvﬁemhtyk #hpeslider 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 beéaring
slider, which displays reduced skew angle effects.
According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider; a pair of isolation channels disposed
between the negaﬁve pressure cavity and the side rails; and a pair of separating rails,
each separating rail being disposed between a respective isolation channel and the
negative pressure cavity, characterised by further comprising: a first intermediate surface
extending a portion of the outside edges of the side rails; a second intermediate surface
extending a portion of the inside edges of the side rails; said first and second
intermediate surfaces being recessed from the air bearing surfaces of the first and second
rails and are raised from the isolation channels to enhance pressurisation of the rails
when the slider is at a skew angle.
| In one form of the invention described below, isolation channels situated on the
inside of "catamaran" rails of the slider, adjacent on 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 slidér roll. »
’?é first and second intermediate surfaces ease transition of air from the
respective isolation channel to the associated side rail when the slider is ﬂymg at a skew
fgle and the isolation channel is up stream of the side rail. For example, the edges of
the s1de rails made by chamfered Altematxvely, they may be formed with steps therein.
» J —; —;
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for applications in smaller, nore portable, equipnent, there i need to
Hovever,  conventjonal TSl 1ders are very sensitive o0 7’%@\
4

As a result, an air "scoop” is provided when a side rail 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 side rails may be similarly chamfered or stepped
to provide the same effect when a rail is sliding is sliding at a skew angle with its up
stream edge into the "wind". Increasing pressurisation at both the up 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 becﬁuse 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.

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

F;L:res 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; .
. e 3 +
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2 to skew angles. Even with noderate skew angles in the egree

range, a conventional slider's flying height and roll angl L as t he
difference in flying height between inside and outside rai quer
as shown in Figure | b) are adversely influenced. I ncreasin ew

angle at a fixed tangential velocity causes the slider pressure
distribution to beconme distorted. This irfluences the net forces and torque
acting upon the slider and results in both decreased flying height and

i ncreased rol | . Hgurasi4a to 4f are bottom plan views of alternative embodiments of the NPAB

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

isolation channels or a divided negative pressure cavity or both; and
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transducers are.located at the trailing edges of the rails ( '
conventional), roll affects transducer performance because %rﬁ~+s__3?_~_-ﬁ
flying height variations. - The effect of flying at a s_é;ﬂgﬁgbdﬂdu§£_§

extends slider lift off thereby increasing wear, and exacerba

negative effects of a rapid seek novenelt. Further- nore, conventional
sliders are very sensitive to disk surface speeds. Wth linear actuation
(i.e. the skew angle as a constant O degrees), flying height is higher at

ok oy ackuit g dedFaseR 20Tl B Seesnotoh gamaiee o onL T
speed. altgmnpa ni",ﬁnéf“goﬁl#‘ﬁq%gagfg#’ehgxé:}ﬁ P é'gn&c.%% ra iRy e Sk
the present invention having fast take off extended
front tapers and anterior pressure reduction channels.
Figure l1a is a bottom plan view of a conventional -
H-shaped NPAB slider 10 flying into the wind at an angle

6. The source of the wind is the rotation of the disk

w

surface below the slider, movement of the slider

relative to the surface by the disk drive'’s actuator arm

10 (not shown) during a seek operation, and/or the wind
from the sweeping action across the rotating disk
surface.

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

15 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

20

25 . . .
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
resul; is that the leading rail 22 drops slightly, the
trg'_ing rail drops even more ,and the entire slide§ 10
flys at a reduced height.
Figure 1b shows such slider roll in great

jdfr exaggeration. Normally, the slider 10 will fly about 8

micro-inches (0.2 mm) off the disk surface 11 with each

o 5
P ¥ ————
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air bearing ("NPAB") slider can achieve a flying hei ght substant g

i ndependent of disk speeds. However, at skewed conditions, the NPAB‘gNAeh'_
exhi bits excessive roll and average flying height | o0ss because it s tov=—
receives little air fromits negative pressure cavity while at

streamrai l
the sane time its up streamrail is receilving air at anbient 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

armrotary actkgatons,and/ abowt! ikthidi gameeds stalned firdm Wher disk
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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 (0.05 mm)
difference in flying height between the trailing and
leading rails 20 and 22 is considered to be a large
roll.

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

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

As shown, the conventional 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 l?vel of the rails 20, 22. This prevents small -
partfcles of debris from collecting in the leading
caﬁ?f; 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 negativé pressure cavity 28 on take
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3 reading froma disk during the seek operation is continue
track addresses, for exanple. Preferably, the slider wll
or no roll over a wide variation in

éﬁu]@l, i‘\"t A e

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

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

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

10

15

20

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
deta%} later. ' P

The first embodiment of, the present invention is
shggi in Figures 2a to 2d4. 1Isolation channels 30‘gnd 32
extending from the forward edge of the slider to the

‘ﬁgrb trailing edge are located adjacent to the inside of the
/ positive pressure rails 20 and 22 and provide a source

. ;1} - <+
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skew angl es. The slider also preferably achieves a rapid tak

still fly lowat full speed. Exanples of prior art negative eDF??téf arr
bearing sliders can be found in EPO 155 756 and US 4673996. ﬁ@

the object of the present invention to provide a negative pressur
bearing slider, which displays reduced sRew angl e effects.
According to the present invention, there is provided a negative pressure
air bearing slider for a magnetic head of a rotary disc drive, said slider

conprising: tWfshé&r 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

s

20’, respectively. )

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

10

possible.

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

15

20

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 *
simidarly aids in pressurisatjon of the rail 22 along
itséZntire length when the step 21 is flying up stéeam.

25

30

to the rail (into the wind).
IA!F In'Figure'Zé, the rail 22 is 0.02 inches (0.51 mm)
; wide, the channel 30 is 0.004 inches (0.1 mm) wide, and
» ;‘g ";
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This Sheet Has B

R



rails; a cross rail; a negative pressure cavity di sposed betqeen—rhe—s+de~
rails and between the cross rail and a trailing edge of the ' [

kT
of isolation channels di sposed between the negative pressurdq;u3ﬁ5§lgﬂ§gi~
the side rails; and a pair of separating rails, each separating rail Derhg
di sposed between a respective isolationéﬁﬂannel and the negative pressure
cavity, characterised by further conpri a first internedi ate surface
extendi ng adj acent to a portion of the out5|de edges of the side rails; a

second 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 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 angleé.

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

10
15
20

25

custom flying performance.
In Figure 2d, the rail 22 is 0.02 inches (0.51'mm)
widey 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
}é’f approximately the same as the depth of the negative
; pressure cavity 28, i.e. 350 micro-inches (8.89 mm) in
. ,g;' +
f!
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i nternedi ate surface extendi ng adjacent to a portion of the_inside edges of
the side rails; said first and second internediate surfacF—TﬁﬁTETTEtessed
fromthe air bearing surfaces of the first and second rai é) p%ﬁgksed
fromthe isolation channels to enhance pressurisation of ke rmls

the slider is at a skew angle. he one form of the |nvent|on

descri bed bel ow, isolation channels situated on the inside of "catamaran"
rails of the slider, adjacent on the negative pressure cavity, provide air

to the down stypargrdddrliredbiba fhéAlE! | Shekenallre bl £ dRGT £RSESt NE
each approximately the same width as the channel 30',
i.e. 0.004 inches (0.1 mm), and taper to a depth of
about 40 micro-inches (1.02 mm) in the preferred
embodiment.
Figures 3a to 3k show alternative arrangements for

(1]

the isolation channel. 1In Figure 3a, both the width of
the leading cavity 26 and the trailing portion of the
negative pressure cavity 28 are reduced, with corres-
ponding increases in width for the leading tapers 25, 27
and trailing ends of the rails. This configurétion
provides for faster take off, but the large trailing
rail portions and smaller trailing negative cavity
portion reduce pitch and reduce the increase in flying
height at higher speeds.

In Figure 3b, the isolation channels 30 and 32 are
- angled into and intersect the leading cavity 26. As the

skew angle increases, air flow into the channel 30 or 32

10

15

which is more aligned with the direction of motion

increases, while air flow into the other decreases. The
20 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.cf air into
the down stream isolation channel. Moreover, the
increased frontal area provides greater 1ift, especially
on take off. ;

+ In Figure 34, the size of the cross rail is
red ed from Figure 3c so that it is now "V" shape? and
the isolation channels 30 and 32 are widened to consume

25

30

the entire leading cavity or recess. This design
‘dfr reduces over pressure at the leading edge during high .

/ speed operation, increases the air flow into_the down
P
“FT N —
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pressure at this rail and thereby decreases slider roll. r—}§;z§F~TT?§T
i

and second i nternedi ate surfaces ease transition of air fro‘

respective isolation channel to the associated side rail when

flying at a skew angle and the isolation channel

rail. For exanple, the edges of - the sige rails nmade by chanfered.

Al ternatively,

wm
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they may be forned with steps therein

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)

Vs

s

wide. The negative pressure cavity 28 at its forward
end is 0.066 inches (1.68 mm). wide, and at its trailing
end i; 0.589 inches (14.96 mm) widg.w The leading edde
tagi?‘ 25, 27 is 0.014 inches (0.36 mm) wide. The }ength

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 Jits 1eading'edge is 0.04 inches (1.02
mm), its length, at its tralllng edge is 0.07 _inches

;g 24

ng

is up streamof the side
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4 As a result, an air "scoop” is provided when a sidf TarTar—a~—,
skew angle and is down streamfroman isolation channel. Th GBFP&?\L_g
air aids in pressurisation of the ;

13

(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

w

with straight-angled isolation channels 30 and 32. The

straight-angled channels are provided by removing the
10 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 3£
with the addition of a vertical recess to the cross rail
- 24, steps 23 and 23’ along the trailing portlons 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

15

20
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 isoclation channels 30 and 32 do
not eytend the full length of the rails 20 and 22, biit
ins }éad terminate and communicate with the negat1v7
pressure cavity 28. An increase in flying height at

25

30

channel separating rails 20’ and 22’. This allows
4 greater 1nter—actlon of the positive and negative

-’ !—é ‘;

‘éfr higher speeds can be lessened by shorting the isolation
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down streamrail . Additionally, the other edges of si r-a-tS—rrey
be simlarly chanfered or stepped to provide the sanme effect q;ﬂ@“ha
is sliding is sliding at a skew angle with its up stream edg gV

"W nd". Increasing-pressurisation at both the up and down stream side rai
at a skew angle | essens the reduction ib4doverall flying height caused by
skew flying. The use of isolation channels causes the NPAB slider

to have greater sensitivity
pressure effedts.

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

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

sation of the island 40 in use. The island 40 improves
the flying characteristics of the slider by reducing
flying height variation.
Preferably, the slider has a near flat flying
profile between an inner and an outer radius of the
15 disk. 1In other words, the slider preferably flys at
substantialiy the same height above the disk surface 11
(shown in Figure 1lc) at the inner radius as it flys at
the outer radius. However, the velocity of the air
being dragged between the slider and the disk at the
20 inner radius is less than the velocity at the outer
radius. As a result, the positive pressure that builds
along the rails 20 and 22 is less at the inner radius
than at the outer radius, causing the slider to fly
lower at the inner radius than at the outer radius.
25 The island 40, however, reduces the effects on
flying height caused by changes in the air velocity. At
low speeds, the air travelling beneath the island 40
pressurlses the island and produces lift at the trailing
edge of the slider. This llft increases the flying
30 heﬁéﬁt at the inner radius of the disk. At high sﬁeeds,
the effective pressure on the island 40 is diminished,
‘ﬂfr relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has almost

-

2
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to flying speed because of the reduced inter-action of the p
negative pressure effects. The increase in flying height at :
surface speeds can be | essened either by shortening or by g%ﬁ?ﬁéﬁ[%&g\i_
i sol ati on channel separating rail near the trailing edge of the ;
The invention is described further, by wigy of exanple, with reference to
the acconpanying draw ngs in which:

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

10

pressure effects for further decreasing flying height.
15 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
20 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
25 flight and provides a constant flying height through
varying skew angles.

Figures 4a to 4f illustrate selective spoiling of
the n;gative pressure in cavity 28 both to shorten téke
off #&nd compensate for skew effects.

30 ' Figure 4a illustrates the basic spoiler concépt.

Here, a circuitous spoiler channel 31 is formed in the
}d?r cross rail 24 to communicate air between the leading
s cavity or recess 26 and tﬁe cavity 28. The $poiler

. Fr i
..‘l‘,‘é‘,—' . . e —e -
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Figure la is a bottomplan view of a conventi onal H-shapeg megatt ve

pressure air

bearing (NPAB) slider and an illustration o
Figure Ib is an iIIustré(DWRIEEQPQééL'

defined to be skew angl e; tLon show n
exaggerated form roll for the conventional NPAB slider under the

I nfluence of wind fromthe direction shagn in Figure |a; Figure lc
Is a partial side plan view show ng the conventional NPAB slider riding on

an air bearing above the disk surface;

w

10

15

20

25

30

e

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 chanhel 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
motiqp and more air will enter the corresponding dowh
str cavity, thereby reducing negative pressure
effgits 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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Figures 2a to 2d are various views of an NPAB slider having_jsol ation
channels according to the present invention; Fig s 3a 0 3k—=are
bottom plan views of alternative arrangenents of the i sol; Bd@ﬂNwL of
— {
b

t he NPAB slider according to the present invention;
17

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

wm

negative pressure trailing cavity.

Figure 4d shows another variation on the same
theme. Here, the divider path 36 is slightly shortened
and a leading triangular block 34 is added. The block
34 acts to reduce spoiling air flow into the cavities
28’ and 28’’ with no skew angle, to a greater extent
than the design of Figure 4c. The spoiler channels 31’
and 31’’ are now crossed. Air flows through the crossed
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 1ncreases
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 3la is employed which passes air at low
speedp but which causes air flow to approach a constant

figher flying speeds when the speed of the alr_ylthln
the choke 3la approaches sonic velocities. Thus, the

10

15

20

30

occurs at low speed. This improves the take off
/ characterlstlcs at low speeds without spoiling the

Fl ‘3 +

‘ﬁfr primary spoiling effect of air through the choke 3la

This Sheet Has Been Re‘[ilaced ’

IHRH




5 Figures 4a to 4f are bottom plan views of alternatf
arrangenents having a take off assist spoiler and either iso?Zfiiﬂa’?ql\L_

channel s or a divided negative pressure cavity or both of the
and

18

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
10 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
Bif' 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

15

20

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 Sa illustrates the basic concept. Broad
leading tapers 25, 27 are provided. Just after the
leading taper and anterior to; the negative pressure

25

cavity 28, a pressure relief channel 41 is provided.”
10 Prgﬁérably, this channel is open to ambient air pregssure
to vent air flowing past the leading tapers 25, 27. 1In
Figure 5a, the vent is provided by a channel 40 leading
‘d?r to the forward edge of the slider.
/ The pressure relief channel anterior ;é the

] b -+
5éi' e
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Figures 5a to 5f are bottomplan views of alternative arrangenents having
fast take off extended front taper and anterior pressure redictron
channel s of the NPAB slider. Figure la is a botton1p|éh* pqﬂqLF
conventional H shaped NPAB slider 10 flying into the wind at an

The source of the wind is the rotation fg t he di sk surface bel ow the
slider, novenent of the slider relative 1o the surface by the disc drive's
~actuator arm (not shown) during a seek operation, and/or the wind fromthe

sweepi ng acti QRAGRS drldssurd Wavitydis ¥ pHivefts 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

w

" have a relatively constant flying height versus speed, a
desirable property, and a higher flying height at low
speeds than the conventional NPAB slider.

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

10

15

20 use.

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

lFigure 54 illustrates a variation which providés
twq ateral access channels 40’ and 40’ communica}ing
between the pressure relief channel 41 and the side

25

30

edges of the slider. These channels are in turn
j‘fr connected to the isolation channels 30 and 32. This
7 design provides pressure reduction aiong the_entire
- 47 M
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The conventional NPAB slider 10 has two "high pressure” rails 20 and 22

(each of which has a | eading taper 25, 27 respectively for Kﬁﬂ%gkéhﬁa!gtf

under the rails), a cross rail 24, a negative pressure cavi

| eadi ng cavity 26. Wth the wind inpinging on the sl

shown in Figure 1 a, the |eading (or up20stream rail 22 remains
pressurised, but to a | esser extent than when the slider 10 is flying
directly into the wind with a skew angle of 0O degrees, both because of the
shortened raillength 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 S5e 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 isoclation 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

10

15

20

25 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
slidg; side edge to side edge. Air flowing past the’
tap section 25 exits through this channel 41. How-
evégf rail edge tapers or steps 44’ and 44’'’ conneéted
to the channel 41 help to pressurise the rail from this

30

‘ggr source of air.
' Figure 59 1llustrates another variation very
, +
yra -
5
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| ength relative to the direction of the wind and because of i ni shed
effect of the forward tapers which act as "scoops" to funne
rails. As the negative pressure cavity does not permt air

OHISIRA
|aterally to the trailing (or dowmstream) rail 20, much |es ' ;

this rarl for pressurisation. The net rggult is that the leading rail 22
drops slightly, the trailing rail drops even nore and the entire slider 10
flys at a reduced height Figure I b shows such slider roll in great

o Jort the asipiaan Ao R Highhetad. 'aeble Sl e (0.2
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 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

[9)]

10

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. '

15
20

25
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rail 20, 22 about the sane distance fromthe di K

- lorigiNaL

\\ll\ll\ I Ill\\ Il \\ \II\

22
1. A negative pressufe 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 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, characterised by further
comprising: - |

a ﬁrst.intennediate surface (21) extending a portion of the outside edges of the side
rails;

a second intermediate surface (23) extending a portion of the inside edges of the
side rails; |

said first and second intermediate surfaces being recessed from the air bearing
surfaces of the first and second rails and are raised from the isolation channels to enhance

pressurisation of the rails when the slider is at a skew angle.

i . 3 '*
2. A)‘(ﬂegative pressure air bearing slider as claimed in claim 1, in which saic} first and

second intermediate surfaces are either chamfered or stepped.

47 I A
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surface 11.
skewed ([ e
slider ro
bet ween th
be a | arge
di fference
10 des

If the sliders notion relative to a disk tfa |
r+}—>-0_degrees _or [_err] < 0 degrees), the @334@(”!@
s, A2 micro-inch (0.0 dlfferencelnflvlnﬂ heli g

WomY

AL

5 mm
: Hlﬁllllﬂlfﬂﬂlrﬂﬂlllllll B a1 B Pl Goo et . { e

I n Vi ng hei ght of the two ralls 20 and 22, and HM
i gnates the fIylng hei ght of the lowest rail (in this

case the rail 20). Significantly, when2she slider 10 rolls, HM
al so decreases fromits value when there is zeroroll. If HMN
decreases too much, not only is transducer perfornmance affected,
but the head could

3. A negative pressure air bearing slider as claimed in claim 1 or 2, in which said air
bearing surfaces of the side rails have leading portions, central portions and trailing portions

and the second intermediate surfaces extend for only the central portions.

4, A negative pressure air bearing slider as claimed in claim 1 or 2, in which said air -
bearing surfaces of the side rails have leading portions, central portions and trailing porions

and the first intermediate surfaces extend for only the trailing portions.

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

and trailing portions are wider than the central portions.

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

channels join at a leading cavity (26).

7. A negative pressure air bearing slider as claimed in claim 1 or 2, in which the
isolation channels are wide and shallow to enable the air pressure in the isolation channels to

rise above the ambient pressure from the leading edge to the trailing edge.

8. A negative pressure air bearing slider as claimed in any one of the preceding claims,

in which said first and second intermediate surfaces have a varying width and/or depth.
é
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"crash", causing catastrophic failure. 15 Fi g{ i Eri I al
side plan view of the slider 10 flying close to QBEGD\?&{) ice
11. As stated above, typical flying heights are m =

(0.2 M. As shown, the conventional H shaped slider 10 is 20
formed wth the |l eading cavity 26, which is preferably made deep,
and whi ch may be cut through the whol e28li der body. This | eading
cavity 26 reduces the flying pitch of the slider 10 and thereby the
hei ght to which it woul d ot herwi se fly. 25 Just after the

| eading cavity 26 is the cross rail ABSTRACTor cross bar) 24. The cross
rail 24 is preferably

NEGATIVE PRESSURE AIR BEARING SLIDER

The present invention provides a negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), a negative pressure cavity (28), a pair of isolation
channels (30, 22) disposed between the negative pressure cavity and the side rails and
first and second intermediate surfaces which are recessed from the air bearing surfaces
of the first and second rails and are raised from the isolation channels to enhance

pressurisation of the rails when the slider is at a skew angle.

[Fig. 2c]

. Y, 14-;" This Sheet Has Been Replaced
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recessed slightly by about 40 nicro-inches (0.1 nm f@rﬁjG!i\C’jA he | evel

of the rails 20, 22. This prevents small par ti-eleas_ b from
collecting in the | eadi ng 30 cavity 26. The recess of the cross rail
24 sl i ghtl\;FhlsSheetHasB ed t he negative pressure effectiveness of the
negative pr MI 8. However, it also allows sone dif}ho
t he negativ ty 28 on take

\20

Prior Art.

AN
Fig. 1b

Fig. 1c
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7 off to reduce the negative pressure holdin i aler 10
to the disk surface 11. The use of the rigéggégglﬂ§é§Lfail 24

is optional. It has been included as an exanple n Severar or the
enbodi nents that followin the Figures. The inportance of a.:z
recessed cross rail is not a requirenent for obtai ning the ’L;L

beneficial effects of the other features

21

Fig. 2b
Fig. 2c

j. e e
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descri bed. Typi cal ly, the negative pressurq:ﬁqwt3¥gﬁ§%mgll be

a recess 350 mcro-inches (8.89 mm deep fromthe |evel .rails
20 and 22. The conventional slider body is typically 0. IZ5Tnches
(3.18 mM) wide, 0.160 inches (4.06 mMm |long and 0.034 inches (238
mm) high. Leading t apered edges 25 and 27 of the rails taper t |
dept h of 200 mcro-inches (5.08 mm fromthe level of the rails 15
20, 22. Each rail 20, 22 is approximately 0.026 inches (0.66 mM

wi de and the cavity 28 is 0.071 inches (1.8 nmr) w de at the cross
rail 24. Unl ess otherw se mentioned, the dinmensions of the sliders
according to the preferred enbodi nents of the present invention are

21

[
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20 generally simlar to the dinensions of the conveh
H-shaped NPAB sl|ider 10 of Figures la to 1c. It should bﬁfGMkd t hat

the slider dinensions can be scal ed up or down t b—achieve—targer or
snal | er—stiders Wth sinmlar characteristics. 25 Fi gudé//>
| c al soﬁ,@%;ﬁsﬁ&ak aed\hi ch is not found in the prior art: a st'ep
29 in th of t he cavity 28. This feature wll be

di scusseq\mm“ m ‘detail later. The first enbodi ment
is 30 res 2a to 2d. Isolation channels 30 and 32

extending fromthe forward edge of the slider to the trailing edge
are | ocated adjacent to the inside of the

2? 126 24 27 25 26 /24/27

/ Y || / AN /
L ///\

32 - 30 32» 30
\

/ oo .
20 %o Fig. 3a N 20 720 Fig. 3b 22\ 5,




p05|t|ve pressure ralls 20 and 22 and provide a sourqge
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of near anbient pressure air along their |ength. mhenﬁ:%ﬁ%’gﬁl*i] sl i der
|

flying at a skew angle;—the trailing rail 20 t he

channellﬁﬁshﬁumg9§§§£l§e and lift the slider T eam

si de, roll. Located between the channels 30

32 and trgmmm U" HWt Ive pressure cavity 28 are separating rails 22'%
resp . Figure 2b is a detailed cross section

shomnng t he rail 22, the isolation channel 30, the separating rai

22' and the negative pressure cavity 28 The channels 30 and 32

are made rel atively deep and wi de, eg 0.004 I nches by 0.004 inches

(0.1 mMmby 0.1 mm), in order to

25 26 ,24

N 27
27
21’ /21
, 32 30 :
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provide as little pressure drop along their length as
Figure 2c shows a simlar-—-cross section of the 15
i sol atien—channel 30, the cavity 28 and the

possTote.

TFORKGINAL

i shlation _channél;

separatnu%rgkaﬂazw. ?%tlng t he i sol ati on channel fron1the‘7 /7

cavity. In of Figure 2c the edges of the rails
I ncl ude st , for easing the transition of air froma ra
ra|I|

edge to th
chanfered as shown in the enbodlnent of Figure 2d.
processi ng chanfered edges is difficult, while
from conventional processes such as

25\ /26 /24 27
~ 7 /. rd
| _

' //// ' T ’
20' 1 ) 22
/
32

28 N\
(30 22
2 .‘ 25
X - N

el f. These optional edges are preferably

However,
steps can be fornmed

7
20 Fig. 3h ~




lon mlling. 25 The inside step 23 eases thg—t+apsttromof: air
from the channet— 30 to—the - rail 22 when the channel is QB | g\ tf eant
éﬁw g‘

fromthe ran{ls eeni{nlpressurlsatlon al ong th of
the rail. ea""’ simlarly aids in pressurTsation of theaga
22 al ong 30 l, [ﬂ Iength when the step 21 is flying up stre /92
to the rail In Figure 2c, the rail 22 i

0. 02 inches (O 51 m’r) ~ wide, the channel 30 is 0.004 inches (0.1 nm
wi de, and

25 26 24 27
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21’\ \/ ?/\ /21

\ | ,/22,
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9 the isolatten—chanmel separating rail 22' is 0.©62 +nches
(

0.05 mm) wide. An_inportant feature of the | sol JtAyah 1 € :
separating rEusShesbHasBesh is a‘]éeldt has sufficient wi dt'H % @mA&E he
cavity 28 fro “ “'“ \‘ ‘ ‘ Cf/
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5 . channel 30 but is.not sufficiently wide to acf as a rart

itself. — Fi gure 2d is a simlar cross set@m@‘lN:F#]ail
charmel 30

22 havi ng-[{:}igsl%'ett}ﬁﬁBém ceb| atively shall ow isolatio _
Because of pth, the air 10 pressure al ong the channel

i ncreases aﬂm\m ‘ - anbi ent pressure fore to aft. Unlike the d@
channel Fi-gure 2c (which has near ambient pressure along )
its length), in Figure 2d the shallow channel air pressure wl |

a conplex function of flying speed and skew angl e as well as
position (along its length). 15 Nevert hel ess, the shall ow channel 30

provides a simlar benefit of reducing roll and |loss of flying
hei ght over

TN -
N




a range of skew-angl-es.._ Al so, the isolation channel 30' and

st eps *or chanfers nay not necessarily have a constanf Wdth or 20
depth al ong thel absumR lac ould be noted al so that [ﬁ
negative pressur not be a const ant .
cavity 28 may be 29 in Figure 1c (which s not p / Z;z
art) or tapered in a varl configurations to alter the
negati ve pressure 25 characteristics. These variables can be
mani pul at ed by the designer for a specific application to provide
custom flyi ng performance. In Figure 2d, the rail 22 is 0.02
i nches (0.51 mm w de, the channel 30" is 0.004 inches (0.1 mm
wi de, and
25 41 40 24 25 40" 41 4q
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. . . . . Wotio f—
30 - the isolation channel separating rail 22" is 0.002 aq$k%§%$

(Q 05 mm w de. The depth of the channel 30" is approximately the

same - as the depth of the negative pressure cavity 28, i.e. 350

m Cro-i nches. (8.89 nm in L This is the replacément sheat
2(5(““ 0%

NEGATIVE PRESSURE AIR BEARF® 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 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, eguipment,
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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10 the preferred enbodi nent. The chanfers 21 and 23 are

each approximately the sanme width as the channel 30', i.e. 0.004

i hches (0.1 mm), and taper to a depth of about 40 mtfo-inches .
(.02 mm) in the preferred enbodi nment . : Figures 3a {9,
3k show alternative arrangenents for 2 the isolation channel. In
Figure 3a, both the w dth of the |l eading cavity 26 and the trailing
portion of the negative pressure cavity 28 are reduced, with corres-

pondi ng i ncr eagesskawwaighekQr Evern eadinogndddeite Zkew/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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and trailing ends of the rails. This configuration provi des for

faster take off, but the large trailing rail portions and smaller
trailing negative cavity portion reduce pitch and reduce the
increase in flying hei ght at hi gher speeds. 15 In Figure
3b, the isolation channels 30 and 32 are angled into and intersect
the |l eading cavity 26. As the skew3angl e increases, air flowinto
the channel 30 or 32 which is nore aligned with the direction of
not i on readinpcfremsedisk dinihg thei seek bperation i3 continuedhfor reasing: traclcaddresses2 0
net result is that nore air is available to pressurise the trailing

rai | thus réshexamgle. oPteferably, the slider will pxhibit dittle.oneo relheveraywidegvasiatior yn 26
i-'s even
skew angles. The slider also preferably achieves a rapid take off but can still fly low at

full speed.

1t is the object of the present invention to provide a negative pressure air bearing
slider, which displays reduced skew angle effects.

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressuré cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider; a pair of isolation channels disposed
between the negative pressufe cavity and the side rails; and a pair of separating rails,
each separating rail being disposed between a respective isolation channel and the
negative pressure cavity, characterised by further cdmprising: a first intermediate surface
extending a portion of the outside edges of the side rails; a second intermediate surface
extending a portion of the inside edges of the side rails; said first and second
intermediate surfaces being recessed from the air bearing surfaces of the first and second
rails and are raised from the isolation channels to enhance pressurisation of the rails
when the slider is at a skew angle.

In one form of the invention described below, isolation channels situated on the
inside of "catamaran" rails of the slider, adjacent on 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 foll.

The first and second intermediate surfaces ease 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.

—
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further reduced and the cross rail 24 is shaped |like an arrow head

to enhance the funnelling effect of air into 25 the down stream

i 3ol ati on channel. Mbreover, the i ncreased frontal area provides
greater lift, especially on take off. In Figure 3d,
the size of the cross rail is reduced fromFigure 3c so that it is
now "V' shaped and 30 the isolation channels 30 and 32 are wi dened to
consune the entire leading cavity or recess. This design

reduces over presAsiaeesalt, ahnairl "‘sesbpids priyideduvhenga $idg kail at a skewsaegieland is
operation, increases the air flowinto the down
down stream from an isolation channel. The additional air aids in pressurisation of the
down stream rail.

Additionally, the other edges of side rails may be similarly chamfered or stepped
to provide the same effect when a rail is sliding is sliding at a skew angle with its up
stream edge into the "wind". Increasing pressurisation at both the up 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. '

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, rolil for the
conventional NPAB slider under the influence of wind from the direction shown in
Figure 1a;

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

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

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

slider according to the present invention having isolation channels;
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stream i sol ati on channel and thus the skew conpensation and further
I ncreases the size of the negative pressure

5
Figures 4a to 4f are bottom plan views of alternative embodiments of the NPAB
slider according to the present invention having a take off assist spoiler and either

isolation channels or a divided negative pressure cavity or both; and
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cavity 28 for |ower flying height. | Figure 3e is simlar to

Fi gure 3b. However, here 5 the entire cross rail 24 is recessed
véertically. 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 o that they provi de an
adequate source of air in use to the pressurised rails 20 and 22.
Furthernore, the rails i ncl ude edge steps (or tapers) 21 and 21
and 23 and 23' Figu@egaSe RoeSTUArsdlicdton plakeviengl &f as di scussed

cbove, AN PO L eabl SpBEA RS o {Tapr pccardBRgtid®
approxi mat el y the papsedéptinventiiom halvdyng 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
©. 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 @rive'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 l1la, 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
exaggeratibp. Normally, the slider 10 will fly about 8
micro-inches (0.2 mm) off the disk surface 11 with each
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may be formed during a single ion mlling step. As wel |, the cross

rail recesses 24 and edge steps 21, 21 23 and 23' are

approxi mately the same depth so that they may be formed during a
single ion mlling step. In Figure 3e, the overall |ength and
wi dth of the 20 slider is 0.16 inches? by 0.121 inches (4.06 nm by 3.07
mm) . The outside edge steps 21 and 21' are 0.004 inches (0.1 mm

wi de. The inside steps 23 and 23" are 0.002 i nches (0.05 nm wi de.

mg !SO: ation QE@.&“Q:OS 30 albul? the same distafdé fruhesh¢ diSknm) wi de.
T sl 5! o2 AT 12, 2 e, TN MO SrPa il €2 0 P 002
forward tangent is skewed (@ > 0 degrees or & < 0 degrees), the
_ conventional slider rolls. A 2 micro-inch (0.05 mm)
difference in flying height between the trailing and
leading rails 20 and 22 is considered to be a large
roll. '

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

"crash", causing catastrophic failure.

Figure 1c 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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end is 0.066 inches (1.68 mmM wide, and at its trailing end is
0.589 inches (14.96 mm w de. The |eading edge taper 25, 27 is
0:014 inches (0.36 mm w de. The length 30 and width of the |eading
cavity 26 are 0.589 inches by 0.031 inches (14.96 nmby 0.79 m).
The |l ength of the cross rail 24 at8its | eading edge is 0.04 inches
(1.02 mm, its length at its trailing edge is 0.07 inches

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

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

Typically, the negative pressure cavity 28 will be
a recess 350 micro-inches (8.89 mm) deep from the level
of the rails 20 and 22. The 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 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 1lc also shows a feature which is not found
in the prior art: a step 29 in the cavity depth of the
cavity 28. This feature will be discussed in more
detail later.

The first embodiment of the present invention is’
shown in Figures 2a to 2d4. 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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12 (2.78 mm and its width is 0.013 inches (0.33 nm. The

di stance fromthe | eading edge to the first channel bend is 0.07

i hches (1.78 nm, and to the second bend is 0.125 inches (3.18 nm.
The depth of the steps 21, 21', 5 23 and 23" at the cross bar 24
recess is 0.04 inches (1.02 nm. 2 Figure 3f is a

design simlar to that of Figure 3d

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

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

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

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

In Figure 2c¢, the rail 22 is 0.02 inches (0.51 mm)
wide, the channel 30 is 0.004 inches (0.1 mm} wide, and

—_
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wi th straight-angled isolation channels 30 and 32. The

strai ght-angl ed channels are provided by renoving the 10 final outward
bend therein. The longer angled inside edge of the down stream
rail is nmore effective in pressurising the air supplied by the

adj acent isol ation channel 30 or;g2, thus inproving the rol
conpensati on versus skew angl e. Figure 3g is a design
simlar to that of Figure 3f 15 with the addition of a vertical recess

t? tﬂe cross rghk isolatiod¥chainepel 2epawhPRigatail 22& 1$a0100@ portions
O i do cobhERE 1R RRY VARAEC A fapditipit etz e 1
pressuri sati onisblaltdéotowhasnedamer@ntating 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 angleé.

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
ic (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 24, 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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use. The recessing of the cross rail 24 reduces the chance of

debris collection at the cross rail 24 and further aids in breaking
t'he negative pressure cavity 28 vacuum at take off.

Figures 3h to 3] shows alternative isolation 25 channel arrangenents
designed to reduce the flying helgyht sensitivity of the flyer to

I ncreased di sk speed. In Figure 3h, the isolation channels 30
and 32 do not extend the full length of the rails 20 and 22, but

izgsteaAd term nghe @t@f@crrﬁami@ﬁdamesmtlhemeg@nfamers 21 anfre3sare cavity
e AR R e T
This all ows i.e. 0.004 inches (0.1 mm), and taper to a depth of

about 40 micro-inches (1.02 mm) in the preferred

embodiment.

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

In Figure 3b, the isolation channels 30 and 32 are
angled into and intersect the 1eading'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 1lift, 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

i ufiu S——
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greater inter-action of the positive and negative
13

12

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 traiiing edge is 0.07 inches
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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
negative pressure cavity 28 to provide greater |ift there. 5

In Figure 3j, an island 40 is forned in a centre regi on of the
negative pressure cavity 28 adjacent thf3 trailing edge of the
cavity. The island 40 is substan- ~tially the sanme height as the
rails 20 and 22 A tapered or stepped forward end 40" increases

pressuri- 10 75%?”.&9& §Bg b&h%ﬂd 140001458 nchbae ('cﬁ's@%ﬁ)o | iV es
e YN C“aéi‘gégﬂ'cé Ee5ntni fe2t108 edhe S £irst chandal bamd O™
vari ation. g edg

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 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
préssurising 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 Flgure 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 isoclation
channel separating rails 20’ and 22’. This allows
greater inter-action of the positive and negative

T e———— L. - /
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Preferably, the slider has a near flat flying profil e between an

I nner and an outer radius of the 15 disk. In other words, the slider
preferably flys at substantially the sane hei ght, above the disk
surface 11 (shown in Figure 1c) at the inner radius as it flys at
the outer radius. However, the velocity B the air bei ng dragged
between the slider and the disk at the 20 i nner radius is |less than
the velocity at the outer radius. As a result, the positive
pressure that BGppgure effectgi.ong the rails 20 and 22 is less at the inner
radi us than ah thuﬁut a,r wﬁw&sa&ﬁidgg dﬁaauzrgél dsﬁpéﬁaﬁfiﬁgr

| ower at the innet _radius_t ,at _the .outer, radiys. -

i sl and 40, homﬁeé;? ?gdu88§ 22e éffb@g?éﬂ?d at''the trailing end o t¥%e

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
leing height wvariation.

Preferably, the slider has a near flat flying
profile between an inner and an outer radius of the
disk. 1In other words, the slider preferably flys at
substantially the same height above the disk surface 11
(shown in Figure 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 1lift 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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fIy|ng hei ght caused by changes in the air velocity. At | ow speeds,
the air travelling beneath the island 40 pressurlses the island and
produces lift at the trailing edge of the slider. This lift
increases the flying 30 hei ght at the inner radius of the disk. At

hi gh speeds, the effective pressifre on the island 40 is

di m ni shed, relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has al nost

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
jsland 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 isclation 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 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 fl?ing 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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no effect on flying height at the outer radius of the

di sk. The overall result is a flatter flying profile bet ween the
i nner radius and the outer radius of the di sk. The flying hei ght
variation is further reduced by positioning the transducer on the
I sl and 40 since the 16 _

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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island is generally co-incident with the roll axis (not shown) of
the slider. Fi gure 3k shows isolation channels 30 and 32

term nating 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. Theli’sol ati on channels 30 and 32 shown
I n Figure 3k are shorter than those shown in Figure 3h and

allow for greater inter-action of the positive and pressure effects

for further deg ' l-RQ | '
t he edge stepsgé§§§%535%!¥hg n@@dﬂgzgmgigss%ﬁﬁi?ﬁf%{;ﬁ?geggiyﬁégf§$€ggs21
a

and 21" do notnegative pressyreneff@ats stighh Rf IPRrIXIPRLS 22 but
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 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 fldw_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 3la is employed which passes air at low
speeds but which causes air flow to approach a constant
at higher flying speeds when the speed of the air within
the choke 3la approaches sonic velocities. Thus, the
primary spoiling effect of air through the choke 3l1a
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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term nate generally adjacent to the side rail break poi nts. The
term nated edge steps 21 and 21' ease 20 pressurisation of the rails
at a skew angl e and provide a large rail surface area near the
trailing edge. Increasing the rail surface area near the trailing
edge increases the pressure on tRhg rails 20 and 22 during

flight. The increased pressure stablises the slider 25 flight and
provi des a constant flying height through varyi ng skew angl es.

Figures 4a to ﬁég&ﬁi#étﬁﬁé§sﬁgéeﬁl'Mﬁcﬁpﬁhbhéﬁ %beeds. the negative
pressure in cavi th orten ta nd c ensate for
skew effects. 30 = Figure 4%|§EP¥54§nlPh&??P&F&?etﬁPQ£iﬁ é§a§QQ;
concept. 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
31f’ 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 degrée 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

i
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Here, a circuitous spoiler channel 31 is fornmed in the cross rai
24 to communi cate air between the | eading cavity or recess 26 and
the cavity 28. The spoiler

19

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

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

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

Figure 5d illustrates a variation which provides
two lateral access channels 40’ and 40’’ communicating
between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn
connected to the isolation channels 30 and 32. This
design provides pressure reduction aiong the entire
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15 - channel 31 functions simlarly to a recessed cross bar

I n reduci ng take off speeds. The air flow through the spoi l er
channel 31 is proportional to the pressure . difference across the
cross bar 24. The di mensi ons of t he spoil er channel 31 nust be
chosen so that there will not be&0a | arge reduction in the negative
pressure wthin the cavity 28 at higher flying speed. Skew
conpensati on is provided by the isolation channels 30 and 32 as
bef or e. length ofinthkelendingt tepest seEedimyddie piretidingpdl | er

i's shown in Figupg: 48r +HEM £aiile28PAhlee 2 2 RN Urotk ifail 24. Aas
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 élightly
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
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split into two angl ed segnents. The effect of these angl ed channel

segnents i ncreases when flying at positive or negative skew angl es.
These spoil er channel s 31 hel p reduce the overall |oss of flying 15
hei ght when flying at skew angles. The isolation channel s 30 and
32 are angled into the leading cavity 2@1 and performin a simlar
fashion to those described in Fi gure 3b. Fi gure 4c
shows additionally a negative pressure 20 cavity divider bar 36 whose

head 367 i s agigwiahane dribe of mvg\ar&vwe o101 &1 gRPAL on Ghggnel s 31

and 31'' | eading to negati ressure cavities
respectivel y. the anterﬂ%?:ﬂﬁﬁﬁ%ﬂrQﬂﬁﬂ%kS% channgl 4Y4' of ;ELgure & breaking

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 5g,
the negative pressure cavity 28 bends into a channel 50,
which communicates with the side edges of the slider.

As well, isolation channels 30 and 32 have side vents
46’ and 46’’, respectively. The combination of the side
vents permits the transducer bearing portion 48 of the
head to be a so0lid 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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negative pressure on take.-off, and the angles retard air 25 entry into
the cavirties 28" and 28'' at speed. However, when the slider flys

at .a ske e spoiler channels will begin to line up
with thevﬁmﬂum“flmﬁm‘m!“l nmotion and nore air will enter the
correspondsnge down®* *

stream cavity, thereby reducing negative

pressure 30 effects in that cavity. Correspondingly, the other
spoi l er channel will becone less aligned with the di rection of
notion and less air will spoil the negagRve pressure in the up
stream or | eading cavity thereby

Claims:

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

slider comprising:

two side rails (20,22);

a cross rail (24);

a negative pressure cavity (28) disposed between the side rails and between the
cross rail and a trailing edge of the slider;

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, characterised by further
comprising: . '

a first intermediate surface (21) extending a portion of the outside edges of the side
rails;

a second intermediate surface (23) extending a portion of the inside edges of the
side rails;

said first and second intermediate surfaces being recessed from the air bearing
surfaces of the first and second rails and are raised from the isolation channels to enhance

pressurisation of the rails when the slider is at a skew angle.

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

second intermediate surfaces are either chamfered or stepped.

—_——
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16 | increasing its negative pressure effects. The overall
negative pressure effects will be approximately the sane. However,
‘t he t endeney of "the “STider to roll wth the leading rail high wll

A

23

3. A negative pressure air bearing slider as claimed in claim 1 or 2, in which said air
bearing surfaces of the side rails have leading portions, central portions and trailing portions

and the second intermediate surfaces extend for only the central portions.

4. A negative pressure air bearing slider as claimed in claim 1 or 2, in which said air
bearing surfaces of the side rails have leading portions, central portions and trailing porions

and the first intermediate surfaces extend for only the trailing portions.

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

and trailing portions are wider than the central portions.

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

channels join at a leading cavity (26).

7. A negative pressure air bearing slider as claimed in claim 1 or 2, in which the
isolation channels are wide and shallow to enable the air pressure in the isolation channels to

rise above the ambient pressure from the leading edge to the trailing edge.

8. A negative pressure air bearing slider as claimed in any one of the preceding claims,

in which said first and second intermediate surfaces have a varying width and/or depth.
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negative pressure in the leading cavity and the reduced negative

pressure trailing cavity. Fi gure 4d shows another variation
on the sane theme. Here, the divider path 36 is slightly shortened
and a leading triangular block 34 is added. The bl ock 34 acts to
reduce spoiling air flowinto the caviti,ges 10 28" and 28" with no
skew angle, to a greater extent han t he design of Figure 4c. The
spoi |l er. channel s 31' and 31'' are now crossed. Air flows through

t he crossed spoi |l er channel s §i§?ﬂ§ﬂc 1'" in a generally
constricted manner as with th poi | er channels. However, 15

when one of the channels becones nore aligned with t direction of
motion, the flow ther et NEGARYERRESSURE AIRBEARING SLIDER
The present invention provides a negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), a negative pressure cavity (28), a pair of isolation
channels (30, 22) disposed between the negative pressure cavity and the side rails and
first and second intermediate surfaces which are recessed from the air bearing surfaces
of the first and second rails and are raised from the isolation channels to enhance

pressurisation of the rails when the slider is at a skew angle.

‘Fig. 2¢
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whil e fl ow sinmul taneously decreases in the other channel . Wth

better alignnment, the overall flow I ncreases into the down stream
‘negative pressure cavity 20 28" or 28''. Wth appropriate di nensions,
the cross . spoi l er channels 31' and 31'' can be nade to function as
a fluidic type device whereby the differences in the quantity of
air flowto the divided cavities 28 and 28'"'" can be greatly
enhanced providing a greater anmount 25 of slider roll conpensation.
Figure 4e shows an alternative spoiler design. Here, a choke 3la is
enpl oyed whi ch passes air at |ow speeds but which causes air flow
to approach a constant at higher flying speeds when the speed of

the air within
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30 t he choke 31a approaches sonic velocities. Thus, the

primary spoiling effect of air through the choke 3la occurs at | ow
speed. This inproves the take off characteristics at | ow speeds |
wi t hout spoiling the 5
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17 negative pressure at mnmuch hi gher speeds. Fi gure 4f

shows an alternative spoil er channel | ocati on when isol ation
channel s 30 and 32 are included. The spoil er channel 31 nay be

| ocated to communi cate 5 t hrough the isolation channel separating
rails 22' and 20" between the ne&ative'pressure cavity 28 and the

i solation 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 10 into the leading cavity 26. At a skew

angl e, the
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pressure in the down streamisol ati on channel i ncreases, t her eby

i ncreasing the spoiling effect of the down stream cavity. Thus,
roll.-is decreased by having relatively greater negative pressure in
the up stream 15 cavity. This design has sone simlarities with the
design of Figure 4b. Here, the spoiler ctfannel s 31' and 31'' are
noved around to the sides and a divider bar 36 I s added.
Figures 5a to 5g illustrate several variations of a highly enl arged
| eadi ng edge taper section 25, 27, whi ch 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
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pressure of the | eading taper at speed and to maintain a 25 hi gh
degree of negative pressure in the cavity 28. _ Fi gure 5a
illustrates the basic¢ concept. Broad | eadi ng tapers 25, 27 are
provi ded. Just after the | eadi ng_taper and anterior to the negative
pressure cavity 28, a pressure rélief channel 41 is provi ded.
Preferably, this channel is open to anbient air pressure to vent
air flow ng past the | eading tapers 25, 27. 1In Figure Sa, the vent .
is provided by a channel 40 |eading to the forward edge of the
slider. The pressure relief channel anterior to the
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18 negative pressure cavity 28 prevents air scooped up by
the | eading taper fromentering the negative pressure
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cavity 28 to spoil the negative pressure. This results in a slider.

that has good take off characteristics and al so low flying height.
Further, it has been found to . have a relatively constant flying
hei ght versus speed, a desirabl e _property, and a higher flying
hei ght at | ow speeds than the cofventional NPAB sli der.
Figure 5b illustrates a variation which provides two | ateral access
channel s 40" and 40'" fromthe | eadi ng edge of the slider to the
anterior pressure relief channel 41. Additional edge steps or
tapers 42' and 42'' communi cati ng between the | eading sections of
the rails 20 and 22 and the access channels 40" and 40"’ act, in
conjunction with the access CE nels, to provide
25 B3
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15 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 sinilar to a limted isolation
channel and nmay be particularly useful for sliders having only
smal | skew angl e variations in 20 use. Fi gure 5c
Illustrates a variation which provides two | ateral access channel s
40' and 40'' fromthe | eadi ng edge of the slider to the anterior
pressure relief channel 41. These access channels are in turn 25
connected to isolation channels 30 and 32. This design provi des a

hi gh degree of skew conpensation with good
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take of f and flying height properties. Figure 5d illustrates
a variation which provides two | ateral access channels 40" and 40
conmuni cating 30 bet ween the pressure relief channel 41 and the side
edges of the slider. These channels are in turn connected to the

I sol ati on channels 30 and 32. This 9 desi gn provi des pressure
reduction along the entire

23 26 o5 31 26 ,04
l 31\ / /24 /27 X \ : /

| 7 TS \ 7T/
enant /%\

\ \
F 43 22 20 . Fig 4b
Ig. 22 20 d Yoo

/27
7

2!5 31y / /27 2"5_ 34 / /27

31"° | 31’ 7 3177
£ 24 |2 ;l
36 |

Vo2 207 Fig.ad

This is the replacement sheet

26 oCT 3%

Date:



19 | ength of the |eading taper section (25), including in

front of the rails 20 and 22 and cross rail 24. As wel I, an

opti onal spoiler channel 31 connects the anterior pressure relief
channel to the negative pressure _cavity 28 to assist in take off as
descri bed above. | #%t hi s design, the frontal area of

t he | eadi ng
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tapér section 25 is maxim sed for fast take off while the isolation

channel s provi de skew conpensation. The presence of the pressure
telief channel 41 in front of 10 the rails 20 and 22 reduces their
effectiveness slightly so t hat ?ggh speed over pressure fromthe
| ar ge | eadi ng taper section 25 reduced. Fi gure 5e
shows anot her variation which connects the anterior pressure relief
channel 41 to anbient air 15 t hrough the isolation 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 t he
I sol ation channeh_ 30 and, 32. Pressurised air , fl owi ng past the
front taper2'§ect|o \25 e/4@rs the24 25 40 41 40"
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- 20 pressure relief channel 41 and exits through the | sol ation

channel s 30 and 32. At a skew angle, this air- tends preferably to
flowinto the down streamisol ation channel , whi ch enhances skew: -
conpensation. This design i ncl ugljg?s a recessed cross bar 24, which

I ncreases the 25 air flowin the i ation channels 30 and 32.

Fi gure 5f show? not her riation which provides a single anterior
pressure relie hannel ?\spannl ng the slider side edge to side
edge. Air flow BRSt—teld Laper section 25 exits through th| S
channel 41. Hop! 30 ev\r, rail edEle tapers or steps 44' and 44’
connect ed e CITaNTre—gd—tretp t24pressuri se the rail fromthis
source of air. . ‘Fr>—-— '
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Figure 59 illustrates another variation very
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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. .Examples of prior art negative pressure air bearing sliders can be found in
EPO 155 756 and US 4673996.

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

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider; a pair of isolation channels disposed
between the negative pressure cavity and the side rails; and a pair of separating rails,
each separating rail being disposed between a respective isolation channel and the
negative pressure cavity, characterised by further comprising: a first intermediate surface
extending adjacent to a portion of the outside edges of the side rails; a second
intermediate surface extending adjacent to a portion of the inside edges of the side rails;
said first and second intermediate surfaces being recessed from the air bearing surfaces
of the first and second rails and are raised from the isolation channels to enhance
pressurisation of the rails when the slider is at a skew angle.- .

In one form of the invention described below, isolation channels situated on the
inside of "cataniaran" rails of the slider, adjacent on the negative pregsure 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.

The first and second intermediate surfaces ease 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.
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simlar to that of Figure 3c. This configuration has the anterior .

pressure relief channel 41 of Figure 5a connected to the isolation
channel s 30 and 32. However, the pressure relief channel 41 is
angl ed or V-shaped so that air will tend to flow to the down stream

I sol ation channel (30 or 32) enhancing skew conpensati on.

At the trailing edge of the slider of Figure 5g, t he negative
pressure cavity 28 bends into a channel 30, whi ch communi cates with
t he side edges of the slider. As well, isolation channels 30 and 32
have si de vent sAs a result, ad@ir "socopttis providslpebéd ¥ sidy rail dheskeonimgletndis of the
si de vents permts the transducer bearing portion 48 of the

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

Additionally, the other edges of side rails may be similaﬂy chamfered or stepped
to provide the same effect when a rail is sliding is sliding at a skew angle with its up
stream edge into the "wind". Increasing pressurisation at both thé up 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 havé 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.

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 shq-wn in
Figure la;

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

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

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

isolation channel of the NPAB slider according to the present invention;
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head to

be a solid rail, which gives nore area for transducer

el ements and elimnates the need to nachine off a portion of the
transducer materials during manuf acture. This is inportant for

certain
all of

machi ni ng nmet hods (e.g. laser nmachining) that cannot renove
the transducer materials effectively. It will

be appreciated that the described I sol ati on channels 30 and 32,
anterior pressure relief 20 channel 341, |eading edge tapers 25, 27,

spoi |l er
her ei n

pr oduce
appl i cat

rhannel s cavity dividers 36, and other particulars
Hisveesidada: 4f m;bosiémsxda@mmaf yltunmmgmmthbavmay sakeoff

an NPAB sl i der haV| n? optinmum properties for a gi ven
o#sist spoiler and either isolation channels or a divided negative pressure cavity or both of

the NPAB slider; and

Figures 5a to 5f are bottom plan views of alternative arrangements having fast take

off extended front taper and anterior pressure reduction channels of the NPAB slider.

Figure la is a bottom plan view of a conventional H-shaped NPAB slider 10 flying
into the wind at an angle . 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 disc 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 iO has two "high pressure” rails 20 and 22 (each of
which has a leading taper 25, 27 respectively for furmelling air under the rails), a cross rail :
24, a negative pressure cavity 28, and a leading cavity 26.

With the wind impihging on the slider 10 as shown in Figure 1a, the leading (or up
stream) rail 22 remains pressurised, but to a lesser extent than 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 downstream) rail 20, much
less air reaches this rail for pressurisation. The net result is that the leading rail 22 drops
slightly, tﬁe trailing rail drops even more and the entire slider 10 flys at a reduced height.

Figure 1b shows such slider roll in great exaggeration. Normally, the slider 10 will

fly about 8 micro-inches (0.2 mm) off the disk surface 11 with each
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rail 20, 22 about the same‘azétance from the disk
surface 11. If the sliders motion relative to a disk
tangent is skewed (& > 0 degrees or © < 0 degrees), the
conventional slider rolls. A 2 micro-inch (0.05 mm)
difference in flying'height between the trailing and
leading rails 20 and 22 is considered to be a large
roll. _ _

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

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

As shown, the conventional 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 T
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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21 C ai ns: 1. A negative pressure air bearing slider for a nmagneti.c
-head of a rotary disc drive, said

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

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

Typically, the negative pressure cavity 28 will be
a recess 350 micro-inches (8.89 mm) deep from the level
of the rails 20 and 22. The 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 aporoximately 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

10

[
wn

the preferred embodiments of the present invention are
20 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 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 is
30 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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slider conprising: two side rails (20, 22); a cross rai

(24); | a negative pressure cavity (28) disposed between the side
rails and between the cross rail and a trailing edge of the slider;

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

8

DR

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

Figure 2b is a detailed cross section showing the
rail 22, the isolation channel 30, the separating rail

[§]]

22’ and the negative pressure cavity 28. The channels
30 and 32 are made relatively deep and wide, eg 0.004
inches by 0.004 inches (0.1 mm by 0.1 mm), in order to
provide as little pressure drop along their length as

10

possible.
Figure 2c shows a similar cross section of the

15 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
20 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 pressirisation

along the entire length of the rail. The step 21

25

similarly aids in pressurisation of the rail 22 along
30 its entire length when the step 21 is flying up stream
to the rail (into the wind).
In Figure 2c, the rail 22 is 0.02 inches (0.51 mm)
wide, the channel 30 is 0.004 inches (0.1 mm) wide, and
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a pair of separating rails (20,22), each separating rai
between a respective isolation channel and the negative

charact eri sed by further conprising: a first internediate surface

(21) extending adjacent to a portion of the outside edges

rails; a second internedi ate surface (23) extendi ng adj acent to a

portion of the inside edges of the side rails;

9

bei ng di sposed
pressure cavity,

of the side

the isolation channel sepaTating 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 £

rom 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

10

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).

15

Nevertheless, the shallow channel 30’ provides a similar

benefit of reducing roll and loss of flying height over

a rénge of skew angles.
Also, the isolation channel 30’ and s

teps or

chamfers may not necessarily have a constant width or

20

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

the designer for a specific application to
custom flying performance.

characteristics. These variables can be manipulated by

provide
*

In Figure 2d, the rail 22 is 0.02 inches (0.51 mm)

wide, the channel 30’ is 0.004 inches (0.1
30

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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said first and second i nternedi ate surfaces being recessed fromthe air
-bearing surfaces of the first and second rails and are raised fromthe

i sol ati on channels to enhance pressurisation of the rails when the slider
is at a skew angl e. 2. A negative pressure air bearing slider as
claimed in claim1, in which said first and second internedi ate surfaces
are either chanfered or stepped. .

10

PR

the preferred embodiment. 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 mm) in the preferred "
embodiment.

Figures 3a to 3k show alternative arrangements for
the isolation channel. 1In 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

(S]]

10

portion reduce pitch and reduce the increase in flying

height at higher speeds.
13 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
20 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
25 the down stream isolation channel. Moreover, the
increased frontal area provides greater lift, especially
on take off. ‘

In Figure 3d, the size of the cross rail is
reduced from Figure 3c so that it is now "V" shaped and
30 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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11
sﬁream isolation channel ;;; 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 impoftant 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 {ts 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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3. A negative pressure air bearing slider as clainmed in claiml or 2, in
awhich said air .bearing surfaces of the side rails have |eading portions,
central portions and trailing portions and the second internediate
surfaces extend for only the central portions. 4. A negative pressure
air bearing slider as clainmed in claiml1 or 2, in which said air bearing
surfaces of the side rails have | eading portions, central portions and
trailing portions and the second interpedi ate surfaces extend for only the
trailing portions. EE_

(L.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 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

(Wi}

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
20 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 show# 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
30 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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5. A negative pressure air bearing slider as clainmed in claim3 or 4, in
which the leading and trailing portions are wider than the central

por'tions. 6. A negative pressure air bearing slider as clainmed in

claim5, in which the isolation channels join at a |eading cavity (26).

7. A negative pressure air bearing slider as clainmed in claiml or 2, in

whi ch the .
13

pressure effects.
In Figure 3i, the isolation channel separating
rails 20’ and 22’ are widened at the trailing end of the
negative pressure cavity 28 to provide greater lift
there. ' ' -
In Figure 3j, an island 40 is formed in a centre

w

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-
10 sation of the island 40 in use. The island 40 improves
the flying characteristics of the slider by reducing
flying height variation.

Preferably, the slider has a near flat flying

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

The island 40, however, reduces the effects.on

flying height caused by changes in the air velocity. At

[\8]
w

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

30 height at the inner radius of the disk. At high speeds,
the effective pressure on the island 40 is diminished,
relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has almost
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I sol ati on channels are wi de and shall ow conpared to the separating rails to
enable the air .pressure in the isolation channels to rise above the
~anbient pressure fromthe |leading edge to the trailing edge. 8. A
negative pressure air bearing slider as clained in any one of the preceding
clainms, in which said first and second internmedi ate surfaces have a varying.
wi dt h and/or depth. :

14

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

[¥1]

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
10 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.
;5 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.

20

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';poiling 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

30
~ cross rail 24 to communicate air between the leading

cavity or recess 26 and the cavity 28. The spoiler
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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 diréction 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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3. A negative pressure air bearing slider as clainmed in claiml or 2, in
mhich said air .bearing surfaces of the side rails have |eading portions,
central portions and trailing porti-ons and the second internedi ate
surfaces extend for only the central portions. 4. A negative pressure
air bearing slider as clainmed in claiml1 or 2, in which said air bearing
surfaces of the side rails have | eading portions, central portions and
trailing porions and the first internediate surfaces extend for only the
trailing portions. 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

w

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 intoc the cavities
10 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,

13 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
20 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

48]
wnm

of slider roll compensation.

Figure 4e shows an alternative spoilef design.
Here, a choke 31la 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
30 the choke 3la 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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5. A negative pressure air bearing slider as clainmed in claim3 or 4, in
amhich the leading and trailing portions are wider than the central

portions. 6. A negative pressure air bearing slider as clainmed in

claim5, in which the isolation channels join at a |eading cavity (26).

7. A negative pressure air bearing slider as clainmed in claiml or 2, in

whi ch the .
17

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
10 pressure in the down stream isolation channel increaées,
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
13 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 S5a to 5g illustrate several variations of
a highly enlarged leading edge taper section 25, 27,

20 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.

25 Figure 5a illustrates the basic concept. Broad
leading tapers 25, 27 are provided. Just after the
leading taper and anterior to the negative ﬁressure
cavity 28, a pressure relief channel 41 is provided.
Preferably, this channel is open to ambient air pressure
30 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

This is the replacemc_ant gheet

05 W6 8

Date:



I sol ati on channels are wi de and shallow to enable the air pressure in the
4 solatigon channels to rise above the anbient pressure fromthe | eading
eddge to the trailing edge. 8. A negative pressure air bearing slider
as claimed in any one of the preceding clains, 1in which said first and
second internedi ate surfaces have a varying w dth and/or depth

18
negative pressure cavity ég-;revents air scooped up by
the leading taper from entering the negative pressure
cavity 28 to spoil the negative pressuré. This results
in a slider that has good take off characteristics and

also low flying height. Further, it has been found to

w

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’

10

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
13 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
20 use.

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

take off and flying height properties. “

Figure 54 illustrates a variation which provides

two lateral access channels 40’ and 40’’ communicating

30 between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn

connected to the isolation channels 30 and 32. This

design provides pressure reduction along the entire
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length of the leading tagg;.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 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 $panning 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

Thiz is the replacement sheet
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ABSTRACT

NEGATIVE PRESSURE AIR BEARING SLIDER

The present invention provides a negative pressure air bearing slider having two
side rails (20, 22), a cross rail (24), a negative pressure cavity (28), a pair of isolation
channels (30, 22) disposed between the negative pressure cavity and the side rails and
first and second intermediate surfaces which are recessed from the air bearing surfaces
of the first and second ra_ils and are raised from the isolation channels to enhance

pressurisation of the rails when the slider is at a skew angle.

Fig. 2c

This is the replacement sheet
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