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j pressure air bearing slider for use in a magnetic head asse ary
di sk-drive. Magnetic head assenblies that fly relative tofe~~atating
nagnetlc di sk have been used extensively. Typically, the q;gaaiéd rise a
slider upon whose trailing end a transducer is nounted. 3ﬂgﬁi_y,
the design is such as to enable the maghetic transducer to Fy—as—elase to
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and the flying

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

Magnetic head assemblles 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 smailer, more portable, equipment,
there is a need to use shorter actuator pivot arms and
thus create rather large skew angles. _
However, conventional sliders are very sensitive
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hei ght to be uniformregardl ess of variable flying conditions, such as
speed. variation frominside track to outside, seek oper and skew
¢ caused by rotary actuators. Flying height is viewed as. EEEEQEM e nDst
critical paraneters of non-contact magnetic recording.: |4

becone increasingly conpact, rotary actpators with short‘prva+—aLaﬁ are
I ncreasi ngly enpl oyed. However, these tuators increase the difficultly of
flying height control because a rotary actuator causes the geonetrlc

orientationegeLpegNahies. Even with moderate skew angles in the
10 to 15 degree rangé, 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.

e

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 trailihg 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

10

15

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 avérage 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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?slider which is fixed to the pivot arm and the tangent to the disk
r ot atlon to .change as the actuator noves the slider over_the disk surface

= A measure ofi triik She@/HaEBdea Bkidaed S gi ven by the skew angl 4 as s

Figure 1, WhIC oy t he angl e between the sli é EG@N;%E nal
axi s and the di ﬂﬂﬂﬂmlﬂjgﬂ! % di sk's tangential vel oci ty.—elh.LH

"~ caused by di sk pr oxi matelg parallel to this tangent). Wth
the trend towards nore conpact di sk dri've packages for applications in

smal | er, ABfife Bt £ Qisk durihy' RESHi operation is continued for reading track addresses,

for example. Preferably, the slider will exhibit httle or no roll over a wide variation in

skew angles. The slider also preferably achleves a rapid take off but can still fly low at
full speed. |

It is the object of the present invention to provide a negative pressure air bearing
siider, 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; and a pair of isolation means disposed
between the negative pressure cavity and the side rails, characterised in that the side rails
have leading portions, central portions and trailing portions and in which the leading and
trailing portions are wider than the central portions. |

The use of isolation channels cause the NPAB slider to héve greater sensitivity to
ﬂyihg' 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.

According to a further aspect lof the present invention; there is proVided a
negative pressure air bearing slider for a magnetid head of a rotary disc drive, said slider
comprising: two side rails; a cross ra11, a negative pressure cavity disposed between the
side rails and between fhe cross rail and a trailing edge of the slider; and a pair of
isolation means disposed between the negative pressure cavity and the side rails,
characterised in that the isolation means terminate in the negative pressure cavity so do
not extend to the trailing edge. | |

According to another aépect of the present invention, there is provided a hegative
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
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there is a need to use shorter actuator pivot arms and thus create rat her

| arge skew angl es. However, conventional sliders are very
skew angl es. Even with moder at e skew angles in the 10 to mgqge,
conventional slider's flying height and roll angle (defi ML

4 _

side rails and between the cross rail and a trailihg edge of the slider; a leading cavity
disposed between a leading edgg of the slider and the cross rail; a pair of isolation
channels disposed between the negative pressure éavity 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 in that the isolation channels join
at the leading cavity. " _

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 neg_aﬁve pressure air
bearing (NPAB) slider and an illustration of the angle defined to be skew angle;

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

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

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

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

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

isolation channels or a divided negativé pressure cavity or both; and
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difference in flying height between inside and outside ralls of tne stTder
as shown in Figure Ib) are adversely



‘influenced. I ncreasing the skew angle at a fixed tangential velocity causes
the slider pressure distribution to becone distorted. Thl? | NTT Uences-+he
' i

Unet forces and torque acting upon the slider and results fﬁ)ﬁ@ﬁ{% grrepsed
Because transducers areilacaje gngﬁﬁe

flying height and increased roll

trailing edges of the rails (as is conﬁentional), roll affects transducCer

performance because of greater flying

ei ght variations. The effect of

flying at a skew angle al so extends slider. lift off thereby increasing

wear ,

and exacerb

£es _the negative effects of a_rapid seek novenent.
Fur t her nor e, conv?&ﬂQﬁﬁﬁ é%iE%r%gaﬁﬁev@??tg@nEiPPVEIPUSdpgk.surface
speeds. Wt faltierest s uatbodihénts éﬁetﬁéenmngéeiaéraaeefs§a§ﬁb €o
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front tapers and anterior. pressure reduction channels.

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

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

- and a leading cavity 26.

With the wind impinging on the slider 10 as shown
in Figure la, the leading (or up stream) rail 22 remains
preséurised, 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'ﬁegative
pressure cavity does not permit air toc traverse
laterally to the trailing (or down stream) rail 20, much
less air reaches this rail for pressurisation. The net
result is that the leading rail 22 drops slightly, the
trailing rail drops even more and the entire slider 10
flys at a reduced height. .

Figure 1b shows such slider roll in great
exaggeration. Normally, the slider 10 will fly about 8

- micro-inches (0.2 hm)'off the disk surface 11 with each
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“this may be all eviated sonewhat with optimsed rotary acguaLnL_geglggg_ t he
flying height is still dependent upon di sk speed. A conv ﬁjggﬂéi "zero
| oad" or negative pressure air bearing ("NPAB") slider ca 1A§ﬁJPHng
hei ght substantially independent of disk speeds. However, Steewed
conditions, the NPAB slider exhibits gxcessive roll and average fIyrng
hei ght | oss because its downstreamrail receives little air fromits
negative pressure cavity while at the sane tine its upstreamrail is

recei ving a.hélat bgngaghes%;ﬁr e\ﬁ]agﬂpehél(‘%q: %%]e 7§J°I9a$¥% an air bearing

slider whi I nc udes srde rai are narr ower ngrtudrna
centre whi chuséage iL3. |néfe&§@|S¥%§Qﬂ&|mnﬂkpnﬁralﬁtxﬁerkn a diglk flow at

skew angl estangent is skewed (8 > 0 degrees or 6 < 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.

wm

In Figure 1lb, H ROLL designates the difference in
flying height of the two rails 20 and 22, and H MIN
designates the flying height of the lowest rail (in this
case the rail 20). sSignificantly, 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.

10

15 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

29 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

25
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negative .pressure cavity 28. However, it also allows
some air into the negative pressure cavity 28 on take
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US-A-4 870 519 discloses an air bearing slider which includes side rails in

whi ch transverse pressurisation contours are forned thereby increasing the
vslider's insensitivity to air flow at skew angl es. 3 €5¥£i23;$\
|4

di scl oses an NPAB slider with grooves to create a neutral

separatlon
sl i der
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Thus, there is a need for a7negat|ve Pr essur e'—ae hnarlnq

havi ng a near

off to reduce the neQ&tive pressure holding the slider
10 to the disk surface 11.

The use of the recessed crbss 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
cbtaining 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 railé
20, 22. Each rail 20, 22 is approximately-o.ozs'inches
(0.66 mm) wide and the cavity 28 is 0.071 inches (1.8
mm) wide at the cross rail 24. Unless otherwise
mentioned, the dimensions of the sliders according to
the preferred embodiments of the present invention are
generally similar to the dimensions of the conventional
H-shaped NPAB slider 10 of Figures la to 1lc. It should

- be noted that the slider dimensions can be scaled up or

down to achieve larger or smaller sliders with similar
characteristics.

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

The first embodiment of the present invention is
shown in Figures 2a to 2d. 1Isolation channels 30 and 32
extending from the forward edge of the slider to the
trailing edge are located adjacent to the inside of the
positive pressure rails 20 and 22 and provide a source

—_—
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~constant, but low, flying height when used in conjunction with short arm
rotary actuators and/or with high seek velocities wherein froma

; disk during the .seek operation is continued for reading t tag?aagresse
for exanple. Preferably, the slider wll exhibit little o Iﬁd%& a
wide variation in skew angles. The slider also preferably athreves-a raD]d
take off but can still fly lowat full speed. It is the object of the
present invention to provide a negative pressure air bearing slider, which

di spl ays red athk nmivn € ﬁé@é‘nﬁﬁe afﬂioé]ibﬁ!@ meibelaﬁgﬁﬁnt wnéﬁntlon

there is prowdeo!,d}r egatl essured%\,’F beari sklder fi gnetlc
head of a rdithf s P13 RERRARILE) nfhe: fbadldBgr ZpLd

Eross rail; z0 nbgois \amrmrm@aanéryndl smsed peessapisbeanddeifei | s and
et ween '

the slider on the down stream side, thus reducing the
roll. Located between the channels 30 and 32 and the
negative pressure cavity'za 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
10 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

15
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chamfered as shown in the embodiment of Figure 24.
However, processing chamfered edges is difficult, while
steps can be formed from conventional processes such as
ion milling.

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

25

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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‘the cross rail and a trailing edge of the slider; a pair of isolation means

are di sposed between the negative pressure caV|ty and the SI ch
: that when the slider is flying each isolation neans is di pg%f%@#\L_
~providing a source of near anbient pressure to enable the.adua

corresponding side rail to have access to that anbient air without
affecting the pressure in the negative pgessure cavity, and characterised
in that the side rails have | eading portions, central portions and trailing
portions and in which the leading and trailing portions are wi der than the
central portihmsisdletice cliansel aseparabangeraitag2e tiseONBAR slider to

"t er Sact] ot e 4 8Y . 'l a8) "RECTRBRERHEE, ZeakiEel 8258 | nor case in
f1ying he|gMSQ%atﬁqnm#hinaﬁls@mpa:etspgedaléaﬁzbe1Be$hamedtehhher
sufficient width to isolate the cavity 28 from the
channel 30 but is not sufficiently wide to act as a rail
itself. | :

Figure 24 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

10

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 oflreducing roll and loss of flying height over
a range of skew angles.

15

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 Figqure
l1c (which is not prior art) or tapered in a variety of
Configurations to alter the negative pressure
characteristics. These variables can be manipulated by
the designer for a specific application to provide
custom flying performance.

In Figure 2d, the rail 22 is 0.02 inches (0. 51 mm)
wide, the channel 30’ is 0.004 inches (0.1 mm) wide, and
the 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

20

30
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by shortening or by wi dening the isolation channel separatin
trailing edge of the flyer. 4 The invention is describ
: of exanpl e, :
is a bottom plan view of a conventional H shaped negative'

rail

with reference to the acconpanyi ng draw ngs

near the

er, by way
INAle 12

bearing (NPAB) slider and an illustratiygn of the angle defined to be skew

angl e;

w
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the preferfed'embodiment. The chamfers 21 and 23 are
each approximately the same width as the channel 30’,
i.e. 0.004 inehes (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 configuretion
provides for faster take off, but the large;trailing
rail portions and smaller trailing negative cavit?
portion reduce pitch and reduce the increase in flying
helght at higher speeds.

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

In Figure 3c, the leading cavity 26 is even
further reduced and the cross rail 24 is shaped like an

~arrow head to enhance the funnelllng effect of air into

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 "vV" shaped and
the isolatien channels 30 and 32 are widened to consume
the entire leading cavity or reeess. This design
reduces over pressure at the leading edge during high
speed operation, increases the air flow into the down
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Figure Ib is an illustration show ng, in exaggerated form roll for the

conventi onal NPAB slider under the influence of wind fromthe direction
., showi in Figure la; Figure 1 c is a partial side plan vile how ng
conventional NPAB slider riding on an air bearing above (ﬁ#? (3"9d¢\[§$e

Figures 2a to 2d are various views of NPAB sl ider havisg—isaolatl Qm |
channels; Figures 3a to 3k are bottom n views of alternatlve enmbodi nent s
of the NPAB slider having isolation channels Figures 4a to 4f are bottom
plan views of alternative enbodi nents of the NPAB slider haV|ng a take off
assi st spoi FEFeandispinsionsshanngd amshidius dhen sy RRFBRARATIRN pressure

cavity or bghR; faRdher 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

10 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)

15

20

wide. The negative pressure cavity 28 at its forward
end is 0.066 inches (1.68 mm) wide, and at its trailing
end is 0.589 inches (14.96 mm) wide: The leading edge
taper 25, 27 is 0.014 inches (0.36 mm) wide. The length
- and width of the leading cavity 26 are 0.589 inches by
0.031 inches (14.96 mm by 0.79 mm). The length of the
cross rail 24 at its leading edge is 0.04 inches (1.02
mm), its length at its trailing edge is 0.07 inches

30
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5 Figures 5a to 5f are bottom plan views of alternative enbodi nents of the
NPAB sl ider having fast take off extended front tapers and anterior

. pressure reduction channels. 5 Figure la is an view
of a conventional H shaped NPAB slider 10 flying into th (9@§?(§?h3n ahgle

12 ;

(1.78 mm) and its width is 0 013 inches (0.33 mm). The
distance from the leadlng edge to the first channel bend
is 0.07 inches (1.78 mm), and to the second bend is
0.125 inches (3.18 mm). The depth of the steps 21, 21’,
23 and 23’ at the cross bar 24 recess is 0.04 inches
(1.02 mm). | |

Figure 3f is a design similar to that of Figure 34
with straight-angled isolation channels 30 and 32. The
straight-angled channels are provided by removing the
final outward bend therein. The longer angled inside
edge of the down stream rail is more effective in

w

10

pressurising the air supplied by the adjacent isolation
channel 30 or 32, thus improving the roll compensation
versus skew angle.

Figure 3g is a de31gn similar to that of Flgure 3f

13 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

20

25 : _
: 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 29' and 22°. This allows

greater inter-action of the positive and negative

Tl"!a. Sheet Has Been Rep
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f e. The source of the wind is the rotation of the disk surf

slider, novenent of the slider relative to the surface by

. actuator arm 10 (not shown) during a seek operation,

fromthe sweeping action across the rotating di sk surface.

ace beIOM/the

. . . . . ﬁé o
NPAB slider 10 has two "high pressure"jgails 20 and 22 (each—eL_gszggigf
| eadi ng taper 25, 27 respectively for funnelling air under the rails)

cross rail 24, a negative pressure cavity 28,
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
region of the negative pressure cavity 28 adjacent the
trailing edge of the cavity. The 1sland 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 wvariation.

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.

25

The island 40, however, reduces the effects on

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

30

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

the effective pressure on the island 40 is diminished,
relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has almost
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and a leading cavity 26. Wth the wind inpinging on the slider
in Figure la, the |leading (or up stream rail 22 renains
. pressurised, but to a | esser extent then when the slider
directly into the wind with a skew angle of 0 degrees, bé
shortened rail length relative to the digection of the w
the di mnished effect of the forward tapers which act as
air under the rails. As the negative 25 pressure cavity does not

"scoops" to

permt air to,teA¥ELEeon Flying height at the outer radius of the

10

15

20

25

30

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

Figure 3k also shows the edge steps 21 and 21°’.
However, unlike Figure 3e, the steps 21 and 21’ do not
extend the full length of the rails 20 and 22 but
terminate generally adjacent to the side rail break
points. The terminated edge steps Zi 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 £lying height through
varying skew angles.

Figures 4a to 4f illﬁstrate 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 spoilé: 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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;'Iaterally to the trailing (or down stream) rail 20, nuch less air reaches
this rail for pressurisation. The net.- result is that the leading rail 22

. drops slightly, the trailing rail drops even nore and the ' ider 10
flys at a reduced height. Figure | b shows such slider roll {j r
exaggeration. Normally, the slider 10 will fly about 8 mc Spfﬁlﬁginﬁ\g_
mm off the disk surface 11 with each

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

wn

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

10

15

and perform in a similar fashion to those described in
Figure 3b. , o
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 ahgle,-one of the spoiler
channels will begin to line up with the direction of
motion and more air will enter the corresponding down

20

25

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

30
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“6 rail

20, 22 about the same distance fromthe disk surface 11

If the

sliders notion relative to a disk tangent is skewed [err] egrees or

ferr]

< 0 degrees), the conventional slider rolls. A2 m
difference in flying height between the trailing and | eadi
22 is considered to be a large roll. IygFigure Ib, HROLL

difference in

wn

10

15

20

25

30

increasing its negative pressure effects. The overall
negative pressure effects will be approximately the
same. However, the tendency of the slider to roll with
the leading rail high will be lessened by the increased
negative pressure in the leading cavity and the reduced
negative pressure trailing cavity.

Figure 4d shows another variation on the same
theme. Here, the divider path 36 is slightly shortened
and a leading triangular block 34 is added. The block
34 acts to reduce spoiling air flow into the cavities -
28’ and 28’’' with no skew angle, to a greater extent
than the desigﬁ of'Figﬁre 4c. The spoiler channels 31°
and 31’’ are now crossed. Air flows through the crossed
spoiler channels 31’ and 31’’ in a generally constricted

manner as with the other spoiler channels. However,

when one of the channels becomes more aligned with the
direction of motion} the flow therethrough increases
while flow simultaneously decreases in the other
channel. With better alignment, the overall flow
increases into the down stream negative pressure cavity

28’ or 28’’. With appropriate dimensions, the cross

spoiler channels 31’ and 31’’ can be made to function as
a fluidic type device whereby the differences in the
quantity of air flow to the divided cavities 28’ and

287" can be greatly enhanced providing a greater amount

of slider roll compensation.

Figure 4e shows an alternative 5poiler design.
Here, a choke 3la is employed which passes air at low
speeds but which causes air flow to approach a constant
at higher flying speeds when the speed of the air within
the choke 31la approaches sonic velocities. Thus, the
prlmary sp0111ng effect of a1r through the choke 31a
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the
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) flying height of the two rails 20 and 22, and H M N desi gnates the fIying
hei ght of the lowest rail (in this case the rail 20). Significantly,

, the slider
roll. If HMN decreases too nuch, not only is transduc
affected, but the head could "crash", causing catastroplf
l1c is a partial side plan view of the ghider 10 flying clo
- surface 11. As stated above, typical flying heights are 8 m cro-inches

10

15

20

10 rolls, HMN al so decreases fromits val ue re

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_zs. At a skew angle, thé _
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 Flgure 4b. Here, the spoiler channels 31’ and
31’’ are moved around to the sides and a divider bar 36
is added.

Figures 5a to 5g illustrate several variations of
a highly enlarged leading edge taper section 25, 27,
which increases lift to provide for shorter take off.
Each variation includes a pressure reduction channel 41

" .anterior to the cross rail both to reduce the over

30

pressure of the leading taper at speed and to maintain a
high degree of negative pressure in the cavity 28.

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

" The pressure relief channel anterior to the

——
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(0.2 mm. As shown, the conventional H shaped slider 10 i ormed with the
| eadi ng cavity 26, which is preferably nmade deep, and wh
t hrough the whol e slider body. This | eading cavity 26 ref
pitch of the slider 10 and thereby the height to which
fly. Just after the leading cavity 268s the cross rail (or cross
The cross rail 24 is preferably recessed slightly by about 40 m cro-inches

(0.2 mm from
negatlve 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

10 leading edge of the slider to the anterior.preésure
relief channel 41. Additional edge steps or tapers 42’

" and 42'’ communicating between the 1eading sections of
the rails 20 and 22 and the access channels 40’ and 40'’
act, in conjunctioh 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

15

for sliders having only small skew angle variations in
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
25 connected to isolation channels 30 and 32. This design
provides a high degree of skew compensation with good

~ take off and flying height properties.

Figure 5d illustrates a variation which provides
two lateral access channels 40’ and 40'’ communicating
between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn
connected to the isolation channels 30 and 32. This

design provides pressure reduction along the entire

30
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the level of the rails 20, 22. This prevents small particles of debris from
collecting in the leading cavity 26. The recess of the ss.rail 24
slightly reduces the negative pressure effectiveness of gﬁ?iﬂ&gi ivq
pressure cavity 28. However, it also allows sonme air in é&i&ve

pressure cavity 28 on take = 7 19 . :

length of the leading taper section (25), including in
front of the rails 20 and 22 and cross rail 24. As
well, an optional spoiler channel 31 connects the
anterior pressure relief channel to the negative
pressure cavity 28 to assist in take off as described
above. |

In this design, the frontal area of the leading
taper section 25 is maximised for fast take off while
the is6lation 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.

10

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

15

the isolation channels 30 and 32. Pressurised air
filowing past the front taper section 25 enters the
20 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
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
slider side edge to side edge. Air flowing past the
taper section 25 exits through this channel 41. How-

30 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 Sg illustrates another variation very
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“off to reduce the negative pressure holding the slider 10 to the disk

surface 11. The use of the recessed cross rail 24 is opjilaonal It has been
. included as an exanple in several of the enbodinents t oW I N the
Figures. The inportance of a recessed cross rail is not éild; q&@_;for
obtai ning the beneficial effects of the other features !
Typically, the negative pressure cavity¥®8 will be a recess 350 '

m cro-inches (8.89 mm deep fromthe |evel

similar to that of Figure 3c. This configuration has
the anterior pressure relief channel 41 of Figure 3a
connected to the isolation channels 30 and 32. However,
the pressure relief channel 41 is angled or V-éhaped 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 solid rail, which gives more area for
‘transducer elements and eliminates the need to'machine

10

off a portion of the transducer materials during
13 manufacture. This is impbrtant'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
20 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.
25

30
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" 10 of the rails 20 and 22. The conventional slider body is typically 0.125
I nches (3.18 mms (4.06 M |ong and-0.034-inches (0.86

nm high. Leadin 25 and 27 of the rails er to a depth of
200 mi cro-inch Mﬂ \ m the level of the rails fig 20, _27. h
rail 20, 22 is 0. 026 i nches (0.66 M) wi @"H\]:A\Lty 28

Is 0.071 inches (1 ‘g mr) vmde at the cross rail 24. Unless~ailarl se

21
g! . .

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 cévity (28) disposed between the side rails and between the
cross rail and a trailing edge of the slider; and _ _

a pair of isolation means (20',22',30,32) disposed between the negative pressure
cavity and the side rails, characterised in that _ _

the side rails have leading portions, central portions and trailing portions and in
which the lﬁding and trailing portions are wider than the central portions.

2. A negative pressure air bearing slider as claimed in claim 1, in which said
lisolation means comprises a pair of isolation channels (30,32) and a pair of separating
rails (20',22'), each isolation channel being disposéd between a respective side rail and
the negative pressure cavity and.w.ch separatmg rail being disposed between a respective

isolation channel and the negati\}e pressure cavity.

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

isolation channels join at a leading cavity (26).

4, A negative pressure air bearing slider as claimed in claim 2 or 3, in which the
cross rail has a triangular shape with the apex extending into the leading cavity to reduce

thg area thereof. /f._:

e
.//
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mentioned, the dinmensions of the sliders according to the preferred

enbodi nent Went ion are 20 generally simlar to the
. di nensi ons e conventional' H shaped NPAB slider 10 of Figures la to 1c.
It should be “ﬁ\“‘l i der di nmensions can be scaled up or down to
achieve larg mﬁ “\Sh ders with simlar charactFrrs'h-cs-—Frg-u-re | c
al so showsa ure which i*s not found in the prior ar ifn t he
cavity depth of the cavity 28. This feature will be di Q@@m%ﬁr

22 -

5. A negative pressure air bearing slider as claimed in claims 2 or 3, in which the
cross rail is V shaped with the apex extending into the leading cavity and the isolation
channels are wider at the leading edge of the slider to become contiguous with the
leading cavity. |

6. A negative pressure air bearing slider as claimed in any one of claims 2 to 5, in
which the isolation channels and the separating rails terminate in the negative pressure

cavity and so do not extend to the trailing edge.

7. 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; and |

a pair of isolation means (20',22',30,32) disposed between the negative pressure
cavity and the side rails, characterised in that

the isolation means terminate in the negative pressure cavity so do not extend to

the trailing edge.

8. A negative pressure air bearing slider as claimed in claim 7, in which said
 isolation means comprises a pair of isolation channels (30,32) and a pair of separating
rails (20',22"), each isolatior'l_ channels being disposed between a respective side rail and

the negative pressure cavity and each separating rail being disposed between a respective

isolation channel and the negative pressure cavity. — —
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detail later. The first enbodi nent I's shown in

Fi gures ZWchannel s 30 and 32 extendipg.framthe forward

; edge of t STider to t ailing edge are | ocated adj O“\E& |n5|de
of the p05|““\“mﬁm m“ Is 20 and 22 and provide a m

23

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

two side fails (20,22);

a cross rail (24); |

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

a leading cavity (26) disposed between a leading edge of the slider and the cross
rail;

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 in that'

the isolation channels join at the leading cavity.

10. A negative pressure air bearing slider as claimed in claim 9, in which the

isolation channels join at the leading edge.

11. A negaﬁve'lﬁressure air bearing slider as claimed in claim 9 or 10, in which the
isolation channels are wider at the leading edge of the slider to become contiguous with

the leading cavity.
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of near anbient pressure air along their Iength. Wen the slider is flying

at a skew angle, the trailing rail 20 draws air from- 32 to
. pressurise and lift the slider on the down stream si d-e; W uci ng the
roll. Located between the channels 30 and 32 and the' b rlessur e

cavity 28 are separating rails 22' and 20', respectlvely Figure 2b is a
detail ed cross section showi ng the raid222, the isolation channel 30, the
separating rail 22' and the negative pressure cavity 28. The channel s
ABSTRACT
NEGATIVE PRESSURE AIR BEARING SLIDER

~ The present invention provides a negative pressure air bearing slider havihg two

side rails (20, 22), a cross rail (24), negative pressuré cavity (28), a pair of isolation

channels (30, 32) disposed between the negative pressure cavity and the side rails. The

geometry of the side rails or the isolation channels enabling the NPAB slider to have

improved performance.

[Fig. 3a)

.—\
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30 and 32 are nmde rel atively deep and wide, eg 0.004 inches by 0.004
inches (0.1 mmby 0.1 mm), in order to provide as little pressure drop

along their length as-—pessitble. Figure 2c shows a_s 0SS section of
the rail 22, the | soI at | on ‘channel 30, the cavit -2&1 i sol a

channel separating the isol a ( ma‘rron{ Egi -
cavity. \M\“ of Figure 2c the edges S incldde steps

21, 23 for nsition of air froma rail. edge to the
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“.rail itself. These optional edges are preferably chanfered as shown in the
enbodi nent of Figure 2d. However, processing ch Is difficult,
., While steps can be fornmed from conventional prockss ion mlling.

The inside step 23 eases the transition of air f 'qgﬁésﬂgﬁfgael 30 jtbbe

rail 22 when the channel is "up streant fron1theLTHTT‘5ﬁﬁ‘§TH§'in

pressurisation along the entire length of the rail. The step 21 simlarly
aids in pressurisation of the rail 22 al ong
—
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the rail (into
ng% nde, the
ol channel
ortant feature of

its entire length when the step 21 is flying up strean1t
the wind). In Figure 2c, the rail 22 is 0.02 in
channel 30 is 0.004 inches (0.1 nm w de,
separating rail 22" is 0.002 inches (0.05

t he
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i sol ation channel separating rail 22" is that it haT Suffici gm_Ju dth to
I solate the cavity 28 fromthe channel 30 but .is nof ﬁ wde to

. act as arail itself. Figure 2d is a simlar cross éi}ﬁl rail
having an alternative relatively shallow isolation c, cau OZ‘_

t he shal | ow demmwetm%&hkjﬁgqswre al ong the channel 30 i ncreases ab

t he anbi ent pr - aft. Unlike the deep channel 30 of Figure 2c
(whi ch has nea :

ure al ong

2{5 /26 /24 /27 25\ 26 /24 /47
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Trits Iength) in Figure 2d the shall ow channel air pressure will be a

conpl ex function of flying speed and skew angle as .well-as.position (along
its length). Nevertheless, the shallow channel 30 m | ar
benefit of reducing roll and | oss of fill yi'ng hei ght . oﬁdﬁﬂﬁdﬂ of sk‘é /
angl es. Al so, the i sihis$hécoHasBaaiReplced0’ and steps or - chamfers—rgy not
necessarily have a co r depth along their lengths. It should
be noted also that th ssure cavity 28 need not be a constant

25 . g 24 27
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\ 23
23\
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depth. The cavity 28 nay be %téppéd as at 29 in Figure 1c (which is not
prior art) or tapered in a variety of configurati t'he negative

pressure characteristics. These variables can be ﬁmw t he

-desi gner for a specific application to provi de cu rfor ﬂ;t
In Figure 2d, the r &his St HasB@n Bélicaiches (0 mr"'vvl"a_'f'ﬁ""channel S
0. 004 inches (0.1 MM I sol ati on channel separating rail

is 0.002 inches (0.0 depth of the channel 30' is

21" —




ty 28,

! th of the negative pressure cavi

roxi mately the same as the dep he breferred
?pgl 350 micro-inches (8.89 mm in REPLACErI\]/EL\‘ﬂ' rSEEF-L——-m—l gme widih as
. enmbodi ment. The chanfers 21 and 23 are eac pp Téﬁ%a

t he channel 30', i.e. 0.004 inches (0.1 mv, and ta h- of 7//’2
27
r22'
N\
22
| 26 27
25 / /24 /
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20 /o0 Fig. 31 22
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about 40 mcro-inches (1.02 mm in the preferred enbodiment. Figures 3a to
3k show alternative arrangenents for the isolation channel. In Figure 3a

. both the width of the leading cavity 26 and the traili
negative pressure cavity 28 are reduced, with corres- FGQ'F@%\%? es |n
width for the | eading tapers 25, 27 and trailing ends } t erails.

configuration provides for faster take off, but the large trailing ra
portions and snmaller trailing negative cavity

7

= .

Lo

25 26 24 27
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271’ /

20—

28

. 28 L o
/32 | | / 30\ 22

/ |
20 7 Fig. 3k
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portion reduce pitch and reduce the increase in flying height at higher

speeds. In Figure 3b, the isolation channels 30 and 32 d into and
., intersect the leading cavity 26. As the skew angle incr into

the channel 30 or—32wiich is nore aligned with the dir @i?%k(§35¢¢k§§;

I-ncreases, while aj | heqot her decreases. The TETt-eSthdim OZ
nore air is avail %}i“i&w“d%nq{eﬁ se the trailing rail thus reducing r /I.|pi

In Figure 3c, the | 26 s even

2;5 | 31 /26 /24 /27 25\ 31\ /26 /24 %27
|

YHA | \/%/

/ 28

20 =
32 30 32 30
20/ Fig.4a o2 22 20 4 50" F'g 4b 2,'22

25 3y, 426 427 25 34 26 27
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further reduced and the cross rail 24 is shaped |ike an arrow head to
enhance the funnelling effect of air into the down st

;
v channel . Moreover, the increased frontal-area provide |
especially on take off. In Figure-3d, the size of the [@oﬁgﬁlmAlfred ced

fromFigure 3c so that i++1S nowﬁ ¢ and the isolation channel/§ 2

and 32 are wi dened to consg:‘ eadl ng cavity or recess. Thi

desi gn reduces over pressu \“\\\\ g edge during high

20" ]




© speed operation, increases the air flowinto the down RE
OCT 1996 streami sol ati onWt hus the skew co ?GbNﬁ(h
. fqrther i ncreases the si ze o € negatiye pressure cavit ar _lower..;

flying height. Figure 3¢ |s S|ml n\a‘\ gure 3b. However, here //

iy
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the entire cross rail 24 is recessed vertically. Further, the psotatromr—
channel s 30 and 32 are shall ower, and broader than the isol ati ag WN%
vshédwn in Figure 3b. Thus—thei r__aapac_tles are increased so th3t™t @ '
provi de an adequate source of air in use to t he pressurised rails 20 and

22. Furthernore, the rai IT§"8|Slthd|adBe@d@ aced eps (or tapers) 21 and 2/1 and 23
and 23' to ease pressuri sa Wangl e as discussed above

i nportant feature of this t he negative pressure cavi 0<28
and the isolation channels
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30 and 32 are approximately the sane depth so that they may be forned
~during a single ion mlling step. As well, the cross rail recesses 24 and
“ edge steps 21, 21' 23 and 23" are approximately the same depth so that they
hay be formed during a single ion mlling step. In Figure 3e, the overal
| ength and width of the slider is 0.16 ijnches 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 W de.
The inside steps 23 and 23" are 0.002 inches (0.05 mm) wi de. The isolation

channel s 30 and 32  NEGATIVE PRESSURE AIR BEARING SLIDER

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

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

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

However, conventional sliders are very sensitive
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are 0.006 inches (0.15 nm) wi de. The isolation channels separating rails
are 0.002 inches (0.05 nm w de. The negative pressure cavity
28 at its forward end is 0.066 inches (1.68 nm 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 M wi de. The length and wi.dth of [{fireTead CEEE' 26 are
R

20" and 22’

0.589 inches by 0.031 inches (14.96 mm 0.79

rail 24 at

| T

ngt h

its leading edge is 0.04 inches (1.§2 nﬁ)

trailing Edggoi§kgw05nbﬁgggs Even with moderate skew angles in the

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

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

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

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

Thus, there is a need for a negative pressure air
bearing slider having a near constant, but low, flying
height when used in conjunction with short arm rotary
actuators and/or with high seek velocities wherein
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reading from a disk during the seek operation is continued for reading track addresses,
for example. Preferably, the slider will exhibit little or no roll over a wide variation in
skew angles. The slider also preferably achieves a rapid take off but can still fly low at
full speed.

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

According to the present invention, there is provided a negative pressure air
bearing slider 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; and a pair of isolation means disposed
between the negative pressure cavity and the side rails, characterised in that the side rails
have i&ding portions, central portions and trailing portions and in which the leading and
trailing portions are wider than the central portions.

The use of isolation channels cause 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.

According to a further aspect of the present invention, there is provided a
negative pressure air bearing slider for a magnetic head of a rotary disc drive, said slider
cbmprising: 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; and a pair of
isolation means disposed between the negative pressure cavity and the side rails,
characterised in that the isolation means terminate in the negative pressure cavity so do
not extend to the trailing edge.

According to another aspect of the present invention, there is provided a hegative

pressure air bearing slider for a magnetic head of a rotary-disc drive, said slider

comprising: two side rails; a cross rail; a negati ssure cavity disposed between the
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23 and 23" at the cross bar 24 recess is 0.04 inches (1.02 mm). Figure 3f
is a design simlar to that of Figure 3d wth straight-angled isolation
channel s 30 and 32. The straight-angl ed channgks=are=proyrded=Hy renovi ng
the final outward bend therein. The |onger anlﬁdlslwﬁiéi/@l@éaéf t he down
streamrail is nore effective in pressurisingijthe aﬂEPb%@Eipled by the

adj acent isolation channel 30 or 32, thl.hs | Mprov Tpensati on

versus skew angl e.

side rails and between the cross rail and a trailing edge of the slider; a leading cavity

disposed between a leading edge of the slider and the cross rail; 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 in that the isolation channels join

at the leading cavity.
The invention is described further, by way of example, with reference

accompanying drawings in which:

to the

- Figure 1a is a bottom plan view of a conventional H-shaped negative pressure air

bearing (NPAB) slider and an illustration of the angle defined to be skew angle;

Figure 1b is an illustration showing, in exaggerated form, roll for the

conventional NPAB slider under the influence of wind from the direction shown in

Figure 1a;

Figure 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

according to the present invention;

channels

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

slider according to the present invention having isolation channels;

Figures 4a to 4f are bottom plan views of alternative embodiments of the NPAB |

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

isolation channels or a divided negative pressure cavity or both; and
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Figure 3g is a design simlar to that of Figure 3f with the addition of a
vertical recess to the cross rail 24, steps 23 and 23' along the trailing

~portions of the rails 22 and 20 respectively, and steps 21 and 21' in the

vot-h

tisation of
uces the
n

out si de edges of the rails. The steps further

the down streamrail in use. The recessg;g of t ETIGIGEHERTANAS BEEN
chance of debris collection at the cross’rail and REPLAGEDai ds
breaki ng the negative pressure cavity 28 vacuum

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

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

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

Figure 1b shows such slider roll in great
exaggeration. Normally, the slider 10 will fly about 8
micro-inches (0.2 hm) off the disk surface 11 with each
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Figures 3h to 3] shows alternative isolation channel arrangenents designed
to reduce the flying height sensitivity of the flyer to increased disk

s speed. In Figure 3h, the isolation channels 30 and 32 do not extend the,
full length of the rails 20 and 22, but instead term nate and conmuni cate
wi th the negative pressure cavity 28. increase in flying height at
hi gher speeds can be | essened by shorting the isolation channel separating
rails 20" and 22'. This allows greater inter-action of the positive and
negative '

réil 20, 22 about the same distance from the disk
surface 11. If the sliders motion relative to a disk
tangent is skewed (© > 0 degrees or 6 < 0O 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). sighificantly, 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
"&rash", causing catastrophic failure.

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

As shown, the conventional H-shaped slider 10 is
formed with the leading cawvity 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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: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 fornmed in a
centre S

7 THIS SHEET HAS BEEN
' REPLACED

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
obtéining 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 mmn) 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 éavity 28 is 0.071 inches (i.a
mm) wide at the cross rail 24. Unless otherwise
mentioned, the dimensions of the sliders according to
the preferred embodiments of the present invention are
generally similar to the dimensions of the conventional
H-shaped NPAB slider 10 of Figures la to lc. It should
be noted that the slider dimensions can be scaled up or
down to achieve larger or smaller sliders with similar
characteristics.

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

The first embodiment of the present invention is
shown in Figures 2a to 2d. Isolation channels 30 and 32
'extending from the forward edge of the slider to the
trailing edge are located adjacent to the inside of the
positive pressure rails 20 and 22 and provide a source
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region of the negative pressure cavity 28 adjacent the trailing edge of the
cavity. The island 40 is substan- tially the sane 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 inproves the flying characteristics of
the slider by reducing flying height varg ation. Preferably, the slider has
a near flat flying profile between an inner and an outer. radius of the
disk. In other words, the slider preferably flys at

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, eé 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 24d.
However, processing chamfered edges is difficult, while
steps can be formed from conventional processes such as
ion milling.

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

In Figure 2¢, the rail 22 is 0.02 inches (0.51 mm)
wide, the channe1-30 is 0.004 inches (0.1 mm) wide, and
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substantially the same hei ght above the di sk surface 11 (shown in Figure
1c) at the inner radius as it flys at the outer radius. However, the
- velocity of the air being dragged between the slider and the disk.at .the
inner. radius is less than the velocity at the outer radius. As a result,
the positive pressure that builds along the rails 20 and 22 is |less at the
I nner radius than at the outer radius, clusing the slider to fly | ower at
the inner radius than at the outer radius. The island 40, however, reduces

the effects onp _ .
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 angles.

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

In Figure 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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flying height caused by changes in the air velocity. At |ow speeds, the air
travel ling beneath the island 40 pressurises the island and produces |ift

-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 dimnished, relative tqothe I ncreasing effects of the
negative pressure cavity 28. Therefore, 'the island 40 has al npost

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 atrangements 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
pfovides for faster take off, but the large trailing
rail portions and smaller trailing negative cavity
portion reduce pitch and reduce the increase in flying'
height at higher speeds. ' ,

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

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

In Figure 3d, the size of the cross rail is
reduced from Figure 3c so that it is now "V" shaped and
the isolation channels 30 and 32 are widened to consume
the entire leading cavity or recess. This design
reduces over pressure at the leading edge during high
speed operation, increases the air flow into the down
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14 no effect on flying height at the outer radius of the disk. The overal
result is a flatter flying profile between the inner radius and the outer

- tadius 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 showny) of the slider. Figure 3k shows
i sol ation channels 30 and, 32

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 isclation channels
30 and 32 are approximately the same depth so that they
may be formed during a single ion milling step. As
well, the cross rail recesses 24 and edge steps 21, 21’
23 and 23’ are approximately.the same depth so that they
may be formed during a single ion milling step.

In Figure 3e, the overall length and width of the
slider is 0.16 inches by 0.121 inches (4.06 mm by 3.07
mm). The outside edge steps 21 and 21’ are 0.004 inches
(0.1 mm) wide. The inside steps 23 and 23’ are 0.002
inches (0.05 mm) wide. The isolation channels 30 and 32
are 0.006 inches (0.15 mm) wide. The isolation channels
separating rails 20’ and 22’ are 0.002 inches (0.05 mm)
wide. The negative pressure cavity 28 at its forward
end is 0.066 inches (1.68 mm) wide, and at its trailing
end is 0.589 inches (14.96 mm) wide. The leading edge
taper 25, 27 is 0.014 inches (0.36 mm) wide. The length
and width of the leading cavity 26 are 0.589 inches by
0.031 inches (14.96 mm by 0.79 mm). The length of the
cross rail 24 at its leading edge is 0.04 inches (1.02
mm), its length at its trailing edgé.is 0.07 inches
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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. 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 fjuther decreasing -flying height.
Figure 3k al so shows the edge steps 21 and 21'. However, unlike Figure 3e,
the steps 21 and 21' do not extend the full length of the rails 20 and 22

but
(1.78 mm) and its width is 0.013 inches (0.33 mm). The

distance from the leading edge to the first channel bend
is 0.07 inches (1.78 mm), and to the second bend is

0.125 inches (3.18 mm). The depth of the steps 21, 21°,
23 and 23’ at the cross bar 24 recess is 0.04 inches
(1.02 mm).

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

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

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

In Figure 3h, the isolation channels 30 and 32 do
not extend the full length of the rails 20 and 22, but
instead terminate and communicate with the negative
pressure cavity 28. An increase in flying height at
higher speeds can be lessened by shorting the isolation
-channel separating rails 20’ and 22’. This allows
greater inter-action of thé positive and negative
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term nate generally adjacent to the side rail break points. The term nated
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 .
Tail surface area near the trailing edge-increases the pressure on the
rails 20 and 22 during flight. The incregfsed pressure stablises the slider
flight and provides a constant flying height through varying skew angl es.
Figures 4a to 4f illustrate selective spoiling of

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

Preferably, the slider has a near flat flying
profile between an inner and an outer radius of the
disk. 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, thé velocity of the air
being dragged between the slider and the disk at the
inner radius is less than the velocity at the outer
radius. As a result, the positive pressure that builds
along the rails 20 and 22 is less at the inner radius
than at the outer radius, causing the slider to fly
lower at the inner radius than at the outer radius.

The island 40, however, reduces the effects on
flying height caused by changes in the air velocity. At
low speeds, the air travelling beneath the island 40
pressuriseS'the island and produces lift at the trailing
edge of the slider. This lift increases the flying
height at the inner radius of the disk. At high speeds,
the effective pressure on the island 40 is diminished,
relative to the increasing effects of the negative
pressure cavity 28. Therefore, the island 40 has almost
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t he negative pressure in cavity 28 both to shorten take off and conpensate
for skew effects. Figure 4a illustrates the basic spoiler concept. Here, a
- circuitous spoiler channel 31 is formed in the cross rail 24 to conmunicate
air between the | eading cavity or recess 26 and the cavity 28. The spoiler

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 isclation 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
pfessure effects for further decreasing flying height.

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

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

Figure 4a illustrates the basic spoiler concept.
Here, a circuitous spoiler channel 31 is formed in the
cross rail 24 to communicate air between the leading
cavity or recess 26 and the cavity 28. The spoiler
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channel 31 functions simlarly to a recessed cross bar in reducing take off
speeds. The air flow through the spoiler channel 31 is proportional to the
: pressure difference across the cross bar 24. The di nensions. of the spoiler
channel 31 nust be chosen so that there will not be a large reduction in
the negative pressure within the cavity,28 at higher flying speed. Skew
conpensation is provided by the isolation channels 30 and 32 as before.
Anot her variation of the negative pressure spoiler

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 spociler 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
‘moticn 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

REPLACEMENT SHEET

19 OCT 1996




I's shown in Figure 4b. Here, the spoiler channel 31 is split into two
angl ed segnents. The effect of these angl ed channel segnents increases when
. flying at positive or negative skew angl es. These spoil er channels 31 help
reduce the overall loss of flying height when flying at skew angl es. -Fhe
I sol ati on channels 30 and 32 are angleg into the | eading cavity 26 and
performin a simlar fashion to those &scribed in Figure 3b. Figure 4c
shows additionally a negative pressure

increasing its negative pressure effects. The overall
negative pressure effects will be approximately the
same. However, the tendency of the slider to roll with
the leading rail high will be lessened by the increased

" negative pressure in the leading cavity and the reduced
negative pressure trailing cavity.

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

Figure 4e shows an alternative spoiler design.
Here, a choke 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 31a
occurs at low speed. This improves the take off
characteristics at low speeds without spoiling the

REPLACEMENT SHEET

19 OCT 1996




cavity divider bar 36 whose head 36' is arrow shaped to provide tw angl ed
spoi l er channels 31' and 31'' leading to negative pressure cavities 28 and
< 28'' respectively. The spoiler channels 31' and 31'' assists in breaking
negative pressure on take off, and the angles retard air entry into the
cavities 28 and 28" at speed. However, when the slider flys at a skew
angl e, one of the spoiler, channels mﬁlllﬂegin to line up with the direction
of notion and nore air will enter the correspondi ng down stream cavity,

t her eby reduci ng negative pressure
negative pressure at much higher speeds.

Figure 4f shows an alternative spoiler channel
location when isolation channels 30 and 32 are included.
The spoiler channel 31 may be located to communicate
through the isolation channel separating rails 22’ and
20’ between the negative pressure cavity 28 and the

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

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

Figure 5a illustrates the basic concept. Broad
leading tapers 25, 27 are provided. Jﬁst 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 wvent is provided by a channel 40 leading
to the forward edge of the slider.

The pressure relief channel anterior to the

grm e e
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effects in that cavity. Correspondingly, the other spoiler channel wll
becone |l ess aligned with the direction of notion and less air will spoil
: the negative pressure in the up strean1or | eadi ng cavity thereby
REPLACEMENT SHEET 19 OCT 1996 16

18

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

Figure 5b illustrates a variation which provides
two lateral access channels. 40’ and 40'' from the
leading edge of the slider to the anterior preésure
relief channel 41. Additional edge steps or tapers 42’
and 42’’ communicating between the leading sections of
the rails 20 and 22 and the access channels 40’ and 40'’
éct, in conjunction with the access channels, to provide

wm

‘air to the leading portion of the down stream or inside

- rail at a skew angle in use. The cross rail 24 is shown
recessed in this design. The effect is similar to a

. limited isolation channel and may be particularly useful
for sliders having only small skew angle variations in
use.

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

Figure 54 illustrates a variation which provides
two lateral access channels 40’ and 40‘’ communicating
between the pressure relief channel 41 and the side
edges of the slider. These channels are in turn
connected to the isolation channels 30 and 32. This
design provides pressure reduction along the entire
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increasing its negative pressure effects. The overall negative pressure
effects will be approximtely the sane. However, the tendency of the slider
toroll with the leading rail high will be | essened by the increased
"hegative pressure in the leading cavity and the reduced negative pressure
trailing cavity. Figure 4d shows another variation on the sane theme. Here,
the divider path 36 is sJightly shortk¥hed and a | eadi ng triangul ar bl ock 34
i s added. The bl ock 34 acts to reduce spoiling air flowinto the cavities

length of the leading taper section (25), including in.
front of the rails 20 and 22 and cross rail 24. As
well, an optional spoiler channel 31 connects the
anterior pressure relief channel to the negative
pressﬁre cavity 28 to assist in take off as described
above.

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

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

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.

Figu;guigﬂlllnstrates—another variation very
RFPLAFEM"ﬂT SHEET
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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
t he channel s becones nore aligned with the direction of notion, the flow
t heret hrough i ncreases while flow sinml2tneously decreases in the other
channel. Wth better alignnment, the overall flow increases into the down
stream negati ve pressure cavity

similar to that of Figure 3c. This configuration has

the anterior pressure relief channel 41 of Figure 5a
connected to the isolation channels 30 and 32. However,
the pressure relief channel 41 is angled or V-shaped so
that air will tend to flow to the down stream isolation
channel (30 or 32) enhancing skew compensation.

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

It will be appreciated that the described
isclation 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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28" or 28 '. Wth appropriate dinensions, the cross spoiler channels 31
and 31" -can be made to function as a fluidic type device whereby the
. .di fferences N 1ne quantﬁy of air flowto the divided cavities 28 and
can ced provi ding a greater anmount of slider roll
corrpensa m"@n!!‘ mf hovvs an alternative spoiler design. Here, a choke
3la is- ema oye passes air at | ow speeds but V\/m ch causes alr flow to

approach a constant at higher flying speeds when gehe=spaas-af -t r
within 21 THIS SHEET HAS BEEN
REPLACED |

Claims o

1. A negative pressure air Bmﬁng 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; and

a pair of isolation means (20',22',30,32) disposed between the negative pressure
cavi;_)' and the side rails, characterised in that |

the side rails have leading portions, central portions and trailing portions and in

which the leading and trailing portions are wider than the central portions.

2. A negative pressure air bearing slider as claimed in claim 1, in which said
isolation means comprises a pair of isolation channels (30,32) and a pair of separating
rails (20',22'), each isolation channel being disposed between a respective side rail and
the negative pressure cavity and each separating rail being disposed between a respective

isolation channel and the negative pressure cavity.

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

isolation channels join at a leading cavity (26).

4. A negative pressure air bearing slider as claimed in claim 2 or 3, in which the
cross rail has a triangular shape with the apex extending into the leading cavity to reduce

the area thereof.
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t he choke 31la 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 w thout spoiling the 17 negative

pr essure—at—uch—higher—speeds. Figure 4f shows an alternative spoiler

T

. — ‘
22 THIS SHEET HAS BEEN ‘
REPL#CEE___%__}_!

5. A negative pressure air bearing slider as claimed in claims 2 or 3, in which the

cross rail is V shaped with the apex extending into the leading cavity and the isolation
channels are wider at the leading edge of the slider to become contiguous with the

- leading cavity.

6. A negative pressure air bearing slider as claimed in any one of claims 2 to 5, in
which: the isolation channels and the separating rails terminate in the negative pressure
cavity and so do not extend to the trailing edge.

7. 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; and

a pair of isolation means (20',22',30,32) disposed between the negative pressure
cavity and the side rails, characterised in that

the isolation means terminate in the negative pressure cavity so do not extend to |

the trailing edge.

8. A negative pressure air bearing slider as claimed in claim 7, in which said
isolation means comprises a pair of isolation channels (30,32) and a pair of separating
rails (20',22'), each isolation channels being disposed between a respective side rail and

the negative pressure cavity and each separating rail being disposed between a respective

isolation channel and the negative pressure cavity. ""ﬁ;mm T SHEET
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| ocati on
channel

when isol ation channels 30 and 32 are included. The spoiler

31 may be | d to communi cate through the isol ation channel

- se ax—&f—m‘rg”él s 22' and 20' between the negatlve pressure cavity 28 and
the isgol ““30 and 32. Here, the ne avity is

di vi de m es 28' and 28'' and thelf iTsué 8HEENHABBEER § 30 and 32
are |n i

t he down
spoi | i ng

\

ntvo tthe”| eadi ng- cavity 263 At a [skew ®EPFLACEDhe prgssure in
stream i sol ati on channel increases, tHhereby—Frereas+ag=the
effect of the down

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

two side rails (20,22);

" a cross rail (24);

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

a leading cavity (26) disposed between a leading edge of the slider and the cross
rail; '

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 in that

the isolation channels join at the leading cavity.

10. A negative pressure air bearing slider as claimed in claim 9, in which the

isolation channels join at the leading edge.

11. A negative pressure air bearing slider as claimed in claim 9 or 10, in which the
‘isolation channels are wider at the leading edge of the slider to become contiguous with

the leading cavity.
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streamcavity. Thus, roll is decreased by having relatively greater
negative pressure in the up streamcavity. This design has sone
.simlarities with the design of Figure 4b. Here, the spoiler channels 31
and 31'' are noved around to the sides and a divider bar 36 is added.
Figures 5a to 5g illustrate several variations of a highly enlarged | eadi ng
edge taper section 25, 27, which increa§§§_lift to provide for shorter take
of f. Each variation includes a pressure Teduction channel 41

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), negative pressure cavity (28), a pair of isolation
channels (30, 32) disposed between the negative pressure cavity and the side rails. The
geométry of the side rails or the isolation channels enabling the NPAB slider to have

improved performance.

_Fig. 3a
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" anterior to the cross rail both to reduce the over pressure of the.leading
taper at speed and to nmaintain a high degree of negative pressure in the

. cavity 28. Figure 5a illustrates the basic concept. Broad | eading tapers
.25, 27 are provided. Just after the |eading B | to the
negative pressure cavity 28, a pressurg reliefl BBARIEHERT SHEEPr bvi ded.
Preferably, this channel .is open to anbient aiir fpressure~to~ven} air

fl ow ng past the | eading tapers 25,27. In Figure 5 tii g provided
by a channel 40 | eading i ?9 68?1&ﬁ?
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to the forward edge of the slider. The pressure relief channel anterior to

t he 18 negative pressure cavity 28 prevents air scooped up by the
- l eading taper fromentering the negative pressure_caV|ty 28 to spoil the
negative pressure. This results in a slider  that ,;ﬁf' gjt?kfﬁf#4—‘ :
characteristics and 2 ePLAGEHT FEET
19 OCT %96
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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 | ow speeds than the conventional NPAB slider. Figure 5b
illustrates a variation which provides two | aterf@—geees nnel s 40' and
40'" fromthe | eading edge of the slidergto thejaﬁfé%% T eSmte

channel 41. Additional edge steps or tapers 42' jafd #Z™'e 0}, C
bet ween the | eading sections of the rails 20 and 22 b acckes
40' and 40" | l W%d]h%%

channel s

R L

21

22

.

Fig. 2d
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act, in conjunction with the access channels, to provide air to the |eading
portion of the down streamor inside rail at a skew angle in use. The cross
-rail 24 is shown recessed in this design. The effect is simlar to a

- limted isolation channel and nay be particularly useful for sliders having

only small skew angle variations in us@ Figure 5¢ FETTURLT & riation
[ BLACERER BHEEY o

whi ch provides two | ateral access channels 40" an gadi ng
edge of the slider to the anterior pressure
19 OCT 1996
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] relief channel
channel s 30 and 32.

edges of the slider.

entire

2

"\

41. These access channels are

Thi s design provides a hi
. conpensation with good take off and flying hei
illustrates a variation which provides two | at
40'" communi cating between the pressuresrelief
These channels are in tur

g properti es.

hannel 41 and
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t le side
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19 length of the leading taper section (25), including in front of the
rails 20 and 22 and cross rail 24. As well, an optional spoiler channel 31

» connects the anterior pressure relief channel t Lessure
cavity 28 to assist in take off as described aloBEPLACEMENT SHEET .
6 .
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In this design, the frontal area of the |eading taper section 25 is
maxi m sed for fast take off while the isolation channels provide skew
. conpensation. The presence of the pressure relief channel 41 in front of.
the rails 20 and 22 reduces their effectiveness slightly so that high speed

over pressure fromthe | arge | eading taper sect Fi gure 5e
SHEET |

ef channel

shows anot her vari ati on which connects the antef
41 to anmbient air through the isolation channelp BO and 32 Fetie,| t he
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area of the | eading taper section 25 is again nmaxi msed for fast take off,
and skew conpensation is provided by the isolation channels 30 and 32. _
Pressurised air flowing past the front taper section 25 &nters thé pressure
relief channel 41 and exits through the isolati Q_.and 32. At a
skew angle, this air tends preferably te flow i htRERLABEMENT SHEEEGM
i sol ati on channel, which enhances skew conpensaf i prm—Fhi-s~des+gn {i ncl udes a

recessed cross bar 24, which increases the air fl ow1id10tcl}e i soljatli on
channel s 30 and 32. _ 1996
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Fi gure.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 ¢
edge tapers or steps 44' and 44'' connected tg

pressurise the rail fromthis source ofsair. F| ure 59 g illustnate

PN ST 10"
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20 simlar to that of Figure 3c. This configuration has the anterior
pressure relief channel 41 of Figure 5a connected to the.isolation channels
30 and 32. However, the pressure relief channel 41 is angled or V-shaped so
that air will tend to flowto the down streamigglation channel (30 or 32)
enhanci ng skew conpensation. At the trapling ed 1

59, the negative pressure.cavity 28 bends into h rha.n.u
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" whi ch comunicates with the side edges of the slider. As melf Jsolation

channel s 30 and 32 have side vents 46' and 46'', respectively. The
. conbination of the side vents pernmts the transducer bearlng portion 48 of
the head to be a solid rail, which gives norg cer elenments

and elimnates the need to nmachine of f1aa port RGALATEMENS SHEERs ducer
mat eri al s during manufacture. This is inportfant 1o0r certaln chi ni ng

nmet hods (e.g. laser nachining) that cannot rewovqgabbTobq&he ransducer

o

materials effectively.
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It will. be appreci ated that the described isolation channels 30 and 32,
sp0|ler

* channel s 31, cavity dividers 36, and ot her part+€u¢a+s~he;e+n_dpscr|bed

anterior pressure relief. channel 41, |eading edge tapers 25, 27,

may be selectively conbined in other ways to pr8dtd€EMENNFINEES!

optimum properties for a glven applicai2on. }
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“Cl aikns 1. A negative pressure air bearing sl [ der_for a magnetlc head of

arotary di.sc drive, said slider conprising: two § a
cross rail (24); a negative pressure cavity (28) ; he side
rails and between the cross rail and a trailing efg a pair
of isolation neans (20" ,22' ,30,32) are disposed | Rt ve
pressure cavity and the side rails, such that whe he slider is jfllying
each isolation neans is disposed for pgoviding a pource of near=anti ent
pressure to enabl e the adjacent

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

Increasing the skew angle at a fixed tangential velocity causes the slider pressure
distribution to become distorted. This influences the net forces and torque acting upon
the slider and res;ults 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. Furthermore,
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 pfessure 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 downstream rail receives little air from its negative pressure cavity while at
the same time its upstream rail is receiving air at ambient pressure. '

JP-A-60 101 781 discloses an air bearing slider which includes side rails which
are narrower at the longitudinal centre which serve to increase inserlsitivity of the slider
to air flow at skew angles.

US-A-4 870 519 discloses an air bearing slider which includes side rails in which
transverse pressurisation contours are formed thereby increasing the slider's insensitivity

to air flow at skew angles.



‘correspondi ng side rail to have access to that
affecting the pressure in the negative pressufe—e

in that the side rails have | eading portions, REHIA@EWSHEET

portions and in which the | eading and trailing
central portions. 2. A negative pressure aijr
in claiml, in which said isolation nmeans conpr
channel's (30,32) and a pair of separathng railfs &

anblent air w thout

acteri sed
nd trailing
r than the
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s clai ned.
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channel

bei ng di sposed between a respective sijde- ra|I and the nggative

pressure cavity and each separating rail bei ng drsposed—betweeT a
respegtive isolation channel and the negative pressure cavity. 3. A

negat| ve presER+A-1851756discloses &l NPAB slkief ivithgdoves t6 bitat® a2neutral pléssdiet he

zone separation,

Thus, there is a need for a 'négative pressure air bearing slider 'having a near
constant, but low, flying height when used in conjunction with short arm rotary ac_tuafors
and/or with high seek velocities wherein reading from a disk during the seek operation is
continued for reading track addresses, for example. Preferably, the slider will exhibit
little or no roll over a wide variation in skew angles. The slider also preferably achieves
a rapid take off but can still fly low at full speed. |

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

According to the present invention, there is provided a negative pressure air
bearing slider for a magnetic head of a rotary disc drive, said slider comprising: two side
rails; a cross rail; a negative pressure cavity disposed between the side rails and between
the cross rail and a trailing edge of the slider; a pair of isolation means are disposed
between the negative pressure cavity and the side rails, such that when the slider is flying
each isolation means is disposed for éroviding a source of near ambient pressure to
enable the adjacent corresponding side rail to have access to that ambient air without
affecting the pressure in the negative pressure cavity, and characterised in that the side |
rails have leading portions, central portions and trailing portions and in which the leading
and trailing portions are wider &m the central portions. o

The use of isolation channels cause 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 raii pear the trailing edge

of the ﬂyer.



‘i sol-ation channel's join at a | eading cavity (26). 4. A negative pressure
air bearing slider as clainmed in claim2 or 3/ |n whi ch the cross_rail has

a triangul ar shape with the apex extending into j to
reduce the area thereof. 5. A negative pr M@ﬂm . slider as
claimed in clainms 2 or 3, in which the cross rai V shaped wilt } the apex
extending into the leading cavity and the isolat}oh q:hngMﬂ $999r ¢ W der at’
the | eadi ng edge of the slider to become contigupup wth the :

The invention is described further, by way of example, with reference to the
accompanying drawings in which:
| Figufe 1a is a bottom plan view of a conventional H-shaped negative pressure air
bearing (NPAB) slider and an illustration of the angle defined to be skew angle;
| Figure 1b is an illustration showing, in exaggerated form, roll for the conventional
NPAB slider under the influence of wind from the direction shown in Figure 1a;
| Figure 1c is a partial side plan view showing the conventional NPAB slider riding
on an air bearing above the disk surface;
Figutes 2a to 2d are various views of an NPAB slider having isolation channels;.
Figures 3a to 3k are bottom plan views of alternative embodiments of the NPAB
slider having isolation channels;
Figures 4a to 4f are bottom plan views of alternative embodiments of the NPAB
slider having a take off assist spoiler and either isolation channels or a divided negative

pressure cavity or both; and
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“l eading cavity. 6. A negatlve pressure air bearing sllder as clalned I n

any one of ,clains 2 to 5, in which the isolation ﬁg?ﬂ :

separating rails termnate in the negative pressy i §J ‘}o not
extend to the trailing edge. 9. A negative |prlessure air begring
slider for a magnetic head of a rotary disc drive, saQd AlG d999 conpri si ng:
two side rails (20, 22); 5 .

Figures 5a to Sf are bottom plan views of

alternative embodiments of the NPAB slider
: having fast take off extended
front tapers and anterior pressure reduction channels.

Figure 1la 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 drive’s actuator arm
(not shown) during a seek operation, and/or the wind
from the sweeping action across the rotating disk
surface.

The conventional NPAB slider 10 has two "high
pressure" rails 20 and 22 (each of which has a leading
taper 25, 27 respectively for funnelling air under the
rails), a cross rail 24, a negative pressure cav1ty 28,
and a leading cav1ty 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) ;ail 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.
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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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s;a cross rail (24); a negative pressure cavity (28) disposed between the.
side rails ,and between the cross rail and a trailin T ie—skder: a
| eadi ng cavity (26) disposed between a | eadi ng edge A of t he
cross rail; a pair of isolation channels (30, 32) digppsed between T}he
negative pressure cavity and the side rails; and a irGaiAggp@?gting rails
(20',22"), each separating rail being gisposed bet n a respectiv -

i sol ati on channel and the negative pressure cavity,] characterrsed—#njthat
the isolation channels join at the |eading cavity. '

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 includéd as an example in several of the
embodiments that follow in the Figures. The importance
of a recessed cross rail is not a requirement for
obtaining the beneficial effects of the other features
described.

Typically, the negative pressure cavity 28 will be
a recess 350 micro-inches (8.89 mm} deep from the level
of the rails 20 and 22. The conventional slider body is
typically 0.125 inches (3.18 mm) wide, 0.160 inches
(4.06 mm) long and 0.034 inches (0.86 mm) high. Leading
tapered edges 25 and 27 of the rails taper to a depth of
200 micro-inches (5.08 mm) from the level of the rails
20, 22. Each rail 20, 22 is approximately 0.026 inches

' (0.66 mm) wide and the cavity 28 is 0.071 inches (1.8

mm) wide at the cross rail 24. Unless otherwise
mentioned, the dimensions of the sliders according to
the preferred embodiments of the present invention are
generally similar to the dimensions of the conventional
H-shaped NPAB slider 10 of Figures la to 1lc. It should
be noted that the slider dimensions can be scaled up or
down to achieve larger or smaller sliders with similar
characteristics. '

Figure lc 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
shown in Figures 2a to 2d. Isolatioﬁ 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



©10.* A negative.pressure air bearing slider as claimed in claim9, in
which the_isolation channels join at the |eading edge. 11. A negative
pressureLazmmI"r‘dEﬁas claimed in claim9 or 10, in which the
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Claims
1. A pegative 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 slicier;

a pair of isolation means (20',22',30,32) are disposed between the negative
pressure cavity and the side rails, such that when the slider is flying each isolation means
is disposed for providing a source of near ambient pressure to enable the adjacent
corresponding side rail .to have access to that ambient air without affecting the pressure in '
the negative pressure cavity, and characterised in that |

the side rails have leading portions, central portidns and trailing portions and in

which the leading and tfailing portions are wider than the central portions.

2. A negative pressure air bearing slider as claimed in claim 1, in which said
isolation means comprises a pair of isolation channels (30,32) and a pair of separating
rails (20',22"), each isolation channel being disposed between a respective side rail and
the negative pressure cavity and each separating rail being disposed between. a respective

isolation channel and the negative pressure cavity.

&
3. A negative pressure air bearing slider as claimed in claim 2, in which the
isolation channels join at a leading cavity (26).
4. A negative pressure air bearing slider as claimed in claim 2 or 3, in which the

cross rail has a triangular shape with the apex extending into thé leading cavity to reduce

the area thereof.
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5. A negative pressure air bearing slider as claimed in claims 2 or 3, in which the
cross rail is V shaped with the apex extending into the leading cavity and the isolation
channels are wider at the leading edge of the slider to become contiguous with tﬁe

leading cavity.

6. A negative pressure air bearing slider as claimed in any one of claims 2 t0 5, in
which the isolation channels and the separating rails terminate in the negative pressure

cavity and so do not extend to the trailing edge.
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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), negative pressure cavity (28), a pair of isolation
channels (30, 32) disposed between the negative pressure cavity and the side rails. The
geometry of the side_ rails or the isolation channels enabling the NPAB slider to have

improved performance.

. Fig. 3a



