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storage device (DASD). A disk drive includes several disks
DESCRIPTION

SLIDER AIR BEARING SURFACE WITH ANGLED RAIL
CONFIGURATION

The present invention pertains to the field of disk
drives, which are also called direct access storage
devices (DASD). Specifically, this invention pertains
to an apparatus according to the preambles of claims 1,
10 and 21.

Conputer systems employ a number of storage means to
store data. .One of these storage means is a disk
drive, which is also called a direct access storage
device (DASD). A disk drive includes several disks
that look similar to.45 RPM records used on a record
player or compact disks used in a CD player. The disks
are stacked on a spindle, much like several 45- RPM
records awaiting to be played. In a disk drive,
however, the disks are mounted on the spindle and
spaced apart so that the separate disks do not touch
each other. '

The surface of each disk is uniform in appearance.
Nevertheless, in actuality, each of the surfaces is
divided into portions, called tracks, where data is
stored. These tracks are arranged in concentric
circles like rings in a tree. Compact disks have
tracks as do the disks in a disk drive. The tracks in
either the disk drive or the compact disk essentially

replace the grooves in a 45 RPM record. Each track in
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metal, plastic, or glass. In a plastic disk, such as

those used as CD's, a laser stores and retrieves the

data. In a metal disk, an electrical magnet, commonly

known as a transducer, stores and retrieves the data.

In order to store data on a magnetic disk, the disk
.surface is magnetized using a small ceramic block,
commonly called a slider, that contains a magnetic
transducer, called a write head. More specifically,
the slider containing the write head is flown at a
height of a few millionths of an inch from the disk
surface, and the head is energized to various states
causing the track below to be magnetized to represent
the data. f ,
To retrieve data stored on a magnetic disk, the slider
containing a read head is flown over the disk. This
time the magnetized portions of the track induce a
current in the read head. By analyzing the current
output from the read head, the computer system can
reconstruct and use the data stored on the magnetic
disk. Although some disk drives use a separate read
and write head, most current disk drives use a
transducer that acts as both the read and write head.

Like a record, both sides of a disk are generally used
to store data or other information necessary for the
operation of the disk drive. 8Since the disks are held
in a stack and are spaced apart from one another, both
the top and the bottom surface of each disk in the
stack of disks have their own read and write heads.
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are just sections of one of the concentric tracks. D sks are nade
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transducer that adf® 5§t§§ﬁﬁ spethabdthe Elidare ceesaining the read and

write heads is moved to locations over various tracks

on the disk. 1In this way, the read and write heads can
be used to magnetize a track on the surface of the disk
in a pattern representing the data or used to detect
the magnetized pattern on a track. For example, the
needed data may be stored on two different tracks on
one particular disk, so to read the magnetic
representations of data, the actuator arm is rotated
from one track to another track. This invention is
concerned with rotary actuator disk drives. '

A linear actuator has a similar actuator arm, however,
repositioning is accomplished through linear instead of
rotational movement.

The actuator arm of a disk drive has a slider affixed
at the end, which holds the read and write heads. Also
affixed to the slider are rails. When the disk
rotates, air is dragged between the rails and the disk
surface causing pressure, which forces the head away
from the disk. The head is thus said to fly over the
rotating disk. The fly height is the thickness of the
air lubrication film, i.e., the distance between the -
disk surface and the head. '
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or other information necessary for the operation of the disk drive.
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stack of disks have their own read and wiies heads. w&?ﬂ'&%{}g
PCT/ EP92/ 02119 This is anal ogous to a stereo that could play both
sides of a record at the sane tine, each side having its own styl us.
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would occur if the head and disk were in mechanical

contact during disk rotation.

Previous ABS designs consisted primarily of a two-rail
tapered configuration known as taper-flat sliders. The
two-rail taper-flat configurations typically had two or
more flat rails each having a tapered forward édge.

The rails were elongated and the tapered edge faced
toward the direction of rotation of the disk surface.
These designs worked well in linear actuator disk
drives when the flow of air between the disk and the
slider was primarily uni-directional along the length
of the rails. In other wqrdé, these designs:worked
well when the slider was positioned with respect to the
disk such that the flow of éir was viscously-dragged
under the slider from the front of the slider to the
back along a longitudinal axis parallel to the rails.
The taper-flat design concept dates back to large
diameter file designs having relatively low access
rates which use linear actuators.

Today's disk drive files are much different from the
large diameter disk drives which used linear actuators.
Current files are much smaller and feature high-speed
access of data. Currently, disk drives have disks with
5.25", 3.50", 2.50" or 1.80" diameters and feature
rotary actuators to achieve high-speed access rates.
Mainly due to the use of rotary actuators, the air flow
under the slider is no longer substantially
uni-directional, but varies widely in angle with
respect to the longitudinal axis of the slider. 1In
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The angle of the air flow with respect to the

longitudinal axis of the slider is called the skew
angle. If the actuator arm is positioned such that
the air flow strikes the outside, or rim, edge Bf
the slider, then the skew angle is said to be
positive. If the actuator arm is positioned such
that thq air flow strikes the inside, or hub, edge
of the slider, then the skew angle is said to be
negative. The taper-flat design is susceptible to a
severe reduction of fly height at high positive or
negative skew angles and largeiaccess speeds because
the taper-flat slider was designed for linear
actuators rather than for rotary actuators.

Also, the skew angle of the air flow can cause the
slider to roll such that the flying height is not
uniform under all the rails. Roll of a slider is
analogous to the roll of an airplane when it banks into
a turn; one wing goes up while the other wing goes
down. In a disk drive, a positive roll occurs when the
rim rail rolls away from the disk surface, while a
negative roll occurs when the rim rail rolls toward the
disk surface.

The fly height of a slider in a disk drive is a critical
parameter that must be controlled. An increase in fly
height can cause a decrease in signal amplitude and a

decrease in the signal to noise ratio, thus increasing
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Control of the roll of the slider is also important.
When roll lowers a corner of the slider, the likelihood
is increased that the head will come into contact with
the disk surface. Roll that raises one corner of the
slider can increase the distance of the read and write
heads from the disk surface, causing data errors in the
same ﬁanner that increasing the fly height of the
slider causes data errors. This effect of roll is
exacerbated in sliders where the read and wfite heads
are mounted on the corner of the slider that is raised.

A recent patent that allegedly lessons the problems
caused by skew angle and roll is U.S-" Patent No.
4,870,519 issued to White on September 26, 1989. White
modified the basic taper-flat slider design by adding a
' longitudinal step to the slider edge. The White
invention has numerous disadvantages, including
additional manufacturing processes to make the steps.
The steps also introduce additional fly height
sensitivities, and the steps provide the potential of
contamination from debris accumulation.
European Patent Application 432 733 A3 which is used as
the closest prior art describes a flying head slider
assembly with a pair of side rails. However, this
slider may only be used for skew angles within a range
from zero to positive values.
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It is an object of this invention to provide an

improved air bearing surface design that results in
less sensitivity of the fly height resulting from high
skew angles and high speed access rates.

This object is achieved by the subject-matters of
claims 1, 10 and 21.

In the preseﬁt invention, an air bearing surface of a
disk drive slider, which also holds a magnetic
transducer (read and write head), contains rails that':
are nonsymmetrical about the longitudinal axis of the
slider. Each air bearing rail is tapered at its i
forward edge so as to pressurize incoming air flow to
produce an air lubrication film between the slider and
the disk surface. At least one of the rails or a
portion of at least one of the rails is placed at an
angle with respect to the longitudinal axis of the
slider so that different portions of the air bearing
surface are pressurized in varying. amounts at differing
skew angles, thus minimizing fly height and roll
variations as the slider moves from the inner diameter
{ID) to the outer diameter (OD) of the disk drive.
Minimizing fly height and roll variations decreases the
likelihood that the transducer will come into contact
with the disk surface, reduces wear on both the heag
and disk surfaces, increases reliability, and 1esseh§

chances for a crash or disk drive failure.

The present invention avoids additional processes, fly

height sensitivities, and the potential for
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anal ogous to the rSPF ? an airplane when it banks into a turn; one
Wi ng goes up while the other w ng goes down. In a disk drive, a
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toward the I Sk~ surtace.

© o height from ID to OD. It further provides a slider
whose air bearing surface area is placed so that
different portions of the air bearing surface are
pressurized in varying amounts at differing skew
angles, thus minimizing the fly height and roll

variations.

This invention provides a slider whose rails are
primarily at low skew angles during start/stop at the i
landing zone, thus decreasing the take-off velocity and
improving durability. And it further provides a

slider whose rails are placed at an angle on the ABS,

so that the skew angle of the rails with respect to the
disk is optimized, even when the actuator placement is
such that this angle could not be obtained by an inline
mounting of the slider on the suspension.

Brief Description of the Drawings

For a better understanding of the present invention,
reference can be made to the accompanying drawings, in

which:
Fig. 1 is an exploded view of a disk drive.
Thls She T . .



The fly height of a slider in a disk drive is a critical par anet er

that nust be controlled. An increase in fly - hei ght can cause a
decrease in signal anplitude and a decrease in the signal to noise
ratio, thus i i ng RO 991 036 the error rate i on
in fly hei‘ﬁ'ﬁtﬁg@ﬁ%ﬁncrease the |ikelihood thgt.the head w | ngglrrégﬁ?in@gﬁt

contact with the di sk surface, causing accel erated wear on both the head

and di sk surfaces, causing reduced reliability, and even causing failure of

the disk drive. A Bbyere conisicd weop hvidw ofi sksiidéncandhdisk cdbes a

failure is called a crash aq%h%fg@gts in the inability to recover data.
slider

Control of the roll of the is also inportant. Wien roll lowers a
corner of the slider, the likelihood is increased tthat the head will cone
into contact with rig. 3 is the preferred embodiment of the present

invention; shown is the configuration of the
air bearing surface that faces the disk
surface.

Fig. 4 is a plot of the pressure distribution,
viewed from the slider's leading edge, that
occurs when the slider shown in Figure 3 is
flying at low skew.

Fig. 5 is a plot of the pressure distribution,
viewed from the slider's trailing edge, that
occurs when: the slider shown in Figure 3 is
flying at a low skew.

! ! _

Fig. 6 ' is a plot of the pressure distribution,
viewed from the slider's leading edge, that
occurs when the slider shown in Figure 3 is
flying at high skew.

Fig. 7 is é plot of the pressure distribution,
viewed from the slider's trailing edge, that
occurs when the slider shown in Figure 3 is
flying at a high skew.

Fig. 8 is the air bearing surface of the symmetrical
type rail slider. This slider was tested and
the results are shown in Figs.. 10 and 11.

Fig. 9 is the air bearing surface of the

non-symmetrical type rail slider in which one
rail is wider than the other. This slider
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the distance of the read and wite heads fromthe di sk surface, causing
data errors in the sane manner that increasing the fly height of the slider
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Fig. 11 is the plot of the roll angle behavior that
occurs with several ABS configurations from
the ID to the OD track.

Fig. 12 is a second embodiment of the invention using
two bent rails.

Fig. 13 is a third embodiment of the invention using
curved boundaries on the relief regions.

Fig. 14 is a fourth embodiment of the invention using
a straight rail configuration.

These drawings are not intended as a definition of the
invention but are provided solely for the purpose of
illustrating the embodiments of the invention described
below.

Detailed Description of the Preferred Embodiment

The invention described in this application is useful
with all mechanical configurations of disk drives or
direct access storage devices (DASD) having rotary
actuators. .

Figure 1 is an exploded view of a disk drive 10. The
disk drive 10 includes a housing 12, and a housing
cover 14 which, after assembly, is mounted within a



7 Anot her floating head which may also only be used for positive
skew angles-is disclosed in Patent Abstracts of Japan, Vol. 11, No. 147,
page 575, 1986-12-13 from JP-A-61-283083. )
SUMVARY OF THE | NVENTI ON According to one aspect of the_ invention
there is di'WOB43An air bearing slider for jsupporting a r EOHEPA02119
transducer in relation to a noving recordi ng imedi um conpri sing: a
support structure having side edges, leading and trailing edges, wherein
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structure from sai # &4 ' ng edge
axi s being at a sk@®nea®gide ofatdienGctugkorecpom: asgrmkY 20 iagdudegatnyvE

val ues with respecipiioex be domecliike etribtisd P Mmaiihg ecpidirayigpdoem at
said support Struc%%h%;ZB. Attached to the separate arms 23 on the comb
or E block 22, are load springs 24. Attached at the
end of each load spring is a slider 26 which carries a
magnetic transducer or read and write head (not shown

in Figure 1).

Mounted within the housing 12 is a spindle shaft 32.
Rotatably attached to the spindle shaft 32 are a number
of disks 34. 1In Figure 1, eight disks are attached to
the spindle shaft 32 in spaced apart relation. The
disks 34 rotate on spindle shaft 32 which is powered by
a motor (not shown). Information is written on or read
from the disks 34 by means of heads or magnetic
transducers (not shown) which are within sliders 26 and
which are positioned by the actuator arm assembly 20.

Each of the arms 23 of the E block 22, except for the
top and bottom arm, carry two load springs. In this
particular disk drive 10, there is a slider 26 for thh
the top and bottom surface of each of the disks 34.

The top and bottom arms 23 of the E block 22 have only
one load spring 24 since these are used for the top
surface of the top disk and the bottom surface of the
bottom disk in the stack of disks 34. A motor
comprised of coil 28 and pole magnet assembly 30, is
used to apply a force to the actuator assembly 20 and
rotate the actuator assembly 20 about the actuator
shaft 18. .

Figure 2 details the top view of one of the disks 34.
As is well known in the art of disk drives, each of the



1

a?pair of side rails disposed along said side edges of said support -
structure facing said nedium’ said side rails being substantially
noni dentical and nonsynmetrical about said Iongitudinal axis, for
providing air pressurization when said skew angle is fron1zero to |arge
negative or Pos9¥9%83 val ues whereby said slider flies at a cl F$I/ERR/02119
substantially uniform spacing fromsaid novinyg“recordi ng nedi um and

a center rail positioned between said pair of side rails, wherein at |east
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of said slider fromThe sliders 26 and the magnetic transducers (not shown)
incorporated theérein are moved over the surface of a
particular disk 34 so that a magnetic representation of
data can be stored in any of the tracks on the disk 34.
In disk drive 10, the transducer movement is rotational
and about the actuator shaft 18. Rotating the actuator
arm assembly 20 causes the slider 26 and the transducer
therein to be repositioned over any track on the
surface of the disk 34.

Figure 3 illustrates the preferred embodiment of the
slider 26 and shows the air bearing surface (ABS) 49
configuration that is affixed to the undersiQe of
slider 26 and faces the disk surface. The ABS
configuration 49 may be formed by molding, etching,
laser ablation, ion milling, conventional machining
processes, or by a variety of other means.

The slider 26 includes a leading edge 47, a trailing
edge 48, a rim edge 64, and a hub edge 66. As
presented in Figure 3, the slider 26 includes a hub
rail S1, a center rail 53, and a rim rail 52. Also
shown are tapered portions 54, 55, and 56 of the rails,
which are located on the leading edge 97 of the slider
and face toward the direction of rotation of the disk
surface. The rotating disk forces air by viscous
effects into the tapers 54, 55, and 56, thereby
producing pressure beneath each of the rails, resulting
in the air lubrication film. The relief areas 57 and
58 are of sufficient depth so that no 1lift forces are
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said leading edge to said trailing edge, said |ongitudinal axis being at a
skew angl e 8 ranging
fromzero to positive and negative values with respect to the direction of
notion of said dISk surface at said slider, including: %ﬂﬁi
side rails uﬂkﬁﬂ along sai d side edges oi fgld sl i der faC|ng sai gk
surface; said side rails being substantially nonidentical and
nonsymretri cal about said |ongitudinal axis, for providing air

pressuri zati on whenydndrth ek wyaaghre lubricatider £iln efifacys.neGhei ve or

positive val ues Whelehy il (Sl cbll 83 Alad £hPIE12e nauiskagibal Iy,

uni f orm spaci ng from sal % face; rai
posi ti oned between tRiFaIdivr bef §§P&efiaPFSth%a'F’EP1tlr’h’§9d eFQFI °ﬁa§hﬁg°§ﬂ§?€d
portions with respasdill @tsa&dod | ongi t udi nal axi s.

For purpoées of illustration, Figure 3 also includes a
longitudinal axis 60. The angle of the air flow with
respect to the longitudinal axis 60 of slider 26 is
called the skew angle, and may vary widely from ID 110
to OD 111, and depends on the placement of the arm
assembly 20 on the rotary actuator shaft 18. The skew
angle may be positive or negative. If the actuator
assembly 20 is positioned such that the air flow
strikes the rim edge 64 of the slider 26, the skew
angle is said to be positive. If the actuator arm is
positioned such that the air flow strikes the hub edge
66 of the slider 26, the skew angle is said to be
negative. In the preferred embodiment, the rotary
actuator arm assembly 20 is placed such that a high
positive skew occurs at OD 111 and a low positive skew
occurs at ID 110. The skew angle of the air flow
causes the slider to roll such that the flying height
is not uniform under all the rails. A positive roll
occurs when the rim rail 52 rolls up away from the disk
surface, while a negative roll occurs when the rim rail
52 rolls down toward the disk surface. In the preferred
embodiment, positive roll tends to occur as the slider
moves toward ID 110, while negative roll tends to occur
as the slider moves toward OD 1lll.

As slider 26 flies over the surface of disk 34 from ID
110 to OD 111 of a rotary actuator disk drive, the = -
configuration of the rails 51, 52 and 53 determines the
shape of the lubricating air film pressure
distribution. Still referring to Figqure 3, the rail
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According to yet another aspect of the invention there is disclosed an
apparatus for recording data on a rotating nmagnetic nedia conprising:

a housing, said rotating nagnetic nenory rotatably attached to said

housi ng; an actuator arm assenbly rotatably attached to said housi ng;
a slider awmoR3@$3%o said actuator arm assenbly such that sREE/BPPYOR10an
be selectively positioned over the surface H said rotating nagnetic
menory, said slider having a Iongitudinal axis, a hub edge and a ri m edge,

both of said hub a3ioth lglg& ﬁe@aié“éfﬂddﬂé §ab%eggggbtud|nal
axis, said slrder |nc Ing an air surtace air rin
surface further cEHFH 1°“ s“°hatFFFth?z§#Y\Mﬂ¥ﬂ?q §“§u5§§&nFﬁ§Pﬁ s

parallel to theI<3ny1mﬂmnmahedxwathfréhped&|thﬂthe skew angdeondThai rim
further includingrasy sz 3pR3hakkChnb@RsiaR pteilbd 725005ha bbahkurpas 2! | o

to the longitudin axi s ortion having an
axi s which forns &% &4ges 'wﬂphapﬁe7ﬂon@$ttkﬁrﬁﬂ9¥%G §°€Fi°PhgzsPFﬂer

particularly important in shaping the pressure
distribution. Removal of the air bearing surface in
encircled region 62 reduces the lift generated by the
air bearing at low positive skew angle conditions.
Encircled portion 63, added to rim rail 52 via the
angular location of boundary line 71, remains at
moderate pressure at low skew angle conditions. At low
skew angle conditions, the flow is substantially from
the front of the slider to the back, parallel to the
rim edge 64 and the hub edge 66 of the slider 26.

However, under high positive skew anglé conditions,
such as may occur when the actuator arm assembly is
used to position slider 26 at OD 111, the encircled
region 63 is highly pressurized by the lubrication film
flow. This pressurization in region 63 provides
additional lift and counteracts the tendency for the
slider to roll the rim rail 52 downward (negative roll)
at high skew angles. Thus, the employment of angled
portion 72 of rail 52 utilizes the concept of skew
selective pressurization. The reduction of the roll
variation is a major benefit of this invention.

Shown in Figure 4 is a leading edge 47 view of the
pressure distribution of the gas lubrication film
acting on slider air bearing surface 49 at low positive
skew conditions. Figure 3 is referred to in the -
preferred embodiment, low positive skew occurs at 1D
110. The pressure build up from encircled region 63 of
the angled portion 72 of the rim rail 52 is visible at
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wherein said second rail is proximte the rim edge.

8a According to yet another aspect of the invention there is disclosed
an air bearing slider for supporting a recording transducer in relation to
a rotating magnetic recording nedium conprising: a support

structure haworg3/0958bngi t udi nal axis, a hub egge and a r|n1edgEﬂVEB$H“Eﬂ9
said hub edge and said ri medge paraIIeI to 3 %'1ong|tud|nal axis, said
support structure including an air bearing surface, said air bearlng

surface further conpy %L;ruk te thatafﬁbr§gifa%# fgndyaerstiggshggtng#ySI,

parallel to the lon di nal - axi s secon
further including: Withouf ghes@ngilegobonpdatinith ofs xétmaeant bar| Fhear al | el
to the longitudi nal sigiderofwduld tend to fly at a high positive roll (rim

roll upward) at low positive skew conditions. However,
because rim rail 52 angles away from the rim edge 64 as
shown by the angular boundary 70, the tendency toward
positive roll at the ID position for the slider 26 is

reduced.

Figure 5 presents the same pressure distributiop plot
as Figure 4, but viewed from the trailing edge 48 of
slider 26. The effect of angled boundary lines 70 and
71 of rim rail 52 can be seen at 310. Because of the
low positive skew conditions, the pressure distribution
of each rail is relatively uniform.

Figure 6 presents a leading edge view of the pressure
distribution of the gas lubrication film acting on
slider air bearing surface 49 at high positive skew
conditions where the air flow strikes the rim edge 64
of the slider 26. 1In the preferred embodiment, high
positive skew occurs at OD 111l. Figure 6 shows a
pressure distribution at a high skew ahgle while Figure
4 shows a pressure distribution at a low skew angle.
-Both Figures 4 and 6 show the pressure distribution
from the leading edge. Notice that in comparing Figure
6 to Figure 4, the pressure distribution on each rail
has shifted towards the right because of the angular
orientation of the air flow with respect to the
longitudinal axis 60 of the slider 26. This shift in
pressure, if uncompensated for, causes a negative roll
of the slider at positive skew conditions, and resaits
in a lower fly height and degraded operation of the
Slider. However, the placement of the angled rail
“portion 72 of the rim rail 52 with boundaries or edges
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siider; an angl ed portion having an axis which forns an angle with
the longitudinal axis of the slider; wherein said second rail is
proxi mate the ri m edge. According to yet another aspect of the

i nvention there is disclosed an air bearing slider for supporting a
recording tWa¥349833% in relation to a noving recordi ng medi uRCT/EBIR02139 ng:
a support structure having first and second 96d& edges, |eading and
trailing edges, wherein said |eading and trailing edges are relative to

the notion of said i a | ongi | .nal [ [ I e

| ength of said supﬁgnﬁ&cggf‘g F?oﬁjg%ééj%#%a&%%g%hgdgg{@%&sgi%%ﬁu l'ing
edge; a firshegaddvearoldispBbedangiaty Peaitdoni 731 0% Fim serjkl ot s
fﬁci Ing sai dd_rred: urm_oszaif]gnn;;{i p&lte_sshﬁlﬂzé@i {depdichedsabsiegionl $ 0 pares | el toOI
the longitudinal a t r; i spose
al ong said second ﬁ%&%&&ﬁ&%&"’ggﬁ%\gﬁs% 5“&\98?5%888 e%e‘?’gdéﬁi aelg‘Jls a
portion of said se&edd.si Fher ZpArhperbiomydfs thei bubfvakd 3h HHh@ksRith

pressurized to a lesser as shown at region 512.

Figure 7 presents the same pressure distribution plot
as Figure 6, but viewed from the trailing edge of
slider 49. The rounded pressure distribution on the
rim rails can clearly be seen at 510. The pressure
distribution, though shifted in the high skew case, has
been compensated for by the angular placement of rim
rail 52, such that the pressure distribution, when
integrated over the air bearing surface 49, generates
the same lift force producing substantially-the same
flying height and compensating for the tendency to ,'
roll. .
Figures 8 and 9 show gir bearing surfaces of two types
of sliders which were tested along with the preferred
embodiment and compared in Figures 10 and 11. Figure 8
shows a slider with symmetrical rails. Figure 9 shows
a slider having one rail wider than the other or a
nonsymmetrical rail.

Figure 10 presents a graph of the recording transducer
fly height versus track position for three separate air
bearing surface (ABS) configurations on a slider:

SYMMETRI: the symmetrical rail configuration of
Figure 8;

NONSYM: the nonsymmetrical rail configuration of

Figure 9; and



the | ongitudinal axis of the slider. According to yet another aspect
of the invention there is disclosed a disk drive apparatus for recording
data, conprising: .at |l east one rotating disk nediun1for recordi ng

dat a;

3/0: g,
said rotatab 09c{| gis nmedi um being rotatably atygched to sal d h@/@?@w
actuator arm assenbly rotatably attached to said housing; a slider

attached to said actuator arm assenbly such that said slider can be
sel ectively positioned over the surface of said rotating disk nedlun1 said

slider having a 1lo al [ %f]g' an H%Ir}
sai d edges parallelggg*§g$g Fﬁé E?n d%%a%% ggﬁg | der |néqu I Nng an
air bearing surfaceof s%}@uﬁ?r3bear|ng surface further conpri si ng:

The symmetrical rail configuration (as shown by
SYMMETRI in Figure 10) yields an unacceptable fly
height profile with the fly height at OD 111 (at high
positive skew) much lower than fly height at ID 110. A
low fly height at OD is detrimental because the
velocity of the disk is higher at OD, which increases
the likelihood of mechanical contact between the disk
surface and a low flying slider.

The nonsymmetrical rail configuration (as shown by
NONSYM in Figure 10) yields a better fly height profile
with the fly height at OD 111 being about the same. as
fly height at ID 110. Also, the fly height between ID
110 and OD 111 is more uniform than the fly height; of
the symmetrical ABS (SYMMETRI).

The nonsymmetrical, bent-rail configuration (as shown
by BENTRAIL in Figure 10) yields the best ID to OD fly
height profile. The fly height at ID 110 is
substantially the same as the other configurations, the
fly height is relatively uniform across all track
positions, and the fly height is slightly increased at
Ob 111. An increaséd fly height at OD 111 is
advantageous because it is always dangerous to fly low
because of the likelihood of contact between the head
and the disk surface 34. It is especially dangerous to
fly low at OD 111 because of the higher linear velocity
between the disk and the slider at the outer diameter.
The advantage to a low flying height is in the
increased signal amplitude. Where the linear density
of the disk is lower at the OD than at the ID of the
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a'first side rail disposed along said first side edge and facing said
medium said first side rail being substantially parallel to the

| ongi tudi nal axis of the slider; and a second side rail disposed

al ong sai d second side edge and facing said nmedium wherein at |east a
portion of sAV@93H98IX side rail has an axis which forns an an@®G/EP91ro211be
| ongi tudi nal axis of the slider. Accor dr ntB t-o yet anot her aspect of
the invention there is disclosed an air bearing slider for supporting a
recordi ng transducer jn_relation to.a rotatin i sk recqQr.din medi um
conpri si ng: a Sislour s dFuetyratAIGPRY %” ﬂ?tvegﬁds égbﬁgysilﬁgrﬁﬁﬁﬁg,
and | eadi ng and trai lfilygngedgdghtwaer obnl13li sliinead dgwafidytingi hehghtdgésop

are relative to the qghi 93 Qhng@rdydedhlNprovidds %iépaa%n%agacwaﬂ 8l &8ta
havi ng a | ongi tudi nal, axi.s di spose he | ength of  sai S

d_alongt h upport .
structure from sai d PERELkY &4§BAPGiBLrd PF FIYHRFredfelinear d3t$i9§Ps§FHe
rail di sposed al ong waisdehuaidt oz tidghdgeatinchd aD ,nensbadanedi it magi He

flrst rail dihfm ng a baddhidgtdds 280:ly!Aa14N%eCdUR bB' 861 X the! FF. MEha"
ABS could be designed to accommodate this. Skewing the
rails in parallel on the ABS controls the flyheight '
variation for a given geometry. Angling one rail or
the other controls the roll versus the skew anq}e. By
angling a rail the point where the pressure falls off
versus skew angle is controlled.

Figure 11 jllustrates the corresponding roll behavior
of the same three ABS configurations.

The symmetrical configuration (SYMMETRI) results in a
high negative and undesirable roll at OD 111 due to the
pressure shift under the rails associated with skewed
conditions. When the slider 26 has a negative roll,
the rim rail 52 tilts toward the disk surface 34. This
reduces the flying height and increases the likelihood
of contact between the head and disk surface 34.
Furthermore, at large skew angles, high negative roll
results in a loss in fly height of the entire slider.
Thus it is undesirable to employ a design with a high
nominal roll at high skew conditions.

The nonsymmetrical rail configuration (NONSYM)
substantially improves this behavior by increasing fly
height at OD 111 and by moving the roll to a higher
nominal distribution. However, the high positive rocll
introduced at ID 110 is still undesirable since the
minimum fly height is reduced by any roll condition.
In addition, a high roll at ID 110 causes a portion of
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a'second side rail disposed along said second side edge and facing sai d.
medi um said second side rail having a | eading edge and a trailing edge
relative to the notion of said nedium wherein said second side rail is

substanti al hadgntical and nonsymmetrical about said | on S
to said firg%)ggggggail, wherein the trailing yg£dge of said sg@ﬁﬁﬁqxﬁﬁl

closer to said longitudinal axis than the trznﬁl ng edge of said first
rail. According to yet another aspect of the invention
there is disclosed ghdi ABsdtbvbe BAPPhRsical ontacer ¢ith dnéadlﬂormmﬁadw

at | east- one rOtat'@QrdéﬁkegEthghf§ f£§§cgfj %md héPothe %f?unéygﬁﬁégL

said rotatable di sk " nediu
initially begins to-ro ate, thus degradlng

reliability of the disk drive.

The BENTRAIL ABS configuration provides the
best slider fly height profile from ID 110 to OD
111. This is a primary advantage of skew selective
pressurization employed-by this invention. The roll
at ID 110 is less than for the NONSYM configuration.
Thus the bent rail allows the minimum fly height'to
océur at ID 110 without as much undesirable roll as
in the NONSYM ABS configuration. By placing a
portion of the rail at different angles, the
pressure provided by that rail can be modified to
select the ID and:OD fly height and roll
indepehdently of each other. This is especially
important in a disk drive where the slider has a low
fly height.

Figure 12 presents a second embodiment of a skew
selective pressurization design. The ABS of Figure 12
is tailored to a disk drive that places the rotary
actuator pivot location in a position that leaves the
slider at a non-optimum angle under normal operating
conditions. This embodiment uses a modification to the
ABS rather than placing the read and write head at an
angle on the slider. Placing the read and write head
at an angle is undesirable because it requires tooling
changes to the process used to build heads and makes
wiring connections to the sliders more complicated.
Figure 13 illustrates a third and more complex
embodiment of a design using skew selective

pressurization. The concept of skew selective



an actuator armassenbly rotatably attached to said housing; a
slider attached to said actuator arm assenbly such that said slider can be
sel ectively positioned over the surface of said rotating disk nmedium said
sl.ider having a longitudinal axis, |eading and trailing edges relative to
the noti ov0®8/09533d rotating disk medium and first and sePOIFERI2¢ER1e90€ES,
said slider including an air bearing surfaee, - said air bearing surface
further conprising: a first side rail disposed along said first si de

edge and facing said rotating disk medium said first rail having a
| eadi ng edge andPEefFUFizakienfoes nay \%’PFBdt HEOROHRD PS5 °fs£tt¥ar+§&|tum
and a secondisl é@gé@lds B Isgvas &y Acangasded Becamtl B dm duigmrend

facing said rotaf *1ad5 Wip 14t ht28CABTngT 8Cddidn WA GuitveBadi N

edge and a tralllng edge re un1 wherein
sai d second si de®8g9$- | sThe ERbadimanty afoBLgure 13 SherF HhSHEy®det ri cal
about said Iong|h¢mhdw&yawnm fioxr sigldd polrtsbde72 aof  théharimi watifle skrail i ng

edge of sald secoiLiil ot Sfd G driduddph QBEREHE AR PsbelRato' B°
J J longitudinal axis of the slider shown of the curved or

angled portion 72°' of the rim rail 52', skew selective
pressurization results.

Figure 14 presents a final embodiment of an air bearing
surface (ABS) employing skew selective pressurization.
The hub rail 51" is shown parallel to a longitudinal
axis 60" of the slider 26" and the rim rail 52“-is
shown angled with respect to the longitudinal axis 60".
Since the rails are nonparallel and because the rim
rail 52" can be made to align with the flow at a
different skew angle than the hub rail 51", tﬁis design
empioys skew selective pressurization. Although this
straight rail design does not have all the advantages
of the preferred embodiment, it may be more amenable to
conventional machining practices.

The presented ABS configurations may be built by
molding, etching, laser ablation, ion milling,
conventional machining processes, or by a variety of

other means.

Several disadvantages of the slider air bearing surface
with symmetrical rails of Figure 3 are overcome by the
nonsymmetrical rails of the sliders in Figures 3, 12, .. .
13, and 14. The nonsymmetrical sliders have no stepped
or convex portions that require extra machining
processes, Or which introduce lift sensitivities, or
which accumulate debris. A further advantage of



BRI EF DESCRI PTI ON OF THE DRAW NGS For a better understanding of the
present invention, reference can be nade to the acconpanying draw ngs, in

whi ch: Fig. 1 is an exploded view of a disk drive.

93/ 09533 PCT/ EP92/ O

Fig. 2 T1s aPep view of a slider and diskdrive PCT/EP92/02119
surface. Fig. 3 Is the preferred enbodi nent of the present

i nvention; shown is the configuration of the air bearing

surface that faceslidersiwviith nonsymmetrical rails fixCeskew selectivieig. 4
s a plot of rhe pessuie ik Wiios8al1 skew angles from ‘hP¢dob,0m the

slider's |eading “edge,
which provides a substantially uniform flying height
and roll with a slight increase in flying height at

OD, where flying low is most dangerous.

The present invention and the best modes of practicing
it have been described. The foregoing description is
illustrativé only, so other means and techniques could
be employed without departing from the full scope of
the invention as described in the appended claims.



shown in Figure 3 is flying at | ow
mﬂm i's a pl o TpiS SHEEPHASSBEEN Hi stri buti on, .

otcurs
Sk:&v/ed““r‘“ l“l“]“lﬂ sder’s trailing ¢dge, RERACED occurs when

the slider. Sho‘“@sg:{] Figure 3 is Fying at Phllﬁ%ilhgﬂgmd

Fig. 6 of the pressure distribufj on,

fromthe slider's |eading edge, that occurs when the
slider shown in Figure 3 is fIying at hi gh skew.

Fig. 7 is a plot of the pressure di <t autti aNs vi ewed
fromthe slider's trailing edge, that occurs when the

slider shown in Figure 3 is . fIying at a high skew.
Fig. 8 is the di-r bBBrfphy ReRFIRG Rridere foF FEPPPELLING & recording
type rail slider. Thi stghhd@tcensin esétiondto a moving recording he results

are shown in Figs.. 10 1. ceinmg. FiQ. 9 Is the air bearing
surface of the méﬂggﬁ, comp?ﬁﬁﬁ%&hﬂﬁtrical type rail slider in which
one rail is wider than the other. This slider

a support structure having side edges, leading and
trailing edges, wherein said leading and trailing
edges are relative to the motion of said medium,
and a longitudinal axis disposed along the length
of said support structure from said leading edge
to said trailing edge, said longitudinal axis
being at a skew angle ranging from zero to
positive and negative values with respect to the
direction of motion of said recording medium at
said support. structure;

a pair of, side rails disposed along said side
edges of said support structure facing said
medium;

said side rails being substantially nonidentical
and nonsymmetrical about said longitudinal axis,
for providing air préssurizatiop when said skew
angle is from zero to large negative or positive
values whereby said slider flies at a close and
substantially uniform spacing from said moving
recording medium.

2. The air bearing slider of claim 1 further
comprising a rail positioned between said pair of

side rails.

This Sheet Has Been R,
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angled with respect to said longitudinal axis
(60).

The air bearing slider (26) of claim 1 wherein the
center rail (53) is ahgled with respect to said
longitudinal axis (60). '

The air bearing slider (26) of claim 1 or 2
wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is angled with
respect to said longitudinal axis (60).

The air bearing slider (26) of one of claims 1 to
3 wherein one of said side rails (51, 52) is
angled with respect to said:longitudinal axis
(60). ;

The air bearing slider (26) of one of claims 1 to
4 wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is curved with
respect to said longitudinal axis (60).

The air bearing slider (26) of one of claims 1 to
5 wherein one of said side rails (51, 52) is
curved with respect to said longitudinal axis
(60).

The air bearing slider (26) of one of claims 1 to
6 wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is angled toward
said longitudinal axis (60) and a portion of other
said side rail (51, 52) near said leading edge

(47) is angled toward said longitudinal axis (60).

ve sees The results
lof of the fly

Fi g.

4
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nvention using e steTai’ it rail

configuration. ro 991Tbase draw r:g's are .neh -Lﬂtgnd:ed mq\.ﬁ_?jgmijgg:m of
t he i nvention but are provi déd Sol ely for ‘the’ pur pose of.
illustrating the enbodi nents of the invention described” bel ow.

Det ai | ed Description of the Preferred Errbodi rrent The invention

described in this appli i cal

catio
configurations of &sk 'c‘i'ﬁ?v@gr Sear"“g S]aildreé'cl(zﬁl:c‘é§5°%?o‘? gﬁ?%‘é‘?ﬁ dedo
(DASD) -having rotary 8 wheyeinatme sof said sideFrglis (515 52) ebepl oded
view of a disk drive 10,,&h8q th S sk iV e A& il
and a housi ng cosre!r-gr 14 Wl r ?é%er assg fm#s nount egmthl
and the other of said side r i1s (51, 52) is
angled w1th respect to said longitudinal axis

(60).

9. The air bearing slider (26) of one of claims 1 to
8 wherein both of sa_id side rails are parallel to
one another.

10. A disk drive recording system (10), comprising:
a disk  surface mounted for :otation about an axis;

an actuator arm (20) mounted ‘for movement in a

radial direction across said disk surface;
i

at least one slider (26) mounted on said actuator
arm (20), having side edges (64, 66), leading edge
(47) and trailing edge (48), and a longitudinal
axis (60) disposed along the .length of said slider
(26) from said leading edge (47) to said trailing
edge  (48), said longitudinal axis (60) being at a
skew angle ranging from zero to positive and
negative values with respect to the direction of
motion of said disk surface at said slider (26),
including:

a pair of side rails (51, 52) disposed along said
side edges (64, 66) of said slider (26) facing .. .

said disk surface;

said side rails (51, 52) being substantially
nonidentical and nonsymmetrical about said

—_—_—
——
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attached within he h@®EPLAGER2 on an actuator -

shdft “18 i s an.act uat or armassenbly — uue-en-d Of .4 he act uat or
ar massen‘nl y 20 | Rd Witps ¢ E . -bI ock ﬁ-_eoerb tl-kezg.tgygﬁgﬁelagg,
having a plurality of arms 232 Attached t'o the Separate arns 23 on
the conb or E block 22, are |oad springs 24. Attached at the

end of each load spring is a slider 26 which carries a magneti c
transducer or read and wite head (not shown in Figure 1).

Mounted within the housiongitmdinad axifd(@0knhfior providing aipgt gt aply
Ig_ttachec; tot E? Zpi Edl HrdtfiriZzatdbf @h8hNEld skew angdé ils sksomdzeld
igure 1, eig I sks e attac S

spaced apart relation. a£ﬁ1 g% I;'%garcrlgvﬁ oﬁzposﬂttg?g ghﬂgégndﬁé‘{éﬂg%égﬁ

which is powered by  slider (2§0ofldmstatHoirsel angr fabsbantialdytten on

or read from t hgh oS sphchngnesss sfideadsngr diBRNGhtface; and
transducers (not shown) which are within sliders 26 and whi ch are
positioned by the actuator arm assenbly 20. Each of the arnms 23

of the E block 22, excepttHiod tdadl (53) positioned between said pair of
side rails (51, 52), said third rail (53) having
angled portions with respect to said longitudinal
axis (60).

11. The disk recording system (10) of claim 10 wherein
the third rail (53) is nonsymmetrical with respect
to said longitudinal axis (60).

12. The disk.recording system (10) of claim 10 or 11
wherein one of said side rails (51, 52) is angled .
with respect to said longitudinal axis (60).

13. The disk recording system (10) of one of claims 10
to 12 wherein a portion of one of said side rails
(51, 52) is angled with respect to the
longitudinal axis (60) near the trailing edge
(48).

14. The disk recording system (10) of one of claims_ 10
to 13 wherein a portion of one of said side rails
(51, 52) is angled with respect to the
longitudinal axis (60) near the leading edge (47).

15. The disk recording system (10) of one of claims~—10
to 14 wherein the angle of one of the side rails
(51, 52) is selected to be at a low skew angle
when the transducer is positioned over the landing
zone so as to reduce the take off velocity of the
slider (26).
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carry two | oad spginges—=H-a—th particul ar - di sk
dﬁmn mnm"uﬂmaiw a slider 26 for bolAHIS SHEET HASGBEE(Np and bottom surface

22 ﬁdthofrthe + sks 34. The fop arRERMCEBm ar,nk.23°°0f the E bl ock
ave only Spring 24—STTCE nese.a'r.e L t.h
surface of the top B‘Psg andgghe bot tzom surfac%Lof tRe” ,SZ@K otst 0%9 |gsk
In the stack of disks 34. A notor conpri sed of “coil 28 and pol e
magnet assenbly 30, is used to apply a force to the actuator
assenbly 20 and rotate the actuator assenbly 20 about the actuator
shaft 18. Figure 2 details the top view of one of the disks 34.

As is well known injghe ghé &Esghgabdyaiﬁgssygegﬂcgi% one of cl¥®ms 10
6he""“

93/ 09533 02%%%
di sks has a series of cofhRel? r‘l’}be‘fer’dbl?é‘ REoSHT 1s ‘mBghetfc

i nfornmati on i s recorded. ciireed rwicrh da@mcer to the said D)onm@udgnaﬂeaxls
i nner nost concentric traegopn whi ch

17. The disk recording system (10) of one of claims 10
to 16 wherein a portion of one of said side rails
(51, 52) is curved toward the longitudinal axis
(60) near the trailing edge (48).

18. The disk recording system (10) of one of claims 10
to 17 wherein a portion of one of said side rails
(51, 52) is curved toward the longitudinal axis
(60) near the leading edge (47).

19. The disk recording system (10) of one of claims 10
to 18 wherein a portion of one of said éide rails
(51, 52) near said trailing edge (48) is bent
toward said longitudinal axis (60) and a portion
of other said side rail (51, 52) near said leading
edge (47) is bent toward said longitudinal axis
(60).

20. The disk recording system (10) of one of claims 10
to 19 wherein both of said side rails (51, 52) are
straight, one of said side rails (51, 52) being
parallel to said longitudinal axis (60) and the
other said side rail (51, 52) being disposed at an
angle with respect to said longitudinal axis (60).

21. An air bearing slider (26) for supporting a
recording transducer in relation to a rotating

magnetic recording medium, comprising:

This Sheet Has Been Replace SUBSTITUTE SHEET
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The out er di anet BEEN i out er nost

Hm“rmlamll IW whi ch data may fﬁ-@%}?\i %Atﬂég The,s],iders 26 and
sansducers (not shown)i. ara¥a¥ ted thetein are noved

over the surface ofgr@ 991 036 partlc-ular di-skaB4- so th’lat éﬁfmgga*stcls%

representation of data can be stored in any of -the tracks -on the
di sk 34. In disk drive 10, the transducer novenent is rotational
and about the actuator shaft 18. Rotating the actuator arm assenbl y

20 causes the slider 26 and the trans ther
repositioned over any tr3f4d ﬁéia C}% Y and, §ajc T4 Fﬁ e t(gﬁs)?)garallel
Figure 3 illustrates thetanﬁiei rlevhgdrtiudd nak nax if (tﬂﬂe), said supppdbr 26 and

shows the air bearing sg{,gg&&r@%ﬁgdag? an aicplj;éag_.lih@t saprhbal L§id

affixed to the underside o and faces the di sk surface.
The ABS conf i gurdt® (ﬁ?a@%f“ﬁé""%rﬁ‘éﬁtw FOFREAGINGf chi ng,

| aser ablation, ion mlling,- conventional machining processes, or

by a variety of other T Pirst rajl (sl}hshf dy&C&f‘sr s%%sttgﬁltuﬂfgyagseaﬂeg

edge 47, a trailing

presented in Figure 3, tHe @9 3&"92'-6'—“1‘51469%@5*9% (69 of the SFBP‘Pgﬁl a
center rail 53, and a ridgefidtur®}. Al so shown are tapered portions
54, 55, and 56 of the rails, whi ch are | ocated on the | eadi ng edge
97 of the slider and face toward the direction of rotation of “the
di sk surface. The gesand mgidi dR2) ofwetkhey Angudisgsus

a parallel portion which is substantially parallel
to the longitudinal axis (60) of the support
structure; -

an angled portioﬁ (72) haviﬂg an axis which forms
an angle with the longitudinal axis (60) of the
support structure;

wherein said second rail (52) is proximate the rim
edge (64).

22. The air bearing slider (26) of claim 21, wherein
said support structure has a leading edge (47) and
a trailing edge (48)'relative to the motion of
said rotating magnetic medium, and wherein said
angled portion (72) of said second rail (52) is
proximate said trailing edge (48).

23. The air bearing slider (26) of claim 21 or 22,
further comprising a center rail (53) disposed: .
between said first and second rails (51, 52).
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effects into the tapers 54, 55, an +-het roducin ressure
beneath each of the rails, resulti HIS SHEET I:f&slBﬁEN ir Fubri cat igoﬁ film
The relief arfeas 57 and 58 hre oREBLACERi,ent ldeptss so that no 1ifd ....
forces are W 93/ 09533 - . R “e s e v L
PCT/ EP92/ 02119 RO 991 036 =113 3 lQ-Novembgp gd8ed-:.
by air lubrication filmeffects. The recording transducér or fead*®* °°
and—vwi-tre—head wouLd-" typi cally be located at the trailing edge of
For purposes of illustration, Figure

3 aI sﬁ"I"H m’wﬂuﬂ” IIIL I ongrt udi nal axiged@rakNe1angl e of the air flow
wth the longitudinal axis 60 of slider 26 is

cal | ed the Skew angl e, and may vary widely fromID 110 - to OD 111,
and depends on the placenent of the arm assenbly 20 on the rotary

actuator shaft 18. Tpe sk@Wair beardigl 811+ Q@eN0gbii ¥8pporoegatave. |f

the actuator asserbl v, 20,15 0QRLhLANEY S Yehat 08k L0% AL LhgW

recording medium, comprising:

a support structure having side edges (64, 66),
leading and trailing edges (47, 48), wherein said
leading (47) and trailing edges (48) are relative

to the motion of said medium, and a longitudinal

axis (60) disposed along the length of said

support structure from said leading edge (47) to

said trailing edge (48), said longitudinal axis

(60) being at a skew angle ranging from a first to

a second value with respect to the direction of

motion of said recofding medium at said support i

structure;

a pair of side rails (51, 52) disposed along said
side edges (64, 66) of said support structure

facing said medium;

said side rails (51, 52) being substantially
nonidentical and nonsymmetrical about said
longitudinal axis (60), for providing air
pressurization when said skew angle is from said
first to said second value whereby said slider
(26) flies at a close and substantially uniform
spacing from said moving recording medium;

characterized by:

a center rail (53) positioned between said pair of
side rails (51, 52),

This Sheet Has Been Reilaced Qiis TITUTE SﬁEET
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o Lﬁiftfllﬂlllllmﬂﬂﬂﬂﬂﬂﬁlm o? e sl mfs"saégaségfegggd opngle is said to

flow strikes the Hubsedge 66{of tHHE i tJre skewsangle is e oses
said to be nggabbyegzsn the preferred §ﬁb0dlnEﬁﬂlo,mhﬁnﬁﬁﬁé%rlgga s,
actuator arm assenbly 20 is placed such that a high . i, .5,, posiiti y@,skew, ==, .*
occurs at OD 111 and a | ow positive skew occurs at 1D 110. The skew
angle of the air flow causes the slider to roll such that the fIylng
hei ght is not uniformunder all the rails. A positive rol

occurs when the rimrail WBeredn|a Rerteioay ofr said reenhiask rail (533dydfeace,
while a negative roll ocgHgSedh@ith Needpdbt! 8bl said londidudinal @gws toward

the disk surface.- In the(ga?ferred enbodi ment, positive roll tends
to occur as the slider noves toward I D 110, whi | e negative rol

tends to occur as the slider noves toward OD 111. As slider
26 flies over the surfacgnglymbsksB4d RUER angle rablftd EroR pbbigiva
rotary actuator disk drlve conflguratlon of the rails 51, 52
and 53 deternines the ne%?ﬁﬁﬁ?(ﬁaﬁ: &+l ubricating air filmpressure
distribution. Still referring to Figure 3, the rai

This Sheet Has Been Reﬂl_aced
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WD 93[09533

- 14 - confi
dlstrlbutlon such that:

PQT/ EP92/ 02119
guratlon is deth TRH?S:(?&Eﬁ a pressyre -
the fly heigpt and® fElhan g *s arge .

mnimzed with reRoeslt @36he skew angle. Jhe£im _: 10 ms@;roé’z:lgyy ude§ ;
_The boundari es or edgess**<70 amt 71%* of the <

an angted-portian 72.
angl ed portion 72 are
pressu
enci rcl

torimrail 52 V|athe
remai ns at 1070d
skew angl e conditions,

the slider to the back

edge 66 of the slider

used to position slide
hi ghly pressurized by

pressurization in regi
counteracts the tenden
domnmard (negative rol

particularly inportant in shaping the

angul ar | ocation of boundary line 71,

mwuﬂmtmmmﬁzz?? heRFP?YaQEﬁLrBPEdaL% the 0 ST bearing
c

at Iom1p05|t| e skew angl e conditions

ircled portion 63, added

r at:eyp r C At | ow
g\t E%EF I ggﬁ?g gﬁﬁé '{rﬁ% %ﬁwe@r gi@) q{mﬂfﬂﬂ%gf ront of
parallel to the rimedge 64 and the hub

36disk surface Hovenasd fordeotdtdn pOidd \ah alkdw;angl e
condi tions, such as may occur when the actuator arm assenbly is

r 26 at OD 111, the encircled regi on 63 is_

gRcartpatestagh (20)mmounted for gypvement in a
284031 Pao¥edESon across 8dditdpsialsdddalcegnd

cy for the slider toroll the rimrail 52

1)

at least one slider (26) mounted on said actuator
arm (20), having side edges (64, 66), leading edge
(47) and trailing edge (48), and a longitudinal
axis (60) disposed along the length of said slider
(26) from said leading edge (47) to said trailing
edge (48), said longitudinal axis (60) being at a
skew angle ranging from a first to a second value
with respect to the direction of motion of said
disk surface at said slidexr (26), including:

a pair of side rails (51, 52)'disposed along said
side edges (64, 66) of said slider (26) facing
said disk surface;

‘said side rails (51, 52) being substantially

This Sheet Has B

I

nonidentical and nonsymmetrical about said
longitudinal axis (60), for providing air
pressurization when said skew angle is from said
first to said second value whereby said slider
(26) flies at a close and substantially uniform

spacing from said moving disk surface;

characterized by:

a third rail (53) positioned between said pair of
side rails (51, 52},



TR i Concept of - Ske[HIS SHEET Eéééﬁ% oresshri zati on. The

reductien of vhe ro varia{i on iREPAARER or enedei t of 4 hig .t
i nvention. " - Shown in Figure 4 1s a efddi'ng';edﬂg}{g,em Qfoglzh®, .2
pressure distribut ROn98 PBE gas |ubricati bnkf ilm s, s, actjng Qe slider..
air bearing surface 49 at |ow positive skew conditions. Figure 3 1is
referred to in the preferred enbodi nent, | ow positive skew occurs

at 1D : 110. The pressure build up fromencircled region 63 of

the angled portion 72 ofyneb@ihi B portidrR dfs saidi bémtexr rail (53) WS 93/ 09533
PCT/ EP92/ 02119 : s id I&ngitudinal axidl0. Note
that rimrail 52 is wi d@&nIEInvwAEB F%ls?e%tl.to sat Vat hout the angl ed

boundary 70 of rimrail (®),the slider would tend to fly at a high
positive roll (rim roll upward) at |ow positive skew conditions.
However,

and wherein said skew angle ranges from positive

to negative values.

This Sheet Has Been Reﬂlaced
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;¥
because rimrail 52 angles away fro M shown by
the angul ar boundary 70, the tendencr g fgé? Btéhﬂom tive roll at the

| D position for the slider 26 is «*"e  Fieguress «°%. "0

presents the same pRes991e0@6stribution pl ot § a = -ras _fog\ns\ae;ﬁ;eéqtggyog . °;
vi ewed—fromthe trailing edge- 48 of sl i der 26= se*The effecteof +o oo
angl ed boundary 1ines 70 and 71 of rimrail 52 can be seen at 310.

Becaus Mm | ow positive skew conditions, the pressure
distri ﬂ"””m”ﬂ[a each rail is relati éfﬂuuﬂf or Figure 6
presents & | dadlngs e vi ew of the pre di stribution of the
gas lubrication filmacting on slider air bearing surface 49 at

hi gh positive skew 231, an Si?f'd!béé% ‘@ﬁﬁ@rt 26 fo:f‘lé(%bp%fﬂi dhe rim

edge 64 of the slider preferred ment |

positive skew occurs at EPF? ‘.’L N "6‘°§Ho ﬁelatmn to  Jahad %
distribution at a high sinagnahgd:a'mmhrﬁl gedfum, compri¥sigews a pressure
distribution at a | ow skew angl e. Both Figures 4 and 6 show the
pressure distribution fromthe | eading edge. Notice that in conparing
Fi gure 6 to Fi gur e24SUPPRE Y HdUFtarg g?Y-]-‘EHIt‘? orPReH tipalyaxis

has shifted towards the (6gh} danmseigel (66 amgu arim edge qra4emt doitanocof

the air flow with respecf,tg lrnﬂ? edge f(“ﬂl Qﬂgléés% '}S{n} ?}Sgse 6(% pgggﬁg der

26. This shift in press caus nega ive
rol | of the sii d‘é? ﬁlﬂbdsqrtgwdénéh 2%kl (§Dns sakd

" structure including an air bearing surface, sald
air bearing surface further comprising:

a first rail (S51) which ié substantiélly parallel
to the longitudinal axis (60) of the support
structure;

a second rail (52) including a parallel portion
which is substantially parallel to the
longitudinal axis (60) of the support structure;

characterized in that said second rail (52)
further includes

an angled portion (72) having an axis which forms
an angle with the longitudinal axis (60) of the
support structure;

wherein said second rail (52) is proximate the rim
edge (64).

SN o0 e : C NG it pews
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in a lower fly height and degraded operation of the slider.

However, the placement of the angled rail portion 72 of the rim
rail 52 with boundaries or edges WO 93/ 09533

PCT/ EP92/ 02119 : - 16 - 70 and 71
acts to conpensate for the tendency toward negativeP(Il'@Sl?-X’?z"ﬁ\‘é9

angl ed powiogam9sdsof rimrail 52 is now fully pressurized (depicted
as region 510), to generate additional lift and prevent the

undesi rabl e roll. The rear portion ftithe hub rail 51 is also
pressurized to a | esser as shown at region 512. Figure 7 presents
the sanme pressure distribution plot as Figure 6, but viewed from
the trailing edge of slider 49. The rounded pressure distribution
on the rimrails can clearly be seen at 510. The pressure

di stribution, though shifted in the high skew case, has been
conpensated for by the angul ar placenent of rim rail 52, such that

the pressure distributi onen

FIG. |



intégrated over the air bearing surface 49, generates the same |ift

force producing substantially_the sane flying height and _
conpensating for the tendency to roll. Figures 8 and 9
show air bearing surfaces of two types of sliders which were tested
along with rred . enbodi rent and conpared in FEi s 10 and
11. Figure ‘3%3%4?’5? shows a slider with symmetrical rails. ﬁ%ﬂ#éﬁ”éo’sl%ws
a slider having one rail wider than the other or a nonsymretri cal
rail . Figure 10 presents a graph of,;{fe recording transducer

fly height versus track position for three separate air beari ng
surface (ABS) configurations on a slider: SYMVETRI : the
symmetrical rail configuration of Fi gure 8; NONSYM t he
nonsymmetrical rail configuration of Figure 9; and

FIG. 2



WD 93/ 09533 PCT/ EP92/ 02119

- 17 - BENTRAI L: the nonsymetrical, bent-rail configuration
“of Figure 3. The symetrical rail configuration (as shown by
SYMMETRI in Figure 10) yields an unacceptable fly hei ght profile
with the flydﬂﬁigght at OD 111 (at high positive skew) much | ower
than fly hei {09533 110. A low fly height at OD is detPCT/ER9XD2119
because the velocity of the disk is higher at OD, which increases
the Iikelihood of mechani cal contact between the disk surface and a
| ow flying slider. The-nonsymmetri c&f 1tail configuration (as shown
by NONSYM in Figure 10) yields a better fly height profile
with the fly height at OD 111 being about the same as fly height at
ID 110. Also, the fly height between ID 110 and OD 111 is nore
uniformthan the fly height of the symetr ié:oal ABS ( SYMVETRI) .
49\
51
66 —
26—
57
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advant ageous because it

cause of the likelihood of contact

be

OD 111. An increased fly height at OD 111 is

i s al ways dangerous to fly | ow
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~density standpoint. O course, if linear data density was equal or

~higher at the OD, on balance it may be advant ageous to fly as | ow
--at the OD as at the ID. The ABS coul d be designed to accommopdat e
-this. Skew ng the rails in parallel on the ABS controls the
f1yhei ght we 03/09 3vari ation for a given geonetry. Angling Cl‘@r/ﬁb*/oQ{w
the other control's the roll versus the skew angle. By angling a
rail the point where the pressure falls off vt s skew angle is
controll ed. Figure 11 i|lust®Bates the correspondi ng roll behavi or
of the sane three ABS configurations. o =  The symetri cal
configuration (SYMVETRI) results in al hi gh negative and undesirable
roll at OD 111 due to the pre shift under the rails associated
wi th skewed conditi 26%has a negative roll,
the rimrail 52 til : hi s reduces the
flying height an bnt act between the
head and di sk s > w angl es, high
negative roll € ifresslider.
Thus it is undes tira—tirgh 7l roll
at hi gh skew condi : ) ' ufti on
( NONSYM subst ' ' ' Jng fly
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ortion

I D 110
119

02

nom nal
bearing slider for supporting a recording transducer

i ntroduced at

m ni mum fly hei ght

a high rol

i s reduced by any
PCT/EP92/

I D 110 causes a
22

at

to a higher

the high positive rol
I n addition,

However ,

undesi rabl e since the

hei ght at OD 111 and by noving the rol
distribution.
is still un

condi @83/00533
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sai d support structure; a pair of side rails disposed along said side
edges of said support structure facing said nmedium said side rails
bei ng substantially nonidentical and nonsynmetrical about said

| ongi tudi nal axis, for providing air pressurization when said skew angle is
fromzero to |arge negative or positive values whereby said slider flies
at a cl oswoa3ldpsssbstantially uniform spacing from sai d noWwQEEPeZA2LiONg

medi um and a center rail positioned between saigqqair of side rails,
wherein at |east a portion of said eenter rail is angled with respect to
sai d | ongi tudinal axts. 2. The aiFEbearing slider of claim1 wherein a
portion of one of said side rails ne said trailing edge is angled with
respect to said longitudinal axis. 3 The air bearing slider of claim 1
wherein one of said side rails is i t respegt to said | ongitudina
axis. 4. Thé air bearin whereird a portion of one of
said side rails near saj 'Hh respect to said
| ongi t udi nal axis.
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5. + The air bearing slider of claim 1 wherein one of said side rails is
curved with respect to said |longitudinal axis. 6. The air bearing
slider of claim 1 wherein a portion of one of said side rails near said
trailing edge is angled toward said |ongitudinal axis and a portion of
other said side Wadispaa3gr said | eading edge is angled toward said

23 7.

| ongi t udi nal axi s.

The air bearing slider of claim | wherein one of said side rails BGI/&ERg2/mgh 1o
respect to said |ongitudinal axis and th%/qéher of said side rails is
) A disk drive

sai d | ongi tudi nal axi-s.
| east one di sk surface nounted for

d for

with
angled with respect to

recordi ng system conprising:
rotation about an axis; at | egdf||jjihe ag MRBHRL
novenent in a radial dipection acr 0SS - nm
< | 'I//;
. [1#
V4
¢

y j

]
v

AN

-

AN

AT

FIG. 9



dir sk surface; at | east one slider nounted on said actuator arm

- having a side edge, |eading edge and trailing edge, and a | ongitudi nal

i axi s disposed along the length of said slider from said | eading edge to
“ said trailing edge, said longitudinal axis being at a skew angle ranging

fromzero to positive and negative values with respect to t i i of
noti on of WOH3#098B3k surface at said slider, including: %l(a}bi@;glflphgg

side rails disposed along said side edges of said slider facing said disk
surface; said side rails being sub tially nonidentical and
nonsynmetri cal about said |ongitudinal axis, for providing air

pressuri zation when said skew angle is fromzero to |arge negative or
positive val ues whereby said slider flies at a close and substantially S;!
uni form spacing from said noving di sk surface; and a third rai

posi ti oned between said pair of said rails, said third rail having anglecgj
portions with respect to said |ongitudinal axis. 9.

_ The di sk recordin
systemof claim8, wherein the third rail is nonsymetrica
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with respect to said |ongitudinal axis. 10. The disk recordi ng system of
,claim8 wherein one of said side rails is angled with respect to said

| ongi tudi nal axis. 11. The disk recording systemof claim1l0 wherein a
portion of one of said side rails is angled with respect to the

| ongi t udi nal W1923/00533 the trailing edge. "12. The di sk recor diP¢g/EPSA/0In19f
claim 10 wherein a portion of one of said side rails is angled with

respect to the longitudinal axis near the | egsim edge. 13. The
di sk recording system of claim10 wherein the angle of one of the side
rails is selected to be at a | ow skew angl e when the transducer is _—

positioned over the landing zone so as to reduce the take off velocity of .

the slider. 14. The disk recording systemof claim8 wherein one of saldz)
side rails is curved with
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reSpect to the said longitudinal axis. 15. The disk recording system of

¢l aim 14 wherein a portion of one of said side rails is curved toward the
[ ongi tudi nal axis near the trailing edge. 16. The di sk recordi ng system of
claim 14 wherein a portion of one of sai dfﬂl‘/('iF rails is curved toward the

| ongi t udi nayypedHoddgar the | eading edge. The di sk recor dpog/Epsr@@inof
claim8 wherein a portion of onegaof said side rails near said trailing

edge is bent toward said |ongitugnal axis and a&gortion of other said
side rail near said | eadg 3 udi nal axi s.
18. An apparatus for redording datalon a e medi a
conpri si ng: a housl=ag)—s=i Lhg_magnetic nenory |rotatably
attached to said hdgsing lyrdgtatably attached
to said housing; - AN { rm asSenbl & such
that said slider can\pe ' \ i rface of sard
rotating magneticmnﬁ.u ' ' ' | LS, aegb
edge and a ri m edge, bot ge parall o}
sai d | ongitudi nal axis, JS&l Nlg surface, [
=
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ald ai r- bearing

surface further conprising: a first rail whichis

substantlally parallel to the longitudinal axis of the slider; a
second rail further including: a parallel portion mhlch S

substantially p

IIU\,

allel to the longitudinal axis of t

angl ed portion h
axis of the sli{d

aWIBQB}fEETG\%A%E@NCh forms an angl e

it ﬁE'?II:&CEMEMT SHEED

edge.

1.

ereiln said sédond rail ([is pr
4.0 TﬁEP'EA\CnEmnan for recording data o‘?ﬁt‘élg(sw I&%
slider has a Ieadlng edge and a traili elatirve to thn
said rotating nagnetic nenory, and mher@?‘ﬁgggﬁc# .

An air bearing slider (26) for supporting a recording transducer in relation to a
moving recording medium, comprising:

a support structure having side edges (64, 66), leading and trailing edges (47,
48), wherein said leading (47) and trailing edges (48) are relative to the motion
of said medium, and a longitudinal axis (60) disposed along the length of said
support structure from said leading edge (47) to said trailing edge (48), said
longitudinal axis (60) being at a skew angle ranging from a first to a second
value with respect to the direction of motion of said recording medium at said
support structure;

a pair of side rails (51, 52) disposed along said side edges (64, 66) of said
support structure facing said medium;

said side rails (51, 52) being substantially nonidentical and nonsymmetrical.
about said longitudinal axis (60), for providing air pressurization when said
skew angle is from said first to said second value whereby said slider (26) flies
at a close and substantially uniform spacing from said moving recording
medium;

characterized by:
a center rail (53) positioned between said pair of side rails (51, 52),

The air bearing slider of claim 1 further comprising a rail positioned between
said pair of side rails.

* c L M s *
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'angled

porti bn of said second rail is proximate said trailing edge 20.
The apparatus for recordlng data of .claim18, furthd er
rail di sposed be e and second rails. {{ PP NENT BHEET
slider for suppbrHisgH r g transducer in reldtion tq
magnetic record Tr|;g nﬁrqﬂRlJMEBorrpri i ng: 2§ Suppy l?atéf-r-ﬂe@tﬁ’?m a
| ongi t udi nal axils—ea—tob—edge and a ri m edge; "both of sard nub edge d
said rimedge parallel to said |longitudinal axis, said support structure
including an air bea“mef}aﬁa& oSRign A4 SAgar bEHtéie”i-&j?ﬁ fsxs;hﬁg
conpri si ng: a first $ mﬁ ch is substantli g g tp the
| ongi tudi nal axis of tRABILPEJELE resPe%Fé%b&ﬁ&dr nahrdH i?ﬁ&%dlng.
a parallel portion whi¢é0)s substantially parallel to the |ongitudinal axis
of the slider; an angl ed portion having an axis which forms an angle
with the longitudinal axis of the slide wherein said second rai

is proximate the rim e’;g@g air bearing sl:.der (26) of claim 1 wherein the

center rail (53) is angled with respect to said
longitudinal axis (60).

3. The air bearing slider (26) of claim 1 or 2
wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is angled with
respect to said longitudinal axis (60).

4. The air bearing slider (26) of one of claims 1 to
3 wherein one of said side rails (51, 52) is
angled with respect to saidzlongitudinal:axis
(60). '

P 5. The air bearing slider (26) of one of claims 1 tg
4 wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is curved with
respect to said longitudinal axis (60).

6. Thé:air bearing slider (26) of one of claims 1 to
5 wherein one of said side rails (51, 52) is
curved with reépect to said longitudinal axis
(60).

7. The air bearing slider (26) of one of claims 1 to
6 wherein a portion of one of said side rails (51,
52) near said trailing edge (48) is angled toward
said longitudinal axis (60) and a portiocn of other
said side rail (51, 52) near said leading edge
(47) is angled toward said longitudinal axis (60).

This Sheet Has Been Replaced




sihetlﬂasiBedné?aplaqqg slider claim21, wherein said slider has a | eadi ng edge
dge relative to the notion of said rotati ng magneti c

and
| n said angled portion of said sessrd+a—s—proxat e
ra| |ng edge 23. The air bearing slider of lcREPMQﬂ"AEﬁDﬁHEeT

corrprl sing a cent bet ween,said finst an
24. An air bea |ms§HE&§rH‘ upporting 22t ecor di g%tsaﬂﬁmqﬂ%are ation
npri si ng: a avi ng

to a moving recordi RGP
first and secon ges, leading and trailing edges, wherein said

| eading and trailing edges are relative to the nmotion of said dium and a

| ongi t udi nal 8axi s THesobesding]sbider €262 of epgetrlaimsshios hersin pne of $70d Side ratls m
sai d | eading edggqsi 0553k dnglediwith¥@sREOR said longitudinal axis (60) and the other of said

26
side rails (51, 52) is angled with respect to said longitudinal axis (60).

9. The air bearing slider (26) of one of claims 1 to 8 wherein both of said side rails
are parallel to one another. '

10. A disk drive recording system (10), comprising:
a disk surface mounted for rotation about an axis;

an actuator arm (20) mounted for movement in a radial direction across said disk
surface;

at least one slider (26) mounted on said actuator arm (20), having side edges
(64, 66), leading edge (47) and trailing edge (48), and a longitudinal axis (60)
disposed along the length of said slider (26) from said leading edge (47) to said
trailing edge (48), said longitudinal axis (60) being at a skew angle ranging from
a first to a second value with respect to the direction of motion of said disk
surface at said slider (26), including:

a pair of side rails (51,52) being substantially nonidentical and nonsymmetrical
about said longitudinal axis (60), for providing air pressurization when said
skew angle is from said first to said second value whereby said slider (26) flies
at a close and substantially uniform spacing from said moving disk surface;

characterized by:

a third rail (53) positioned between said pair of side rails (51,52), wherein a
portion of said center rail (53) is angled with respect to said longitudinal axis
(60),

and wherein said skew angle ranges from positive to negative values.

11.  The disk recording system (10) of claim 10 wherein the third rail (53) is
nonsymmetrical with respect to said longitudinal axis (60).

l lllllll IHIM IIIH lllll H llll



afir osed along said first side edge and facing said
nedi le “ﬂ"l’ m de rail being substantially parallel to the

| ongi tu naL axi he slider; and a second=si-de. r.ail _di sposed

al ong said second SI de edge and facing said medium || phgrRizn i?}h J;‘q“_
portion of sai d Lr‘ﬁ’Aé%E\‘EN as an amg whi ch ffornms an angl e t he
| ongi t udi nal aX| 25. The-&°r beari Dee i des APR \ m{R4,
wherein said firlst SI |< positioned facing

magneti c di sk recording nmedium and said second side edge is positioned
facing a rimof said rotating nmagnetic disk recording medium 26. The air
bearing slideli2.of TEhedisk zecording system{10)dbfcdaimnid o Hewherein ore of said side rails

substantially str@hgdh lgﬁ?‘sal Fed tS%BidrISnélﬁi&ﬂiahaxls:@O The air bearing

slider of claim 24, whére se ond side rail conprises a parall el
portion which is substantlal |y parallel to the longitudinal axis of the
slider, and 130 arhediskescording sisterh (I@)rdfmn&@fdlaanglletdmhvﬂefanhqimdmdﬁ nal

axis of the slider, 0‘3%83 Tg&‘ 'gﬁﬂa (g’fagai) r}%@]%djgéﬂl%sp%tato%g Fdngwmgll (9605]

angl ed portion is 0&&
near the leading edge (47).

14. The disk recording system (10) of one of claims 10 to 13 wherein a portion of
one p_f said side rails (51,52) is angled with respect to the longitudinal axis (60)
near the trailing edge (47).

15. The disk recording system (10) of one of claims 10 to 14 wherein the angle of
one of the side rails (51,52) is selected to be at a low skew angle when the
transducer is positioned over the landing zone so as to reduce the take off
velocity of the slider (26).

16.  The disk recording system (10) of one of claims 10 to 15 wherein one of said
side rails (51,52) is curved with respect to the said longitudinal axis (60).

17. - The disk recording system (10) of one of claims 10 to 17 wheréin a portion of
one of said side rails (51,52) is curved toward the longitudinal axis (60) near the
leading edge (47).

18. The disk recording system (10) of one of claims 10 to 17 wherein a'portion of
one of said side rails (51,52) is curved toward the longitudinal axis (60) near the
leading edge (47).

19.  The disk recording system (10) of one of claims 10 to 18 wherein a portion of
one of said side rails (51,52) near said trailing edge (48) is bent toward said
longitudinal axis (60) and a portion of other said side rail (51,52) near said
leading edge (47) is bent toward said longitudinal axis (60).

20.  The disk recording (10) of one of claims 10 to 19 wherein both of said side rails
(51,52) are straight, one of said side rails, (51,52) being parallel to said
longitudinal axis (60) and the other said side rail (51, 52) being dxsposed at an
angle with respect to sald longitudinal axis (60). T T e e e
This Sheet Has Been Re
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ol WL AIITERS: o7 or °F ccor i ng data: - “°™a housing, said_

rot at alfl e tdi 8k fredf um being rotatably attached to sai VIS M ATO Y- T RO
actuator arm assenbly..r tached to said hous Hg‘:{"‘c“”‘“‘?‘gj%ﬁ“’rr&'e
attached to sai df 7R SHERT HAMBEENENDI y suchthat said i det 5cARRbIS%6
sel ectively posi|ioneRpptACEDhe surface of €3i d rotat R

slider having a U-eng+tudimalr axis, and first and second edges, both of
said edges parallel to said |ongitudinal axis, said slider including an
air bearing surface, said_ air_beari ntg surface further conprising: . a
first side rdilt diAsbaisdbsacingslifles 426) for pupporing.a &?@@%H@%ﬁ'&?ﬁg}n§g‘?€°m@um
said first side raiatin® eidpdetic Rebidig Metin)dodipkieingt 0 t he | ongi tudinal axis
of the slider; and : 27

a support structure having a longitudinal axis (60), a hub edge (66) and a rim
edge (64), both of said hub edge (66) and said rim edge (64) parallel to said
longitudinal axis (60), said support structure including an air bearing surface,
said air bearing surface further comprising:

a first rail (51) which is substantially parallel to the longitudinal axis (60) of the B
support structure;

a second rail (52) including a parallel portion which is substantially parallel to
the longitudinal axis (60) of the support structure;

characterized in that said second rail (52) further includes

angled portion (72) having an axis which forms an angle with the longitudinal
axis (60) of the support structure;

wherein said second rail (52) is proximate the rim edge (64).

22.  The air bearing slider (26) of claim 21, wherein said support structure has a
leading edge (47) and a trailing edge (48) relative to the motion of said rotating
magnetic medium, and wherein said angled portion (72) of said second rail (52)

is proximate said trailing edge 483).

23.  The air bearing slider (26) of claim 21 or 22, further comprising a center rail
' (53) disposed between said first and second rails (51, 52).

—_—_—
—_—
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a second side rail disposed along said second side edge and facing said .
medi um wherein at |east a portion of said second side rail has an axis
which forms an angle with the longitudinal axis of the=stHaer: . 30
di sk drive apparatus of claim 29, wherein said first|| SEFbACEYENTSHEET
positioned faci a-hub sfl i ng “ridgnetic dis r ecor df g ARRAI936 jjand
sai d second side |cH#8 SHEE bﬁgﬁed facing a ri m of| ated--rot-ati1rg1IH] '
di sk.-recordi ng. medi um REBLACEEhe di dk drive appar at us—ofr—crar m 29, wherein
said second side rarl 1s a substantially straight rail along its entire

| ength. 32. The disk drive apparatus of claim 29, wherein said second side

rail conpris m URE | SAT RiATR! Hﬁ(ﬁelfgla t he
| ongi t udi nal ggglﬁ%Ro Eﬂglgg{eé? aﬁ‘g@ an Iélflg e SEpI%rt [ onéd IC o?d‘r;Bst)ai d
angl e vvitég ,Higépngi tudinal axis of the slider. 33. The disk drive

appar at R i m 32, wherein said angled portion is proximate said
trailing edge. 34. An air bearing slider for supporting a recording
transducer | {sgllogéd ?sn at &i&rr&%?t&iﬂ%’ an air bearing surface (49) for flying a magnetic

transducer on an air lubrication film over a moving recording medium. The air bearing
surface (49) allows the slider (24) to fly at a close and substantially uniform height over the
disk surface regardless of the skew angle of the air flow. The slider (24) has a pair of non-
identical, non-symmetrical rails disposed about the longitudinal axis of the slider (26), which
through the viscous effects of the air flow, provide the air lubrication film when the recording
medium is in motion.

Fig. 3
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di sk recordi ng nmedi um conpri sing: a support stputtuore~Favagfirst
and second side edges, and |eading and traili ﬁg edge %WF@WWW‘?&E‘ET '
| eading and trailing edges are relative to the notionjfof sa=d3mgii
support structure al so having a | ongitudisnal axis di &@@d--ak-eﬁg--i@.hew .efjgt h
of said support structure fromsaid |leading edge to sard trairrng
a first side rail disposed along said first side edge and facing said

medi um said Anber fivating diehd gviicH eyi sigo @dtyebanded for podiiivey skavgangleb ds i ve
to the notion of said nedium and a second side rail disposed al ong
sai d secondiselosedl adBatennAbsteanitngf $apiad, Vedli Uy Nosd#d, pageodth.s186-12al3 freami ng
a leading edge and a trailing edge relative to the notion of said nmedium
wher ei n saﬂﬁ-ﬁfél:gﬁao&ﬁ-de rail is substantially nonidentical and
nonsymretri cal about said | ongitudinal axi ' i.rst side rail,
wherein the trailing edge osmgﬁgrmm&@er to said

ongi tudi nal achS:o}dt;nagnwtgln% z}s{)gclt lo'f'@l?e ﬁggx?tio%fthgr%' ig disfciorsg& an %irl bearing slider for

supporting a recording transducer in relation to a moving recording medium, comprising:

a support structure having side edges, leading and trailing edges, wherein said
leading and trailing edges are relative to the motion of said medium, and a longitudinal
axis disposed along the length of said support structure from said leading edge to said
trailing edge, said longitudinal axis being at a skew angle ranging from zero to positive
and negative values with respect to the direction of motion of said recording medium at
said support structure;

a pair of side rails disposed along said side edges of said support structure facing
said medium;

said side rails being substantially nonidentical and nonsymmetrical about said
longitudinal axis, for providing air pressurization when said skew angle is from zero to
large negative or positive values whereby said slider flies at a close and substantially
uniform spacing from said moving recording medium; and

a center rail positioned between said pair of side rails, wherein at least a portion of
said center rail is angled with respect to said longitudinal axis.

According to another aspect of the invention there is disclosed a disk drive
recording system, comprising:

at least one disk surface mounted for rotation about an axis;

at least one actuator arm mounted for movement in a radial direction across said
disk surface;

at least one slider mounted on said actuator arm, having a side edge, leading edge
and trailing edge, and a longitudinal axis disposed along the length of said slider from

said leading edge to said trailing edge, said longitudinal axis being at a skew angle



28 35. The air bearing slider of claim34, wherein af tForof—saith==
second side rail near said trailing edge is angled tpeirtdASERENT SHEET
| ongi tudi nal axis and a portion of said first side rgil nearqs 'dl di{jng
edge is angled toward said |ongitudinal gxis. 36. Th Ewte:..be%r?m.lrg... Jdedelr
of claim34, wherein said first side edge faces a hub ' i
di sk and said second side edge faces a rimof said rotating disk. 37. The
ai r bear i ngamglingifromozero taposifive amhregative salpes with respectstai the diseetian ef uetioni |
near said trailing edge is curved toward said |longitudinal axis. 38. A
di sk dri veofippid disk surface at saibsliflengingding: conpri si ng: at | east one

rotating disk mediumfor recordin ata; .. . houysi ng,.. sai d .r ot at abl

di sk medi um beRrr ot sidgpils 5@?8&%&%"‘% S%‘Qisbden?)‘f%eﬁ ﬁ’é ;sa{bgshd%r afgmﬁ%tsﬁ‘élt @Ff arm
assenbly rot ?t ably attached to said housing; a slider attached to

sai d act uaf¥fa¥rm assenbly such that said slider can be

said side rails being substantially nonidentical and nonsymmetrical about said

longitudinal axis, for providing air pressurization when said skew angle is from zero to
large negative or positive values whereby said slider flies at a close and substantially
uniform spacing from said moving disk surface; and

a third rail positioned between said pair of said rails, said third rail having angled
portions with respect to said longitudinal axis.

According to yet another aspect of the invention there is disclosed an apparatus for
recording data on a rotating magnetic media comprising:

a housing, said rotating magnetic memory rotatably attached to said housing;

an actuator arm assembly rotatably attached to said housing;

a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the surface of said rotating magnetic memory, said slider
having a longitudinal axis, a hub edge and a rim edge, both of said hub edge and said
rim edge parallel to said longitudinal axis, said slider including an air bearing surface,
said air bearing surface further comprising:

a first rail which is substantially parallel to the longitudinal axis of the slider;

a second rail further including: '

_ a parallel portion which is substantially parallel to the longitudinal axis of the
slider;

an angled portion having an axis which forms an angle with the longitudinal axis of
the slider;

wherein said second rail is proximate the rim edge.



slider having a longitudinal axis, leading and trail I ve ([t o
the notion of said rotating disk nedium and first a S) ect dgds,
said slider including an air bearing surgace, said a SeAr UHE S FACe
further conprising: a first side rail disposed along said first side
edge and facing said rotating disk nedium said first rail having a

| eadi ng edge aAdcardingaid yetnedge aspdcaiof tie inventivn thetd sndisdlosed sdndaimeearing
and a second side rail-disposed along said second side edge and

faci ng sai slideotfex suppodiingca rectiling) tranailuces du oeldticn tea refating amagneficarecerdingig
edge and a trailing edge relative to the notion of said medium wherein
sai d seconthediugiy qomprisiRg:subst anti al |y noni dentical and nonsynmetri cal
about said longitudinal axis to said first side i1, wherein the trailing
edge of said s@&ePROrE siryctyre haviges longitudingl 3xis 7 {@HF@% a“é{d" &y ﬁ%&F’thh of
trailing ed 0 aid first rail. 9. The,dis rive.appayatus of claim
35, wher o FIG B 6086 And paid 3im Bt prerle] (s, fmindip Seif SRR SinpPrigafiple
angl ed t oL 3R Sh bR BRbE HBloe 26 aft Blafing Qirkdcd Furter Bhufprising "

a first rail which is substantially parallel to the longitudinal axis of the slider;

sel ectively positioned over the surface of said rot at&‘ﬁgpg‘lé\éﬁ@ 1%5‘,513 I d
| ?{i re

a second rail further including:

a parallel portion which is substantially parallel to the longitudinal axis of the
slider;

an angled portion having an axis which forms an angle with the longitudinal axis of
the slider;

wherein said second rail is proximate the rim edge.

According to yet another aspéct of the invention there is disclosed an air bearing
slider for supporting a recording transducer in relation to a moving recording medium,
comprising:

a support structure having first and second side edges, leading and trailing edges,
wherein said leading and trailing edges are relative to the motion of said medium, and a
longitudinal axis disposed along the length of said support structure from said leading
edge to said trailing edge;

a first side rail disposed along said first side edge and facing said medium, said
first side rail being substantially parallel to the longitudinal axis of the slider; and

a second side rail disposed along said second side edge and facing said medium,
wherein at least a portion of said second side rail has an axis which forms an angle with
the longitudinal axis of the slider.

According to yet another aspect of the invention there is disclosed a disk drive
apparatus for recording data, comprising:

at least one rotating disk medium for recording data;



L

side rail near said | eading edge is angled toward
29 40. The disk drive apparatus of claim38, wher
faces a hub of said rotating disk and said second
said rotating disk. 41. The disk drive gpparatus
portion of said second side rail near said trail

e=tgngi-tadFral—axi S

REPLACEMENS SHEETe || edge

i de gagleyfiasaey a i m of
Dateai.;?%&l&- ereif] a
war d

sai d | ongi tudi nal axis.

a housing, said rotatable disk medium being rotatably attached to said housing; an
actuator arm assembly rotatably attached to said housing;

a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the surface of said rotating disk medium, said slider having a
longitudinal axis, and first and second edges, both of said edges parallel to said
longitudinal axis, said slider including an air bearing surface, said air bearing surface
further comprising:

a first side rail disposed along said first side edge and facing said medium, said
first side rail being substantially parallel to the longitudinal axis of the slider; and

a second side rail disposed along said second side edge and facing said medium,
wherein at least a portion of said second side rail has an axis which forms an angle with
the longitudinal axis of the slider.

According to yet another aspect of the invention there is disclosed an air bearing
slider for supporting a recording transducer in relation to a rotating disk recording
medium, comprising:

a support structure having first and second side edges, and leading and trailing
edges, wherein said leading ahd trailing edges are relative to the motion of said medium,
said support structure also having a longitudinal axis disposed along the length of said
support structure from said leading edge to said trailing edge;

a first side rail disposed along said first side edge and facing said medium, said
first rail having a leading edge and a trailing edge relative to the motion of said medium;
and | |

a second side rail disposed along said second side edge and facing said medium,
said second side rail having a leading edge and a trailing edge relative to the motion of
said medium, wherein said second side rail is substantially nonidentical and
nonsymmetrical about said longitudinal axis to said first side rail, wherein the trailing
edge of said second rail is closer to said longitudinal axis than the trailing edge of said

first rail.
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sai d hub edge (66) and said rimedge (64) parallel 'ii f& SaT g sy

| ongi tudi nal axis (60), said support . Structure ‘*‘rTc}Ea‘ﬁ' SIFET 'l
beari ng surface, said air bearing surface furth r onp Os a
first rail (51) which is substantially pgal | el ?et heaﬁng M4 -ngl
axis (60) of the support structure; a second rail (52) fturther
I ncl udi ng: a parallel portion which is substantially parall el

to the | ongitudidetdinkits yeb@hothér hépecsuppie invention Hiereldd diselosed a disk altive
angl ed portion (72) having an axis which forns an angle with the

| ongi t-udi napparaius f¢5Eronding tata, comprisimgrort struct ure; wherein said
second rail (52) is proxinmate the rim edge (64).

at least one rotating disk medium for recording data;

a housing, said rotatable disk medium being rotatably attached to said housing;

an actuator arm assembly rotatably attached to said housing;

a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the surface of said rotating disk medium, said slider having a
longitudinal axis, leading and trailing edges relative to the motion of said rotating disk
medium, and first and second side edges, said slider including an air bearing surface,
said air bearing surface further comprising: |

a first side rail disposed along said first side edge and facing said rotating disk
medium, said first rail having a leading edge and a trailing edge relative to the motion of
said medium; and

a second side rail disposed along said second side edge and facing said rotating disk
medium, said second side rail having a leading edge and a trailing edge relative to the
motion of said medium, wherein said second side rail is substantially nonidentical and
nonsymmetrical about said longitudinal axis to said first side rail, wherein the trailing
edge of said second rail is closer to said longitudinal axis than the trailing edge of said
first rail.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, reference can be made to the

accompanying drawings, in which:

Fig. 1 is an exploded view of a disk drive.



22. The air bearing slider (26) of claim21, wherein sai d support

eructure has a | eading edge (47) and atrailing edge (48) relative to
t he notion of said rotating nagnetic nedium @& [ O ke

angl ed portion (72) of said second rail §52) is H%ﬂ(ﬁrﬁ%ﬁéﬁk?‘&
trailing edge (48). 23. The air bearing slider (6@% =08 JUki BB21 off 22,
further conprising a center rail (53) disposed Betrweer  sald fi t and
second rails (51, 52). " RO 991 CBAIMS -1- 1.

An air bearing slider (26). for supporting a recordi ng transducer in

rel ati on th a Amwimliearing slider for supporting a recording transducer in relation to a moving
recording medium, comprising:

a support structure having side edges, leading and trailing edges, wherein said
leading and trailing edges are relative to the motion of said medium, and a longitudinal
axis disposed along the length of said support structure from said leading edge to said
trailing edge, said longitudinal axis being at a skew angle ranging from zero to positive
and negative values with respect to the direction of motion of said recording medium at
said support structure;

a pair of side rails disposed along said side edges of said support structure facing
said medium;

said side rails being substantially nonidentical and nonsymmetrical about said

_ longitudinal axis, for providing air pressurization when said skew angle is from zero to
large negative or positive values whereby said slider flies at a close and substantially
uniform spacing from said moving recording medium; and

a center rail positioned between said pair of side rails, wherein at least a portion of
said center rail is angled with respect to said longitudinal axis.

2.  The air bearing slider of claim 1 wherein a portion of one of said side rails near
said trailing edge is angled with respect to said longitudinal axis.

3. The air bearing slider of claim 1 wherein one of said side rails is angled with
respect to said longitudinal axis.

4. _ The air bearing slider of claim 1 wherein a portion of one of said side rails near
said trailing edge is curved with respect to said longitudinal axis.

5. The air bearing slider of claim 1 wherein one of said side rails is curved with
respect to said longitudinal axis.

6. The air bearing slider of claim 1 wherein a portion of one of said side rails near
said trailing edge is angled toward said longitudinal axis and a portion of other said side

rail near said leading edge is angled toward said longitudinal axis.
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recordi ng medi um conpri sing: a support struct
(64, 66), | eading and trailing edges (47, 48),
(47) and trailing edges (48) are relative toth m)ti_og gm_ Q7 negi um
and a | ongi t udi nal axi s (60) di sposegagal ong the || &8RYoF ~Sasd........
support structure fromsaid | eading edge (47) to Sara trartrng edge
(48), said longitudinal axis (60) being at a skew angle ranging from a
first to 7. aThecaindecamdhg slidért of clrimet twheeeib rome dofr said istle mwfls is angleti withof
said recording nedium at said support structure; a pair of side
rails (51, respgctdospisklongitnding axas and the ofhercofosaigbside gails is@nglefl with tespegsgor t
structure _ facing said nedium said side rails (51, 52) being
subst ant i apig longitudingl @gist i cal and nonsymmetrical about said

| ongi tudi ngl axisg. (60), for providing air. . pressurization when said skew
angle is f%om éﬁa’c‘]ﬁ d“)"efr?‘i%fh%géyitﬁmdg%@aﬂﬂg:val ue whereby said slider

(26) (Vi at B RS SWBRL A thr YALAG Bout an SRECT N0 Trom sai d

at least one actuator arm mounted for movement in a radial direction across said

P e es
HREFLACERENT SHEETeddi ng

disk surface;

at least one slider mounted on said actuator arm, having a side edge, leading édge
and trailing edge, and a longitudinal axis disposed along the length of said slider from
said leading edge to said trailing edge, said longitudinal axis being at a skew angle
ranging from zero to positive and negative values with respect to the direction of motion
of said disk surface at said slider, including:

a pair of side rails disposed along said side edges of said slider facing said disk
surface; ‘

said side rails being substantially nonidentical and nonsymmetrical about said
longitudinal axis, for providing air pressurization when said skew angle is from zero to
large negative or positive values whereby said slider flies at a close and substantially
uniform spacing from said moving disk surface; and

a third rail positioned between said pair of said rails, said third rail having angled
portions with respect to said longitudinal axis.
9.  The disk recording system of claim 8, wherein the third rail is nonsymmetrical
with respect to said longitudinal axis.
10. The disk recording system of claim 8 wherein one of said side rails is angled with
respect to said longitudinal axis.
11. The disk recording system of claim 10 wherein a portion of one of said side rails is
angled with respect to the longitudinal axis near the trailing edge. |
12. The disk recording system of claim 10 wherein a portion of one of said side rails is

angled with respect to the longitudinal axis near the leading edge.
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characterized by: a center rail (53) positioned_between said pair of
side rails (51, 52), wherein a portion gf |,% enter raih)
(53) is angled with respect to said |ongitudinal axi F{%ﬁ‘)" EMENSHFRT dj n

13. The disk recording system of claim 10 wherein the angle of one of the side rails is
selected to be at a low skew angle when the transducer is positioned over the landing
zone so as to reduce the take off velocity of the slider.

14. The disk recording system of claim 8 wherein one of said side rails is curved with
respect to the said longitudinal axis.

15. The disk recording system of claim 14 wherein a portion of one of said side rails is
curved toward the longitudinal axis near the trailing edge.

16. The disk recording system of claim 14 wherein a portion of one of said side rails is
curved toward the longitudinal axis near the leading edge.

17. The disk recording system of claim 8 wherein a portion of one of said side rails
near said trailing edge is bent toward said longitudinal axis and a portion of other said
side rail near said leading edge is bent toward said longitudinal axis.

18. An apparatus for recording data on a rotating magnetic media comprising:

a housing, said rotating magnetic memory rotatably attached to said hiousing;

an actuator arm assembly rotatably attached to said housing;

a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the surface of said rotating magnetic memory, said slider
having a longitudinal axis, a hub edge and a rim edge, both of said hub edge and said
rim edge parallel to said longitudinal axis, said slider including an air bearing surface,
said air bearing surface further comprising:

a first rail which is substantially parallel to the longitudinal axis of the slider;

. a second rail further including:

a parallel portion which is substantially parallel to the longitudinal axis of the
slider;

an angled portion having an axis which forms an angle with the longitudinal axis of
the slider;

wherein said second rail is proximate the rim edge.
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New CLAI'M 10 10. A disk drive recording system (10) conpri si ng:
a disk surface nounted for rotation about an axis;
actuator arm (20) nmounted for novenent in a

dAll

REPLACGEMENT 8HEBEL]| on

across said di sk surface, | east onle sliderq(3g) W8EIN ed on
sai d actuator arm (20), having side ed eBat@GA, g ? ----- F-eadi

edge (47) and trailing edge (48), and o TTat

axis (60) m.sppsesh (palramgfdrhecdremgtdataoafc&ﬂhﬁlsslwmém slider hasaleadlﬁgéd d 4RI
sai d | eadi ng edge 7) to said trailing edge (48 sai dg

| ongi t udi nadraiding dgé Olatives toghéinagion of said rotating ahgmtmmhmorﬁr@dnmdremrmm
first to a second val ue wWith respect to the direction of notion

of said angled portion of sdid segondaail at prozimhte bdid drailin@eydgei ncl udi ng:
20. The apparatus for recording data of claim 18, further comprising a center rail
disposed between said first and second rails.
21. An air bearing slider for supporting a recording transducer in relation to a rotating
magnetic recording medium, comprising:

a support structure having a longitudinal axis, a hub edge and a rim edge, both of
said hub edge and said rim edge parallel to said longitudinal axis, said support structure
including an air bearing surface, said air bearing surface further comprising:

a first rail which is substantially parallel to the longitudinal axis of the slider;

a second rail further including: -

a parallel portion which is. substantially parallel to the longitudinal axis of the
slider; i

an angled portion having an axis which forms an angle with the longitudinal axis of
the slider;

wherein said second rail is proximate the rim edge.

22. The air bearing slider claim 21, wherein said slider bas a leading edge and a
trailing edge relative to the motion of said rotating magnetic memory, and wherein said
angled portion of said second r?.il is proximate said trailing edge.

23. The air bearing slider of claim 21, further comprising a center rail disposed
between said first and second rails.

24. An air bearing slider for supporting a recording transducer in relation to a moving
recording medium, comprising:

a support structure having first and second side edges, leading and trailing edges,
wherein said leading and trailing edges are relative to the motion of said medium, and a
longitudinal axis disposed along the length of said support structure from said leading

edge to said trailing edge;
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a pair of side rails (51, 52) disposed al ong said si de edges

(64, 66) of said slider (26) facing sd'g‘@—s‘k—_ SK ST ace—)

said side rails (51, 52) being substantially EPLACEM&ENI &HiEETal| and
nonsymmetri cal about said | ongi t udi nal|l axi s= pr avi di ng
air pressurizati on when sai dggkew angl Q%F? f*gggrugam -----

first to said second val ue whereby said slider (Z6) T at a

close and subshafist 8ideyrallNdifpUsead along said first skiR3&dg8 %k’ ABIngadail MRS, SHigk
surface; characteri zeg by: athird rail (53)
posi ti oned fipsttsideerailding substantidlly parallel to the lofgidrlinabiakis of Bie slfdey; and
| a second side rail disposed along said second side edge and facing said medium,
wherein at least a portion of said second side rail has an axis which forms an angle with
the longitudinal axis of the slider.
25. The air bearing slider of claim 24, wherein said first side edge is positioned facing
a hub of a rotating magnetic disk recording medium, and said second side edge is
positioned facing a rim of said rotating magnetic disk recording medium.
26. The air bearing slider of claim 24, wherein said second side rail is a substantially
straight rail along its entire length.
27. The air bearing slider of claim 24, wherein said second side rail comprises a
parallel portion which is substantially parallel to the longitudinal axis of the slider, and
an angled portion which forms said angle with the longitudinal axis of the slider.
28. The air bearing slider of claim 27, wherein isaid angled portion is proximate said
trailing edge. _
29. A disk drive apparatus for recording data, comprising:
at least one rotating disk medium for recording data;
a housing, said rotatable disk medium being rotatably attached to said housing; an
actuator arm assembly rotatably attached to said housing;
a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the Surface of said rotating disk medium, said slider having a
longitudinal axis, and first and second edges, both of said edges parallel to said
longitudinal axis, said slider including an air bearing surface, said air bearing surface
further comprising: “
a first side rail disposed along said first side edge and facing said medium, said

first side rail being substantially parallel to the longitudinal axis of the slider; and
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RO 991 036 -2 - wherein a portion—of said center rail

(53) angled with respect to said |ongitudinal| agg » |
and wherein said skew angl e ranges from positive to %‘ec};aﬁi\elgg%/‘z'l'u 5
RO 991 036 21. An air bearing slider (26) for %I

recording transducer in relation to a rofating  megeebic recdrdiig

medi um conpri si ng:

a second side rail disposed along said second side edge and facing said medium,
wherein at least a portion of said second side rail has an axis which forms an angle with
the longitudinal axis of the slider.

30. The disk drive apparatus of claim 29, wherein said first side edge is positioned
facing a hub of a rotating magnetic disk recording medium, and said second side edge is
positioned facing a rim of said rotating magnetic disk recording medium.

31. The disk drive apparatus of claim 29, wherein said second side rail is a
substantially straight rail along its entire length.

32. The disk drive apparatus of claim 29, wherein said second side rail comprises a
parallel portion which is substantially parallel to the longitudinal axis of the slider, and
an angled portion which forms said angle with the longitudinal axis of the slider.

33. The disk drive apparatus of claim 32, wherein said angled portion is proximate said
trailing edge. |

34. An air béaring slider for supporting a recording itransducer in relation to a rotating
disk recording medium, comprising:

a support structure having first and second side edges, and leading and trailing
edges, wherein said leading and trailing edges are relative to the motion of said medium,
said support structure also having a longitudinal axis disposed along the length of said
support structure from said léading edge to said trailing edge;

a first side rail disposed along said first side edge and facing said medium, said
first rail having a leading edge and a trailing edge relative to the motion of said medium;
and

a second side rail disposed along said second side edge and facing said medium,
said second side rail having a leading edge and a trailing edge relative to the motion of
said medium, wherein said second side rail is substantially nonidentical and
nonsymmetrical about said longitudinal axis to said first side rail, wherein the trailing
edge of said second rail is closer to said longitudinal axis than the trailing edge of said

first rail.
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a support structure having a longitudinal axis = . )
and a rimedge (64), both of sai d hub edge (66) |[aREPILLHEMENTIBHEGE |( 64)
parall el to said |ongitudinal axis (60), said s port-3J ty ur
including an air bearing surface, said 8 air beari f@ur--f-aeelﬂ’#--umer
conpri si ng: a first rail (51) whi cf®is substantra Fy - par ar 1ef
the longitudinal axis (60) of the support structure; a second
rail (52) saicl gwdi g seaPias 3liH& offQhid 98, wherelh pBrtich Sfdasd sstbhdlside ranrat el
to the ~ longitudinal axis (60) of the support structure;
charact eri gad tailidghedgesigiadig@aoward faid ldnghdinal axfisiatderportion ofiesd first sidan
angl ed portion (7 havi ng an axi s which forns an angle with the
| ongi t udi nedil redr SaidGegding edgdecis angled tppardtsaidtlongitudina] axis. wherein said
second rail (52) is proxinmate the rim edge (64).

36. The air bearing slider of claim 34, wherein said first side edge faces a hub of said

to

rotating disk and said second side edge faces a rim of said rotating disk.

37. The air bearing slider of claim 34, wherein a portion of said second side rail near
‘said trailing edge is curved toWard said longitudinal axis.

38. A disk drive apparatus for recording data, comprising:

at least one rotating disk medium for recording data;

a housing, said rotatable disk medium being rotatably attached to said housing;

an actuator arm assembly rotatably attached to said housing;

a slider attached to said actuator arm assembly such that said slider can be
selectively positioned over the surface of said rotating disk medium, said slider having a
longitudinal axis, leading and triailing edges relative to the motion of said rotating disk
medium, and first and second side edges, said slider including an air bearing surface,
said air bearing surface further comprising:

a first side rail disposed along said first side edge and facing said rotating disk
medium, said first rail having a leading edge and a trailing edge relative to the motion of
said medium; and |

a second side rail disposed along said second side edge and facing said rotating disk
medium, said second side rail having a leading edge and a trailing edge relative to the
motion of said medium, wherein said second side rail is substantially nonidentical and
nonsymmetrical about said longitudinal axis to said first side rail, wherein the trailing
edge of said second rail is closer to said longitudinal axis than the trailing edge of said
first rail.

39. The disk drive apparatus of claim 38, wherein a portion of said second side rail
near said trailing edge is angled toward said longitudinal axis and a portion of said first

side rail near said leading edge is angled toward said longitudinal axis.
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40. The disk drive apparatus of claim 38, wherein said first side edge faces a hub of
said rotating disk and said second side edge faces a rim of said rotating disk.
41. The disk drive apparatus of claim 38, wherein a portion of said second side rail

near said trailing edge is curved toward said longitudinal axis.
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SLIDER AIR BEARING SURFACE WITH ANGLED RAIL CONFIGURATION

ABSTRACT

Disclosed is a slidef (26) with an air bearing surface (49) for flying a magnetic
transducer on an air lubrication film over a moving recording medium. The air bearing
surface (49) allows the slider (24) to fly at a close and substantially uniform height over the
disk surface regardless of the skew angle of the air flow. The slider (24) has a pair of non-
identical, non-symmetrical rails disposed about the longitudinal axis of the slider (26), which
through the viscous effects of the air flow, provide the air lubrication film when the recording
medium is in motion.

Fig. 3



