1 Alh BEARI NG SLIDER W TH OFFSET CROSSBARS TO REDUCE ROLL TECHNICﬂQﬁEﬁEEtré
“rhis invention rel ates generally to air bearing sliders for use wi t4
recordi ng nmedia.and, nore particularly, to a slider air bearing surface
geonetry havi ng reduced roll resulting fromskew as the slider travels
across a storage nmedi um BACKGROUND Conventional magnetic data storage
devices include a magnetic nmedium having a plurality of tracks for storing
data, at |east one read/wite transddcer for reading and witing data on
the various tracks, an air bearing slider for supporting the transducer in

close proximty to the nedj a _suspension for LLLently holding the
slider and the transducer Iiﬁ@@%&“@a?ﬁ@‘f‘%w §f§1‘ggg¥posi tioni ng actuator

connected to the suspension CROSSEARS TO REDUCE ROLL

T I FIELD
This invention relates generally to air bearing sliders for
use with recording media and, more particularly, to a slider air
bearing surface éeometry having reduced roll resu;ting from skew

as the slider tra#els across a storage medium.

BACKGROUND

Conventional magnetic data storage devices include a
magnetic medium héving a plurality of tracks for storing data, at
least one read/write transducer for reading and writing data on
the various tracks, an eir bearing slider for supporting the
transducer in close proximity to the media, a suspension for_
resiliently holding fhe slider and the transducer over the data
tracks, and a positioning actuator qonneéted to the suspension

‘for moving the transducer across the media to the desired data
track and maintaining the transducer over the data track during a
read or a write'operation. Examples of magnetic storage devices

.includé magnetic disk drives and magnetic tape drives. Operating
on-similar principles are optical diek drives.

In magnetic recording technology, it is continually desired
to improve the areél density at which information can be recorded
and reliably read. Because the recording density of a magnetic
storage device is limited by the distance between the transducer

and the magnetic media, a goal of air‘bearing slider design is to -



for ffoving the transducer across the media to the desired data track and
fai ntaining the transducer over the data track during a read or a wite
operation. Exanples of nagnetic storage devices include nagnetic disk
drives and magnetic tape drives. Operating on simlar principles are
optical disk drives. In magnetic recording technology, it is continually
desired to inprove the areal density at-which informatjon can be recorded
and reliably read. Because the recording density of a nagnetic. storage
device is limted by the distance between the transducer and the nagnetic
media, a goal of air bearing slider designis to 2 "fly" a slider as

cl osely as gag9i bl 8118eR 4RI VB PWHsWhble &Y A Hal@eRRY Shéd uh RRCe

with the medium Snaller spacings; or
avoiding physicallimpact with the medium. Smaller spacings, or
"fly heights", are desired so that the transducer can distinguish
between the magnetic fields emanating from closely spaced regions
on the disk. In addition to achieving a small average sqﬁping
between the disk and the transducer, it is essential .that a
slider fly at-a predictablé and usually constant height despite
the large variety of conditions it experiences during the normal
operation of a disk drive. If the flying héight is not constant,
the data transfer between the transducer and the recording medium
may be adversely affected.

Flying height is éreatly dependent upon fhe geometry of the
slider air bearing surface (ABS) which faces the storage medium. .
The air bearing surface provides the aerodynamic properties that
influence slider behavior as the slider wflies" over the medium.
These pfoperties are determined by the number and shape of air
bearing surfaces or rails providing positive pressure regions

fduring flight. The slider generally includes a leading edge,
where airflow enters the ABS, and a trailing edge, where it
exits. In magnetic disk drives, sliders further include a hub-
side nearest to the spindle, and a rim-side, nearest to the outer
diameter. |

Variations in fly height result when the slider is exposed
to changing conditions as it moves from one region of the storage
medium to another to access data. For exampie, the direction
and/or speed of airfloﬁlacross the slider ABS may vary, causing

changes in positive pressure across the rails, and hence a



[fly’heights", are desired so that the transducer can distinguish between
the magnetic fields emanating fromcl osely spaced regions on the disk. In
addition to achieving a snall average spaci hg between the disk and the
transducer, it is essential that a slider fly at a predictable and usually
const ant helght despite the large variety of conditions it experiences
during the normal operation of a disk drive. If the flying height is not
constant, the data transfer between thé transducer and the recordi ng nmedi um
may be adversely affected. Flying height is greatly dependent upon t he
geonetry of _t
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properties are defernm ned by the nunber and shape of air bearing surfaces

or rails prievitd fgrmoat t 1lewstproass negattye qresdure npdilonghe.g. Tire tdhie der
generally IégihyggsaahééﬁiuégJéizz:ure pocket, in the ABS geometry.
Examples of negative pressure sliders are provided in cogmonly
assigned U.S. Patent No. 5,396,386. The negative pressure pocket
provides a force generally proportional to increasing air
velocity to counteract positive pressure-building on the rails.
To assure that the negative pressure regions do not '
overcompensate for air speed, one or more leading edge pockets
may be provided to reduce airflow into the ﬁegative pressure
region(s). Commonly assigned U.S. Patent No. 5,490,026 further
descfibes this enhancement.
¥While negative pressure and leading edge p;ckets help to
counteraht variations in fly height resulting from changes in air
speed, they do not specifically address variations resulting from
changes in air direction. The positive pressure generated on an
Cair bearing rail for a fixed air speed tends to be the greatést
when the airflow is aligned with the longitudinal axis of the
rail, i.e. at a zero skew angle. It also tends to decrease with
1ncreaéing skew angle, causing a corresponding decreése in fly
height. One method for reducing the effects of skew on fly
ﬁéight which is well suited to rotary actuator disk drives is to
angle one or more ABS rails such that when the slider is located
at the inner diameter'(ID) of the disk (where air velocity is at

a mihimum), the one or more angled rails are aligned with the

airflow. As the slider is moved toward the outer diameter (and



wher®e airflow enters the ABS, and a trailing edge, where it exits. In
gmagnetic di sk drives, sliders further include a hub- side nearest to the
spindle, and a rimside, nearest to the outer dianeter. Variations in fly
hei ght result when the slider is exposed to changing conditions as it noves
fromone region of the storage nediumto another to access data. For
exanpl e, the direction and/or speed,of airflow across the slider ABS nmay
vary, causing changes in positive pressure across the rails, and hence a
corresponding rise or drop in fly height. One known net hod for reduci ng
variations in air speed for a flatter fly height profile is to format _

| east on®iRStPHASIEYPLBSERREST byitdie skeYy. anfle HECcTersspfand RE§AEIVR pressure

pocket, A{Etéﬁés%§§e98839££§és. Thus the angled rails compensate for

variations in air velocity by taking advantage of chénges in the
direction of air flow. As a result, positive pressure remains
substantially constant, enabling an essentially constant flying
height. Examples of slider rail configurations having aggled
features for improved flylheight pérformance are shown in
commonly assigned U.S. Patent Application Serial No; 08/609,737.
Similar designs which further include contamination reducing
features and are referred to as “tri-dent* ABS configurations are
disclosed in related Application Serial No. (SA9-95—
074).

Even with the Preceding features, a slider also experiences
fly height variations due to roll. Roll is a measure of the
angle fo;med between the plane of a recording medium and a plane
holding the longitudinal and latitudinal axes of the slider.

Roll may occur, for example, when the direction of airflow varies
‘across the slider ABS, resulting in an uneven distribution of
positive pressure across the ABS. Such variation is particularly
notable in rotary actuator disk drives as the skew angle changes
from a zero or near zero at the ID to a maximum value at the OD.
Roll may also result from an asymmetrical ABS design that
genéfates more positive pressure 6n one side of the slider than
on the other. The phenomenon is exacerbated by high speed -
movement of the slider across the medium.

Both positive and negative pressure ABS designs tend to

exhibit significant variation in roll from ID to OD. That is,



Exarfpl es of negative pressure sliders are provided in commonly assi gned
tU. S. Patent No. 5,396,386. The negative pressure pocket |

general |y proportional to increasing air velocity to cdufHISrSREETOAS BELN
pressure building on the rails. To assure that the negative REPEAGED:
regi ons do not overconpensate for air speed, one or nore—teadrmyg—cdge
pocket's may be provided to reduce airflow into the negative pressure
regi on(s). Conmonly assigned U.S. Pabent No. 5,490,026 further describes
this enhancenent. \Wile negative pressure and | eading edge pockets help to
counteract w3’ LEiugps +ﬂ£ '-{5.- RALIAL rL&SHEA LRILAS D GhaNgRSthd dPgosipeed,

t hey do not speci rcar y address variations resulting fromchanges in air
direction. dikrecp@6htatyethy @DSUr Rofikné aitedldnismraiesilvebhie ngpingdd iftomam
fixed air speed tends to be the greatest when the airflowis aligned with
the | ongit ausgl cakpstesphice coatpct| betwegn the flidareAndnfhe. re0TALG t ends

to decreas ] : .
%mﬂhhn. For side-element designs, large variations in roll make

it difficult to achieve a flat fly height profile across|F11
radii of the disk. For center—element.designs, large variations
in roll reduce the minimum clearance between the slider and disk,
1ﬁcreasing the chance of catastrophic contacts.

It is'therefore apparent that the need exists for a negative
pressure élider able to maintain a relatively uniform-f;ying |
height and a minimum variation in roll from ID to .OD in a storage
device when exposed to variations in air.speed and direction by
providing an ABS with at leaét one angled rail and features to

i
reduce- roll variations across the recording medium.

SUMMARY OF THE JINVENTION

The present invention is directed to an air bearing siider
:that satisfies this need by providing a slider with an ABS
configuration including a negative pressure pocket formed by a
cross rail and a pair of side rails, and at least one angled rail
extending from the cross-bar. The thickness of the éross rail
varies laterally across the ABS to provide differing amounts of
ﬁbsitive pressure such that variations in slider roll with
changing air speed and direction are reduced. 1In one embodiment,
the air bearing geometry includes é leading edge pocket for
reducing the amount of negative pressure geﬁerated in the

trailing edge pocket. . In another embodiment, the design includes
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i ncr éasi ng skew angl e, causing a correspondi ng decrease in fly height. One
tret hod for reducing the effects of skew on fly height whi '
to rotary actuator disk drives is to angle one or nore A
when the slider is |ocated at the inner diameter (1D) of
air velocity is at a mninunm), the one or nore angled rails are align
wth the airflow As the slider is noved toward the outer dianeter, -(and

air velocity increases), the skew angle ithcreases and positive air pressure
decreases. Thus the angled rails conpensate for variations in air velocity

by taking advantage _ of changes in the direction of air flow As a result,

posi ti ve PredduPeTrinR FESUHNBHH Fe coirsfahtr EHaTng dfPtd¥ntial |y
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angl ed

from the center of the slider.

BRIEF DESCRIPTION OF THE. DRAWINGS

’

Pig. 1 is a schematic diagram of a disk drive system useful
for'practiéing the.presént invention; .

Fig. 2 is a .top view of a disk drive with a rotary actuator
useful in practicing the present invention;

-Fig. 3A is a graph of the roll profile of a slider moving
across a storage medium;

Fig. SB illustrates a slider experiencing roll;

Figs. 4A;4c are bottom plan views of air bearing slider
configurations implementing the present invention;

Figé. 5A-5C are alternative configurations of air bearing
sliders implementing the present invention; and

Figs. 6A-6C are additional configurations of air bearing

sliders implementing the present invention.

DETAITL.ED DESCRIPTION
Witﬁ reference to Fig. 1, a schematic diagram of a magnetic
rgcording disk drive useful for practicing the present invention
is illustrated. The'system comprises a disk spindle assembly 12
and a head actuator assembly 14. Spindle assembly 12 and head
actuator assembly 14 are located within a sealed housing 16 to
prevent particulate contamination. Spindle assembly 12 comprises

a plurality of magnetic recording disks 20 which are mounted to a

\
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feattres for inproved fly height performance are shown in comonly assigned
U. S. Patent Application Serial No. 08/609,737. Simlar designs which
further include contam nation reducing features and are referred to as
"tri-dent" ABS configurations are disclosed in related Application Seri al
No. - (SA9-96- 074). -Even with the preceding features, a slider
al so experiences fly height variations due to roll. Roll is a neasure of
the angle formed between the plane of & recording nedi um and a pl ane

hol ding the | ongitudinal and | atitudinal axes of the slider. Roll may
occur, Tolspexai@l £, Wigh ddie dbr 8t +othia 8l dd QW-Kab! EPeAG RS WMBEos! 1 der
ABS, resulting in an uneven distribution of positive pressure across the
ABS. Suchwhdrhais oot Sillamstiratbdl | yHewd aloitaator razsisamplpcl4iaiomprdisek drives
as the skew angle changes froma zero or near zero at the ID to a maxi num
val ue at tiedceDeofbimotary 349 vbirchsmeves @onrghuatormAEn, a288mbis 3desi gn t hat

relative to the disks 20. Assembly 32 has a plurality of

actuator arms 34, each of which is positioned in a space Petween
two adjacent disks 20. Each actuator arm 34 has a pair of air
bearing sliders 36 adapted for carrying read/write transducers
adjacent to the disks 20. One read/write transducer flies
adjacent.to the disk positioned above the actuator arm 34 and the
“other flies adjacent to the disk positionéd below the actuator
arm 34.

In operation, spindle 22 is rotated by the in-hub motor and
motor 30 moves the actuator arms 34 between the disks 20 to the
desired track locati;n. One of the read/write transducers
attached to sliders 36 then reads or writes data on the desired
track.

Referring now to Fig. 2, a magnetic data recording disk

. drive usefui for practicing the present invention is illustrated,
although it shall be understood that the principles of the
present invention may easily be applied to other storage devices
having air bearing, near contact, or contact recordind sliders..
The disk drive includes a housing 40 in which is mounted a rotary
actuator 42, an associated disk 44 and a drive means-46 for
rotating the disk 44. The rotary actuator 42 moves a suspension
:assembly 48 in an arcuate path over fhe disk 44. The rotary
actuator 42 includes a voice coil motor, which comprises a coil

50 movable within the magnetic field of a fixed permanent magnet



genérates nore positive pressure on one side of the slider than on the
other. The phenonmenon is exacerbated by high speed noverment of the slider
across the medium Both positive.and negative pressure ABS designs tend to

exhibit significant variation in rol'l fromIDto OD. That is, 5 the
slider rolls in one direction at the ID and in the opposite direction at
the OD. Roll in itself is undesirable, since it may cause catastrophic

contact between the slider and the rec®rding nedium For side-el enent
designs, large variations in roll make it difficult to achieve a flat fly
hei ght profile across all radii of the disk. For center-el enent designs,
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suspension assembly 48 which supports an air bearing slider 36
and its attached read/write transducer in a flying relationship
adjacent to disk 44. ' | )

As the rotary actuator 42 sweeps the suspension assembly 48
across the disk 44, the slider 36 experiences variations in 5oth
airfléw direction and linear'velocity, caﬁsing an uneven
distributi@n of air pressure across the slider air bearing
surface. In response, slider 36 reacts t6 the pressure
var;afiong by rolling along its lateral axis. Curve 66 of Fig.
3A illustrates the amount of roll observed in an IBM 3.5 high
performaqce disk drive having a rotational disk speed of 7200 RPM
and a *trident* slider design. The horizontal axis 62 represents
the radi?l position of the slider 36 in terms of increasing disk
radius, and the vertical axis represents degree of roll in
nanometers. Following curve 66, slider roll is initially

fnégative when the slider is hoving from the innef diameter (ID)
toward the.outer diameter (OD), thereafter becoming increasingly
positive. Negative and positive roll may be understood by
referring to Fiq. 3B, which depicts the side-view of a portion of
disk 44 and a portion of the hub 46. Also represented is a
siider first positioned at the ID or hub (slider 36), and then
positioned at the OD or rim (slider 36'). The side of the slider
body nearest to the hub is referred-to its hub sidé 106, and the

side nearer to the rim is the rim side 108. For the purposes of

the present specification, roll shall be defined by the



mai ntain a relatively uniformflying height and a m ni numvariation in rol
dromIDto ODin a storage device when exposed to variations in air speed
and direction by providing an ABS with at | east one angled rail and
features to reduce roll variations across the recording nmedium SUMVARY OF
THE INVENTION It is an object of the present invention to anmeliorate one or
nore di sadvantages of the prior art. Accgrding to one aspect of the present
i nvention there is provided a slider body having a | eading edge, a trailing
edge, first and second side edges and a | ower surface; and an air bearing
surface ¢OBS)idmunigd rofl,t hRekoVRris WHeagemasitid NOBudingheightossdr Hi lis fir st
and second side rails, and an angled rail, the angled rail angled with
rezpect rbeant?1§£§¢ 306 $ilyehedgrt of qgﬁée§¢?ﬁﬁéy byhgn thR Fim-&idend08econd
side rails and the a d rai] ext g ndi. n [ e Gross_r t he
traili ng°§o‘§’e‘qeor P g%eiﬁwﬁﬁg’é{’?\‘/ r SUEGP eé)er eltg?? RE ﬁhgs cr?g atlg\ga%qd

i ncl udi ng ? dAisls BRGkI 8 BeSéipNRAchRY ttibé £b18! <Udireraelyand the
angled rail and a rimrail portion positioned between the second side rai
and t he anghethe aidb-sdlder @08 Lieldwdr,r &-H porpdsdtive andicthe rsehidehre rim

rail portion to reduce
36' is said to be experiencing positive roll.

Three slider ABS configurations found to reduce roll in
accordance with the present invention are shown in Figs. 4A-4C.
Referring first to Figure 4A, a slider 36 is generally
rectangular in shape, including a leading edge 104, a trailing
edge 102, a hub side 106, and a rim side 108. For a typical disk
drive with opposing sliders such as that shown in Fig. 1, the ABS
configurations of some sliders are reversed from the pattéfns _
shown in Figs. 4A-4C, 5A-5C and 6A-6C, as are the hub and rim '
sides.

The slider of Fig 4A includes a pair of negative pressure
pockets 131, 132 defined by side rails 133, 134, a cross rail

.137, and an angled rail 135. The side rails 133, 134 extend from
the leading edge 104 in the direction of the trailing edge 102,
and preferably include a leading edge taper (indicated by
hatching) for improved take-off performance. The angled rail 135
preferably extends from a nop-central position on the cross rail
137 to the trailing end 102 and is angled relative tp.the
longitudinal axis 145 of the slider to compensate for changes in
air skew. Its trailing end portion hay be centrally disposed as
shown in Fig. 4A to accommodate a center-rail transducer

configuration. Alternatively, it may be disposed to one side of



skider-roll vari ati on under changi ng skew conditi ons. 6 According to
anot her aspect of the present invention there is provided a storage device
conprising: a novable storage nedia; a transducer; a slider positioned to
support the transducer, the slider conprising: a slider body having a

| eadi ng edge, a trailing edge, first and second side edges and a | ower
surface; and an air bearing surface (ABS);5f ormed on the |ower surface and
including a cross rail, first and second S|de rails, and an angl ed T ai

the angled rail angled with respect to at |east one si de edge of the sl i der
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bet ween t hemiddadany andéorx adttheandteicheigues atichi Are Wemesrally hlendwib imaithe
portion is wider than the rimrail portion to reduce slider roll variation
under chandd¥g The angled rail 135 results in an asymmetric and biased
ABS, since the majority of the positive pressure surfaqes reside
on the hub-side haif of the surface, i.e. to the left oflaxis
145. Moreover, the rim-side negative pressure region 132 is
substantially larger than the hub-side region 131 and generates a
greater force toward the disk 44. At the ID, these
characteristics result in negative roll similar to that shown in
Fig. 3. But as the slider moves toward the OD in a rotary
actuator disk drive, the skew anglefincreasee.and the positive
pressure along angled rail 135 decreases. This results in
positive roll at the OD. |
The' variation in roll between the ID and OD is referred to
as a roii envelope. A useful measure of roli envelope is the.
difference between roll measured at the ID and roll measured at
.'the 0D, or (R-H),, ~(R-H)y. The present invention seeks to reduce
the roll envelope by previding more positive pressure at the OD
to'éounteract loss of positive pressure on the angled rail 135
without negatively impacting performance at the ID. 'According to
the principles of the present invention; the cress-;ail 137 is
éhaped to have vainng thicknesses to achieve this objective.
Hub portion 138, disposed between side rail 133 and angled cross-
rail 135, is wider than rim portioe 139. For example, if the

slider of Fig. 4A is a nanoslider having approximate dimensions

of 2 mm length X 1.5 mm width X 0.425 mm thickness and an etch



skew condi tions; an actuator subsystem configured to position the
gransducer relative to the storage nediumfor reading or witing.

i nformati on thereon; and el ectronics operable to enable the transducer to
read or wite information on the storage nediumand for processing the
information read or witten. According to still another aspect of the
presént invention there is provided an air bearing slider conpristng: a
slider body having a | eading edge, a tr&tling edge, hub side and rim side
edges, and a | ower surface conprising a positive pressure region and a
negat i ve deptss vfeabewt 05, midronsgs hubyportriens (s is@uraferabdEdobythe cross
rail, first and second side rails, and an angled rail_ _positioned between

first ancmiezoRf 8P JBLeRANS “ASPrathRrBAERE (H™ BSPHAA™ t'97at | east one side
edge, the firghgandsSaeand sleis iabloagnthd B3qani Gibdidikac¥beipiigad r om

the cross rail he ttailing edge and fining said negative pressure
region, whalkauingh8ad® pddred N4eSSULEad A @dgeSpedieal d4oairetitieesuthsi de

hal f than the rimside half of the slider body to reduce slider rol

vari at i omegatévechressune genegiasedc dndredions. 131 and 132 by channeling
air into these regions fof a flatter fly height profile.‘ Again,
the hub portion 138 of cross rail 137 is shaped to be wider than
the rim portion 139. _

Finally, Fig. 4C shows the ABS of Fig. 4B modified to
include a debris-deflecting protrusion 143 extending from the
cross rail 137 toward the leading edge through leading edge
pocket 140. This pfotrusion 143 may be tapered and divides
pocket 140 into a pair of cavities 141, 142. 1Its purpose is to
reduce the volume of debris collected in the 1eadiﬁg edge pocket
140. In.addition, it prevents debris from accumulating at the
slider's center, where it is more likely to become trapped under
the transducer which is centrally positioned at the trailing end

."102.

For the slider of Fig. 4A, utilization of the present
invention resulted in a 3 nm improvement in the roll envelope.
The ID fly height increased by 4.5 nm and the OD fly height
decreased by 1 nm.

For a slider with the ABS design of Fig. 4B, the roll
envelope was reduced by 4 nm, while the ID fly height was
increased by 3.5 nm and the OD fly height was decreased by 1.5

nme.



6a BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic diagramof a

«di sk drive systemuseful for practicing the present invention; Fig. 2is a
top view of a disk drive with a. rotary actuator useful in practicing the
present invention; Fig. 3Ais a graph of the roll profile of a slider

novi ng across a storage nediunm Fig. 3B illustrates a slider experiencing
roll; Figs. 4A-4C are bottomplan views pf air bearing slider “
configurations inplenmenting the present Invention; Figs. 5A-5C are
alternative configurations of air bearing sliders inplenenting the present
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from ID to OD than traditional tapered designs due to the
increase in tapered regions. Thus reduction in roll envelope
becomes particularly critical for such designs. The roll profile
curve 68 of Fig. 3A was obtained from a nanoslider having an ABS
.design similér to that of Fig. 4C, but without the propo;ed
variation in crossbar 135 thickness. Thié design had an average
ID fly height of 62 nm, an average OD fly height of 48 nm, and
was found to produce a roll envelope of 18 nm. In contrast,
curve 66 corresponds to the air bearing design of Fig. 4C
implementing the'teachings herein. This design showed the most .
favorable results of the three configurations illustrated in
Figs. 4A-4C, having a roll envelope of 11 nm for a significant
decrease of 7 nm. The ID fly height in this instance was
1ncreasea by 3.5 nm, but was nbt considered critical to data
density requirements. The OD fly height remained unchanged.
However, the ID flying height may optionally be independently
."lowered without affecting the improvement in roll envelope, e.g.
by varying the dimensions of rails 133, 134 and 135.

Figs. 5A-5C and 6A-6C show alternative embodiments of the
sliders shown in Figs. 4A-4C. For example, Figs. 5A—5C
illustrate ABS designs having one or both side rails 133, 134
arigled in addition to aﬁgled rail 135. These configﬁrations are
useful if it is desirable to further increase fly height at the
ID. Figs. 6A-6C depict ABS designs having two full-length side
rails 133, 134, or one full length rail 133 and one shortened

rail 134 (as indicated by the dashed line 144. A shortened side



Wi h reference to Fig. 1, a schematic diagramof a magnetic recording disk
@rive useful for practicing the present invention is illustrated. The
system conpri ses a disk spindle assenbly 12 and a head actuator assenbly
14. Spindle assenbly 12 and head actuator assenbly 14 are located within a
seal ed housing 16 to prevent particulate contam nation. Spindle assenbly 12
conprises a plurality of nagnetic recordi ng di sks 20 which are nounted to a
REPLACEMENT SHEET 7 spindle 22. Spindle 22 is rotated by an in-hub
electrical notor which is not illustrated. Head actuator assenbly 14

conpri sescad lvprogides | a noddr ﬂ&e\ﬂsimhvaums aanfariyatieclased aksenbl y 32
relative to the disks 20. Assenbly 32 has plurality of actuator arms 34,
each of fmeenly assignethdlSn P&@B&c@be’tt\ﬁ@én”& is design is

useful when a transducer must be provided on a siderail rather
than, or in addition to, the centrally positioned transducer.
The present invention has been described with reference to
the preceding embodiments. However, the fundamental conéepts as
" taught in the present spécification may be adapted to numefous
ABS designs for a variety of storage device environments.
Examples of alternative storage devices have been mentioned
previously. In addition, sliders Qith alternative air bearing
designs and/or noprectangular shapes would benefit from the
present invention if subjected to fluid flow. It should be
apparent that other modifications and adaptations of the
describéd embodimenis may occur to one skilled in the art withouf

departing from the scope of the present invention as set forth in

the following claims.



t wo ‘adj acent di sks 20. Each actuator arm 34 has a pair of air bearing

3liders 36 adapted for carrying read/wite transducers adj acent to Thgi}
di sks 20. One read/wite transducer flies adjacent to \'§ ﬂE\:_'pHAStBEENe
itndl

above the actuator arm 34 and the other flies adjacent |t
posi ti oned bel ow the actuator arm 34. In operation, :s |ULdLed
by the in-hub nmotor and notor 30 noves tRhg actuator arns 34 bet ween. t he
di sks 20 to the desired track | ocation. One of the read/wite transducers
attached to sliders 36 then reads or wites data.on the desired track.
.Referring-now to Fig. 2, a magnetic da¢@§é§§ording di sk drive useful for
practicing the present invention is il ted, although 1T shali be
understoodwghﬁi alfe principles of the present inventi '
applied to other storage devices having air bearing, Hmnmm“mlﬁm
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contact recording sliders.

1. A slider comprising:
: . ¢

a slider body having longitudinal and lateral axes and an
air bearing surface (ABS) comprising a rail angled with respect
to-the longitudinal axis, and first and second positive pressure
rail portions extending in generally lateral and opposite
directions from the angled rail, the ftrst rail portion having a
wider positive pressure surface than the second portion to reduce

slider roll variation under changing air skew conditions,

2. The slider of claim 1, wherein the slider body further
compriso% first and second side edges, a leading edge and a
trailing edge, and wherein the ABS further comprises first and
second side rails adjacent to the first and side edges,

. respectively.

3. The slider of claim 2, wherein the first and second rail
portiohs comprise a cross rail connecting the first and second

side rails.

4. The slider of claim 3, wherein the cross i&il is disposed

adjacent to the leading edge.

—_—
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The rotary actuat
over the disk “
conprlses a co
magnet
50. The other end of the actuator arm

The i sk drive incl udes a Thg 40 in which is mounted a rotary actuator
an associ at 44 an%aﬂ%drive nmeans 46 for rotating the disk 44.

uspensi on assenbly 48
uator 42 includes a vq |TH§Q§HE>F&E%§%M&M ch
rm\vab'1e wi thin the magnetic fieldjof a kR gerrm nt

8 assenbly 52. An actuaTor agg154 Is attach 0 the novabl e coi
is attached to the suspension

assenbly 48 which supports an air bearing slider 36 and its attached
read/ witestramsucaides afféyaing Ieclvdlerenshite adgaeentailo edtelid44toAs the
rotary actuator 42 sweeps the suspension assenbly 48

the center of the trailing edge.

6. The slider of claim 1, wherein the angled rail extends to

one side of the trailing edge.

7. The slider of claim 3, further comprising a leading edge

pocket formed between the cross rail and the leading edge.
8. The slider of claim 7, further comprising a third rail
portion exﬁending from the cross rail to the leading edge through-

the leading edge pocket.

9. The slider.of claim 2, wheréin at least one side rail is

angled with respect to the longitudinal axis of the slider.

10. The slider of cléim 2, wherein at least one side rail

.‘"extends from the leading edge to the trailing edge.

/////l/////////////?fi/’i““



acro'“ss the disk 44, the slider 36 experiences variations in both airflow
ditection and |inear velocity; causing an uneven distribution of air
pressure across the sllder air: bearing surface. In response.. slider 36
reacts to th ““ﬂmmm\u ml ons by rolling along its | pyierSHEETHAS BEEN Ve
66 of Fig. 3&‘ amount of roll observed ijp an h@pf[_&(;@) hi gh
per f or mance dr skt drlj vé havi ng a rotational disk speed o )
"trident" slider design. The horizont¥® axis 62 represents the radlal
position of the slider 36 in terms of increasing disk radius, and the
vertical 3Xisargpi8setcmslawiag of roll in nanoneters. Follomﬁng curve 66,
slider ro iIs itnitrally negative when the slider is noving fromthe inner
dianeter (ID) toward the outer dianeter (OD), thereafter becom ng
increasingly positive. Negative and positive roll may be understood by
referring to Fi §lider kedwehaydpgcesleading adog, é\NttfPl&lﬁ%r?‘F% ayd @hsk 44

and a I:)Orat | Ogeari;[lgr;]embzs:J ac%—:6 coﬁlp;:gsir%) resc?:rd%gdrAﬁ 3nd an angled rail

extending from the cross rail, wherein a first portion of the
cross rail disposed to one side of the angled rail has alﬁider
positive pressure region than a second portion of the cross rail
to the other side of the angled rail to reduce slider roll

variation under changing air skew conditions.

12. The slider of claim 11, wherein the slider body further
comprises first and second side edges, a leading edge and a
trailing edge, and wherein the ABS further comprises first and
second side rails adjacent to the first and side edges,

respectively, and connected by the cross rail.

13. The slider of claim 11, wherein the cross rail is disposed

.‘adjacent to the leading edge.

14. The slider of claim 11, wherein the angled rail extends from

the cross rail to the center of the trailing edge.

15. The slider of claim 11, wherein the angled rail extends from

the cross rail to one side of the trailing edge.

16. The slider of claim 11 further comprising a leading edge

pocket formed between the cross rail and the leading edge.

Tthhmﬂ
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slider first positioned at the ID or hub (slider 36), and then positioned
at. the OD or r|m(sI|der 36'). The side of the slider body nearest to the

hib is referred To its hub—side—106, and the side nearer és qutE
rimside 108. FHao f: the present specificat EHI agﬁA%B
defined by thel 'l mﬂm,ﬂﬂmﬂg R-H, V\/nere Ris the r|m5|deP1

hei ght -and H'is % he hub- 8i ht . Consequently when t he~
rimside 108 of slider 36 is Iovver than ts hub-side 106, R-H is negative

and the sldi.der is said to be experiencing negative roll. Conversely, when
the hub+ side 106 is lower, RHis p05|t|ve and the slider 36" is said to be
.experienci ng positive roII Three slider ABS conflgurations_ found _to reduce
roll in The slider of claim 16, further comprifing a third rail

portion extending from the cross rail to the leading edge through

the leading edge pocket.

_ . _ ,
18. .The slider_of'claim 12, wherein at least one side rail is

angled with respeét to the longitudinal axis of the slider.

19.° The slidef of claim 12, wherein at least one side rail

extends from the leading edge to the traiiing edge.

20. A method for shaping an air bearing surface of a slider -
having longitudinal and lateral axes, comprising the steps of:
forming a first rail angled with respect to the longitudinal

axis of the slider;

forming first and second rail portions extending generally
laterally and in opposite directions from the angled rail,
wherein one of said first and second rails has a wider portion
than the other to_reduce slider roll variation under changing air

skew conditions.

This Sheel Has Been Re lac ced
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ageo?dance with the present invention are shown in Figs. 4A-4C. Referring
$irst to Figur ; ' I's general ly rectangul ar_in _shape,

i ncluding a |eadi trailing edge 102, a h :
rimsi deg108. Fﬂiﬂmﬁ\@'&m‘mm drive with opposing sl FI'JE?%!E%&%AS?‘BE%@
shown in Fig. 1} ont 1 gurations of sone slider [
the patterns shown in Figs. 4A-4C’ 5A-5C and 6A-6C, as are the hub_and rim
sides. The slider of Fig 4A includes &pair of negative pressure pockets
131, 132 defined by side rails 133, 134, a cross rail 137, and an angl ed
rail 135. Zhe spmée methba 383c1d8d AX eRdréiPoHeheli @adindayedgecdd4 in the
direction of the trailing edge 102, and preferably include a | eading edge
taper (indfemprigdsy fizsthand)s¢ernd midevedgdsak e- béddjpey fedgrnase.a The angl ed
rail 135 prefﬁﬁﬁbly ext end froq}a non-central position on the cross rai

137 to t he*T3 4% §98Rq 309 LixEhe &OFPELS 178 &PPVRERRS (e forming first

and second side rails adjacent to the first and side edges,

respectively.
’ ]
22. The method of claim 21, wherein the first and second rail
' portions are formed to provide a cross rail connecting the first

and second side rails.

23. The method of claim 22, wherein the cross rail is formed

adjacent to the leading edge.

24. The method of claim 20, wherein the angled rail is formed to

extend to the center of the trailing edge.

25. The method of claim 20, wherein the angled rail is formed to

.'extend to one side of the trailing edge.

26. The method of claim 22 further comprising the step of

forming a leading edge pocket between the cross rail énd the

leading edge.

27. The method of claim 26, further comprising the step of
forming a third rail portion extending from the cross rail to the

leading edge through the leading edge pocket.




IgﬂthUQinaI axis 145 of the slider to conpensate for changes in air skew.
$¥ts trailing end portion may be centrally dispo wnin Fig. 4Ato

accomobdate a center-rail transducer configurati ogmmﬂr“ﬁﬂumm it may
tea

be disposed to one side of 10 the trailing end

side-rail transducer design. ABS shaping involvesiyetehiing | &sef abl ation
lon mlling, and/or other techniques which are generally known in“the art.
The angled rail 135 results in an asynm®®ric and bi ased ABS, since the
majority of the positive pressure surfaces reside on the hub-sjde half of
the surfat®, iThe mephe@eof cjhaigy 2dxi whensin phr LAY Oneheide nFailid Shegati ve

pressur e fegl on 133, £ SHRS\ A elbbobe" € crl Bond Had1HR1 Shilfs "1 e 131

and gener
slider.

29. The.method of claim 21, wherein at least one side rail is

) [
formed to extend from the leading edge to the trailing edge.
30. . A storage device comprising:

a movable storage media;

a slider support;ng a transducer, comprising a slider body
having longitudinal aﬁd lateral axes and an air bearing surface
(ABS) comprising a rail angled with respect to the longitudinal
axis, and first and second positive pressure rail portions
extendiﬂé in generally lateral and opposite directions from the
angled raii, the ﬁirst rail portion having a wider positive

_-pressure surface than the second portion to reduce slider roll

variation under changing air skew conditions;

an actuator subsystem for positioning the tramnsducer
relative to the storage medium for reading or writing information

thereon; and

electronics for enabling the transducer to read or write
information on the storage medium and for processing the

information read or written.

—_—
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greater force toward the disk 44. At the ID, these characteristics result
4n negative roll simlar to that shown in Fig. 3. But as the slider noves
toward the OD in a rotary actuator disk drive, the skew angl e increases and

the positive pressure along angled rail 135 dec% in
positive roll at the OD. The variation in roll between the S
referred to as a roll envel ope. A useful rreasure "lm IS the
di fference between roll neasured at thé%ID and r 5"% iﬁi he OD, or
(RRH)[err] -(RHTJ[err]. The present invention seeks td re e roll

envel ope by provi ding nore positive pressure at the OD to counteract |oss

of positi sure on the angled rail 135 w thout negatlvel y i npacting
per]l‘oor man%g ?’tenétPBagﬁc%%Y’cﬁ%d’ft Slegp 394 whppeds the shider dadu

i nvention g ve. varyi t hi cknesses to
achi eve t |£s rJcect r£§é+_{ %ﬁgsoer tsaln%%%g n 15%0%%%9%ea\/\28ﬂd’s’?%le 9§ 123 and
angl ed cr&Xsrailing edge, and wherein the slider ABS further comprises

first and second side rails adjacent to the first and side edges,

')
respectively.

32, The storage device of claim 31, wherein the first and second
rail portions of the slider comprise a cross rail connecting the

first and second side rails.

33. The storage device of claim 32, wherein the cross rail of

the slider is disposed adjacent to the leading edge.

34. The storage device of claim 30, wherein the angled rail of

the slider extends to the center of the trailing edge.

.-35. The storage device of claim 30, wherein the angled rail of

the slider extends to one side of the trailing edge.

36. The storage device of claim 32, further comprising a leading
edge pocket formed between the cross rail and the leading edge of

the. slider.

37. The storage device of claim 36, further comprising a third
rail portion extending from the cross rail to the leading edge of

the slider through the leading edge pocket.



rait 135, is wider than rimportion 139. For exanple, if the slider of Fig.
#4A i s a nanoslider having approxi mate dinensions of 2 mmlength X 1.5 mn
wi dth X 0.425 mmt hi ckness and an etch dept h of about 5 m crons, hub

portion, 138 is preferably on the order of 50 mc ider than the rim
portion 139. Fig. 4B shows the slider ABS of Fig.,4A nodified to include a
| eadi ng edge pocket 140. Leadi ng edgglpocket 140.u Uﬂnﬁ"ﬂﬁ ive
pressure generated in regions 131 and~132 by chan ﬂmuhese

regions for a flatter fly height profile. Again, the ub p8rtfon* 138 of
cross rail 137 is shaped to be wider than the rimportion 139. Finally, -

Fig. 4C showsrhes i3 gel dEwce4§f @tk i 84, [¥hdrRGNUEE PedlDrdn® @ghkecting
protrusion 143 extending fromt

rail of the slider is angled with respect to the longitudinal

axis of the slider.

[
39. The storage device of claim 31, wherein at least one side
rail of the slider extends from the leading edge to the trailing

edge.



cress rail 137 toward the |eading edge through |eading edge pocket 140.
Fhis protrusion 143 may be tapered and divi des pocket 140 into a pair of
cavities 141, 142. Its purpose is to reduce the volunme of debris collected
in the | eadi ng edge pocket 140. In addition, it prevents debris from
accunul ating at the slider's center, where it is nore.likely to becone
trapped under the transducer which is c??trally positioned at the trailing
end 102. For the slider of Fig. 4A, utiffzation of the present invention

resulted in a JRBEARBNOVSIBHR WITHOFFSET CROSIINORS TOREDRIGE RA1EL 9t
i ncreased by 4.5 nmand the OD fly height decreased by 1 nm For a slider

with the ABSSTRAKIN of Fig. 4B, the roll envel ope was reduced by 4 nm
while the ID fly height was increased by 3.5 nmand the OD fly hei ght was
decreased by 1.A nepative pressure air bearing surface (ABS) slider (36) carrying a transducer

in a storage device exhibits reduced variation in roll (66) when nioving across a storage
medium (44). In one embodirﬁent, the slider ABS has two negative pressure regions
(131, 132) defined by a pair of side rails (133, 134), a c_roés rail (137), and an angled
rail (135) extending from the cross rail and angled with respect to the longitudinal axis
of the slider. Roll variation is reduced (66) by shaping a portion of the cross rail to one
side of the angled rail such that it has a larger pbsitive pressure surface than the portion
of the cross rail to the other side of the angled rail. The larger surface compensates for
decrease in positive pressure on its side of the ABS attributable to increasing air skew
angle.

Fig. 4



12 Trident ABS configurations display nore variations in roll fromIDto OD

.thé@-traditional t apered designs due to the increase in tapered regions.

- Jhfs reduction in roll envel ope becomes particularly critical for such
desi.gns. The roll profile curve 68 of Fig. 3A was obtained froma
nanosl i der having an ABS design simlar to that of  Fig. 4C, but w thout the
proposed variation in crossbar 135 thickness. This design had an average |D
fly hei:ght of 62 nm an average OD fly 1y8i ght of 48 nm and was found to
produce a roll envelope of 18 nm In contrast, curve 66 corresponds to the
air bearing design of Fig. 4C inplenenting the teachings herein. This
desi gn showed "t he nost favorable results of the three configurations
illustrated in
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Figs. 4A-4C, having a roll envelope of 11 nmfor a significant decrease of .
7 mm The IDfly height in this instance was increased by 3.5 nm but was
not considered critical to data density requirenents. The OD fly hei ght

Tremai ned unchanged. However, the ID flying height nay optionally be
i ndependently .l owered wi thout affecting the inprovenent in roll envel ope,
e.g. by varying the dinensions of raidg 133, 134 and 135. Figs. 5A-5C and
6A- 6C show alternative enbodi nents of the sliders shown in Figs. 4A-4C For
exanple, Figs. S5A-5C illustrate ABS designs having one or both side rails
133, 134 angled in addition to angled rail 135. These configurations are

- useful if it is desirable to further increase fly height at the ID. Figs.
6A- 6C depict ABS designs having two full-length side rails 133, 134, or one
full length rail 133 and one shortened rail 134 (as indicated by the dashed
i ne 144. A shortened side

44

L— 40

FIG. 2



*CLAIMSI We claim 1. A slider conmprising: a slider body having a |eading
edge, a trailing edge, first and second side edges and a | ower surface; and
_an air bearing surface (ABS) formed on the |lower surface and including a
vcross rail, first and second side rails, and an angled rail, the angled
rail angled with respect to at | east one side edge of the slider body, the
first and second side rails and the angled rail extending fromthe cross
rail toward the trailing edge to define a negative pressure region, the

cross rail including a hub rail portion pd&8 tioned between the first side
rail and the angled rail and a rimrail portion positioned between the
second side rail and the angled rail, wherein the hub rail portion is w der

than the rimrail portion to reduce slider roll variation under changi ng
skew condi ti ons.

20
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2. The slider of claim1, wherein the angled rail extends froma

one-side rail

nonsxcentral |ocation of the cross rail. 3. The slider of claim1, wherein
the cross rail is disposed substantially adjacent to the |eading edge. 4.
The slider of claim1, wherein the angled rail extends approxinmately to the
center of the trailing edge. 5. The slider of. claim1, wherein the angled
rail extends to one side of the trailing edge. 6. The slider of claiml,
wherein the cross rail includes a | eadi ngi/8dge pocket formed substantially
~adj acent to the | eading edge. 7. The inderI E claim6, wherein at |east
one side rail is angled wth respect to at Iea% one side edge of the- -

slider body. 8. Thieg S
extends fromthe | eadir
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REPLACEMENT SHEET 1 5 9. The slider of claim1l, Werein the cross rai

i nchudes two | eadi ng edge pockets and a debris-deflecting portion, the two
1 eadi ng edge pockets positioned substantially adjacent to the |eading edge
8nd defining the debris-deflecting portion. 10. The slider of claim9,
wherein at |east one side rail is angled with respect to at |east one side
edge of the slider body. 11. The slider of5/8laim9, wherein at |east one
side rail extends fromthe | eading edge to the frailing edge. 12. The
slider of ctaim1, wherein at |east one side rghl extends fromthe | eading
edge to the trailing;gdge 13 A storage devicé gonprising a movable
storage nedia; a transd f—st ++qned to supporit the trfansducer,
the slider conprisinpi

1.2 t

RN | 132
0.8_ A 143 "‘-’102

0.6 |
0.4
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a slider body having a | eading edge, a trailing edge, first and second side
bearing surface (ABS) forned on the
| ower surface and including a cross rail, first and second side rails, ahd -
angled with respect to at
the first and second side rails and the angl ed

edgés and a | ower surface;

an angled rail,
edge of the slider body,
extending fromthe cross rai
the cross rail sy;icl uding a hub rai
and the angled rail
and the angled rail,

rail

negati ve pressure region,
positi oned between the first side rai
portion positioned between the second side ri@8l

the angl ed rai

and an air

| east one side

toward the trailing edge to define a

and a

portion

rimrai

wherein the hub rail portion is wider than tjie rimrail portion to reduce

sl i der

configured to positi
readi ng or writing.di

roll

vari atliofp_undet. changing
A8 [fansaducer

t he transducer to regas

processing the inﬁgr
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14. The storage device of cIa|n113 wherein the angled rail extends froma
nonicentral |ocation of the cross rail. 15. The storage device of claim13,
wherein the cross rail of4the slider is disposed substantially adjacent to
the | eadi ng edge. 16. The storage device of claim 13, wherein the angled
rail of the slider extends approximately to the center of the trailing
edge. 17. The storage device of claim7t8, wherein the angled rail of the.
slider extends to one side of the trailing edge. 18. The storage device of

claim 13, wherein the cross rail includes a | eading edge pocket forned
substantially adjacent to the | eading edge. 1908The storage device of claim
13, wherein the cross rail includes two Ieading edge pockets and a

debri s-defl ecti ng pdrl iform—tte—two—teadimg edge pockets pysitioned
substantial ly adj acent Nthe Teadi ng edge and definitng the
debris-deflecting pqrgi 20. The s34 age device ofLeHéAn113, wher ei n .at
| east one side rail of slider exftends :
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fromthe |l eading edde to the trailing edge. 21. An air bearing slider
conprising: a slider body having a | eading edge, a trailing edge, hub side
and rimside edges, and a |l ower surface conprising a positive pressure
region and a negative pressure region, the positive pressure region formed
by a cross rail, first and second side rails, and an angled rail positioned
between first and second side rails ad angled with respect to at |east one
side edge, the first and second side rails and the angled rail extending
fromthe cross rail toward the trailing edge and defining said negative
pressure region, wherein the positive prgggure region is greater at the hub
side half than the rimside half of the syider body to reduce slider rol
vari ati on unded.bc angi Ng_alrr__sKew conditions 22— Thg stiaderjof claim 21,

wherei n the negat )Ngssure region is larger At thp rimside half than
the hub side hMM:Qﬁ\ sl i der{3dody. REPLACEI\/EI 18HEET 0 1 ¢CT 1998
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17 :23. The slider of claim21l, wherein the cross rail is disposed adjacent
to the | eading edge. 24. The slider of claim21l, wherein the angled rai
extends fromthe cross rail to the center of the trailing edge. 25. The
slider of claim2l, wherein the angled rgll extends fromthe cross rail to
one side of the trailing edge. 17. Thé slider of claim 16, further
conprising a third rail portion extending fromthe cross rail to the

| eadi ng edge stidleraetl in bee dipediontit @I RRCiftthe opPositd Agrestiorti@rthe O Rolh ih2,
wherein at |east one side rail is
itself is undesirable, since it may cause catastrophic contact between the slider and the
recording medium. For side-element designs, large variations in roll make it difficult to
achieve a flat fly height profile across all radii of the disk. For center-element designs,
large variationé in roll reduce the minimum clearance between the slider and disk,
increasing the chance of catastrophic contact_.' | |

It is therefore apparent that the need exists for a negative pressure slider able to
maintain a relatively uniform flying height and a minimum variation in roll from ID to
OD in é storége device when exposed' to variations in air speed and direction by
providing an ABS with at least one angied rail and features to reduce roll variations
across the recording medium. ‘ |

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of fhe present_invention there is provided a slider body
having a leading edge, a trailing edge, first and second side edges and a lower surface;
‘and an air bearing surface (ABS) formed on the lower surface and including a cross rail,
first and second side réils,' and an angled rail, the angled rail angled with respect to at
least one side edge of the slider body, the first and second side rails and the angled rail
extending from the cross rail toward the trailing edge to define a negative pressure
region, the cross rail including a hub rail portion positioned between the first side rail
and the angled rail and a rim rail portion positioned between the second side rail and the
angled rail, wherein the hub rail portion is wider than the rim rail portion to reduce

slider roll variation under changing skew conditions. _

REPLACEMENT SREET
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angled with respect to the longitudinal axis of the slider. 19.: The slider
of claim12, wherein at |east one side rail extends fromthe | eading edge
to the trailing edge. 20. A nethod for shaping an air bearing surface of a
slider having longitudinal and |ateral axes, conprising the steps of:
formng a first rail angled with respectéto the longitudinal axis of the
slider; formng first and second rail portions extending generally

el o Lo BROR o Sk ! S Sl e or AL e

:SLl :_"dﬁr rlg_)lfilFYi\é% Eéﬁ%#ﬁﬁg;%%ﬁé@%a&gfa%g n%idga; %@a\ﬁs&%@ﬂigglﬁ@ positior.iedi tb%iubﬂ)clrti tii
the transducer, the slider comprising: a slider body having a leading edge, a trailing
edge, first and second side edges and a lower surface; and an air bearing surface (ABS)
formed on the lower surface and including a cross rail, first and second side rails, and an
angled rail, the angled rail angled with respect to at least one side edge of the slider
‘body, the first and second side rails and the angled rail extending from the cross rail
foward the trailing edge to define a negative pressure region, the cross rail including a
hub rail portion positioned between the first side rail and the angled rail and a rim rail
portion positioned between the second side rail and the angled rail, wherein the hub rail
portion is wider than the rim rail portion to reduce slider roll variation under changing
skew gonditions; an actuatof subsyétem configured to position the transducer relative to
the storage medium for reading or writing information thereon; and electronics operable
to enzlble the transducer to read or write information on the storagé medium and for
processing the information read or written.

Accdrding to still another aspect of the preéent invention there is provided an air
bearing slider comprising: a slider body having a leading edge, a trailing edge, hub side
and rim side edgés, and a lower surface comprising a positive pressure region and a
negative pressure region, the positive pressure region forméd by a cross rail, first and
second side rails, and an angled rail positioned between first and second side rails and
angled with respect to at least one side edge, the first and second side rails and the -

| angled rail .extending from the cross rail toward the trailing edge and defining said -
negative pressure region, wherein the positive pressure region is greater at the hub side
half than the rim side half of the slider body to reduce slider roll variation under

changirfg air skew conditions.
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18 21. The nethod of claim 20, wherein the slider body further conprises
first and second side edges, a |leading edge and a trailing edge, and
further conprising the steps of forming first and second side rails .
adjacent to the first and side edges, respectively. 22. The method of claim
21, wherein the first and second rail p6etions are forned to provide a
cross rail connecting the first and second side rails. 23. The nethod of

claim?22, wherein the c b 4 | wiNGg§e | eading edge.
tZﬁ The net h?d of clai mﬂvﬁgﬁgﬁﬁﬂgﬁﬁgﬁ%ﬁﬁ%‘ 'S (?(g;r med to ext e%d to

e center of &he t.rajl ed; { &l ' e
angled rail i s?ﬁ ?’o} rrlécaf{ ts %ﬂ%(at%gg@a%%ﬁloggas?lggdgggtﬁ’gwﬂ g?ﬁ%greglggﬁ@g%therhe
met hod of p?és@hﬁ?nggntfdﬁr;t her conprising the step of

Fig. 2 is a top view of a disk drive with a rotary actuator useful in practicing the
present invention;

Fig. 3A is a graph of the roll profile of a slider moving across a storage medium;

Fig. 3B illustrates a slid.er'experiencing roll;

Figs. 4A-4C are bottom plan views of air bearing slider configurations
implementing the present invention;

Figs. 5A-5C are alternative configurations of air bearing sliders implementing the
present invention; and ‘

Figs. 6A-6C are additional configurations of air bearing sliders implementing the
present invention.

DETAILED DESCRIPTION

With reference to Fig. 1, a schemati_c diagram of a magnetic recording disk drive
useful for practicing the present invention is illustrated. The system comprises a disk
spindle assembly 12 and a head actuator assembly 14. Spindie assembly 12 and head
actuator assembly 14 are located within a sealed housing 16 to prevent ﬁérticulate
contamination. Spindle a‘sserhbly 12 comprises a plurality of magnetic recording disks

20 which are mounted to a
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forn1ng a | eadi
27. The net hod
rail portion e
| eadi ng edge p
side rail is f

the slider. 29.

formed to exte
device conpris

i ng edge pocket betmeen the cross rail and the | eadi ng edge.
conprising the step of fornming a third

xt endi the cross rail to the |eading edge throdgh the

ocﬁgﬂ"mmn Uﬂ met hod of claim ZIm: N&‘tS]{@Et one

or ith redpect to the g .Luu. rrat of
The net hod of cI ai m 21, wherein at | e¢ast 05%034 ﬂﬁsra -I S

nd fromthe I'eadi ng edger%ijgg{ﬂe trailingle 5t br age

ing: a novable storage r s

We claim:

A slider comprising: .
a slider body having a leading edge, a trailing edge, first and second side edges

and a lower surface; and

‘an air bearing surface (ABS) formed on the lower surface and including a cross

2.

rail, first and second side rails, and an angled rail, the angled rail angled with
respect to at least one side edge of the slider body, the first and second side rails
and the aﬂgléd rail extending from the cross rail toward the trailing edge to define

a negative pressure region, the cross rail including a hub rail portion positioned
between the first side rail and the angled rail and a rim rail portion positioned
between the second side rail and the angled rail, wherein the hub rail portion is
wider than the rim rail portion to reduce slider roll variation under changing skew _
conditions.

The slider of claim 1, wherein the angled rail extends from a non-central location

of the cross rail.

3.  The slider of claim 1, wherein the cross rail is disposed substantially adjacént to
‘the leading edge.

4.  The slider of claim 1, wherein the angled rail extends approximately to the center
of the trailing edge.

5.  The slider of claim 1, wherein the angled rail extends to one side of the trailing
edge. |

6.  The slider of claim. 1, wherein the cross rail includes a leading edge pocket formed

substantially adjacent to the leading edge.

7.

The slider of claim 6, wherein at least one side rail is angled with respect to at

least one side edge of the slider body.

8.

The slider of claim 6, wherein at least one side rail extends from the leading edge

to the trailing edge.



a slider supporting a.transducer, conprising a slider REELAGBW SHEET

| ongi tudinal and | ateral axes and an air bearing surfage|(ABS) conpris{np a
rail angled with rﬁm“mlmnllﬂuﬂ ILI gi tudi nal axis, andifilr g 10CT ¥©98on(l

positive pressure ending in generally I teral and opppsite
directions fromthe*anyl éd Maif, the fingt rail portio '
positive pressure surface than the second portion to rgduce sI | der roll
vari ation under changing air skew conditions; an actuator subsystem for

posi tioni 9y t Adetslidersof claim f e Wheteim theeressaall drgtudss tyve deading @ﬂger@&hﬂﬁgnér
witing information thereon; and el ectronics for epablin sglp transdu er to

re?d or wei debrisrieflesting oROwIAN; HBe st deading FAgen RATHEMS oPO s SybsiAnty
| nfor mati Ogjaggr?tdtoo e Wad 1&11:ge<=age A Sef nqgge fe'BBris ﬁeﬁectmg portion.

10. The slider of claim 9, wherein at least one side rail is angled with respect to at

least one side edge of the slider body. |
11. The slider of claim 9, wherein at least one side rail extends from the leading ecige
to the trailing edge.
12. The slider of claim 1, wherein at least one side rail extends from the leading edge
to the trailing edge. |
13. A storage device comprising:
a movable storage media;
a transducer;
a slider positioned to support the transducer, the siider comprising:
é slider body having a leading edge, a trailing edge, ﬁrst'anli second side
edges and a lower surface; and
an air bearing surface (ABS) formed on the lower surface and including a
crosé rail, first and second side rails, and an angled rail, the angled rail
angled with respect to at least one side edge of the slider body, the first and
second side rails and the angled rail extending from the cross rail toward the
trailing edge to define a negative pressure region, the cross rail including a
hub - rail portion positioned between the first side rail and the angled rail and
a rim rail portion positioned between the second side rail and the angled rail, -
‘wherein the hub rail portioﬁ is wider than the rim rail portion to reduce slider
roll variation under changing skew conditions;
an actuator subsystem configured to position the transducer relative to the storage
medium for reading or writing 'informatidn thereon; and
electronics operable to enable the transducer to read or write information on the

storage medium and for processing the information read or written.



20 31. The storage device of claim 30, wherein the slider body further
conprises first and second side edges, a |eading edge—and—=atrartitng edge,
and wherein the slider ABS further conprises first ' ails
adjacent to the first "and side edges, respectively. @ﬂlﬂﬁﬁ$ﬂuéﬁﬂf§g devi ce
of claim 31, wherein the first and second rail porti@nScort sl 1 der
conprise a cross rail connecting the first and second side rails. 33. The
storage device of claim 32, wherein the cross rail of the slider is

di sposed dd; addststerage device guelaim ddgwherzin thepagled gpil gatends, frem »porcantl3o,

wherein the a.ngl g%ail of. the slider extends to the center of the trailing
edge. 9¢atiod of thierofttAile of cl aim 30, wherein the angled rail of

15. The storage device of claim 13, wherein the cross rail of the slider is disposed

substantially adjacent to the léaQing edge.
16. The storage device of claim 13, wherein the angled rail of the slider extends
approximately to the center of the trailing edge. |
17. The storage device of claim 13, wherein the angled rail of the. slider extends to one
side of the trailing edge. |
18. The storage device of claim 13, wherein the cross rail includes a- leading edge
pocket formed substantially adjacent to the leading edge.
19. The storage device of claim 13, wherein the cross rail includes two leading edge
pockets and a debris-deflecting portion, the two leading edge pockets positioned -
substantially adjacent to the leading edge and defining the debris-deﬂecﬁng portion.
20. The storage device of claim 13, wherein at least one side rail of the slider extends
from the leading edge to the trailing edge.
21, Anair bearing slider comprising:
a slider body having a leading edge, a trailing edge, hub side and rim side edges,
and a lower surface comprising a positive pressure region and a negative pressure
region, the positive preésure region formed by a cross rail, first and second side
-rails, and an angled rail positioned between first and second side rails and angled
with respect to at least one side edge, the first and second side rails and the angled
--rail extending from the cross rail toward the trailing edge aﬁd defining said -
negative pressure region, wherein the positive pressure region is greater at the hub
side half than the rim side half of the slider body to reduce slider roll variation
under changing air skew conditions. |

22. The slider of claim 21, wherein the neg'ative pressure region is larger at the rim

side half than the hub side half of the slider body.
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the slider extends to one side of the trailing edge.ww ce
of claim32, further conprising a | eading edge pocket formed be e
cross rail and the | eading edge of the slider. 37. T?ﬂm! i of
claim36, further conprising a third rail portion ex ﬂ"ﬂmﬂﬁﬂntggcr 0SS
rail to the |eading edge of the slider thfough the |eadi hg edge o

38. The storage device of claim3l, wherein at |east one side rail of the

St oS AR A AR S S BACE e B

sl i der extgdé@_s fromthe | eading edge to the trailing edge.

24. The slider of claim 21, wherein the angled rail extends from the cross rail to the
center of the trailing edge. |
25. The slider of claim 21, wherein the angled rail éxtends from the cross rail to one

side of the trailing edge.
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~AIR BEARING SLIDER WITH OFESET CROSSBARS TO REDUCE ROLL

ABSTRACT _ )
A negative pressure air bearing surface (ABS) sl@der (36) carrying- a transducer
in a storage device exhibits reduced variation in roll (66) when moving across a storage
medium (44). In one embodiment, the slider ABS has two negative pressure regions
(131, 132) defined by a pair of side rails (133, 134), a cross rail (137), and an angled
rail (135) extendigg from the cross rail and angled with respect_'_to the longitudinal axis
B of the slider. Roll variation is reduced (66) by _shaping a porﬁoh of the cross rail to one
side of the angled rail such that it has a larger positive préssufe surface than the portion
of the cross rail to the other side of the angled rail. 'i‘he larger _shrface compensates for
decrease in positivé préssure on its side of the ABS attributable to i_ncreasing air skew
angle. o . _
Fig. 4 | . REPLACEMENT SHEET
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