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generally to air bearing sliders for .use with recording nedia -and, nw)f' lop
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rell, skew, and crown of the sltder. BACK ND Conventi onal magnetic disk
drives are informati on storage devices which utilize at |east one rotatable
magnetic nedia disk wth concentric data tracks, a_read/wite transducer
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and reliably read. Because the recording den5|ty of a magnetic disk drive
is limted by the distance between the tgxepéghaRs’ and the magnetic nedia, a

Convantional magnetic disk drives are information storage devices
which utilize st least one rotatable magnetic media disk with concentric
data tracks, a resd/writs transducer for reading and writing data on the
various tracks, an air bearing slider for holding the transducer adjacent
to the track generally in a flying mode above the media, a suspension for
resiliently holding the slider and the transducar over ths data tracks,
and a positioning actuator connected 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.

In magnetlc recording techmology, it is continually desired to
improve the araal dengity at which information can bes recorded and
zeliably read. BPecause the recording density of a magnetic disk drive is
limited by the distance be.t'ween the transducer and the magnetic media, a
goal of air bearing slider design is to "£ly" & slider as closely as
possible to a magnetic medium while avoiding physical impact with the
maedium. Smaller spacings, or "fly heighta', are desired so that the
transducer can distinguish between the magnetic fields emanating from
closely spaced regions on the disk.

In addition to achieving s small average spacing between the disk
and the tranaducer, it ls essential that a slider fly at a relatively
constant height despite the large variety of conditions it experiences
during the normal operation of a disk drive. - If the flying height is not
censtant, the data transfer between the transducer and the recording
medium may be adversely affected. It is alsc egsential that variations
in the physical characteristics of the glider, due to manufacturing
tolerances, not substantially alter the flying height of the slider. If
this result is not achieved, the glidei's nominal fly height must be
_:I.ncreased to compensate for variations between sliders.



gpal of air bearing slider designis to "fly" a slider as closely as
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there is a tendency for sliders to f£fly higher at the outer diameter of
the disk. Disk drives and sliders must ba dasignad to minimize this

_affect.

A slider also experiences changes in flying height dues to
variations in skew. B8kew is a meéasures of the angle formed between the
longitudinal axis of the slider and the direction of disk rotation as
measured in a plane paralle]l to the disk. BSkew varies in a rotary
actuater disk drive as the suspension and attached slider move in an
arcuate path acrogs tha disk. Skaw also varies, to a lesser degree, in a
linsar actuator digk drive when & resiliently mounted slider moves in
response to forces exerted upon it. In addition, skew is a concern dus
to manufacturing tolerancex that may cause a slider to be mounted with a-
permanent, non-zero skew. For sliders mounted to either type of
actuator, non-zero skew values result in a slider being pressurized at a
reduced value and therefore flying lower. For this reason, it is
important that a slider be relatively insensitive to variations in akew.

A slider also experimnces fly height variations due to roll. For a
slider with zero skev relative to disk rotatien, roll is a measure of the
angle formed bstween thz surface of the disk and a plane holding the
longitudinal and latitudinal sxes of the slider, Variations in roll
occur when a regilisntly mountad slider experiences a skewed air flow or
the actuator experiences a crash stop impact. Insensitivity to roll
variations is a cruclal requirement of air bearing gliders.

Variations in the crowm of & slider can also lead to variations in
£ly height. Crown is u maasure of the concave or convex bending of the
slider along its longitudinal axis. Crown develops in sliders because of
Burface stresses that arise during the fabrication and suspension bonding
processas. 7These gtregses sra not well controlled and tharefore lead to
s)iders with relatively large varistions in zrown. Also, an individual
slider can experience veriations in its crown dus to temperature



An exanpl e of a paraneter that can vary during normal operation of a disk
drive is the radial position of a slider with respect to the rotating disk.
The flying height of a slider is affected as the actuator amis noved |
radially to access different data tracks. ThBs i-s due to differences in the
I“i near velocity of the disk at differing radii. In effect, the air bearing
slider flies at different speeds at differi'ng radii. Because a slider
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Finally, a slider experiences varying conditions during the high
speed radial movement of the actuator as it accesses data on various
portions of the disk. Righ spesd movement across the disk can lead to
large values of slider roll and skew.and a resultant variation in £ly
height. This is yet another reason that a slider must be insensitive to

changes in roll and skew.

When any of the above described variatiens in fly height occur.

they may result in contact between the slider and the rapidly rotating

' recording medium. Any such contact leads to wear ef the slider and the--
recording surface and is potentially catastrophic. Prior art slider
designs have attempted to avoid this problem by addressing one or more of
above described sensitivities, so as to produce a slider with uniferm
£lying height under the varying conditions that may be experiesnced by the
slider.

For ekampie, U.S. Patent 4,894,740 to Chhabra at al. addreseces the
problem of rell semsitivity by placing a transducing element on the
center rail of a three rail slider. This solution, while effective, has
the disadvantage of moving the transducing element away from the edge of
the slider. Therefore, because a slider only flies correctly when it is
more than & certain minimum distance from the outer edge of a retating
disk, thogse areas of the disk from the center of the slider to the edge
of the slider cannot be used. This can result in & loss of 2 to 4% of
the usable atorage capabllity of the disk.

Another approach is disclosed in U.S. Patent 4,870,51% to White.
White addresses the problem of roll and gkew sensitivity by attempting to
design a slider that is subjected to very little roll under varying skew
conditions. The soclution proposed by White requires a well-controlled
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Rer mape on-zero skew. For sliders mounted to either type of actuator,

non- zey esult in a slider being pressurized at a reduced
val ue u flying |lower. For thiss reason, Liis—Tmoniapetkifat a-
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substant:laliy add to tha difficulty of manufacturing tha slider.

DISCLOSURE OF THE INVENTION

Accordingly the present invention provides an air bearing slider
for supporting a transducer comprising: a slider body having a leading
edge, a trailing edge, and at least two rails disposed thereon, the at
least two rails comprising: a f£irst rail extending from the leading edge
to the trailing edgs and adapted for receiving a transducer; and a second
rail extending from the leading edge toward the trailing edge proximate
to a longitudinal edge of the slider body and having a recessed area of
raduced load bearing capability at the trailing edge.

_ The présent invention is directad to en air bearing slider that
satisfies this need by reducing the length of one side rail while biasing
the roll and pitech of the slider to ensure that the rail carrying the
transducing element remaing the lowest.rail. Reducing the length of the
rail is characterized ez removing a portion of the rail or recessing a
portion of the rail from the original rail plane. In one embodiment, the
invention =omprisei an alr bearing slider having a pair of substantially
coplanar side rails disposed along the sides of the air bearing surface
so as to form a recessed section between the side rails. The racessed
section ic open at both the leading and trailing ends of the slider. In
addition, each side rail has a taspersd section or etched atep at the
. leading edge of ths slider. One rail carries the transducer and is

referred to as the active rail. The active rail extends for the entire
length of the slider body frem the leading edge to the trailing edge.
The rail without a transducer is referred to us the inactive rail and
extends from the leading edge toward the trailing edge, but doess not
extend all the wey to ths trailing edge. Under gome skew, accessing, and

" erash stop impact conditions, the resulting slider roll causes the flying



3:variations that occur during the nornal operation of a recording disk
drive. For these reasons, it is inportant that the flying height of a
slider not vary substantlally as ‘a result(ﬁsvarlatlons in crown.
Furthernore, a slider with a non-zero crown is th& equivalent of a flat
slider fIying over a di sk having small anplitude | ong wavel engt h
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skew. When any 0 above variations I n X ig occur,
shortened rail and biued roll provide reduced as sitivity to variatiens

in erown and skew.

In a second embodiment, the slider has a continuously tapered
cross-rail or etched step along the entire front adge thereof and a pair
of side rails. The area betwean ths two rails is recessed to provide a
ragion of subambient or negative pressure. Aas in the first embodiment,
the inactiva rail is shortened to provide roll, crown, and skew
innnsit:lvity. . :

In a third and fourth embodiment, & channel is formed near the
trailing end of the active rail of ‘the first and second embodiments
respectively. By combining a short inactive rail with & channel in the
active rail, low flying heights at low gram loads can be achieved with
the inactive rail aléays flying higher than the active rail.

This invention thus provides. an air bearing slider with reduced
nns.‘!.t.tvitr to variations in roll, skew, and crown while maintaining a
uniform £lying height above a recording disk.

BRIBY DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with
rafersnce to the accompanying drawings, in which: '

Fig. 1 is a schematic dlagram of 2 disk drive system useful for
pnc:icing the present :anentiem

Fig. 2 1s a top view of a magnetic recording mechanism with a
rotary actuator useful in practicing the préae_nt invention;

‘Fig. 3A is a bottom plan view of an air bearing slider embedying
the present igvention; -

Fig. 3B is a sids plan view of the air bearing slider of FIG. 3A:

¥ig. 3C is a gide plan view of another embodiment of the air
besaring slider of Fig. 3A haviag an etchsd step at the laading adge;



they may result in contact between the slider and the rapidly rotating
recordi ng nmedium Any such contact |eads to wear of the slider and the
recording surface and is potentially catastrgphic. Prior art slider designs
have attenpted to avoid this problem by addressing one or nore of above
described sensitivities, so as to produce a slider with uniformflying
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. Fig. S is a groph illustrating the relationship between flying

height and radial disk pesitien for the embodiment of the invention

{1lustrated in Fig. 8.

DETAILZD DESCRIPTICN

wWith reference to FIG. 1, a schematic diagram of a magnetic
vecording disk ‘drive useful for practicing the present invention is
illustrated and is designated by the qéneral referance nurber 10. System
10 comprizes a disk spindle assembly 12 and a head actuator assembly 14.
Spindle assembly 12 and head actuator assembly 14 are located within a
gsealed housing 16 to prevent particulate contamination. Spindle assembly
12 comprises a plurality of magnetie recording disks 20 which are mounted
to a spindle 22. sSpindle 22 is rotated by an in-hub electrical motor
which is not illustrated. Head actuator assembly 14 comprises a voice
coil moter 30 which meves an actuator arm zssembly 32 relative to the
disks 20. Assembly 32 has a plurality of ectuator arms 34, each of which
is yo-s:!.tioned in a space betwasn two. adjacent disks 20. Each actuamtor arm
34 has a pair of air bearing sliders 36 adapted for carrying read/write
transducers adjacexit 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 dirk positioned below the actuator arm 324.

In operation, spindle 22 is rotated by the in-hub motor and motor
30 moves 'the actuator arms 34 betweon the disks 20 to the desired track
location. One of the read/write transducers attached to sliders 35 then
reads or writes data on the desired track.

Refarring nov to FIG. 2, a data recording disk drive uzeful for
practicing the prasent invention is illustratad. The disk drive includes



conditions. The solution proposed by Wiite requires a well-controlled 4
contour to be placed al ong correspondi ng edges of a slider's side rails.
These contours can present manufacturing dif§iculties because they require-
a~controlled etch depth in addition #o the traditional process us&d to
create the recess between the rails. For the foregoing reasons. there is a
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defined by a fiendtof/théametuatonidrp $hile astenhesedo a '“'Pm‘i"n assenbly 48 which
holds an air bearing slider and its attached read/vrite transducer in a

£lying rslationship adjacent to disk 44.

With reference to Figs. 3A, 3B and 3C, the air bearing surface of a
magnetic head slider 60, made in accordance with the present invention,
is formed with two side rails 62 and 64. The inner sides of the two
rails border a recessed section 68 that is formed by etching, laser
ablation, ion milling, or other techniques as are knewn in the art. The
recessed section 68 extsnds from the leading edge 70 to the trailing edge
72. Transducer 74 is bonded to or integrally formed at the trailing edge
of the active rall é4. Ths side rails 62 and 64 each have a tapered
section 66, {llustrated in Fig. 3B, at the leading edge 70.
Altarnatively, section 66 cowld be an etched step, as illustrated in Fig.
36; formed by one of the technigues applicable to recessed ssction 68.

In genaral, etched steps ars the functional equivalent of tapered
sections for all embodiments of the present inventioen.

The active rail 64 extends from the tapered saction 66 to the
trailing e@ge 72 of the slider 60. The jinactive rail 62 extends from the
tapered section 66 toward the trailing edge 72 but does not extend the
entire length of the slider 60,

The inactive rail 62 is illustrated as having a rectangular
termination edge 63 but this is not a reguirement of the present
invention. Termination eége €3 may be slanted with respect to the
longitudinkl axis of the slider; may have a slight radius as a result of
machining cperations; or may have other shapes without seriously
affecting the performance of the pregent invention. Similarly, the width
of rail 62 is illustrated as being idsntical to inactive rail 64 but, for
many applications, would be wider so as to provide a 1ift roughly
equivalent to that of the full length n_il 64.



rail including a cross rail extending along a first portion of said |eading.
edge, and.first and second leg rails extending fromsaid cross rail in the
direction of said trailing edge, said first leg rail having a recessed area
of reduced | oad bearing capability at said trailing edge; a second negative
pressure pocket defined by a second U-shaped rail_includi (n,gh&Fcrgss rail
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the rail fromthe original rail plane. In one enbodi nent, the invention
The length and width of inactive rail 62 is determined by trading

off several parameters, ths three most important of which are flying
height variation, crown sensitivity, and roll bias. For example, as will
be ezplained in further detail below, if the rail 62 is shortened, the
sensitivity of tha slider 60 to crown variations is reduced while the
roll bias of the slidar 60 is incressed. If the roll bias bacomes too
large, one of the rails may impact the disk. For most applications, the
inactive rail 62 would have a length greater than 30% and less than 97%
of the slider &0 body length. Howsvér, as vould be apparsnt to one
skilled in the art, sliders with an inactive rail length greater than 97%
would still provide, to a lesser extent, the advantages of ths present
inventien. Similarly, insctive rail lengths under 30% may be preferred
for certain applicat:lens and would fall within the scope of ths present
inventien.

It ghould be noted that because all the edges of the present
enbodiment are linear, the slider 60 of Fig. 3A can be manufactured using
low cost machining operations without the need for expensive
photalithogrophic or etehing steps. Thiz can be a major advantage when
low cost is a primary dweign geal.

In operation, slider 60 iz held adjacent to a rotating disk by a
resilient suspension assembly. Air flowing beneath the rails 62 and &4
and recessed section 68 forms & hydrodynamic air bearing that causea the
slider 60 to lift-off from the disk surface. The leading edge 70 of the
slider 60 flies farther from the disk then trailing edge 72, resulting in
the alidar 60 flying at a pitch _angl'a with respect to the surface of the
disk. - :

The configuration of the sllder 60 results in a much flatter fly
height profile than a prier art slider of similar size and shape having



conprises an air bearing slider having a pair of substantially coplanar
side rails disposed along the sides of the air bearing surface so as to
forma recessed section between the side rails. The recessed section is
open at both the leading and trailing ehds of the slider. In addition, each
side rai}l has a tapered section or etched sPep at the |eading edge of the
slider. One rail carries the transducer and.is referred to as the active
rail. The active rail extends for the entire length of the slider body from
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addi tion, the can be seen from the graph, the slider odying the presen ntion
has a much smallar variatien in £ly height when compared to an equivalent
slider having full length rails. It should be noted that the variations
in fly height indicated in Fig., 4 are dua not just to variations in the
velecity of the disk but also to variations in skew as the rotary

actuator moves the slider across a 3.5 inch disk,

The previously described embodiment of the invention has many
advantages in addition to its reduced sensitivity to skew and radial
position.. One such advantage is the reduced semsitivity of the present
invention to variations in the crown of the slider. As mentioned above,
manufacturing tolerances lead to relatively large variations in slider
erovn. A key advantage of the present invention is the relatively small
effect that such variations have on the flying haight of the slider.
This can be understood by examining the variations in fly height between
a slider hav:l..nq full length rails and a slider made in sccordance with
the present invention. Assuming both sliders have & crown that changes
such that the leading edge 70 and the trailing edge 72 move toward the
disk, the glider with full length rails expsriences a decrease in
pressure under each rail snd therefore, flies lower. The present
invention lessens this effect in the following manner. Because the
surface area under the inactive rail 62 is reduced, the effect of any
crown variation is heightened and the rail 62 experiences a greater
reduction in the lifting force generated by the rail. This causes the
glider 60 to roll such that the active rail 64 rolls upward. This effect
partially compensates for the prassure drop under active rail 64 caused
by the crown and results in transducer 74 experiencing a much smaller
change in fly height. The fact that inactive rail 62 experiences a

. larger drop than it might otherwise is not a concern. Because the slider
flies at a pitch angle and the rail 62 is shortened, the portion of
slider 60 closest to the disk continues to be the area near transducer
74.



shortened rail and biased roll provide reduced sensitivity to variations in
crown and skew. In a second. enbodi nent, the slider. has a continuously
tapered cross-rail or etched step along the(qglre front edge thereof and‘a
pair of side rails. The area between the twe Tails is recessed to provide a
regi on of subanbient or negative pressure. As in the first enbodi nent, the

I nactive rail is shortened to provide roll, crown eW|nse Ity.
1n a third and fourthnetmmm%‘?a"%ﬁamﬁ"?%t Wﬁgﬂh?& \§i:H t?%"H‘%g cad
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the slider that tends to give it a large roll. Because of the above
degcribed insensitivity of the present invention to changes in roll or
skew, the flying height' of the slider 60 experiences much less of a drop
in flying height as compared to a full length rail slider. Computer
simulations indicate that the slider of Fig. 3A would experience a drop
of 16 mm in moving from the immer diameter (ID) to the outer diameter
(oD) of the disk at 1.5 meters/sec. 2 gimilar slider having two full-
length rails would experience a drop of 26 nm during the same data access
movement. :

With reference to Pig. 5, a negative pressure straight rail air
bearing is illustrated embodying the present ‘{nvention. The -slider 60 is
formed with two side rails 62 and 64. In addition, a tapered cross rail
65 extends across the entire width of the slider 60. Alternatively,
cross rail 65 could have an etched step, similar to the one illustrated
in ¥ig. 3C, formed by cne of the technigues applicable to recessed
section 68. The cross vail 65 and the inner sides of the two rails 62

- and 64 border on a vecassed section 68 that is formed by etching, laser
ablation, ion milling or other technigues as are known in the art. In
operation, the recessed section 68 forms a packet of subambient or
neg.-tivc pressure which rsduces the requirement of high static loading on
the slider. Unlike the recessed section of the previous embodiment, the
depth of the recessed sectien 83 of the present embodiment must be of &
controlled depth, typically several micrens, to achisve the proper £lying
characteristics. As in the positive pressure embodiment, a transducer 74
is bonded to or integrally formed at the trailing edge, of the active rail
64. The active rail 64 extends from the cross rail 65 to the trailing
'cdga 72 of the slider 50, The inactive rail 62 extends from the tapered
section 66 toward the trailing edge 72 but does not extend the entire
length of the slider 60. ' :

The configuration of the slider 60 of Fig. 5 results in a much
flatter £ly height profile than a prior art slider of identical gize and



Ftg. 1 is a schematic diagramof a disk drive systemuseful for practicing
the present invention, Fig. 2 is a top view of a magnetic recording
mechanismwith a rotary actuator useful in Rpacticing the present
invention, Fig. 3Ais a bottomplan visew of an air bearing slider enbodyi ng
the present invention; Fig. 3B is a side plan view of the a|r beari ng
slider of FIG 3A; Fig. 3Cis a side plan view of  another odi nent of the

air bearing sl sbape blViﬂﬂgtm%Waﬂil{'théB adaipion, t 88 edger

6 gl gI g i i a ﬁi!&nﬂ la¥ovd almq;lghe:rt‘d ths Gﬂbbdipebbtﬂﬂemr lsy apglpet;cglhhe and
radial di sk posi e i illustrated in
Fig, 3A Fi gp L} %%@'?b%\ otiEa kGt

a negative pressure air bearing
sl i der enbodyi ng the present inventions Fig. 6 is a bottom plan view of the
slider of Fig. 3A wifaddition to the benefits of the embodiment illustrated in Fig.

SA, the negative pressure embodiment of Fig. 5 allows the slider 60 to be
used with a lower static load. Lowsr static loads are desirable because
they lassen the likelihood of disk wear-or damage during the sliding
contact that occurs when disk rotation is initiated. In addition, lower
static loads reduce the stiction forces between the slider and the media
at zero velocity. ovarceminé these forces can wear or damage the disk

and the glider assembly.

With reference to Fig. 6, ancther embodiment of the present
invention, similar to thst of Fig. 3A, is illustrated. The embodiment of
Fig. 6 is identical to that of Fig. 3A with the addition of a channel 80
in the active rail 64. For manufacturing ease, the leading edge 81 of
channal 80 may be aligned with the termination edge 63 of the inactive
rail 62 so that channel 80 and rall 62 may be machined in the same
cperation. In addition to the benefits of the embodiment illustrated in
Fig. 3A, the channel 80 allows the slider 60 to be used with a lover
static load. Lower static loads are desirable for the reasons discussed
above with respect to the negative pressure embodiment of Fig. 5.
Although depicted on a single embodiment, the channel 80 could be
beneficially applied to all other embodiments of the present inventien.

It should bs noted that while channel B0 provides another degree of
design flaxibility, it decreases the stiffness of the air bearing that is
Zormed between the slider 60 and the disk. For this reason, the channel .
80 would typically be used on slider air bearing surfaces formed by
machining proéuscs. 1f the air bearing surface is formed by patterning
techniques, such as photolithography, the advantsges of slot 80 can be’
achieved by other means without sacrificing air bearing stiffness.

With reference to Fig. 7, a positi.ve prassure alr bearing slider is
illustrated. The embodiment of Fig. 7 is similar to that of Fig. 33 with
the addition of shaping near the leading edge of each reil and the
trailing end of the active rajl 64. The shaping takes the form of flared
sections 91, 92 and 93. Patterning processes, such ae photolithography,
are required to shape the rails in this manner. Shaping of the rails



channel passing through the active rail; Fig. 7 is an enbodi nent of ‘the

i nvention having shaped rails; Fig. 8 i's a bottomplan view of a preferred
enbodi ment of the invention haV|ng t wo negatlvs pressure regions and shaped
kails, apd Fig. 9 is a graph ilJustrating thel el ati onshi p between flying
hei ght and radi al disk position for the enbodi nent of the invention
illusfrated in Fig. 8. DETAILED DESCRI PTION Wth reference to FIG a
schermatic di agr ajpevides sadRtatal Frodbility & Shepiider fesign- { BeF ﬁ‘F&'l'RJl‘cl thy
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With refarenca to Fig. 8, a preferred embodiment of the present
invention is illustrated. The glider 60 is formed with two side rails e2
and 64. The side rails 62 and 64 each have a tapered section, 66A and
668 respectively, at the leading edge 70. The tapered sections 66A and
668 and the inner gides of the two rails 62 and 64 border on recessed
sections 683 'and 668 -which are formed by etching, ion milling or other
techniques. In operatisn, the recessed sections 68A and 68H form two
pockets of nagative pressure which reduce the requirement of high static
loading on the slider 60. A channel 94 pasges between two sub-rails, S7A
and 97B, that extend from the taperad sections 663 and 66B respectively
toward the trailing 'c'dge 72. A transducer 74 is bonded to or integrally
formed on the trailing edge of the active rail 64. The inactive rail 62
sxtends from the tapered section 66A toward the trailing edge 72, but
does not extend the entire length of the slider 60. The active rail 64
extends from the tapered section 66B to the trailing edge 72 of the
slider 60. .

The Eollowizig dinensions for the elements of slider 60 are
illustrative only and not meant to limit the scope of the present
invention. The glider 60 has a width of 1.5 mm, a length of 2.045 mm, &
rail width of .221 mm for the active rail 64, and a rail width of .311
for the insctiva roil 62. The tapsred settions 66A and 66B extend .320
mm in Erom the leading adge 70 and the inactive rail 62 has a length of
1.7 nm. The sub-reils 974 and 97B begin .470 mn from leading edge 70,
have a length of .530 mn and a width of .1 mm. Finally, the flare 96 on
the trailing end of active vail 64 begins 1.2 mm from the leading edge 70
and sxtends for .3mm before reaching a width of .5 mm. 2s is known in
the art, all of the preceding dimensions can be varied to meet an array
of dezign requ:.remmts without deplrt:lng from the scape of the present
invention.



I s: positioned in a space between two adjacent disks 20. Each actuator arm
34 has a pair of air bearing sliders 36 adapted for carrying read/wite
transducers adjacent to the disks 20. One reg¥ wite transducer flies
adj acent to the disk positioned above the actuator arm 34 and the ot her
flies adjacent to the disk positioned bel ow the actuator arm 34. In

operation, spindle 22/i = Y, ep i N,h ? the
act'uator arns 34 bet éﬁeﬂ#ﬂ@%ﬁgé #t% ﬂgﬁe e"glp'trlée)érﬁ]% %E:’glfﬁgn e ’ of
the read/wite thapsefersed embodintg isoasymmgtric with Aanctine eald, 62 bping vider,
an the desired thaglpctftalf eii1 64, nmj fofd w,eoapamm FoP thaNGecteskedlr i Ve

useful for pI’aCtI(gt# t he %ﬁﬁ z%,g.v ntlonaéé-if °?Eﬂeaé'§ﬁ%ﬁi£ Lé. é;%drlmf.

i ncl udes
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magnet assenbl yused en the opposite side of a magnet:;c disk.

The configuration of the p].ider 60 results in a much flatter
£ly height profile than a slidar of similar gize and shape having two
full length rails. This is illustrated in Fig. 9 which displays the
results of a computar simulation similer to that used to generate Fig. 4.
Fig. 9 illustrates -the effect en slider fly height of relative disk
velocity and actuator skew. 4s can be ssen from the graph, the glider
embodying the present invention has a much smaller variation in fly
height when conpared to a’'similar slider having a full length inactive

rall.

_ Although tha pregent inventicn has haen dascribed in considerable
detall with reference to certain preferred versions therscsf, other
versions are possible. For example, although the invention has been
deacribed in the context of sliders having leading edge compression
features, such as tapered sections or etched steps, the advantagas of the .
present invention apply to sliders not having these features. Similarly,
although the inactive rail of the preferred embodiments is illustrated as
being completely removed from the trailing end of the slider, the
benefits of the present invention could also be achiaved by ximply
recessing the trailing end of the inactive rail so as to reduce the
pressurization at that point and leusen the likelihood of impact with the
.disk, :



52. An actuator arm54 is attached to the novable coil 50. The other end of
the actuator arm54 is attached to a suspensi on assenbly 48 whi ch hol ds an

air bearing slider and its lattached read/ wi t t r ansdyse+—
tel ations isk 44. Wth referehce to Fi %IS%EEEM%E%
the air Hmlmmllmwwuﬂm a magnetic head slider 60, |made REPLACED: danc&
with the presenttimerdtion, is formed with gpagmsi de rdirts—o62-and 64. The
i nner” sides of the two rails border a recessed section 68 that is fornmed by
etching, laser ablation, ion mlling, or other techniques.as are known in
the art. The reqesseﬂnsﬂmhmiﬁ@ siidemn der fauppontiing | & suansguerr) sonprisdng he
trailing edge 72. Transducer 74 is bonded to or integrally fornmed at the
trailing edge of the active rail 64. The sjde rails ac a
tapered section 66, il skiderhody having 8 1 %%m‘ﬁteqagﬁe géﬁ‘ﬁﬁﬁm?gg 7%’ 8¢ Talat
Alternatively, pgtyadlls Gflsposdditinem,. ehcradluﬂptwta;ﬂil! sRgi n Fig.
3C, formed by one of the te@??ﬁ?@? +’ Qhé %?Eﬁ@de&ﬁib%ﬁgrailﬂng
i ona e ta or

“general, etched steps are® va ent 0 ed sections f
al| enbodi ments of t ledgprandcadapted, fox iremed 6’&&’? oA ext ends from
the tapered section 66 to gt géohd ekl rektesding/fron’ theddesdingcedgdOtowtird the

I nactive rail 62 ext %&&ro%*&mto to a longitudinal edge of the slider body
and having a racessed area of reduced load baaring capability at

the trailing sdge.

2. 2n air bsaring slider as claimed in claim 1 wherein

said first rail has a compression feature at the laading edge; and
ssid second rail has a compression feature at the leading edge.

3.  Mn sir bearing slider as claimed in claim 2 vherein said first rail
and suid second rail are adjacent a racessed section that sxtends from
‘sald leading sdge to said trailing edge.

4.  An air bearing slider as claimed in claim 2 vhersin said £irst rail
and said second rail are parallel and disposed along the longitudinal
edges of said slider body.

5. An air bearing slider as claimed in claim 2 vherein zaid first rail
has a transverss channel. -

6. An air bearing slider as claimed in eclsim 2 whersin the second rail
has a length of between 30% and 97% of the glider body length.

7. An air bearing slider as claimed in claim 2 wherein:

the slider body has a comprsssion feature formed across the full
- width of ssid glidsr bedy; and '
the first side rail extends from said comprassion feature to said
trailing edge., '

Sheet Has Been Replaced




4 aper ed section 66 toward the traili ng edge 72 but does not extend the

entire 60. The inactive rail " 62 is <

havi ng Lﬂmm’muﬂlmlﬂ"m‘ nati on edge 63 but_this is nof Tﬁﬁ%&gﬁ': ?ﬁSEEB‘f ..
the preséntinverftion. *lerm nati on edge 63 Ay be slanté¢d wit ct t
the l.ongi tudinal axis of the slider; may have a slight radius as a result
of machi ni ng operations; or nmay. have ot her shapes w thout serious

affecting the.g.per fan whnoearingt ilﬁdpr ascolaimedcin chaim %iwherain gaid riém el

of rail 62 is,ill S%Eﬁ S identical to inactive rail 64 but, for
many applicati SH {,‘g& e’ er so as to provide a lift roughly
equi valent to that of the fuII | ength rail 64. The foll ow ng di nensi ons

for the el enengs ofpas aidPeabhgosidet| sabstuntisllynas haneinhoforeedatcribed, it

e 5600 0 EiPE el B Pl Ol ity W

extends 0.320 nmin fromthe | eading edge 70.and the inactive rail 62 has a
|l ength of 1.5 mMm
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As is known in the art, all of the preceding dinensions can be varied to
meet an array of deS|gn requirenents wthout departing fromthe scope of
the present invention. The length and width of i.nactive rail 62 is
determned by trading off several paraneters, the three nost inportant of
whi ch are flying height variation, crown sensitivity, and roll bias. For
exanpie, as will be explained in further1ga below, if the rail 62 is
shortened, the sensitivity of the slider to crown variations is reduced
while the roll bias of the slider 60 is increased. If the roll bias becones
too.large, one of the rails may inpact the disk. For nost applications, the
I nactive rail 62 would have a length greater than 30% and | ess than 97% of
the slider 60 body |ength. However, as would be apparent to one skilled in

the art, sliders with an inactive rail length greater than 97% woul d stil
provide, to a | esser extent, the advantages of the present invention. '
Simlarly, Inactive rail |engths under 30% nay be preferred for certain

applications and would fall within the scope of the present invention. It
shoul d be noted that because all the edges of the present enbodi mnent are
| inear, the slider 60 of Fig. 3A can be manufactured using
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Low cost nachining operations w thout the need for expensive

phot ol i t hographi c or etching steps. This can be a maj or advantage when | ow
cost is a primary design goal. In operation, slider 60 is held adjacent to
a rotati'ng disk by a resilient suspension assenbly. Air flow ng beneath the
rails 62 and 64 and recessed section 68 éﬂﬁqﬁ a hydrodynam c air bearing
that causes the slider 60 to lift-off fr 1t e disk surface. The | eading
edge 70 of the slider 60 flies farther fromthe disk then trailing edge 72,
resulting in the slider 60 flying at a pitch angle with respect to the
surface of the disk.. The configuration of the slider 60 results in a nuch
flatter fly height profile than a prior art slider of simlar size and
shape havi ng 9 two full length rails. This is illustrated in Fig. 4,
which is a graph illustrating the variation in fly height at varying disk

radii for the slid [ full length
rails. Fig. 4
-‘#
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was generated using a conputer nodel of the air bearing characteristics of
each slider flying over a disk. Both sliders are assuned to be nounted in a
rotary ‘actuator drive having approximately zero skew at the inner diameter’
and a. m ni mum spaci ng of approximately 3 nicroinches. As can be seen from
the graph, the slider enbodying the present invention has a nuch snallér
variation in fly helght when conpared to 3HI@qui val ent slider having ful
length rails. 1t should be noted that the variations in fly height
indicated in Fig. 4 are du€ not just to variations in the velocity of the
di sk but also to variations in skew as the rotary actuator noves the slider
across a 3.5 inch disk. The preV|oust descri bed enbodi nent of the

i nvention has many advantages in addition to its reduced sensitivity to
skew and radial position. One such advantage is the feduced sensitivity of
the present invention to.variations in the crown of the slider. As
ment i oned above, manufacturing tolerances lead to relatively |arge
variations in slider crown. A key advantage of the present invention is the
relatively small affect that such variations have on the flying hei ght of
the slider. This can be understood by exam ning the variations.in fly

hei ght between a slider having full I#ngth rails and a slider nade in
accordance with . _ 2
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the present invention. Assum ng both sliders have a crown that changes
such that the | eading edge 70 and the trailing edge 72 nove toward the
di sk, 'the slider with full length rails experiences a decrease in pressure
under. each rail and therefore, flies lower. The present invention |essens
this effect in the follow ng nmanner. Becayggqpthe surface area under the
inactive rail 62 is reduced, the effect of any crown variation is
hei ghtened and the rail 62 experiences a.greater reduction in the lifting
force generated by the rail. This causes the slider 60 to roll such that
the active rail 64 rolls upward. This effect partially conpensates for the
pressure drop under active rail 64 caused by the crown and results in
transducer 74 experiencing a nmuch smaller change in fly height. The fact
that inactive rail 62 experiences a larger drop than it mght otherw se is
not a concern.. Because the slider flies at a pitch angle and the rail 62 is
shortened, the portion of slider 60 closest to the disk continues to be the
area near transducer 74. -
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10 Anot her advantage of the present invention is better dynam c performance
Qf the slider 60 during data accessing. Fig. 4 illustrates the steady state
<l yi ng hei ght of the transducer 74 at various radii. However, slider fly °
heights are also affected during the novenent of the actuator from one
radi al position to another. During the actuator's notion, the slider is
subj ected to an addi-ti onal skew which c&/Yhuse the slider fly height to
drop. In addition, the 1arge skew exerts:a force on the slider that tends
to give it alarge roll. Because of. the above described insensitivity of
the present invention toe changes in roll or skew, the flying height §% t he
slider 60 experiences much less of a drop in flying height as conpafjed to a
full length rail slider. Conputer sinulations indicate that the slider of
Fig. 3A would experience a drop of 16 mIn noving fromthe inner di gneter
(ID) to the outer dianeter (OD) of the disk at 1.5 neters/sec. Asiflar-
slider having two full length rails would experience a drop of 26 ng during
t he sane data access novenment. Wth reference to Fig. 5, a negative
pressure straight rail air bearing is illustratef#enbodying the pré&$ent
invention. The slider 60 is
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formed with two side rails 62 and 64. In addition, a tapered cross rail 65
extends across the entire width of the slider 60. Alternatively, cross rai
65 coul d have an etched step, sinilar to the one illustrated in Fig. 3C,
§ormed by one of the techniques applicable to recessed section 68. The
cross rail 65 and the inner sides of the two rails 62 and 64 border on a
recessed section 68 that is fornmed by etg§/1@., |aser ablation, ion milling
or- ot her techniques as are known in the art. In operation, the recessed
section 68 forns a pocket of subambi ent or negative pressure which reduces
t he requirement of high static |oading on the slider. Unlike the recessed
section of the previous enbodi nent, the depth of the recessed section 68 of
t he present enbodi nent nust be of a controlled depth, typically severa

m crons, to achieve the proper flying characteristics. As in the positive
pressure enbodi ment, a transducer 74 is bonded to or intégrally forned at
the trailing edge of the active rail 64. The active rail 64 extends from
the cross rail 65 to the trailing edge 72 of the slider 60. The inactive
rail 62 extends fromthe tapered section 66 toward the trailing edge 72 but
does not extend the entire length of the slider 60. The configuration of
the slider 60 of Fig. 5 results in a much
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flatter fly height profile than a prior art slider of identical size and
shape having two fall length rails. In addition, the advantages nentioned
above with respect to the enbodi nent of Fig. 3A apply to the slider of Fig:
b and all |l ater described enbodiments. ‘In addition to the benefits of the
enbodiment illustrated in rig. 3A, the negative pressure enbodi nent of Fig.
5 allows the slider 60 to be used with a lower static |bad. Lower static

| oads are desirable because they | essen tfhg10i kel i hood of disk wear or
darmage during the sliding contact that occurs when disk rotation is
initiated. In addition, |ower static |oads reduce the stiction forces
between the slider and the nedia at zero velocity. overcom ng these forces
can wear or danmage the disk and the slider assenbly. Wth reference to Fig.
6, anot her enbodi ment of the present Invention, simlar to that of Fig. 3A
is illustrated. The enbodiment of Fig. 6 is identical to that of Fig. 3A
with the addition of a channel 80 in the active rail 64. For manufacturing
ease, the | eading edge 81 of
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channel 80 may be aligned with the term nation edge 63 of the inactive rai
62 so that channel 80 and rail 62 may be machined in the same operation. In
dddition to the benefits of the enbodinment illustrated in Fig. 3A the
channel 80 allows the slider 60 to be used with a lower static |oad. Lower
static | oads are desirable for the reasons di scussed above wth respect to
t he negative pressure enbodi nent of Fig. .1§Ithough depicted on a single
enbodi ment, the chanhel 80 coul d be benef éi |1y applied to all other
enbodi mrents of the present invention. It should be noted that while channel
80 provides another degree of design flexibility, it decreases the
stiffness of the air bearing that is fornmed between the slider 60 and the
di sk. For this reason, the channel 80 would typically be used on slider air
beari ng surfaces forned by nachining processes. If the air” bearing surface
is formed by patterning techniques, such as photolithography, the

advant ages of slot 80 can be achi eved by other neans w thout sacrificing
air bearing stiffness. Wth reference to Fig. 7, a positive pressure air
bearing slider is illustrated. The enbodinment of Fig. 7 is simlar to that
of Fig. BAwth the addition of shaping near the | eading edge of each rai
and the trailing and of the active rail 64. The shaping takes the form of
flared '
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sections 91, 92 and 93. Patterning processes, such as photolithography, are
r.equired to shape the rails in this manner. Shaping of the rails . 12
provi des additional flexibility to the slider design. For exanple, the
#lared section 93, near the trailing end of active rail 64, allows the
active rail to carry a large transducing el ement 74 without requiring the
entire rail 64 to be w de enough to accongaqﬁhe the transducer. Simlarly,
the flaring at sections 91 and 92 increas e pitch at which the slider
60 flies. Shaping, such as that illustrated in Fig. 7. could be
beneficially applied to all the air bearing surfaces of all enbodi nents of
the present invention. Wth reference to Fig. 8, a preferred enbodi nent of
the present invention is illustrated. The slider 60 is formed with two side
rails 62 and 64. The side rails 62 and 64 each have a tapered section, 66A
and 66B respectively, at the | eading edge 70. The tapered sections 66A and
66B and the inner sides of the two rail 62 and 64 border on recessed
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sections 68A and 68B which are forned by etching, ion mlling or other
t=echni ques. I n operation, the recessed sections 68A and 68B formtwo
pockets of negative pressure which reduce the requirenent of high static
l“oadi ng en the slider 60. A channel 94 passes between two sub-rails, 97A
and 97B, that extend fromthe tapered sections 66A and 66B respectively
toward the trailing edge 72. A transducer1qf1's bonded to or integrally
formed on the trailing edge of the active 64. The inactive rail 62
extends fromthe tapered section 66a toward the trailing edge 72, but does
not extend the entire length of the slider 60. The active rail 64 extends
fromthe tapered section 66B to the trailing.edge 72 of the slider 60. The
foll owi ng dinensions for the elenents of slider 60 are illustrative only
and not neant to limt the scope of the present invention. 'The slider §0
has a wdth of 1.5 nm a length of 2.045 mm a rail wdth of .221 é; :
the active rail 64, and a rail wdth of .311 for the inactive rail 6 The
t apered sections 66A and 66B extend .320 in fromthe |eadi ng edge 70 jand
the inactive rail 62 has a length of 1.7 nm The sub-rails 97A and 9
begin .470 mm from | eadi ng edge 70, have a length of .530 mmand a wijdth of
.1 m Finally, the flare 96 on -
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the trailing end of active rail 64 begins 1.2 nmfromthe | eadi ng ed@@”?ﬁﬂ‘3
and extends for .3nm before reaching d wdth of .5 nm As is known inthe
art, all of the preceding dinmensions can be varied to neet an array of
design requirenents wi thout departing fromthe scope of the present

I nventi on. CLAI M5 1. An air bearing slider for supporting a
transducer conprising: a slider body having a | eading edge and a trailing
edge; a first negative pressure pocket dined by a first U shaped rail,
said U-shaped rail including a cross rail extending along a first portion

of said | eading edge, an ' I | nding framsaid -
cross rail in the direct ﬂ%ﬂtﬁfq@%ﬁﬁﬁm&%@é?@m rst leg rail
having a recessed area of reduced | oad bearing capability at said trailing
edge; a Zﬁégxgﬂégglgative pressure pocket defined by a second U shaped rail

I ncl udin rail extending along a second portion of said | eading
edge, and first and second leg rails extending fromsaid cross rail in the

di rect i onaffaiSEiaing 'shldr (80) fHARe i Bdidyinga Uhsducer (74) adjacent a recording medium
exhibits reduced sensitivity to variations in roll, crown, and skew. In one embodiment, the
slider (60) comprises an air bearing slider having a pair of substantially coplanar side rails
(62, 64) disposed along the sides of the air bearing surface so as to form a recessed section
(68) between the side rails. The recessed section (68) is open at both the leading and
trailing edges (70, 72) of the slider while each side rail has a tapered section (66) or etched
step at the leading edge of the slider. One rail (64) carries the transducer (74) and extends
for the entire length of the slider body. The rail (62) without a transducer extends from the
leading edge toward the trailing edge, but does not extend all the way to the trailing edge.
In another embodiment the side rail (64) incorporates a transverse channel (80) which allows
the slider (60) to be used with a lower static load.

Fig. 3A
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| eg, extending to said trailing edge; and a cha ngﬁple%%MENTrﬁleﬂ'o st 5031 -3
| eadi ng edge toward said trailing edge, said c%a nel 1 nTE€rposed pet ween '
said first Ushaped rail and said second U shaped reglAUE 1999 e slider

of claim1, wherein each of said cross rails o aid first andf second U
.shaped rails includes a conpressi on-featute atfséi ' 3.

The slider of claim 1, wherein said first legjrail of said fir U- shaped
_rai |l incl udepniour It@béﬂiapcd tlong coxrespanding edgs of d shner S torfi@urs of
claim 1, wherein said first leg rail of said.first U shaped rail includes

a flared pordangresent sahdfacmeiag fficalties becunse M?&@cﬁdﬁr&@bé‘n‘cﬁﬁféﬁr&i’cti 3%;1&%' of
said second U-shaped rail includes a flared portion at said trailing edge.
5. The ' A A=Y | ' | 4 q.sSaid first

U- shaped ra?dldug%etﬁfé%&gﬁé%n%plo%iu?td]dtlofl"g‘faq%fhgg&tgs g}g&g?ais%?gégr i der, and

I
wherein said seco I fall. 1 d cond U-sh d rai.l .extends al ong the
ot her | ongitudi na[p%sri%g Xt gé?“‘g ré;%”&’- 357’8@?@ -neecﬁ&grl_an aip pearing Hgﬁﬁ"rl Hig
slider for suppotting, a transducer conprising a slider body having a
| eadi ng edgé{lggtamséﬁ }aﬂgdx prrﬁeﬁ‘lgm@thepghé;sqan accommodate a transducer near its side

edge; is insensitive to variations in roll, skew and crown, and does not require additional
features that substantially add to the difficulty of manufacturing the slider.
DISCLOSURE 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 tﬁe present invention there is provided an air
bearing slider fo; supporting a transducer comprising:

a slider body having a leading edge and a trailing edge;

8 first negative pressure pocket defined by a first U-shaped rail, said U—shaped
rail including a cross rail extending along 2 first portion of said leading edge, and first |
and second leg rails extending from said cross rail in the direction of said trailing edge,
said first leg rail having a recessed area of reduced load bearing capability at said
trailing edge; |

a second negative pressure pocket defined by a second U-shaped rail including
a cross rail extending along a second portion of said léading edge, and first and second
leg rails extending from said cross rail in the direction of said trailing edge, said second
leg extending to said trailing edge; and

a channe] extending from said leading edge toward said trailing edge, said

channel interposed between said first U-shaped rail and said second.U-shaped rail.



two rails disposed thereon, the at |east two rails conprising: a first rai
‘extendlng fromthe |leading edge to the trailing edge and adapted for
receiving a transducer; and a second rail extending fromthe | eadi ng edge
“toward the trailing edge proximate to a | ongitudinal edge of the slider
.body and having a recessed area of reduced | oad bearing capability at the
trailing edge. 2. An air bearing slideggas clained in claim1 wherein
.said first rail has a conpression feature at the | eading edge; and said

second rail has a ‘l’é)lg:??és%gtsxh%htfoﬁ 51‘3%%5 dnl%r hﬁ?@ﬁl?ﬂi\ﬁ Ees ‘the HAS':

bearing slider as Inc erein said first Fai :
second rail are, adjacen eces ect.i qn tha s fro eadlng
edge to sai de¢4¥cing h?gleéﬂﬁe‘.’g@e sl %ﬁmgvﬁmﬁgﬁﬁl% € ’1'05)1 qnd;pitch rﬁ? ﬁl@dq}dﬁ T®aim
2 wherein said first rail and said second rail are parallel and disposed
al ong the | cengire dhiitrth¢ redlicperying the sansdicingeslernest yemains thedawastrraibe Retueing

slider as clained in claim?2 wherein said first rail has a transverse
channel . 6. the f¥hgfi 6f tRAfIlNG chhracterizatisasclenioving 4 portioniontRe wiboristeisiey a

second raH
-portion of the rail from the original rail plane. In one embodiment, the invention
comprises an air bearing slider having a péir of substantially coplanar side rails disposed
along the sides of the air bearing surface so as to forx_n a recessed section between thé

o/ side raiis. The recessed section is open at both the leading and trailing ends of the
slider. In acidition, each side rail has a tapered section or etched step at the leading edge
of the slider.  One rail carries the transducer and is referred to ;s the active rail. The
active rail extends for the entire length of the slider body from the leading edge to the
trailing edge. The rail without transducer is referred to as the inactive rail and extends
from the leading edge toward the trailing edge, but does not extend all the way to the

trailing edge. Under some skew, accessing, and crash stop impact conditions, the

resulting slider roll causes the flying
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has . a Leng{—h—fr’r—bét"v\‘e’éﬁ’?ﬁ)% and 97% of the slider body length. 7.

i ustrat 180 1N a4 BEnaEH8 TRANHN fipPbANe WPansducer comprising:

An air
bear i ng in claim?2 wherein:: the slider body has a
corrpress ﬂ d across the full width of said slider body and
the fi |ra| extEnds from sai dléonpression feature [T
edge. 15 8. An air bearing slider as clained in clai Pﬁ’@ﬁﬁﬁ'\@éﬁ §HE§T
first rald}_[;t;msa transverse channel. 9. An air bearing gl[der,
.substantially as herei nbefore described, with reference to andsaswﬁw

(S XRITT.

a slider body having a leading edge and a trailing edge;

a first negative pressure pocket defined by a first U-shaped rail, said U-shaped
rail including a cross rail extending along a first portion of said leading edge, and first
and second leg rails extending from said cross rail in the direction of said trailing edge,
said first leg rail having a recessed area of reduced load bearing capability at said
trailing edge; o

a second negative pressure bocket defined by a second U-shaped rail including

a cross rail extending along a second portion of said leading edge, and first and second '

leg rails extending from said cross rail in the direction of said trailing edge, said second
leg extending to saici trailing edge; and |

a channel extending from said leading edge toward said trailing edge, said
channel interposed between said ﬁfst U-shaped rail and said sécond U-shaped rail.
2. The slider of claim 1, wherein each of said cross rails of said first and second U-
shaped rails includes a compression-feature at said leading edge.
3. The slider of claim 1, wherein said first leg rail of said first U-shaped rail
includes a flared porﬁon at said_recessed area.
4, The slider of claim 1, wherein said first leg rail of said first U-shaped rail
includes a flared portion at said recessed area, and wherein said second leg rail of said
second U-shaped rail includes a flared poﬁioﬁ at said trailing edge, |

5. The slider of claim 1, wherein said first leg rail of said first U-shaped rail

extends along a longitudinal side edge _of said slidef, and wherein said secdnd leg rail of

said second U-shaped rail_ extends along the other longitudinal side edge of said slider.
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(54) Roll insansitive alrbeering siider

(57) An sir bearing slider B0 for usa In carrying a transducer 74 adjacent a recording medium exhibits reducsd
sanaltivity 10 varistions In roll, crown, and skew. in one embodimant, the slider 60 comprises an alr besring
silder having a pair of substantisily coplanar slds ralls 82, 84 disposad slong the sldes of the sir beasing
surface so aa to form s recessed section 68 batween the side rafls. The racessed sactlon 68 Is open st both the
lsading and tralling edges 70, 72 of the allder while esch slde rall has a tapered eaction 88 or atched step st the
Ivading sdge of the slider. One rall 84 oarries the transducer 74 and extends for the entire length of the sllder
body. The rall 82 without a transducer extsnds from the leading edge toward the tralling edge, but dose not
axtend sli the way to the traliing edge. In ancther embodiment the slda rall 84 Incorperates a transverse
channe! 80 which allows the slider 80 20 be used with » lower stetic load. :
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