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FIELD OF THE INVENTION:

This invention relates generally to magnetic head, gas bearing
slider assemblies, and more particularly, to an air bearing
slider assembly that exhibits a fly height that is
substantially indepgndent of speed variations of the recording
media.

BACKGROUND OF THE ART:

Over more than three decades, various gas bearing slider
designs (e.g. air bearing siiders) have been created in an
attempt to solve the problem of fly height variations. While
there is no generally agreed -upon single "figure of merit" for
an air bearing slider, it is undeniable that it should, at

i least, have the following qualities: low stiction; low take-~
off and landing speeds; a low sensitivity of fly height to skéw
angle variations (i.e. angle between the central axis of the
slider and the axis of movement of the recording media); and a
low sensitivity of fly height to disk speed variations and to
manufacturing errors, such as crown (a non-planarity of the
slider). For magnetic recording purposes, constancy of
recording gap is 1mportant, even in the presence of disturbing
mechanical excitations, e.g., disk roughness, spindle run-out,
aerodynamic buffeting, etc.

The prior art evidences a number of techniques for attempting
to overcome the aforementioned effects and disturbances. U.S.
Patent 3,197,751 to Felts shows a flying magnetic head assembly
wherein a generally planar slider has a recording head mounted
behind its lagging edge. The recording head is positioned so
that it penetrates an air film over the disk and maintains that
position irrespective of moderate variations of angle of attack



ai rr beaging slider which includes the separated front and rear air bearing
surfaces, separated by a central non-air bearing region. The central region
is recessed and includes a piezoelectric elenent that is capabl e of
deform ng the.slider. The front air bearing surface includes a.42B6% ek -

| eadi ng portion (approximately 10 milliradians). and the rear air béaring
surface has no taper angle. By appropriate eontrol of the piezoelectric

el enent, a curvature is induced in the central region thereby |owering the
fly height of a head attached to the rearnost portion of the slider.

Matthews in U S. baaieeatuée 805497 %rdl 5L QEGR Snother \@;Sh%ﬂl’ Hg%
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from another. The two level steps enable a low Sththn line
contact between the slider body and the recording surface when
the recording surface is at rest. Further, as a result of the
height difference between the steps, no taper is required of
the step surfaces. The distance between the front and rear
steps is indicated as being approximately equal to the desired
flying height of the slider. Harris states that this distance
should be approximately 50 microinches.

Chang et al. in U.S. Patent 5,021,906 disclose a programmable
alr bearing slider which includes the separated front and rear
air bearing surfaces, separ?ted by a central non-air bearing
region. The central region is recessed and includes a
plezoelectric element that is capable of deforming the slider.
The front air bearing surface includes a tapered leading
portion (approximately 10 milliradians) and the rear air
bearing surface has no taper angle. By appropriate control of
the piezoelectric element, a curvature is induced in the
central region thereby lowering the fly height of a head
attached to the rearmost portion of the slider.

Matthews in U.S. Patent 4,605,977 discloses another version of
an active-control air bearing slider. In this instance,
however, Matthews employs a railed slider .with a piezoelectric
element that enables a lead taper angle of the slider to be
adjusted to achieve a desired flying height.

A widely used air bearing slider confiquration includes a body
with a pair of rails that are oriented parallel to the
direction of movement of the recording surface. The
aerodynamics of a railed slider make its fly height
particularlv susceptible to skew angle variations. With the



YOr992 987 - 3- popul arity of rotary arm
actuators, nuch attention has been given to reducing the effects of skew on
railed sliders. Railed sliders also exhibit strong, so-called side |eakage
of air frombeneath the rails. As side | eakage varies wi'th di sk Ipeeds?
undesirable variations in fly height of the slider .occur as di sk speeds
vary frominner to outer disk tracks. Furthernore, rail-ed sliders generally
exhibit large front taper angles that control the slider's speed
dependence. In U.S. Patent 4,870,519 to Wiite, a railed air bearing
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Lubrication Engk‘%e&mof@‘,r l&'a&ggeslllhgkgoéélegggﬁ e?cﬁig'gt’:l"large front taper

angles that control the slider's speed dependence.

In-U.S. Patent 4,870,519 to White, a railed air bearing slider
assembly is describéd wherein each rail has a tapered forward
end to provide a converging inlet to achieve a fluid air film
beneath the rails. Additionally, each rail has at least one
longitudinal angled cchtour to compensate for skew. Additional
description of the structure described by White can be found in
"An Air Bearing Slider With Uniform Flying Height and Fast
Takeé-Of £ Charactéristics", Tribology and Mechanics of Magnetic
Storage Systems, Volume III, ASLE Special Publication SP-21,
American Society of Lubrication Engineers, Park Ridge Illinois’
pages 95-101.

Clifford et al in "An Air Bearing Minimizing the Effects of
Slider. Skew Angle", IEEE Transactions on Magnetics, Volume 25,
September 1989, pages 3713-3715, describe a further technique
for reducing skew effects in a railed slider assembly.

Clifford et al suggests the use of transverse slots across both
rails which function as pressure relief areas to enable
achievement of a more uniform fly height. Other pressure
relief structures in railed air bearing sliders can be found in
U.S. Patent 4,802,042 to Strom.

Other shaped air bearing sliders that employ rails may be found
in “"Magnetic Head With Aero-Shaped Air Bearing Surface" by
Balster et al., Research Disclosure, January 19, 1991, number
321; U.S. Patents 4,984,114 to Takeuchi et al; 4,218,715 to
Garnier; and 4,984,740 to Chhabra et al.
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4 Wile the prior art describ oW vari ous. s uratron can be
desi gned to Copﬂgpen ence, individually. Typically, prlor art iders have

taper angles of ‘10 milliradians or larger. At such large
taper angles, a slider's aerodynamic lift decreases with
increasing taper angle (i.e. in aeronautical parlance, a
*gtall” regime). The tapers of most prior ait'sliders operate
in the stall regime in that they employ a large taper angle.
The primary reason is for manufacturing ease in that it is
easier to assure that the intersection formed by the.juncture
of slider's taper and flat regions ends up at the correct
location when the tapef angle is large. However, a cost of
such a high taper angle is that in the stall regime, 1lift
becomes highly speed dependent, even at normal operating
speeds.

A further problem with a large taper angle’is that at medium
and high disk speeds, air is regurgitated from the taper
region. As a result, a sliders' taper regions are exposed to
relatively large amounts of contaminated air which never enter
the flat rail sections of the slider. This may cause debris
accretion in the taper area that contributes to head crashes
since it modifies the shape of the air bearing in the crucial
entry region.

Accordingly, it is an object of this invention to provide an

improved air bearing slider for magnetic recording.

It is another object of this invention to provide an improved
air bearing sllder that avoids the problem of regurgitated air
from the slider's taper region. .

It is yet another object of this invention to provide an
improved air bearing slider that is manufacturable through the
use of planar processes.
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wi th the probl ens of skew, it generally does not address the question of
mnimzing speed and skew dependence, |nd|V|duaIIy Typlcally prior art
sliders have taper angles of 10 nmilliradians jpr= At such | arge
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in the crucial entry region.
An air bedring slider has both front and rear pads extending

from a generally planar body, both pads having faces opposed to
a'recording medium and'separated by a gap that is substantially
in excess of any fly height of the slider. The separation
enables the slider to exhibit good pitch stability. Both
surfaces exhibit extremely small taper angles that enable
*inlet throttlihg" of air entrained by the slider. Such inlet
throttling provides the slider with a fly height that is
subStantialiy independent of relative speed changes between the
slider and a recording medium. A preferred embodiment includes
front and rear pad planform shapes that are convex in the
direction of movement of the recording medium. Such convexity

- enables substantial resistance to fly height changes in
response to skew variations due to head access motion.

DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a side sectional view of an air bearing slider pad
that is tilted in relation to a disk surface.

Fig. 2 is the view of Fig. 1 with an air flow pattern
charted thereon showing the effect of a large taper
angle.

Fig. 3  is the view of Fig. 1 when the taper angle causes a

pad to be "inlet=-throttled".

Fig. 4 is a plan view of a bearing side of an inlet-
throttled air bearing slider constructed in
accordance with the invention. -

" This Sheet Has Been Reﬂlaced




SUMVARY OF THE | NVENTI ON It is an object of the present invention to
anel i ofate one or nore disadvantages of the prior art. According to
one aspect of the present invention there is provided an air bearing
slider for supporting a transducer over a noving recording surface? 8&fd
air-bearing slider conprising: a slider bady having a major surface
opposed to said recording surface, said slider body also having | eading
and trailing edges oriented along a direction of notion of said recording
surface; front pad neans dependi ng from said major surface and
substantial |y aBj&cént sk @ Fé48i HEVelfethst aéﬁl‘?faé'ﬁ‘%lesrhﬁ@ay°5rfd‘%a\‘}r ng a

| eadi ng edge substanti ablen atanssteoseatdiskasdrificeecti on of notion of said
recording surface, said front pad means exhibiting a contact face opposed

to said recordi ”ggaswfac U gpemac;&gg f4190:3abe #5Y.0%,

surface and sub&t%nti al | ad acent sard frai g
5 hen t e disk surface is at operating speed.

Fig. 7 is a plot of pressure versus location on the pads of
the air bearing slider of Fig. 6.

Fig. 8 is a plot of changes in the trailing edge gap for the
air bearing slider of Fig. 6, with changes in disk
surface speed.

Fig. 9 is a schematic drawing of a method of manufacture of
two types of air bearing:sliders that exhibit inlet-
throttle characteristics.

Fig. 10 is a preferred embodiment of an inlet throttled air
bearing slider which exhibits a uniform flying
height, even under large skew conditions.

Fig. 11 is a side view of the air.bearing slider of Fig. 10.

Fig. 12 is a plan view of a modified air bearing slider with
dual front pads to enhance roll stiffness.

Fig. 13 is a plan view of an inlet throttled air bearing
‘ slider that exhibits self-loading characteristics.

Fig. 14 is a side view of the air bearing slider of Fig. 13.
Fig. 15 is a plot of fly height versus disk speed of the air
bearing sliders that are both self-loading and non-

self loading.

Fig. 16 is a plan view of an inlet throttled air bearing
slider particularly useful with a lubricated disk.



sl ¥der pody and having a | eadi ng edge, said rear pad neans exhibiting a
contact face opposed to said recording surface, said | eading edge of said
" rear pad neans separated from.a trailing edge of said front pad neans by a
di stance that is substantially greater than a fly height of &8i#¥%it87
bearing slider, both contact faces of said,front pad means and rear pad
means, when positioned on a plane of said recording surface, exhibiting
ef fective taper angles which cause each said front pad nmeans and rear pad
means to exhibit stagnation |lines that are substantially co-located with
| eadi ng edges &f9sat™ cdfit Actider YLy aththe Sdrdberriragst s @EnBiguriface i s
at operating speed, a stagnation line defining a boundary bel ow which air
is substantial Fygentg ai n8da haraat e cdoshetter! BBt tHhGHARA abr iv8ling

throttling effect occurgl%ep%gfﬁfivﬂtgag R30S atea qisxAcCOrding to another
aspect of the present invention theré I's provided an"air bearing slider

conprising: front pad neans and rear pad neans, both extending froma
general ly plan@ighody ahs aaidagvierced thpededbeariagretigledi n§ P dfmh and
separated by a gap that is substantially larger than a fly height of said

air bearing sl Hr.’&r 2054l gs f@%ﬁ%n view of an inlet throttled air béaring
slider that can be manufactured using uninterrupted
saw cuts._

Fig. 21 is a plan view of an inlet throttled air bearing
slider that may be manufactured using interrupted saw

cuts.

DETAILED DESCRIPTION OF THE INVENTION:

A principal finding of this invention is that an air bearing
slider having pads with extremely small taper angles exhibits
fly heights that are substantially independent of disk speed.
Such small taper angles create an "inlet throttle" effect on
ingested air between a pad's bearing surface and the surface of
a moving disk. The inlet throttling effect restricts to a
constant the amount of ingested air beneath a pad's surface,
thereby enabling a relatively constant fly height, irrespective
of variable disk speeds. The throttling effect or metering of
air flow entrained by the slider is promoted by a thin, sharp,
pad leading edge.

Prior to discussing specific examples of air bearing sliders
that exhibit inlet throttle characteristics, the conceptual
details of inlet throttling will be presented. As shown in Fig.
1, a planar; tilted pad T of an air bearing slider is
Positioned over a disk that moves at a speed U. An dir inlet
point P is defined by a leftmost point on the leading edge of
tilted pad T. Point'P is a distance h, above the disk, with h,
defined as the inlet gap for entrained air. Tilted pad T is
oriented at an angle «, which is the pad taper angle relative



being djsposed in parallel orientation but not co-planar so that when
positioned on a plane of a recording nmedium said front pad neans and rear
pad nmeans both exhibit "effective taper angles at inlets which cause each
said front pad means and rear pad means to exhibit stagnationgliggs hhat
are substantially co-located with | eadi ng edges of said  faces when said
recordi ng nedi um noves at operating speed; 8a-stagnation |l'ine defining a
boundary bel ow which air is substantially entrai ned beneath a face, whereby
an inlet throttling effect occurs at both said pad neans. Accordi ng
LO anot helr' 35 pegs-1dfe Bb@cprp?%eﬁthéﬁ\ge%hm thﬁ thsg&{%é|ld3§iré’éfg.®n[]of
earing slider conprising: fron ans _.and rear_pad neans,

ext endi ng from glsr%gﬁg%g Iafdg a?lﬁér)tqbgg??%as\%‘@ ?%gg i 119 “866%§ ta°r1§slf'=iavi ng
faces opposed tRPRETr BERRYiHg Fifedt uPPahtns 8fayiitddVhis nogapueh fmalder
substantial |y |ehapel.t ifarraa beyshminglthabfindat dttedottlbenicangbs |ldaddeyedai d
faces being di sposRgni thdalsal bel a Gniatt edge@Naidile . NOF, G- BLABGHmonid €he f aces
of said front pagLdieanss dySeLd Gah PAdICANP BAGH.LXNLBLE G 30! 2per
angle [err] at 2V eadi ng edge When sal'tl arr earing slider Ts p05|?| oned
on a plane of S%ﬂ%ft throttlin _effects are lost by side "leakage. .

In Fig. 2, gas flow is plotted under pad T with the portion of
curve 10 (called the velocity profile) to the left of the y
axis indicating a quahthm of air that is requrgitated from
beneath pad T. The portion of curve 10 that is to the right of
the y axis indicates the portion of incoming air that proceeds
beneath'ﬁad T. In the forthcoming analysis, the effects of
molecular slip are ignored.

An inlet air stream.lz divides, with a portion 13 passing
beneath pad T and a portion 14 regurgitated from beneath pad T.
Dotted line 11 indicates the dividing line between the .
streamlines. The dividing point S between diverging stream
lines 13 and 14 is the stagnation point. Stagnation point §
depends upon the operating conditions of the pad. In
particular, the position of stagnation point S moves to the
left with increasing disk speeds U, for a given flying height

h, and a taper angle « However, it has been found that when

o
@, is equal to or less than an o * value (the inlet throttle
angle value), stagnation point S moves quickly towards leading
edge inlet point P as disk speed U increases. This fact is
responsible for the fast take-off behavior of sliders:
constructed in accord:with the invention. However, if g is
greater than a,*, stagnation point S moves slowly to the left
towards P. For commonly used disk speeds, i.e., where U is
less than 50 meters per second, or in small 3.5 inch disk
files, where U is about 10 meters per second, stagnation point
S dogs not reach inlet point P within the normal speed ranges
of the disk file. More particularly, at the normal speed ranges

of such disk files, the stagnation point S wanders with speed
because a, > a .
P



5a recording nedium said taper angle [err] no greater than [err] to

] ¥ . .
enable’an inlet throttle action, wherein:

[er] [err] = dynami c gas viscosity U = di sk speed Pa =
ambi ent pressure. h[err]= inlet gap each sai d taperyangzecgerr]

causi ng each said front pad neans and rear pad neans to

exhi bit stagnation

lines that are substantially co-|ocated wi?h | eadi ng edges of said faces
when said recordi ng medi um noves at operating speed, a stagnation |ine
defining a boundary below which air is substantially entrained beneath a
contact face, Wpﬁffﬂﬁﬁpﬁe feature of air bearing sliders that incorporate the

invention is to cause the location of stagnation point § to

remain at inlet point P as much as possible so as to assure a
constant amount of entrained air beneath pad T. When stagnation
point S is "pinnéd" at inlet point P, pad T is defined as being
vinlet throttled". Under such a condition, there is no reverse
flow of air from pad T (e.g., see Fig. 3). Pinning of

stagnation point S at inlet point P occurs most easily when the
radius of curvature at point P is made as small as possible
(e.g. as sharp as possible). In addition, the leading edge 14
of pad T should preferably have an angle q, as small as
possible, however,'for reasons of manufacturability, «, is

generally 90 degrees or more.

To provide a criterion for selection of inlet throttle angle
a *, the bearing number of the pad is defined as follows (see

p 7

W. A. Gross, "Fluid Film Lubrication; John Wiley, 1980):

]
Bearing Number = A = QP__%
B ’ paht

where: u = dynamic gas viscosity
= disk speed

U
P, = ambient pressure
h, = trailing edge gap

It is known from the theory of self-acting air bearings that as
the bearing number approaches infinity (for example, when a
disk speed becomes very large or the gap h, is very small, or
both), the limiting form of Reynolds' equation is:

ph=C1=Pahi

where: p
h gas film gap
© €, = constant depending only on inlet

gas film pressure

conditions.
h, = inlet gap



inket throttling effect occurs at both said pad neans. According to
still another aspect of the present invention there is provided apparatus
conprising: a rotatable magnetic disk recording surface; a slider body
having a major surface opposed to said nmagnetic recording sur%.gcgeg,? ﬁgj,d
slider body also having leading and trailing edges oriented alonga
direction of notion of said magnetic recondiAg surface; a transducer
attached to said slider body adjacent said trailing edge; front pad neans
depending fromsaid major surface of said slider body and substantially
adj acent said | adiNa e98¢ PlorSahd sld cf'%wb&q%/bgqgrit@ghn&:a_ | eadi ng edge
substantially transverse to said direction of notion of said recording
surface, said front padu 3 + (EEb (peym)cont act face opposed to said-
recordi ng surface; rear pad neans depending fromsaid major surface of
sai d slider body and sypstantially adjacent said trailing edge of said
slider body and¥R®%Anggalf &dtfi RESeMYE 95afirntesf thed Ipean©v¥exhi biting a
contact face opposed to said recording surface, said | eadi ng edge of said
rear pad neans separ &g eedorfdigate ¢rthidgongl ddgeeodrdagdsirfeee pad nmeans by a
di stance that is substantially greater than a fly height of said air '

bearing slider, F§&' c& %ﬂ&kéq pfaQEféul%fr §ﬂlsgarfcreog% &%dvelocity profile

given by equation 3.

If du/dy = 0 anywhere within the gas film when y=h, then S is
located somewhere within the length L of pad T.

There is a characteristic condition at which S starts to
deviate from P that happens when:

du ,

oy 0 '

To keep S at P, it is réquired that
k% dp<
2ulU dx=
be valid for any A.
The asymptotic expression (2) is now used in combination with
expression (4) to derive an expression for inlet throttle pad

angle a.*.

For the tilted pad T, at characteristic conditions:

—
_ap

RI8



5b 7 neans and rear pad neans, when positioned on a plane of said recording
surface exhibiting-effective taper angles which cause each said front pad
nmeans and rear pad neans to exhibit stagnation |ines that are
substantially co-located with | eading edges of both said contggtgd2egs
when said noving recording surface is at operating speed, a stagnation

| i ne defining a boundary bel ow which air Tslisubstantially entrai ned beneath
a contact face, whereby an inlet throttling effect occurs at both said pad
nmeans. DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
side sectional view of an air bearing slider pad that is tilted in relation

to a disk Surfaf?lﬁg, usmghg;{ esgf"hi? { e viewof Fig. 1 with an air flow

pattern charted reon ffect of a |large taper angle.
) h
do__%a By dh
dx h? dx
dp_Pa By .
dx p2 F

A

P,hyap, - 2p U

If the gap profile of an inlet throttled pad is not a straight
taper as in the case just presented,'analogous arguments apply.
For example if the profile is that of a stepped bearing, the
condition on a,* becomes a condition on the step height.

Expression (9) may now be used as a guide in choosing a pad
taper angle that will enable inlet throttling to occur beneath
an air bearing slider. As an example, assume the following
values:

u = (18)(10 ") Nsec/m*
U = 1 m/sec

h, = 300 nm

P, = 10° N/m?



Fig. 3 1s the viewof Fig. 1 when the taper angle causes a pad to be

"inlet- throttled". Fig. 4 is a plan view of a bearing slide of an
inlet-throttled air bearing slider constructed in accordance with the

i nventi on. ' v0o 992 37 YO
992 087 - 6- Fig. 5 s a side view of
the air bearing slider of Fig. 4, = 12 Yhen at rest on a disk surface.
Fig. 6 is a side view of the air bearing slider of Fig. 4,

when the disk surface is at operating speed.
To assure that there is no reverse flow at U = 1 m/sec,

expression 9 indicates that a,* is approximately 1.3 -
milliradians. At higher disk speeds experienced with modern
disk drives, typical pad angles will be chosen in the range of
100-500 microradians. The practical lower limit on a, is set
by the air bearing slider and disk flatness characteristics.
The flatter the air bearing slider and the disk are, the
smaller «, can be - but under no circumstance must the pad

angle be negated by the waviness of the disk.

Turning to Figs. 4-6, an air bearing slider 20 is shown that
includes pads having taper angles that enable inlet throttle
effects to be exhibited by slider 20. Furthermore, the
longitudinal separation distance between pads on air bearing
slider 20 is selected to be large enough to prevent pitch
instability.' Air bearing slider 20 comprises a main body
portion 21 having leading and trailing, downwardly depending
pads 22 and 54. Pad 22 has a bearing surface 26 whose angle is
inclined with respect a disk surface 34 at an angle a, < a*. i
Simil?rly, bearing surface 30 of pad 24 also exhibits a similar

taper angle « A magnetic head 32 is attached to the trailing

o
edge of pad 24 in the known manner.

In Fig. 5, air bearing slider 20 is at rest on disk surface 34.
Due to the line contact between the bearing surfaces of pads 22
and 24 and disk surface 34, air bearing slider 20 exhibits low
Stiction when disk surface 34 begins to move. As shown in Fig.
6, when disk surface 34 is up to speed, air bearing slider 20
elevates to a flying height that is determined by the amount of
gas entering between pad surfaces 26 and 30 and disk surface
34,

Pads 22 and 24 are separated by a longitudinal distance d.
Perturbatién of either pad 22 or 24 thus causes mostly a gap
change with hardly any pitch angle change to air bearing slider
20. Thus, pads 22 and 24 are "coupled" and enable air bearing
Slider 20 to exhibit substantial pitch stability. More
specifically, gap changes in any pad overwhelms a destabilizing



Fig. 7 ; is a plot of pressure versus |ocation on the pads of

the air bearing slider of Fig. 6. Fig. 8 Is a plot of changes in the
trailing edge gap for the air bearing slider of Fig. 6, with
changes in disk surface speed. Fig. 9 I's a schempyidyadpgwi ng
of a method of manufacture of two types of air bearing sliders
that exhibit -inlet- throttl e char d8teristics. Fig. 10 is a
preferred enbodi nent of an inlet throttled air beari ng slider

whi ch exhibits a uniformflying hei ght, even under |arge skew

condi ti ons. Fi geedde ofl § pitThUénglieeWhehgd Ne18i {s RRYLEAEh Holwd@ér Ahhaki g
10. Fig. 12 Péaé Qﬂdvﬂe‘lﬂ Oéufafﬁfé'ighéif%gkén@%r }nngaér! o‘éfiér Wd e ¢

dual front pads to enhance ro an view of an

inlet throttled 8P#PY¥edPinFoupling effegFl'&fbr""FH’ét é)l'-hilﬁllfrsef%{f?d 1'%94di ng

characteristics. distance d be approximately half the length of air bearing
' slider 20, but such distance is an approximation and those
skilled in the art may vary it within a wide range. For
instance, if air bearing slider 20 is approximately 2.5
~millimeters in length, distance d is approximately 1.25
millimeters.

While it is preferred that pads 22 and 24 extend across the
entire width W of air bearing slider 20, a channel or channels
parallel to the longitudinal axis of air bearing slider 20 may
be provided for increased roll stiffness. In such case, the
areas of bearing surfaces 28 and 30 must still occupy a
substantial portion of width W of the air bearing slider - so
as to avoid rail-like effects.

The slider according to the current invention is also resistive
to crown variations. A positive crown (slider convex toward
the disk) causes an increase of the front pad angle and an
equal and opposite decrease of the rear pad angle. If the
front pad angle increase occurred by itself, the rear of the
slider -would 1ift up. A decrease of pad angle at the rear pad
would cause a decrease of the fly height at the rear of the
slider. When the two aforesaid isolated effects occur
simultaneously, as is the case when crown occurs, the fly
height of the rear of the slider (traiiing edge of rear pad)
remains essentially unchanged. Thus, unwanted crown effects,
for example those cauéed by disk drive warm-up and cool-down,
are much less deleterious.

From an examination of the plot of Fig. 7, it can be seen that
the distribution of pressﬁre on surfaces of pads 22 and 24 1is
asymmetrical (i.e. slanted "rearward") with respect to the
center of each pad. Therefore, if the load on a symmetric air
bearing slider with equal size front and rear pads, was applied
to the center of air bearings slider 20, the slider would pitch



Fig. 14 Is a side view of the air bearing slider of Fig. 13. Fig. 15

Is a plét of fly height versus disk speed of the air beari ng
sliders that are both self-I|oading and non- sel f | oadi ng. Fig.
16 is a plan view of an inlet throttled air bearing ,H§559e687
particularly useful with a |ubricated disk. '

YO 992 087 - 4/~ Fig. 17 is a side view
of the air bearing slider of Fig. 16. Fig. 18 is a plan view of another
inlet throttled air bearing slider useful with a lubricated disk

down because the pitch moment of rear pad 24 would be larger
than the pitch-up moment of pad 22 (due to the larger distance
from the center of pressure on rear pad 24 to the center of
slider 20). This may be obviated by placing the slider
suspension off center. However, since it is preferred to put
the suSpension pivot exactly in the center of the slider to
prevent unwanted slider yawing, the width of rear pad 24 is
decreased by approximately 25%. This reduction prevents a
pitch-down moment from occurring. By adjusting the ratio of
widths of front and rear pads 22 and 24, the fly height versus
speed behavior of air bearing slider 20 can be manipulated.
For example, a slender front pad 22 and a stubby rear pad 24
would lead to an air bearing slider with a f£1l¥ height that
ultimately would decrease with speed, because the réar pad
would reach an inlet throttled condition at a higher speed than
the front pad. ' '

Fig. é is a plot of the trailing edge gap of an air bearing
slider, constructed as shown in Figs. 4-6 aé plotted against
i disk speed surface in meters -per second. With taper angles on
pads 22 and 24 arranged to éssure inlet throttling, it can be
' seen that the air bearing slider exhibits a very rapid take-off
and a stable gap with disk .surface velocity changes.

Referring to Fig. 9, a metﬁod,for producing an air bearing
slider using planar processing techniques is illustrated. A
slider body 40 is initially processed to provide front and rear
pads 42 and 44, for example, by diamond wheel cutting or by
reactive ion etching of the space therebetween. The etch depth
must be sufficient to cause the space between pads 42 and 44 to
have negligible effect on the fly height of the slider. The
Procedure then can take the form of directions A or B. Along
direction A, a thin wear film 46 is deposited on the lowermost
Surface of pad 42 so that when air beéaring slider 40 rests on a
disk_surface 50, the proper taper angles occur on pads 42 and -
44. Note that the required taper angles result from changes of
elevation of pads 42 and 44 and not from angular adjustment of
one pad plane relative to another pad plane.



Fig. 19, is a side viewof the air bearing slider of Fig. 18. Fig. 20

Is aplan view of an inlet throttled air bearing slider that can
be manuf actured using uninterrupted saw cuts. . Fig. 21 is a
plan view of an inlet throttled air bearing . slider fRal?2®¥7be
manuf act ured using interrupted saw - 15 -Cuts. DETAI LED DESCRI PTI ON

OF THE | NVENTI ON: A principal finding of this invention is that an air
bearing slider having pads with extrenely small taper angles exhibits fly
hei ghts that are substantially independent of disk speed. Such small taper
angles create an "inlet throttle" effect on ingested air between a pad's .
beari ng surf ac8Ya#tiuséng utnddieknessnglivRprdfsim 4Fhetheataper mastle cagy
effect restrictke sinidacdpsddgustetie anmvypicalf thigeetsdofiveabebapdh 48 pad’ s
surface, thereRgo@nalfsiPoma (Rraki¥8 % 0NN sdery . el Ml cel ' #0506 I ve Of
vari abl e di sk sgggq)se bE LtdhrQttling ef fect . Jretering of air flow
. O wear.. us, material uch,.as

entrai ned by t €SI der Is prom)?e by a i n. Sharp, pa& 2200 ng edge.

hydrogenated carbon, silicon carbide, aluminum oxide or

ruthenium oxide are acceptable. In addition to film 46 on pad

42, a wear layer may also be deposited on pad 44 with its '

height being adjusted in relation to layer 46 so as to assure a

proper taper angle.

If the procedure follows direction B, the taper angle can be
approximated by depositing wear layers 52 and 54 on the
lowermost surfaces of both pads 42 and 44. By adjusting the set
back of the f;ont edges of wear layers 52 and 54, an
approximation of a desired taper angle can be achieved. Thus
the step height plays the role of the taper angle and the
height is adjusted to provide inlet -throttling.

Referring now to Figs. 10, 11, and 12, an inlet throttled air
bearing slider is illustrated that exhibits improved fly-
height/speed characteristics. While an inlet throttled taper
angle design with spaced-apart pads iargély overcomes fly
height variations resulting from disk velocity changes, skew
angle vériation and the curvature of the disk velocity field
still can cause fly height variations of the above described
air bearing slider configurations.

In Fig. 10, both front and rear pads 60 and 62 are provided
with swept-forward pad arrangements. In specific, pads 60 and
62 exhibit convex boundaries that face in the direction of disk
motion 64. The angle 6 between center line 66 and 68 is the
skew angle 8. BAs skew angle 6 increases, arms 70 and 72
produce pressures that are lower than the pressures on arms 73
and 74, respectively. The reason for this is that arms 73 and
74 are’ more closely aligned to disk velocity axis 68 than are
arms 70 and 72. The pressures developed by arms 73 and 74 are
larger than those in 70 and 72 because they stem from larger



Pri;or tQ discussing specific exanples of air bearing sliders that exhibit
inlet throttle characteristics, the conceptual details of inlet throttling-
will be presented. As shown in Fig. 1, a planar, tilted pad T of an air
bearing slider is positioned over a disk that noves at a speedYd. 92n &Y
inlet-point Pis defined by a |eftmost point. on the |eading edge of tilted
pad T. Point P is a distance h[err] above t e disk, with h[err] defined as
the inlet gap for entrained air. Tilted pad T is oriented at an angle [err]

which is the pad taper angle relative
YO 992 087 inlet gaps. For example, pointsglé and{7f lgeatgdk. Pad T has a

length L in the gemetaicadiyeeitlvirespeck dio hind isdndenctentertide \(bgaOjusthown)

t ha][ | 'S ?ﬁr ma-:_ tQsibe ﬂ&pekﬁﬂiﬁﬂfﬁgaeﬂ ?)roéucesgtrtbgél l&e%sd&&tn{b 1n\¥11| By Qf?{[e nuch

smal | er an | 3! [ ap, be ac €

t hrough the use egaibr?gl étg%%r %1 res‘?’% ‘L'”eq S c%%% Ph lé%el\?\/l S

nuch less than Llargfe than EE%Br?é:s7a' "¥he PrF§5’r%’é'e ahd8 (by equatmn (2)) is
larger than that at 76. Due to the symmetry of pads 60 and 62

about center line 66, skew angle 6 may vary in either direction
about centerline 66 and the respective arms of pads 60 and 62
accomplish the aforesaid fly height compensation against skew.
If resistance against one-sided skew is desired, the forward
sweep (convexity) may be applied to one side of the slider
only.

In Fig. 12 a version is shown of the air bearing slider of
Figs. 10 and 11, wherein pad 60 is provided with a channel 80
: that interrupts the continuous convex shape of pad 60. By a
concentration of pad areas towards the sides of the air bearing
' slider, roll stiffness of the slider is increased at the
expense of speed/spacing uniformity.

In Figs. 13 and 14 a self-loading embodiment of the invention
is illustrated. There, the air bearing slider is provided with
rear pad 90 and front pads 92 and 94. Front pads 92 and 94 have
a wear layer 96 thereon which covers only the forward portion
of the bearing faces of front pads 92, 94. As a result, when
the air bearing slider flies over disk surface 98, an area 100
of subambient pressure develops behind layer 96. This causes a
self loading action that tends to maintain the air bearing
slider in proximity to disk surface 98. Without the subambient
Pressure at area 100, the slider must be loaded with a heavier
force for a given normal stiffness. As with the slider version
Shown in Figs. 10 and 11, the provision of a channel between
front pads 92 and 94 provides for added roll stiffness.

Fig. 15 indicates a plot of fly height for two slider
configurations, one with and another without layer 96 for
Subambient pressure development. The slider at the left of Fig.

15 corresponds to that shown in Figs. 13 and 14. It is to be -



inlet throttling effects are |ost by side | eakage. In Fig. 2, gas flowis
plotted under pad T with the portion of curve 10 (called the velocity
profile) to the left of the y axis indicating a quantum of air that is
regurgitated frombeneath pad T. The portion of curve 10 that iscvtanz gz
right of the y axis indicates the portion of incomng air that proceeds
beneath pad T. In the forthcom ng anal ysi s, fhe effects of nolecular sli p
are ignored. An inlet air stream 12 divi des, with a portion 13 passing
beneath pad T and a portion 14 regurgitated from beneath pad T. Dotted |ine
11 indi cates thendited dihag the@elpéoxwsacet he ister eamémesluéﬂixatdﬂvirdimgspoi nt

S between di vergllagarﬁi neagxnivies 4 3ndkdrifid takbeorst agaad |fQBt£’QJbrE
Stagnation poi nt éill gpeRds é’%%%e&h&é?&%&é&iﬁgwﬁﬁl g%ttgx }; ﬁe"w : h

particular, the tion of agnat 1 on pol nt noves

i ncreasi ng di sk §b‘%aé‘5’§e[ﬂt ?’iﬁssﬁrﬁl?/‘é‘?YLISIang heiight h[err] and a taper
angle [err] However, it has been found that when [err] is equal to or |ess
than an [err] vakheid ahe tid @mbbiimdrndscodNgles iMddntabn SdAGABLE MbPRI Bke S

moves quickly toygay %s'e?é?'ﬂ&heﬂ idﬂr%EPéH '&? E s &t disks ?B@Fﬂ%léd'—'?:%&?%es

ehavi or er

This fact is respo

constructed in acE%]r‘tﬁP P‘PF’tGr"i‘é" PﬂvJ:arﬂel 8n Bty e TeFoy Y%t er than
[err] stagnationppesitilStynrrdsts| vvity ifothere Igemettrewarma Pse¢or1télomm y
used di sk speedsnavir® 1ighRs Qubricadienslipan,50 PENEGS ELubeCat, aald in

smal | 3.5 inch disk fdi1k8Snayaebs Ui 12nahott oL@nfBNhLShOet3ERONGL to

stagnati on point
9 P peratlon of the magnetic recording system. The potential for

this type of occurrence is more significant with respect to
those sliders having at least one pad with a continuous forward
sweep across the width of the slider (such as a complete V-
shape), as those represented by Fig. 10 and Fig. 12.

The sliders of these figures, while having generally adequatei
stability, do not have exXtremely high roll stiffness. This can,
under certain circumstances, degrade the dynamic performance of
the slider. Further, the sensitivity to load is a bit higher
than may be desired and the front pad fly height has a
relatively high sensitivity to crown.

The slider of Fig. 16 and Fig. 17 is an improvement which deals
with these issues, while maintaining to a large degree the
advantageous features of the embodiments described above. 1In
slider 102 instead of using a single front pad, two front pads
104A and 104B are brovided. The design is less sensitive to
wall angles producéd by reactive ion etching. Further, the
front to back flow through the air bearing surface is increased
to drastically reduce the chance of debris accumulation. The
chance of debris accumulation is further decreased by having
the opening between the pads angle outward by some angle A so
that the opening is widest at the front end of the slider. The
angle A also plays a role in skew insensitivity as more fully
explained in co-pending application serial no. entitled
-"Speed and Skew Independent, Air Bearing Slider" and filed on



S does. ot reach inlet point Pwthin the normal speed ranges of the disk
file. More particularly, at the normal speed ranges of such disk files, the
stagnation point S wanders W|th speed because [err] > [er]

YO 992 087 . -9- A principle 70aP 8?7 O

air bearing sliders that |ncorporate t he Lnyention is to cause the location
of stagnation point Sto remain at inlet point P as nuch as possible so as
to assure a constant anount of entrained-air beneath pad T. When stagnation
point Sis "pinned" at inlet point P, pad'T is defined as being "inlet
throttled". Undesve@ufhts Ne5aY 'E'?’or‘atf?l’é’r‘eé' ACKRF MRy eYP82r P of air from
pad T (e.g., see Fig. 3). Pinning of stagnation point S at inlet point P
occurs nost easigne ween palde 106disia1eb fwu\eaamewaaupmonhv&d' sepegde as smal |

as possibl e (€. GodifaPAAIR, 35 RAAS! B Yo 1 %LL%H o REabiGAdLAGEd0e 14
of pad T should vpgl?:tgri; aal;?: %heagueter d:aL'ngete err glsk w1thox§t the pad

hanging over the edge of the disk. Pad 106 is tapered to a

point 108 in the forward direction. It is also tapered to a

smaller lateral dimension along the rear edge of the slider.

Two additional side_pads 110A and 110B are utilized to increase
the roll stiffness of the air bearing surface. This improves
the dynamic behavior of the slider, by providing increased roll
resistance, and reduces its sensitivity to load.: '

Slider 102 is manufactured by reactive ion etching to produce
the configuration shown in Fig. 16 and Fig. 17. To provide
positive pad angies, a thin layer 112 of, for example, NiCroO
followed by a thin layer of diamond-like carbon is deﬁosited on
pads 104A and 104B. The small pad angles produce quick takeoffs
and low rest stiction due to the small area of contact. The
step height depends on the overall slider size but.dits height
should typically produce pad angles of approximately 300
microradians.

The surfaces of pads 110A and 110B are in the same plane as the
surface of pad 106. However, due to the taper these surfaces
are farther away from the disk than the front and rear pads.
Thus, the middle pads produce relatively little 1lift.
Consequently, roll stiffness may also be enhanced by locating
Pads 110A and 110B in a more rearward direction; that is closer
to pad 106.

A slider having yet another configuration, which does place the
Side pads more rearwardly is shown in Fig. 18 and 19. In slider
114, an opening which increases in width toward the-leading
edge of the slider is provided between front pads 116A and 116B
to discharge_any iubricant that might otherwise accumulate.
These front.pads have trailing edges which are swept forward by



possi bl e, however, for reasons of manufacturability, [err] is generally 90
degrees or nore. To provide a criterion for selection of inlet throttle
angle [err] the bearing nunber of the pad is deflned as follows (see
Gross, "Fluid Film Lubrication; John Wley, 1980): Bear i ng NurtGer?2 ‘[‘%’rr]

= 6[err] U [err] where- [err] = dynam c gas
Vi scosity U = di sk speed Plerr] = anbient pressure
h[err] = trailing edge gap It is knovvnfromthetheory of self- acting air

bearings that as tt}grg anglrig QE”S%?:E R«E-” %%E t?‘f:g‘l)té Ef%ﬁweﬂé%"g*n b%ﬁq"‘f‘)

a di sk speed becohes vVer rge “or
the limting for nﬁ’lﬁ’f akewmcag %E&FFO?FQ@ a P°rtl°n5 eser g the sigg err]
h[err] wher e: pedgegasf fihlenspidsssuberear pad 118 tagess ftiol a gaimt 121 at

( err] = constant;@epssdingle@id Yy s3bei & 1202 and 120B have complex
hexagonal shapeS'including trailing edges parallel to the
trailing edge of slider 114, forward points 122A and 122B
respectively, and forwardly swept leading and trailing edges
having corners which define different forward sweep angleé for
different portions of the respective edge. Edges 130A and 130B,
respectively, are generally parallel to the rearwardly swept
leading edgés_which define the taper to point 121 of rear pad
118 so'as to define a channel between each of pads 120A and
120B and. pad 118.

The exact shapes of side pads 120A and 120B are not critical
and the pad outlines need not have sharp corﬁers.

In general sliders of the type descrlbed above may be
manufactured by reactive ion etching. '

For example, to manufacture the slider of Fig. 18 and Fig. 19,
reactive ion etching is used to produce a recess of 25 microns
in depth between the pads. Roundfng on pad leading edges is to
be avoided. For a slider 2.5mm long positive pad angles are
achieved by depositing a layer 134 of NiCrO followed by a few
hundred Angstroms of diamond-like carbon to provide a total
thickness of.3850 Angstroms on pads 116A and 116B. The pad

angles are approximately 300 microradians.

While reactive ion etching is entirely satisfactory for the
production of slider heads, it is also fairly expensive. An
alternative manufactﬁring technique which has been used is
sawcutting using a diamond saw.

Fig. 20 illustrates a four pad slider 140 which may be
manufactured using uninterrupted saw cuts. Front pad 142A is
wider than front pad 1423. Rear pad 144A is wider than rear pad
144B. This is done to provide the best static roll properties



condi ti,ons. h[err]= inlet gap

YO 992 087 - 10 - The velocity u of the
gas flow can be witten as: u=Ul-Jerr]) + [err] [err] (y[err]-yh)
where: [err] is the pressure gradient of the gas flow. : Yo 992 097

coordi nate orthogonal to recording surface Fig. 2 shows a parti-cul ar
i nstance of the velocity profile given by &juation 3.

when the slider is at both the inner diameter and the outer
diameter of disk. Specifically, at the inner diameter the roll
stiffness must be greater so that the minimum fly height is as
close as possible to the read/write element fly height.

The front pads have a layer of NiCrO followed by a few hundred
Angstroms of hard carbon of approximately 9625 angstroms in:
thickness deposited thereon. This provides pad angles of 500

microradians.

Referring to Fig. 2i the slider 150 is manﬁfactured with
sawcuts that define the air bearing outlines witﬁout extending
through the entire slider blank. In this case more complex
designs are possible. The trailing edge of the air bearing can
be as narrow as the write/head but some sawcuts must stop short
of the front pads. Slider 150 of Fig. 21 includes front pads
152A and 152B and rear pad 154, However, pads 152A and 152B
each contain a step area 156A and 156B respéctively, which has
a backward sweep and covers only the rear part of the front
pads. The steps are created with a deposition of; 6254 Angstroms
of NiCrO followed by a few hundred Angstroms of hard carbon.

On areas 156A and 156B the pad angles of this design are 325

microradians.

The design of Fig. 21 has the advantage in that the angled step
on the front bearing pads provides more skew insensitivity than
Fhat of the design shown in Fig. 20. Care must be taken during
deposition to avoid the formation of a ridge or "fence" at the

Step boundary.

It will be understood by one skilled in the art, that the lower
limit on pad angle is determined by the waviness of the disk
along the circumferential direction. For example, with present
disk technology; this is on the order of fifty microradians.
It is necessary that the pad angle be significantly larger than
the maximum slope of the disk surface, thus requiring a pad
angle of at least 100 microradians at the present time. 1In

- addition, present surface roughness constraints require a large



If [erru/[err]y = 0 anywhere wthin the gas filmwhen y=h, then Sis

| ocated somewhere within the length L of pad T. There is a characteristic
condition at which S starts to deviate fromP that happens when: au,
[err] To Keep S at P, it is required that _ [err] be valid for any
A The asynptotic expression (2) is now used in anblnaII§H1§Mtfk7
expression (4) to derive an expression for inlet throttle pad gﬁg?e [err]
For the tilted pad T, at characteristic2roenditions: [err]

angle to produce a resulting_fly height which is larger than
the height of asperities on the disk. As disk technology
improves, smaller pad angles may be appropriate.

In summary, by using small pad angles which result in inlet
throttling, the present invention unexpectedly results in a
slider which takes off at a very low speed. This is contrary
to the general (aeronautical) understanding that a larger angle
results in a fast take off.

It should be undersfbod that the foregoing description is only
illustrative of the invention. Various alternatives and
modifications can be devised by those skilled in the art
without departing from the invention. Accordingly, the present
invention is intended to embrace all such alternatives,
modifications and-variances ﬁhich fall within the scope of the

appended claims.
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CLAIMS
An air bearing slider for supporting a transducer over a
moving recordlng surface, said air—bearlng slider
comprising:’

a slider body having a major surface opposed to said
recording surface, said slider body also having leading
and trailing edges oriented along a direction of motion of
said recording surface;

front pad means depending from said major surface and
substantially adjacent said leading edge of said slider
body and having a leading edge substantially transverse to
said direction of motion of said recording surface,, said
front pad means exhlbltlng a face opposed to said
recordlng surface;

rear pad means depending from said major surface and
substantially adjacent said trailing edge_of said slider
body and having a leading edge, said rear pad means
exhibiting a face opposed to said recording surface, said
leading edge of said rear pad means separated from a
trailing edge of said front pad means by a distance that
is substantially greater than a fly height of said air
bearing slider, said faces of said front pad means and
rear pad means having taper angles that provide an inlet

throttling effect for said air bearing slider.

The air bearing slider as recited in claim 1, wherein said
taper angles of said front pad means and rear pad means do
not exceed approximately one milliradian.

The air bearing slider as recited in claim 2, wherein said
taper angles of said front pad means and rear pad means
are in a range of approximately 100 to 500 microradians.

-_—
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Inserting hferr] [err] in to equa ti on (4) Plerr]

h[err] [err]

= 2[err] U [err] | f the gap profile of an inlet

throttled pad is not a straight taper as in
anal ogous argunents apply. For exanple if t
bearing, the condition on [err] becones a

THIS GHEED tas
|t|ﬁhf1@ﬁé§ﬁ%

[ esenteed, 037

'jof a stepped
p height.

Expression (9) may now be used as a guide in choosing a pad taper angl e
that will enable inlet throttling to occur beneath an air bearing slider.
As an exanpl e, @gassumBet&fr bebkONg Q idak ULS recited in claim 1, wherein said

faces of said front pad means and rear pad means

.different surface areas.

have

5. The air bearing slider as recited in claim 4, wherein said

face of said rear pad means has a surface area that is

less than the surface area of said face of said front pad

means.

6. The air bearing slider as recited in claim 5, wherein said

surface area of said face of said rear pad means

has a

surface area that is approximately 75% of the surface area

of said face of said front pad means.

7. The air bearing slider as recited in claim 1, wherein said

faces of said front pad means and rear pad means

are

parallel, said front pad means further having a layer of

bearing material resident thereon, said front pad means

thus being non-co-planar with said rear péd means.,

8. The air bearing slider as recited in claim 7 'wherein said

front pad means and rear pad means each have bearing

material layers resident on their respected faces, said

bearing material resident on said front pad means

exhibiting a greater thickness than said bearing material

resident on said rear pad means, thereby rendering said

front pad means and rear pad means non-co-planar.

9. The air bearing slider as recited in claim 7 wherein both

said front pad means and rear pad means have bearing

material layers resident on said faces thereof, said

bearing material resident only on lagging portions of said

faces.

10. fThe air bearing slider as recited in claim 7, wherein said

layer of bearing material resident on said front pad means

only covers a frontal portion of said face of said front

pad means, a terminating edge of said layer in combination

i ; as Be 11Relmxd
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[err] =418)(10 [err]) Nsec/nmerr] U= 1 msec h[err] = 300 nmP[err] =
10[err] N nferr]

YO 99. 2 087 - e—that there is
no reverse flow at U =1 msec, expression 9 i R199% 037
approximately. 1.3 mlliradians. At higher. dj gd with
nodern di sk drives, typical pad angles w | - ge of

100- 500 m croradi ans. The practical |ower I|i err] is set by the air
bearing slider and di stk flat ness characteristics. The flatter the air
bearing slider and t'HETdPRKSHRCFd (BRFtIAR| PRaEE, Facc 2 2 EERRE Mader no
ci rcunst ance nust tH@%&dpmdénbeam@gaﬁefpmylevh@mtn@%@ gfbtdmbightk.
Turning to Figs. 4-fgreanuae rtdaaad ngisl aferbedRing sShavA vrdat in flight

over a moving recording surface.

11. The air bearing slider as recited in claim 1 wherein said
distance between said leading edge of said rear pad means
and said trailing edge of said front pad means is
approximately one half of a longitudinal length of said
slider body along said direction of motion of said
recording surface.

12. The air bearing slider as recited in claim 1, which is
symmetrical about a center line, and wherein at least said
front pad means or rear pad means exhibits a convex
curvaﬁure of its leading and trailing'edges, said convex
curvature being symmetrical with respect to said center
line and oriented in a direction of movement of said

recording surface in relation to said air bearing slider.

13. The air bearing slider as recited in claim 12 wherein both
said front pad means and rear pad means exhibit said
~ convex curvature of 'leading and trailing edges.

14, The air bearing slider as recited in claim 1 wherein at
least a portion of said front pad means or rear pad means
exhibits a convex curvature of its leading and trailing
edges, said convex curvature oriented in a direction of
movement of said recording surface in relation to said air .
bearing slider. '

15. The air bearing slider as recited in claim 1 wherein said
taper angles «, of said faces of said front pad means

and rear pad means are ‘both less than a,*, where

1= dynamic gas viscosity
U = disk speed

This Sheet Has Been Re
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i ncl. ud?s pads having taper angles that enable inleé i eERetts to be
exhi bited by slider 20. Furthernore, the |ongitue of | on_di

bet ween pads on air bearing slider 20 is sel ect ge=—enough to
prevent pitch instability. Air bearing slider oEprFEes
portion 21 having |eading and trailing, downwar ¥ dependl ng pad é and
24. Pad 22 has a bearing surface 26 whose angle is inclined wq hylze ?)ect a
di sk surface 34 at an angle [err] < [rek]asi4nilarly, bearing surface 30 of
pad 24 also exhibits a simlar taper angle [err] A nmagnetic head 32 is
attached to the trailing edge of pad 24 in the known manner. In Fig. 5,
air bearing slider 20 |§1bg est o Qredlsk surface 34. Due to the line
contact between thé&*bearin SlFr aces of pads 22 and 24 and di sk surface 34,
air bearing slider P20 fhi %P | ow stiction when di sk surface 34 begins to
nove. As shown in Fig. 6, when disk surface 34°is up to speed, air bearing

slider 20 el evafes he aif IndaR@nd1@i198éx tdiaket sedetipr didiad 1BYwitdi@ianpunt of
gas entering betwegp, Ea& B e8GR 2R Al HoR P! ﬁ%ﬁ%ﬂ% fovide ?dfeacfs 22
e | St anc

and 24 are separat |tud| na rturb tion o her
pad 22 or 24 thus c?é?%e%taf?d%tl LorgapttRdngReatird i dnty any pitch angle

change to air bearing slider 20 Thus pads 22 and 24 are "coupl ed" and

enabl e air beaijngraki def b2Arisg e1hibi tass wbsita ialcpiimCh siddheki ty. Mre
specifically, gap %Qgggﬁsmlgn any pad overwhel ns a destabili zing

side pad means disposed between said front pad means and
said rear pad means for increasing roll stiffness of said
slider.

18. The air bearing slider as recited in claim 1, wherein said
front pad means includes a first front pad and a second
front pad, said first front pad and said second front pad
being shaped and positioned so as to define a channel
between said first front pad and said second front pad.

19. The air bearing slider as recited in claim 18, wherein
said rear pad means includes a single rear pad, said rear
pad having a surface which tapers to a point in a
direction toward the leading edge of said slider.

20. The air bearing slider as recited in claim 19, wherein
. said rear pad has a width less than that of said slider.

21. The air bearing slider as recited in claim 20, wherein
said face of said rear pad is hexagonal in shape.

22, The air bearing slider as recited in claim 18 furthexr
comprising:

side pad means disposed between said front pad means and
said rear pad means for increasing roll stiffness of said
slider.

-
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YO 992" @7 - 13 - effect of a pitch angle
change. It is required however that pads 22 and 24 be sufficiently distant
fromeach other so as to enable this coupli S : 4. It is
preferred that distance d be approxi mately hgl FHISIStiEEEmgiSBEEN 4 r beari ng
slider 20, but such distance is an approxi nmafi on atEPLAGRDE skiljled in the -

art may vary it within a wide range. For instance, 1T arr—peartng 592 887 20
is approximately 2.5 millineters in length, odistance d is approxi mtely
1.25 mllineters. VWiile it is preferred that pads 22 and 24 extend across

the entire wwdth Wof air bearing slider 20, a channel or channel s parall el

to the | ongi tudlrr; FheS a9 @éamﬂ ari g skider g gﬁg I’OVI ded for
T fect
i ncreased roll gffness o suc g asei & hPea b’@a? ndEaPFAAdd2g
and 30 nust -still oc&d Bg means comprises a first side pad and a second
side pad, said first side pad and said second side pad
being shaped and positioned so as to define a channel

between said first side pad and said second side pad.

24. The air bearing slider as recited in claim 23, wherein
said first side pad and said second side pad have faces
which taper to a point in a direction towards the leading
edge of said slider.’

25. The air bearing slider as recited in claim 24 wherein said
face of said rear pad is pentagonal in shape.

26. The air bearing slider as recited in claim 24 wherein said
side pads are disposed so as to be closer to said rear
pads than said front pads.

i 27. The air bearing slider as recited in claim 26 wherein said
side pads have a face which is hexagonal in shape.

28. The air bearing slider as recited in claim 1, wherein

said front pad means includes two front pads separateq by
a first channel extending along the length of said slider;
and

said rear pad means includes two rear pads seperated by a
second channel extending along the length of said slider.

29. The air bearing slider as recited in claim 28 wherein said
channels are positioned so that a first of said front pads
is wider than a secoﬁd of said front pads; and a-first of

. Said rear pads is wider than a second of said rear pads.

LT ———
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substantial portion of wwdth Wof the air bearing slider - so as to avoid
rail-1ike effects. The slider according to the current invention is al so
resistive to crown variations. A positive crown (slider convex toward the
di sk) causes an increase of the front pad angle and an equal and opposite
decrease of the rear pad angle. If the front pad angl e mcreasg O uroggd by
itself, the rear of the slider would '-—:-: of pa angl e
the rear pad woul d cause a decrease of ISH:Iqu Nt —ar=he rear of the
slider. Wien the two aforesai’d isol at ed| effecﬂ&; B%’i 7 taneously, as is
the case when crown occurs, the fly hei ght—of=the=tgar of jthe slider
(trailing edge ?5 r e Qﬁﬂ)béa‘%ﬁﬁbr@ll%&?eﬁ i3kt Yod R NNOGRT , ThHSye VAN ed
crown effects, tor exanple those caused by disk drive vvarmup and
cool -down, are nuch | ess deleterious. Froman exam nation of the plot of
Fig.. 7, it can be s&@Adt¥RATr PAE Weansr ipelydss dfsipetestass sAdsurfaces of
pads 22 and 24 is aspdrefridapadineanssioriivads "tweatyaitl padel szddspaaped O
tlh_edcent _e{ hof ealch pad. Jmle,fneaeto |dfefi:k|ﬁ a eRshridl %%@Bﬁ fedtifhaliear ][19
slider w equa {0 n was. a o fhe center o
air bearings slider dég J‘n S er v%ﬁ %Ze{'w?len 3RPa £ontOphdY, CHEhY

pads having a step disposed at a rear portion of the

pad extending outwardly from the face of the pad.

31. The air bearing slider as recited in claim 30, wherein
said step has a leading edge swept backward towards side
edges of said slider.

32. An air bearing slider comprising:

front pad means and rear pad means, both extending from a
generally planar body and having faces opposed to a

: recordihg medium and separated by a gap that is
substantially larger than a fly height of said air bearing
slider, said faces being disposed in parallel orientation
but not co-planar.

33. An air bearing slider as'recited in claim 32, wherein

said planar faces of said front pad means and said reaf
pad means each exhibiting a taper a, angle no greater than

ap*, wherein:

2
Pa h.i

:

>
%p

u= dynamic gas viscosity
U = disk speed .
p, = ambient pressure .

h, = inlet gap

Sheet Has Been Replaced

LTI ' HIIllHIIII\ K




YO 902 ,087 - 14 - down because the pitch
nonent of rear pad 24 would be |ar : i p nonent of pad 22
(due to the larger distance from tHeTemgiescofiapbessufe on rear pad 24 to
the center of slider 20). This maybe obwEaLadsby plaging the slider
suspensi on off center. However, si rL%fLﬁ—H——r—s——phe'—ﬁ to put tqﬁ% §§§p§n5| on
pivot exactly in the center of the slider to prevent unwanted
yawi ng, the width of rear pad 24 is decreasgd-by approximately 25% This
reduction prevents a pitch-down nonent from occurring. By adjusting the
ratio of w dths of front and rear pads 22 and 24, the fly height versus _
speed behavi or ai r yqd n n t.ed., F apple, a
sl ender front pa 22&‘a%1)daallj B?u de %&lggr %% %?lt@ %’pllge'% 9‘t ?)3 a(ryhéﬁ%?‘ %%arl ng
slider with a fly he&VyMtinat iﬁ%trrat ’Sfe\ﬁo{ﬁ’lf'déﬂ‘?éﬁ?éewt?f: J5888, said
because the rear padfwwent dademesnsaQri réaxt padruianseekicidridist 8 orpratexa hi gher
speed than the frontcpathtureFog. it eadiny ehd afratend raigks Ngsfidyeogagy of an
air bearing slider, constbuetBgh a8 s3av:iicd g% 4585 9'95%6%39@:! nst
line and oriented in a direction of movement of a ‘
recording surface in relation to said air bearing slider.

35. The air bearing slider as recited in claim 34 wherein both
said front pad means and rear pad means exhibit said
convex curvature of leading and trailing edges.

I | ™
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disk speed surface in nmeters per second. Wth taper angles on pads 22 and
24 arranged to assure inlet throttling, it can be seen that the air bearing
slider exhibits a very rapid take-off and a stable gap with disk surface
vel ocity changes. Referring to Fig. 9, a nethod for producing an air

“ bearing slider using planar processing techniques is illustreq 92 #8slider
body 40 is initially pr.ocessed to prOV|dg front and rear pads 42 and 44,
for exanple, by dianond wheel cutting or %y reactive ion etching of the
space therebetween. The et'ch depth nust be sufficient to cause the space
bet ween pads 42 and 44 to have negligible effect on the fly height of the
slider. The procedure then can také Bhe % 8 M®fT directions A or B. Al ong
direction A, a thin wear film46 is deposited on the | owernpst surface of

pad 42 so thaj "%l‘%”bééfir@eéii&‘& %aﬁdﬁéth‘@zﬁﬁét OP?%:agJaﬁ eé%{{e % the

proper taper angles occur on d taper

angl es resul t Z¥FbA gﬁ’é?f‘@fe‘slyoPP%‘faEvﬁf’?%h p%f’d"? having fages, ap %bm
angul ar adj usé maEsordinomedind gichsepaxdited by a GaanthdteriSpach(ﬂaané@llY
YO 992 087 in excess of any fly height of the slider. Both surfaces

exhibit extremely small taper angles that enable "inlet
throttling"” of air beneath the slider. Such inlet throttling
provides the slider with a fly height that is substantially
independent of rela@ive speed changes between the slider and a
recording medium. A preferred embodiment includes front and
rear pads that are convex in the direction of movement of the

recording medium e.g. are "forward swept”. Such convexity
enables substantial resistance to fly height changes in
response to skew alteration. .

i il uﬁiu




- 15 -, By adjusting the thickness of wear film 46, the taper angle can
be simlarly adjusted. A typical thickness of wear |ayer 46 is 5000
Angstrons (for a 2.5 x 1.6 mnmslider). Deposited film 46 nmust be able to
stand up to wear. Thus, materials such as hydrogenated carbon, silicon

car bi de, al um num oxi-de or ruthenium oxide are acceptable. In addition to
film46 on pad 42, a wear layer nay al e deposited on padl /44 with its
hei ght being adjusted in relation to IM SO as to assure a proper

t aper angl e. If the procegure follows direction B, the taper angl e can be
approxi mat ed by depositing year Tayers 5R anmd—54—or™i he | ower nost surfaces
of both pads 42 and 44P By pdjusting the set back of [the front edges of
wear |ayers 52 and 54, Wan axi mati on of a desired|tdper angle.can be
achi eved. Thus the ep Yei g ol 2y Phe~—ole of thejtaper angle and the
height is adjustedy.d provide INTe “’mm erri¥p now to Figs.

10, 11, and 12, an i'flet throttled air bearing E_illustrated that
exhi bits inproved fpy-—herght+speed—echaracieri-stics-
throttl ed taper angl eAdesign ¥ t ¥ spatedisipart” pads arI oy€r cahes Tly
hei ght variations resulting fromdisk velocity changes, skew

FIG. 2.

Nai |l e an al=x

22 20

EIG. 4.

Y0 992 087
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angl e variation and the curvature of the disk velocity field still can
cause fly height variations of the above described air bearing slider
configurations. In Fig. 10, both front and rear pads 60 and 62 are
provided with swept-forward pad arrangenents. In specific, pads 60 and 62
exhi bit convex boundaries that face in the direction of disk notion 64. The
angle [err] between center line 66 and 68 is tthS\lﬁN angl e grr].zféé skew
angle [err] |ncreaf§e|G gms 70 and 72 produce pressies thay are | ower tdan
the pressures on and 74, res@ziivelry. The reason for this Tsptha
arnms 73 and 74 are nore closely aligned to|disk locity axis 68 th ars2
arnms 70 and 72. The pressures deve c~bylarns f3 an”d/}"A—aL& arger 8R4
those in 70 and 72 because they 74
YO 992 087 * - - iélet gaps. Ié*oéo
exanpl e, points 76 and 78 | ocat gd C P
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symmetrically with respect to the slider centerline (but just inside the

trailing edge), produce pressures deternined by the inlet gaps at 75 and

77, respectively. Since the gap at 77 is larger than that at 75, the

pressure at 78 (by equation (2)) is Iarger than that at 76. Due to the

symmetry of pads 60 and 62 abo A e [err] smy vary

in either directioqﬁgzgut centerlin sl of pads 60

and 62 acconplish t foFegaid fly agai nst skew. |f

" resi stance agai nst .one-sigled skew is deS|red,vthe formard smgg (convexity)
may be applied to one sjfle of the sfider oniy- M Frg. ersion is

shown of the air bearjng sIidqé_QL—ELQE_#&G—aﬁd—éé—L!ﬂgLE—ﬁ—pﬁﬁ 60 is
80 that intérrupts/the contInuous convex shape of

provi ded with a chanrel

pad 60. By a concentratlon of pad ar eag fowards th des of the air
bearing slider, roll A fness of the stider is- |ncPé sed at the expense of
speed/ spaci ng unlforntt In Figs. A3 an 414 #aZxsel f-Fpoadi ng enbodnent of
the invention is illustra\ed. There,#t he al} bearli ng sl iNder is pragvided

with rear pad 90 ang filont pads 92 and 94. /Fiont ads 92 and 94 have ;)ﬁb&r
| ayer 96 thereon i ‘cover p~g porti q ari ng| f a84s
of front pads 92, 94. AS_Aa € al L_haartng—4 der fTTEs hwer
di sk surface 98, an—area 100 of sub gpj ent pressure devel ops behind | ayer
96. This causes a self loading action that tends to maintain the air-
bearing slider .in proxinmty to disk surfaces®8. Wthout the sub&@Rbi ent

FIG. 10.

F[G i1, 80 10 . __1{ -},62

. 60 | 7
FIG. 12, 1w \
. /

Y0 992 087
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pressure at area 100, the slider nust be |loaded with a heavier force for a
given normal stiffness. As with the slider version shown in Figs. 10 and
11, the provision of a channel between front pads 92 and 94 provides for
added roll stiffness. Fig. 15 indicates a plot of fly height for two
slider configurations, one with and another w thout |ayer 96 for subanbi ent
pressure devel opnent. The slider at the left of Fig. 15 corresponds to that
shown in Figs. 13 and 14. It is to be

YO 992 087 - 17 - noted that the

performance of the slider illustrated in Figs. 13 and 14 exhibits a nore

rapid take-off and a flatter fly height versus speed characteristic than

one without the subambi ent pressure provision. 4/7
96 92

FIG. 13 B N

90
96 94
i
FIG. 14 __/_____ ] u
. 5 .g;_,\ | I
o8 96 100 '
FIGI5.
- .OI5N | 06N
jeot °F I 9
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While all the enbodi nents of the invention described above are very useful
wi th non-|lubricated di sks or disks having so-called "solid" |ubrication

| ayers, it will be recognized that the possibility exists that if these
geonetries are used with disks having liquid |lubrication |layers, a buildup
of lubricant and particles nmay occur which will eventually be detrinental
to operation of the nagnetic recording system The potential for this type
of occurrence is nore significant with respect to those sliders having at
| east one pad with a continuous forward sweep across the width of the
slider (such as a conplete V- shape), as those represented by Fig. 10 and
Fig. 12. The sliders of these figures , while having generally adequate
stability, do not have extrenely high roll stiffness. This can, under
certain circunstances, degrade the dynam c performance of the slider.
Further, the sensitivity to load is a bi't higher than may be desired and
the front pad fly height has a relatively high sensitivity to crown. The
slider of Fig. 16 and Fig. 17 is an inprovenent which deals with these
irssues, while nmaintaining to a | arge degree5/Ae advant ageous features of

t he enbodi nents descri bed above. In slider 102 instead of using a single
front pad, two front pads 104A and 104B are provided. The design is |ess
sensitive to wall angles produced by reactive ion qb%plng Further, the
front to back flow through the air bearlng surfacg I's increased to
drastically reduce the chance—of—geprrs—=accu

106

i i

- YO 992 087
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chance of debris accunulation is further decreased by having the opening
bet ween the pads angle outward by sone angle A so that the opening is

wi dest at the front end of the slider. The angle A also plays a role in
skew insensitivity as nore fully explained in co-pending application serial

no. entitled -"Speed and Skew | ndependent, Air Bearing Slider" and
filed on YO
992 087 - 18 - even date herew th,

(attorney docket No. Y0992-088) The rear pad 106 is also reduced in width
to avoid debris accunulation, as well as to insure that nore tracks can be
witten at the outer dianeter of the disk wthout the pad hangi ng over the
edge of the disk. Pad 106 is tapered to a point 108 in the forward
direction. It is also tapered to a smaller lateral dinension along the rear
edge of the slider. 6/7

///H4

122A
HEA
A [20A
, 121 -
A
120B
1168
1228

FI1G. 18 |

— 8

114
6 A |
134 L/ s
7 -
| 120A
FIG. IS
“l'TI'iiTli‘i‘ilTei“ i
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Two ‘addi tTonal side pads |1 0A and 110B are utilized to increase the roll
stiffness of the air bearing surface. This inproves the dynam c behavi or of
the slider, by providing increased roll resistance, and reduces its
sensitivity to | oad. Slider 102 is manufactured by reactive ion etching
to produce the configuration shown in Fig. 16 and Fig. 17. To provide
positive pad angles, a thin layer 112 of, for exanple, NNCrO foll owed by a
thin | ayer of dianond-1ike carbon is deposited on pads 104A and 104B. The
smal | pad angl es produce quick takeoffs and | ow rest stiction due to the
smal| area of contact. The step hei ght depends on the overall slider size
but its height should typically produce pad angles of approxinmately 300

m cror adi ans. The surfaces of pads 110A and 110B are in the sane plane as
the surface of pad 106. However, due to the taper these surfaces are
farther away fromthe disk than the front and rear pads. Thus, the mddle
pads produce relatively little lift. Consequéhtly, roll stiffness may al so
be enhanced by | ocating pads 110A and 110B in a nore rearward direction;
that is closer to pad 106. A slider having yet another configuration,

whi ch does pl ace the side pads nore rearwardly is. shown in Fig. 18 and 19.
In slider 114, an opening which increases in mﬁdt?AndMard t he | eadi ng

[42A— 41447
1428—F 41448
z FIG. 20
I56A /1'50
1524 —~
1154
1528 —1_
)

N
1568

FIG. 21
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edge of the slider
~di scharge any lubricant that m ght otherw se ac
~have trailing edges which are swept forward by
YO 1992 087 29 19
portions afiiasette tdphmntm@eﬁbt‘ﬁ/een t he "pads h

angl e at portions closer to the side edges of t

I s provided between front paﬁ

S mﬁc“aﬁﬂ 1168 5

cmﬁé‘f@m}?h e e"“f r
B Claira(sy @ paset
/E’Dx‘a\“/fﬁo{@t l“a»dg?
h i Zelistracts e caig e reé‘t’érr?g"d
he slider. A rear N‘l(lwb

pﬁsiml@@vwm@moa hav.e....

% 1
a? nagpd

tapers to a 0| n? @@t its |eading edge. Si de
conpl ex heRats apes including trailin
edge of slider 114, forvREERINBEPENDENT

forwardly swept leading and trailing edges havi
di fferent. forward sweep angles for different po
edge. EdgagsTRMcpnd 130B, respectively, are ge
rearwardly swept |eadi ng edges which define the
pad 118 so as to define a channel between each

parattet—trothe trailing

MSLIDEBI y, and

ng corners which define
rtions of the respective
nerally parallel to the
taper to point 121 of rear
of pads 120A and 120B and

pad 118. An air bearing slider (20) has both front and rear pads (22, 24) extending from a generally

planar body (21), both pads (22, 24) having faces opposed to a recording medium (34) and

separated by a gap that is substantially in excess of any fly height of the slider (20). Both

surfaces (26, 30) exhibit extremely small taper angles that enable "inlet throttling" (12) of air

beneath the slider (20). Such inlet throttling (12) provides the slider (20) with a fly height that

is substantially independent of relative speed changes between the slider (20) and a recording

medium (34). A preferred embodiment includes front and rear pads (22, 24) that are convex

in the direction of movement of the recording medium (34) e.g. "forward swept".

Such

convexity enables substantial resistance to fly height changes in response to skew alteration.

Fig. 6
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The exact shapes of side pads 120A and 120B are not critical and the pad
outlines need not have sharp corners. In general sliders of the type
descri bed. above may be manufactured by reactive ion etching. _For exanpl e,
to manufacture the sltider of Fig. 18 and Fig. 19, reatipjeiherepiacamen sheet
used to produce a recess of 25 mcrons in depth between the pads. Roundi ng
on pad | eading edges is to be avoi ded. FOHJ@ slider 5¢@1rnugf gsitive pad
angl es are achi eved by depositing a Iaﬁng%S of Ni Cr ollo by a few
hundred Angstrons of dianond-|ike carb nl Fovide a total thickness of
3850 Angstrons on pads 116A and 116B. The pad angl es are approxi mately 300
m cr or adi ans. Wiile reacti i i ng +s—ent++e+y satisfactory for the
production of slider hegds,‘it is also fairly expensije. An alternative
manuf act uri ng techni que\whi c iLffg using a dianond
saw. ~ Fig. 20 illustratgs 3 may be manuf actured

using uni nterrupted S&W CLH =ty th pront pad 142B.
0 _provide the best

Rear pad 144A is wi 8¢ '
S Sosk S S SN S S

t ha
static roll properties
FIG. 2.
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N 1 )
CLAIMS 1. An air bearing slider for supporting a transducer over a noving
recording surface, said air-bearing slider conprisiNgije i iahe Y
having a nmaj or surface opposed to said recording surfgggfsgg?gﬁgféﬂﬂﬁﬁt%gﬁz
al so having- | eading and trailing edges oriented along a dirgﬂqqugpf not i on
of said recording surface; front pagy means dep@nﬁknd firgm sai d maj or
surface and substantially adjacent said ' | eadi ngoedge of said slider body
and having a leadg%ﬁﬁfd substantially transverseNo said lection of

N

notion of said re surface, said fro i gniﬁbt
face opposed to said recording surface: . : 20
- ’ = — 7 L~
{%F = Q (3 ~ = 34
* :
o< ey 26 lp 30

20
oo N
FIG. 6. —
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rear pad means depending fromsaid major surface and substantl %4 “@mshe;ett
said trailing edge of said slider body and havi ng amam\n@ ®dge, said -
rear pad neans exhibiting a contact face opposed to said recording
surface, said |eading edge of said rear pad, ngans seﬁ %thﬁ.ﬁﬂdﬁb
trailing edge of said front pad neans by a dlstance t 2 bstantially
greater than a fly height of s aifr bearing slider, bot I}_coppact faces of
said front pad mearﬁl@d 9e pad neans. when QOSItI onedjon a pl ane of
said recording surft ibiting effective faper angles which cause each
said front pad neans and ear pad neans to exhibit stagnatiomgines that
are substantially co-logated with | gading edges of said dont faces when
sai d novi ng recordi ng Surface ?%'ﬁf’ﬂpﬂLﬂdl g spe d}La..sIEﬁﬁgf on line
defining a boundary kel ow which air is sub antiasky entrai ned beneath a
contact face, whereby an inlet throttlimg’effect occw® at both said pad
means. 2. The air beaiqmg slider as récitgeg in claiml, wherein sgpd
taper angles of said fron pad nmeans/and rear p neansxdo not ex
approximately one mlli n 3 he air fhear
claim 2, wherein sagd_thper angles of said frpnt

pad_nmeans and_rear

means are in a range of pﬂ[—%19§£§%¥_199=Ln—500 n} Lpr adians. L—T_“: 54
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4. The air bearing slider as recited in claim1, wherein said faces of
said front pad neans and rear pad neans have different surface areas.

23 5. The air bearing slider as recited in claim4, wherein said face of
"said rear pad mneans has a surface area that is Iessﬁ&a{g t"ng%ﬁﬁégﬁﬁﬁtm
of said face of said front pad neans. . The air beari ng,_strder -as

pad neans has a surface darea that is approxi mately 7Date:of ace area
of said face of said front pad nmeans. 7. The air bearing slider as
recited in claim1, wherein said faces of said front pad neans and rear
pad neans are parallel, said front pad neans further having a | ayer of
beari ng material resident theregon—sartrf+ront—pgd—reans—th

recited in claimb5, wherein said surface é?ea of said faceﬁgéus %g rear
u

oot N~
non- copl anar with said o6
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‘rear pad neans. 8. The air bearing slider as recited.in claim7 wherein
said front pad neans and rear pad neans each have bearing material |ayers
resident on their respected faces, said bearing material resident on said
front pad neans exhibiting a greater thickness than said bearing nateri al
resident on said rear pad neans, thereby rendering said front pad neans

and rear pad neans non-co-planar. 9. The air beatdn ﬁﬁht A5 st
in claim?7 wherein both said front pad neans and rngQBa bﬁggns ﬂ?ﬁg
bearing material |ayers resident on said faces thereof, sai earing
materi al resident only on |agging portions of said.ﬁﬁges.l?iei‘mhe air
beari.ng slider as recited in claim?7, wherein said | ayer of "baaring
material resident on said front pad neans only covers a frontal portion of
said face of said front pad neans, a term nating edge of said |layer in.
conbi nation with an exposed portion of said face of said front pad neans
provi ding an area for devel opnent of a sub-anbient pressure to |oad said
air bearing slider when in flight over a noving recording surface. 11. The
air bearing slider as recited in claiml mhe?é?n sai d di stance between said
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| eadi ng edge of said rear pad neans and said-trailing edge of said front
pad neans is approximately one half of a longitudinal |ength of said
slider body along said direction of notion of said recording surface. .

24 12. The-air bearing slider as recited in claim1l, which is symetrical
“about a center line, and wherein at |east said front pad neans or rear pad
nmeans exhibits a convex curvature of its |eading and trailing edges, said
convex curvature being symretrical with respect to T8 i$ therreplackment shebt
oriented in a direction of novenent of said recording surface in relation
to said air bearing slider. 13. The air bearing slhgﬁ% as igged in claim
12 wherein both said front pad neans and rear pad s e@ﬁi it said
convex curvature of leading arid trailing edges. 14. The air bearing
slider as recited in claim1l wherein at.Iea%57a portion of said front
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pad neans or rear pad neans exhibits a convex curvature of its |eading and
trailing edges, said convex curvature oriented in a direction of novenent
of said recording surface in relation to said air bearing slider. 15. The
air bearing slider as recited in claim1l wherein said taper angles [err] of
said faces of said front pad neans and rear pad nmeans are both | ess than
[err] where: [err] ' [err] = dyham c gas
viscosity U = di sk speed Pa = anbi ent pThissstite replacerméntrstiest
inlet gap 16. The air bearing slider as recited in claim15 wherein a
channel is fornmed in said front pad neans to provide SQQEdF#E* gqtability
for said air bearing slider. 17. The air bearing.slig ‘as recfted in
claim11 further conpri sing:
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si de pad, neans di sposed between said front pad neans
means for increasing roll stiffness of said slider.

slider as recited in claim11, wherein said front pad
first front pad and a second front pad, sgid first fr

b
S

P
®
o

PN § el

second front pad 2D
bei ng shaped and positioned so as to define a channel petween said first
front pad awdile sk pri6ea@rddsérites thoRadarious YliddM@ndistirabie cope

recited in claim18, wherein said rear pad neans includes a single rear
pad, said rwit tpagrébdensnof akew! fiagenenilyc Hodsamer &idiess ahe Questionnof nilhiteipon
toward the | eading edge of said slider. 20. The air bearing slider as
recited in speed and skewtepeaidenceqiindividuallyp a@ypieallys priodtakt sliders hdveaaperhaiglesf
said sl derdf 10 milliradians or larger. At such large taper angles, a slider's aerodynamic lift
decreases with increasing taper angle (i.e. in aeronautical parlance, a "stall" regime).
The tapers of most prior art sliders operate in the stall regime in that they employ a large
taper angle. The primary reason is for manufacturing ease in that it is easier to assure
that the intersection formed by the juncture of slider's taper and flat regions ends up at
the correct location when the taper angle is large. However, a cost of sugh a hi_gh taper
angle is that in the stall regime, lift becomes highly speed dependent, even at normal
operating speeds.
A further problem with a large taper angle is that at medium and high disk speeds,

air is regurgitated from the taper region. Asa result,'a sliders' taper regions are exposed

i

to relatively large amounts of contaminated air which never enter the flat rail sections of
the slider. This may cause debris accretion in the taper area that contributes to head
crashes since it modifies the shape of the air bearing in the crucial entry region.
SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided an air bearing
slider for supp_ortihg a fransducer over a moving recording surface, said air-bearing
slider comprising: . a slider body having a major surface opposed to said recording
surface, said slider body also having leading and trailing edges oriented along a direction
of motion of said recording surface; front pad means depending from said major surface
and substantially adjacent said leading edge of said slider body and having a leading edge
substantially transverse to said direction of motion of said recording surface, said front
pad means exhibiting a contact face opposed to said recording surface; rear pad means

depending from said major surface and substantially adjacent said trailing edge of said



21. ,The air bearing slider as recited in claim 20,
said rear pad is hexagonal in shape. 22. The air §
recited in claim18 further conpri sing: si de pa@i~neans di spos
between said front pad neans and said rear pad nmeang or~fiqﬁgﬁﬁing
stiffness of said slider. 23. The air bearing slidérlrecited i clgi
wherein said side pad neans conprises a first sidej|p
pad, said fslidet boidgleandalthvirpdasisading @dge)Osatd dear pad Medns gexhibidped comthct [face
positioned so as to define a channel between said fiTsSt side pad and said
second si deoppided t®@4aid Theeording $irfacenspid ll¢adéng edger efcsaid dedrrpad] means2@parated
wherein said first _side pad and said second side pad have faces which
taper to a Pemnt tailing eqgecef saidh franhped gneane biyen distigce s is spbstantiglly |grenter
25. The air bearing slider. as recited. in claim?24 wherein said face of said
rear pad i sthap@rfibeighy ofisaidaip pearing l.dernbeﬂamn%mﬁafe wd font pad meens and | n
ai d si% elfads.are disgo ed s

claim 24 vmleera](? 'p2 positioned on” a plane of said recording surface, exhibiting

padsnmxum,
effective taper angles which cause each said front pad means and rear pad means to
exhibit stagnation lines that are substantially co-located with leading edges of said contact
faces when said moving recording surface is at operating speed, a stagnation line
defining a boundary below which air is substantially entrained beneath a contact face,
whereby .an inlet throttling effect occurs at both said pad means. | | -~

According to another aspect of the present invention there is provided an air
bearing slider comprising: front pad means and rear pad means, both extending from a
generally planar body and having faces opposed to a recording medium and separated by
a gap that is substantially larger than a fly height of said air bearing slider, said faces
being disposed in parallel orientation but not co-planar so that when positioned on a
plane of a recording medium, said front pad means and rear pad means both exhibit
effective taper angles at inlets which cause each said front pad means and rear pad means
to exhibit stagnation lines that are substantially co-located with leading edges of said
faces when said recording medium moves at operating. speed, a stagnation line ¢ défining a
boundary below which air is substantially entrained beneath a face, whereby an inlet
throttling effect occurs at both said pad means.

According to another aspect of the present invention there is 'provided an air
bearing slider comprising: front pad means and rear pad means, both extending from a
generally planar body, having leading edges and having faces opposed to a recording
medium and separated by a gap that is substantially larger than a fly height of said air
bearing slider, said faces being disposed in parallel orientation but not co-planar, said
faces of said front pad means and said rear pad means each exhibiting a taper angle o, at

a leading edge when said air bearing slider is positioned on a plane of said



as to be,closer to said rear pads than said front paéPsEPLA&MEWEeg}EET

bearing slider as recited in claim26 wherein said sjde pads have a|f4ce
which is hexagonal in shape. 28. The air bearing sljder 263 Augcbed |i 1

claim1l1, wherein: said front pad negps includes ftwo front pad<
separated by a first channel extending along the |engthof~sard—strdqgr;
and 26 sai d rear

pad neans i recordiggs nedium e said papks anghaa gtmdgfegttea thncoytt te brabbe lan inbet enaitieg
along the length of said slider. he air bearing slider as recited in
cl ai m 28 whagtiony whaiein:channel s are p05|t|oned so that a first of said
front pads is wider than a second of said front pads; and a first of said
Tear pads is wider than a second of said rear pads. 7

p = dynamic gas viscosity

U = disk speed

p, = ambient pressure

h; = inlet gap

each said taper aﬁgle o, causing each said front pad means and rear pad means to
exhibit stagnation lines that are substantially co-located with leading edges of said faces
when said recording medium mp\‘/es at operating speed, a stagnation line defining a
boundary below which air is substantially entraililed beneath a contact face, whereby an
inlet throttling effect occurs at both said pad means.

According to still another aspect of the present invention there is provided
apparatus comprising: a rotatable magnetic disk recording surface; a slider body having
a major surface opposed to said magnetic recording surface, said slider body also having
leading and trailing edges oriented along a direction of motion of saicl magnetic
recording surface; a transducer attached to said slider body adjacent said trailing edge;
front pad means depending from said major surface of said slider body and substantially
adjacent said leading edge of said slider body and having a leading edge substantially
transverse to said direction of motion of said recording surface, sai(i front pad means
exhibiting a contact face opposed to said recording surface; rear pad means depending
from said major surface of said slider body and substantially adjacent said trailing edge
of said slider body and having a leading edge, said rear pad means exhibiting a contact
face opposed to said recording surface, said leading edge of said rear pad means
separated from a trailing edge of said front pad means by a distance that is substantially

greater than a fly height of said air bearing slider, said contact faces of said front pad



30. .The air bearing slider as recited in claiml, 88t R
pad neans includes a single rear pad, sai d frﬁ‘E;?LEYE\V’{ENISS

two front pads sized, shaped and positioned to defi

ava)
L

ei a channel inj|the

| ongi tudinal direction of said slider betyeen said firdnt 2pbAdG 18%ch sai d
. pads having a step disposed at a rear portion of th
outwardly fromthe face of the pad. 31. The air b cited

”ne

in clai m30mextiehRi Ref2pst ThéRs " hed PpRANEY U8 SplasbiBPlsatPréoipdifl
side edges of said slider. 32. An air bearing slider conprising:

front pad nedhitsitingeffeeive Bper ABgIES wHicH Bagkteacidisaid fromnpaal gemey ahd yedp! gpadar
body and having faces opposed to a recordi ng nedi um and separated by a gap
that is sulnsamsntoi exthiiyit stagupsiont lires thatfdrg shistagitially fcodedatedaivith éading) gdgdsi afer |
- said faces being disposed in parallel orientation but not co-planar so

t hat when peathtsaisheeontaet faces avhen gfaidy maovingr mcardingrsuifane) issali eperaténg spred, a
nmeans and rear pad _neans both exhjbit effectjve faper agl?llyes at .inlets

whi ch cause’ on ding defigHig 3 heundary, belgwowhigh iryig subsianiially sngaped heneath a

stagnation contact face, whereby an inlet throttling effect occurs at both said pad means.
DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side sectional view of an air bearing slider pad that is tilted in relation to
a disk surface. _

Fig. 2 is the view of Fig. 1 with an air flow pattern charted thereén showing the -
effect of a large taper angle.

Fig. 3 is the view of Fig. 1 when the taper angle causes a pad to be "inlet-
throttled".

Fig. 4 is a plan view of a bearing slide of an inlet-throttled air bearing slider

constructed in accordance with the invention.



lines that are substantially co-located with |eading ni;:j]? s
when said recording nedi um noves at operating speed, §\Stladyai
defining a boundary below which air is substantially é&n{rai ned beneat

face, whereby ' Kitilno effect opccurs at both|sap ¢ maggmgans.
33. An air beaﬂmmum““l "m I si ng: front padjimpans and rear p
nmeans, both extéendt ng f momsa general |y planar body, havimgteadinged
and having faces opposed to a recordi n@IIMSmM and sepgarated by a gap that
is substantially larger than a fly height of said air bearing slider, said
f aces 1. An air bearing slider for supporting a transducer over a moping re¢neding siirfapesed-
in parallel ogrientation but not co-planar said faces of said front pad
means and sWidjairdsaring slides SABIPESIEE: exhi biting a taper angle [érr] at a

"~ | eadi ng edge

Whae Qlider body having a major surface opposed to said recording surface, said slider
body also having leading and trailing edges oriented along a direction of motion of said
recording surface; .

front pad means depending from said major surface and substantially adjacent said
leading edge of said slider body and having a leading edge substantially transverse to said
direction of motion of said recording surface, said front pad means exhibiting a contact
face opposed to said recording surface; | |

rear pad means depending from said major surface and substantially adjacent said
trailing edge of said slider body and having a leading edge, said rear pad means
exhibiting a contact face o.pposed to said recording surface, said leading edge of said rear
pad means separated fI'OIIII a trailing edge of said front pad means by a distance that is
substantially greater than a fly height of said air bearing slider, both contact faces of said
front pad means and rear pad means, when positioned on a plane of said recording
surface, exhibiting effective taper angles which cause each said front pad means and rear
pad means to exhibit stagnation lines that are substantially cé—located with leading edges
of said contact faces when said moving recording surface is at operatiné- speed, a
stagnation line defining a boundary below which air is substantially entrained beneath a
contact face, whereby an inlet throttling effect occurs at both said pad means.
2. The air bearing slider as recited in claim 1, wherein said taper angles of said front
pad means and rear pad means do not exceed approximately one milliradian.
3.  The air bearing slider as recited in claim 2, wherein said taper angles of said front
pad means and rear pad means are in a range of approximately 100 to 500 microradians.
4. The air bearing slider as_recited in claim 1, wherein said faces of said front pad

means and rear pad means have different surface areas.



said air bearing slider is positioned on a plane of §
said taper angle [err] no greater than [err] to enapl

action, wherein: [err]
gas viscosity U = di sk speed P = anbie =
i nl et gap each said taper angle [err] causingj}each said fronT‘pd

nmeans and rear pad neans to exhibit stagnation |iné .

- substantial by cThé airabeadingi slidet @adecitedetgelainnf4, sﬁneuielhasaﬂh facamfnszmhlrehr pad
recordi ng nmedi um noves at operating speed, a stagnation line defining a
boundary bemeansihkaschsuriface]asess that isaless Myhaaﬁnfaa@ et ofevaechfase of saiek front pake,
whereby an inlet throttling effect occurs at both said pad neans. 34. The

air bearing™fiSder as recited in claim33 which is symetrical

center Ilin whei)rel n a | east .s frong Q,ﬁd rrea or. rear
- °onv air bearing s 1der as re01 1in claim erein sa1 surface area

exhibits a

about a

BR Saill ot

of said rear pad means has a surface area that is approximately 75% of the surface area

of said face of said front pad means.

7.  The air bearing slider as recited in claim 1, wherein said faces of said front pad

means and rear pad means are parallel, said front pad means further having a layer of

bearing material resident thereon, said front pad means thus béing non-coplanar with said

rear pad means.

8.  The air bearing slider as recited in claim 7 wherein said front pad means and rear

pad means each have bearing material layers resident on their respected faces, said

bearing material resident on said front pad means exhibiting a greater thickness than said

bearing material resident on said rear pad means, thereby rendering said front pad means

and rear pad means non-co-planar.

9. The air bearing slider as recited in claim 7 wherein both said front pad means and

rear pad means have bearing material layers resident on said faces thereof, said bearing

material resident only on lagging portions of said faces.

10. The air bearing slider as recited in claim 7, wherein said layer of bearng material

resident on said front pad means only covers a frontal portion of said face of said front

pad means, a terminating edge of said layer in combination with an exposed portion of

said face of said front pad means providing an area for development of a sub-ambient

pressure to load said air bearing slider when in flight over a moving recording surface.

11. The air bearing' slider as recited in claim 1 wherein said distance between said

leading edge of said rear pad means and said-trailing edge of said front pad means is

approximately one half of a longitudinal length of said slider body along said direction of

motion of said recording surface.
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curvature of its leading and trailing edges, said conve v ‘

symmetrical with respect to said center |line and origntjed _in d|rec;|'n
of novenent of a recording surface in relation to saild fai IZZJAHﬁlW
35. The air bearing slider as recited in &£ ai m 34 wherleijn_hg d.fuont
pad nmeans and rear pad neans exhibit sai'd convex cur
trailing edges. 36. Apparatus conpri sing: ar

- recordi ng s12.f ari@ air bearing 8liddri AerecHiaiiih biaih N9 vﬂuﬂﬁns)gyxﬁme&i@meampqsmt&o
sai d magnetic recording surface, said slider body also having |eading and

~trailing edges amdi whéreih af leagt saidlifront tpiadmedns orotean padimenas exhibgsal cenvex
recordi ng surface; a transducer attached to said slider body
adj acent s adugvaturgi of; itsgleadigg and trailing edges, said convex curvature being symmetrical with
respect to said center line and oriented in a direction of movement of said recording
surface in relation to said air bearing slider.
13. The air bearing slider as recited in claim 12 wherein both said front pad means and
rear pad means exhibit said convex curvature of leading arid trailing edges.
14. The air bearing slider as recited in claim.1 wherein at least a portion of said front
pad means or rear pad means exhibits a convex curvature of its leading and trailing
edges, said convex curvature oriented in a direction of movement of said recording
surface in relation to said air bearing slider.

15. . The air bearing slider as recited in claim 1 wherein said taper angles o, of said

faces of said front pad means and rear pad means are both less than a,,*, where:

2.U

p = dynamic gas viscosity
U = disk speed
p, = ambient pressure
h; = inlet gap
16. The air bearing slider as recited in claim 15 wherein a channel is formed in said
front pad means to provide added roll stability for said air bearing slider.
17. The air bearing slider as recited in claim 1 further comprising:
side pad means disposed between said front pad means and said rear pad means for
increasing roll stiffness of said slider.
18. The air bearing slider as recited in clairﬁ 1, wherein said front pad means includes
a first front pad and a second front pad, said first front pad and said second front pad

—_—
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- ;
front pad neans depending from said major surface REBRAGEMENTSHBEBY and

substantially adjacent said | eadi ng edge of said slidger body and hpav] ng -a
| eadi ng edge substantially transverse to said direéc{i op7ofy on| of said
recording surface, said front pad neans Eéhibitin contact face| opposed
to said recording surface; rear pad heans deperdi d jmaj or

surface of said slider body and substantially adjfcent said trailinjg edge
of said slipgihghashedanrill Pasitictitdaso £26 Nding 40Ehannd BetwEPéaid TstBEMSpad and
exhibiting a contact face opposed to said recording surface, said ea%lIll ng
edge of sai shid eesonddebripads separated froma trailing edge of said front
pad neans by a distance that i-s substantially greater than a fly hei ght of
sai d air bed9i nFhe air behridg slideradsdrecitedt inciaifnal®; swheteip ahid earopdd maahsninelndesand
rear pad neans, when positioned on a plane of said recording surface,

exhi bi ting afsingle reas padpesaidaegy pad havieg acutfeee which tapess do farpmnt inaal direction
and rear pad neans to exhibit_stagnation |lines that are substantially

co-l ocat ed (OWaRd thealendige edgeof sid Blides. sai d contact faces when sai d noving

di f ' t . cat i d, tion.li defi ni
boundar y bt i &t Bapring S1ides o SecRE 18 clan d8: PRPIAUL AL AP EAT Jat 8 TG les
face, Vmereﬁ%n%ﬂat'o?'sgfd Stlila&gttl i ng effect occurs at :

21. The air bearing slider as recited in claim 20, wherein said face of said rear pad is

hexagonal in shape.

22. The air bearing slider as recited in claim 18 further comprising: ST
side pad means disposed between said front pad means and said rear pad means for

increasing roll stiffness of said slider.

23. The air bearing slider recited in claim 22, wherein said side pad means comprises a

first side pad and a second side pad, said first side pad and said second side pad being i

shaped and positioned so as to define a channel between said first side pad and said

second side pad.

24. The air bearing slider as recited in claim 23, wherein said first side pad and said

second side pad have faces which taper to a point in a direction towards the leading edge

of said slider. o

25. The air bearing slider as recited in claim 24 wherein said face of said rear pad is

pentagonal in shape.

26. The air bearing slider as recited in claim 24 wherein said side pads are disposed so

as to be closer to said rear pads than said front pads.

27. 'The air bearing slider as recited in claim 26 wherein said side pads have a face

which is hexagonal in shape. |

28. The air bearing slider as recited in claim 1, wherein:

said front pad means includes two front pads separated by a first channel extending

along the length of said slider; and
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both said pad neans. 30. The air b

) }m H" SEE TECited
in claiml, wherein said rear pad neans inclju fﬂ‘qgﬁoinﬂ' QH' 11' pad;
said front pad nmeans includes two front pads sized, nfl

positioned to define a channel in the | ongi tudi nal
slider between said front pads, each of sai d
di sposed at a rear portion of the pad extendi

face of the padsaid rédr [I]; emeans Dhided Otwil ir€her pAls Sepatateichb e
as

wher ei n

Eaim&ﬂmﬁ bf | sai d

pads _having a step
outvvardl y from he
aéhannel
said step a | eadi ng edge swept backwar d towards SI de
extending along the length of said slider. -

29. The air bearing slider as recited in claim 28 wherein said channels are positioned so
that a first of said front pads is wider than a second of said front pads; and a first of said
rear pads is wider than a second of said rear pads.
30. The air bearing slider as recited in claim 1, wherein:

said rear pad means includes a single rear pad;

said front pad means includes two front pads sized, shaped and positioned to define
a channel in the longitudinal direction of said slider between said front pads, each of said
pads having a step disposed at a rear portion of the pad extending outw'ardly from the -
face of the pad.
31. The air bearing slider as recited in claim 30, wherein said step has a leading edge
swept backward towards side edges of said slider.
32. An air bearing slider comprising:

front pad means and rear pad means, both extending from a generally planar body
and having faces opposed to a recording medium and separated by a gap that is
substantially larger than a fly height of said air bearing slider, said faces being disposed
in parallel orientation but not co-planar so that when positioned on a plane of a recording
medium, said front pad means and rear pad means both exhibit effective tape-; é.ngles at
inlets which cause each said front pad means and rear pad means to exhibit stagnation
lines that are substaﬁtially co-located with leading edges of said faces when said
recording medium moves at operating speed, a stagnation line defining a boundary below |
which air is substantially entrained beneath a face, whereby an inlet throttling effect
occurs at both said pad means.
33. An air bearing slider comprising:

| front pad means and rear pad means, both extending from a generally planar body,

having leading edges and having faces opposed to a recording medium and separated by

a gap that is substantially larger than a fly height of said air bearing slider, said faces

L



edges of.said slider. 32. An air bearing slider conprising: front

pad neans and rear pad neans, both extending fro bl anar
body and having faces opposed to a recordi ng 1'TWA@M$4 .-g ed by a
gap that is substantially |arger thanpa fly heiight of sai d a|r| beari ng
slider, said faces being disposed in parallel orilehta?i7oklG 1$97bu ot

co- pl anar. 33. An air bearing slider as recited i#n claim 32, W ein

sai d pl anar béing elispokeds an gpafallehtorisntition s nahgo 50 sAidredn
exhi biting ataper [err] a;@ﬂle no greater than -E.I:_I’_]_JM].EL(el.]_D.._
[err] mieansy Jnd=s gam.egelwxlubltmg a taper agglelous pled dpading galgerwhens

anbi ent pressure ) h[e rl.= inlet gap
said air bearing slideris posmoned on a plane of said recording medium, said- taper angle

o, o greater than ou,* to enable an inlet throttle action, wherein:

20U
%" <ph

a1

p = dynamic gas viscosity

U = disk speed

p, = ambient pressure

h;= inlet gap

each said taper angle o, causing each said front pad means and rear pad means to
exhibit stagnation lines that are substantially co-located with lFading edges of said faces
when said recording medium moves at operating speed, a Stagnation line defining a
boundary below which air is substantially entrained beneath a contact face, whereby an
inlet throttling effect occurs at both said pad means.
34. The air bearing slider as recited in claim 33, which is symmetrical about a center
line, and wherein at least said front pad means or rear pad means exhibit_s_ a convex
curvature of its leading and trailing edges, said convex curvature being symmetrical with
respeét to said center line and oriented in a direction of movement of a recording surface
in relation to said air bearing slider. |
35. The air bearing slider as recited in claim 34 wherein both said ffont pad means and
rear pad means exhibit said convex curvature of leading and trailing edges.
36. Apparatus comprising:

a rotatable magnetic disk recording surface;

a slider body having a major surface opposed to said magnetic recording surface,
said slider body also having leading and trailing edges oriented along a direction of

motion of said magnetic recording surface;
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slider as recited in claim33, which is symmetrical ab utmﬂl‘
line, and wherein at |east said front pad neans or rear! gad_neans

exhi bits a convex curvature of its legding and trailin dggg,AHﬁi‘]@w
convex curvature being symetrical with respect to sai enter lin
and oriented in a direction of novenent of a recordi nggsurface 1 n

- relation to saiaraisduderattactpdsbdisaidrslider baly. adficentssaid thaiking edges-der 89
recited in claim 34 wherein both said front pad neans and rear

~ means exhibit Jsomd pad meanyedependingtfiom said |raxiar wyrfaged of rsaid |8h§erehg@é and

substantially adjacent said leading edge of said slider body and having-a leading edge

U

substantially transverse to said direction of motion of said recording surface, said front
pad means exhibiting a contact face opposed to said recording surface;

rear pad means depending from said major surface of said slider body and
substantially adjacent said trailing edge of said slider body and having a leading edge,
said rear pad means exhibiting a contact face opposed to said recording surface, said
leading edge of said rear pad means separated from a trailing edge of said front pad
means by a distance that is substantially greater than a fly height of séid air- bearing- -
slider, said contact faces of said front pad means and rear pad means, when positioned
on a plane of said recording surface, exhibiting effective taper angles which cause each
said front pad means and rear pad means to exhibit stagnation lines that are substantially
co-located with leading edges of both said contact faces when said moving recording
surface is at operating speed, a stagnation line defining a boundary below which air is
substantially entrained beneath a contact face, whereby an inlet throttling effect occurs at

both said pad means.
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