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D E S C R I P T I 0 N 

. . 
SPEED AND SKEW INDEPENDENT, AIR BEARING SLIDER 

FIELD OF THE INVENTION: 

This invention relates generally to magnetic head, gas.bearing 

slider assemblies, and more particularly, to air bearing 

slider assemblies that exhibit a fly height that is 

substantially independent of recording media speed and skew 

variations • 

.. RELATED PATENT APPLICATION: 

This patent application is related to U.S. Patent Application 

Serial No. 82,210, entitled•Speed Independent Air Bearing 

Slider, filed on even date herewith. 

BACKGROUND OF THE ART: 

over more .. than three decades, various gas bearing slider 

designs (e.g.' air bearing sliders) have been created in an 

attempt to solve the problem of fly height variation. -While 

there is no generally.agreed upon single "figure of merit" for 

an air bearing slider, it is undeniable that it should, at 

least, have the following qualities: low stiction; low take-. ..._..,.~ 

off and landing speeds; a low sensitivity of fly height to 

skew 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 distortion of 

the slider). For magnetic recording purposes, constancy of 

recording gap is important, even in the·presence of disturbing 

mechanical excitations, e.g., disk'.roughness, spindle run-out, 

aerodynamic buffeti~g, etc. 

The prior art evidences a number of techniques for attempting· 

to overcome the aforementioned effects and disturbances. U.S. 
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Patent 3,197,751 to Felts shows a flying magnetic head 
a_ssembly __ wherein a generally planar slider has a recording 
head mounted behind its trailing 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 between the slider and the disk surface·. The 
leading edge of the slider is rounded or beveled to provide a 
"ski nose" to enable air to be compressed beneath the slider. 

U.S. Patent 3,573,768 to Harris illustrates an air bearing 
slider that includes a pair of stepped regions, one upstream . . 
from anot,per. The two level steps enable a low stiction line 
contact between the slider body and the recording surf ace 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 
air bearing slider which includes the separated front and rear 
air bearing surf aces, separated by a·_, central non-air bearing 
region. The central region is recessed and includes a 
piezoelectric element that.is capable of deforming the slider. 
The front air bearing surf ace includes a tapered leading - . ~~ 

portion (approxim~tely 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 erCiploys 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. 
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A widely used air bearing slider configuration 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 

particularly susceptible to skew angle variations. With the 

popularity of rotary arm actuators, much attention has been 

given to reducing the effects of· skew on railed sliders. 

Railed sliders also exhibit strong, so-called side leakage of 

air from beneath the rails. ·As side leakage varies with disk 

speed, undesirable variations in fly height of the slider 

occur as disk speed varies from inner to outer disk tracks. 
. .. . .. . -

Furthermore, railed sliders general~y ex~ibit large front 

taper·angles that substantially.affect a slider's speed 

dependence. 

In U.S. Patent 4,870,519 to White, a railed air bearing slider 

assembly is described wherein each rail has a tapered forward 

end to provipe ~converging inlet to_a~hieve a fluid air film 

beneath the rails. Additionally, each rail has· at .. least one 

longitudinal angled contour to compen~ate _for ~kew. .. 

Additional description of the structure described by White can 

be found in "An Air Bearing Slider With _Uniform Flying Height .. 
and Fast Take-Off Characteristics", 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. 

In U.S. Patent 4,673,996, to White, a slider is described in 

which the loss of lift of a slider due to skew is compensated 

by steps on the slider's side rails. The step height is 

typically adjusted to a precise value to achieve a fly height 

of a desired type (such as a flat profile) under steady flying 

conditions. This principle was.given the name TPC 

(-"Transverse Pressure Cont'our"). Sliders of the TPC type are 

typically highly speed sensitive and are also sensitive to 

ske~ variations that result from the-angular velocity·of an 

actuator arm. 
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Clifford et al in "An Air Bearing Minimizing the Effects of 
Slider Skew Angle", IE~E 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 
fourid 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; 4,984,740 to Chhabra et al.; 4,734,803 
to Nishihira and 5,062,017 to Strom et al. 

U.S. Patent 4,757,402 to Mo discloses a slider.,asseinbly with a 
circular bearing pad that presents a substantially equal cross 
sectional area to an air film moving with media.even when the 
slider is skewed relative to the oncoming air film. 

As above indicated, a slider with· narrow rails is very 

sensitive to skew. Sliders actuated by linear actuators 
rarely are subject to more than 10° of skew. In disk drives 
that use rotary actuators, however, the.skew ang.le can be as 
large as 20°. When an air bearing slider of the. stand~rd 

taper/flat configu~ation is used with a rotary actuator, the 
actuation arm is generally tangent to the disk's inner data 
tracks. This leads to a long actuator arm with considerable 
inertia. 

While the prior art describes how various slider 
configurations can be designed to cope with.the problems of 

skew, it generally does not address the question of ~inimizing 
speed and skew dependence, together. Typically, prior art 
Sliders have taper angles.of 10 milliradians or larger. At 
such large taper angles, a slider's aerodynamic lift decreases 
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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 intersectipn 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 
such a high 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 ls 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 are~ 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 magnet!~ recording • . . 

It is another object of this invention to provide an improved 
air bearing slider· -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 less sensitive to skew. 

It is yet another object of this invention to provide an 
improved air bearing slider structure which exhibits low 
stiction, low take-off and landing speeds, a fly height that 
is substantially insensitive to skew and disk speed 
variations, and a substantial insensitivity to slider crown 
variations. -------------
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SUMMARY OF THE INVENTION: 

An air bearing slider incorporating the invention has both 
front and rear pads extending from a generally planar body. 
Both pads have bearing faces separated by a gap that is 
substantially in excess of any fly height of the slider. The 
sides of both pads are oriented at a rake angle that is 
approximately equal to the maximum expected skew angle. The 
separation of the pads enables the·slider to exhibit good 
pitch stability, and the pad rake angles provide resistance to 
roll effects that occur at large skew angles. Both pad faces 
exhibit extremely small taper angles that enable "inlet 
throttling" of air entrained by the slider. Such inlet 
throttling provides the slider with a fly height that is 
substantially independent of relative speed changes between 
the slider and a recording medium. A further.embodiment 
includes a rear slider for.contact recording applications 

DESCRIPTION OF THE DRAWINGS: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig.- 5 

is a plan view of an air bearing slider pad th~t has 
a 0° skew· angle to the axis of .. re~ording surface 
movement. 

is a plan view of an air bearing slider pad that has 
a 0° skew angle to the axis o~ recordi._ng surface 
movement .• 

is a plan view of an air bearing slider pad having a 
rake angle which reduces slider pad roll tendenci.es 
at skew angles up to 0°. 

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

is the view of Fig. 4 with an a·ir flow pattern 
charted thereon .showing the effect of a large taper 
angle. 



Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 
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is the view of Fig. 4 when the taper angle causes a 

pad to be "inlet-throttled". 

is a plan view of a bearing pad side of an inlet­

throttled air bearing slider with rake angles 
constructed in accordance with the invention. 

is a side yiew of the air bearing slider of Fig. 7, 

when at rest on a disk surface. 

is a side view of the air bearing.slider of Fig. 7, 

when the disk surface is at operating speed. 

is a plot of pressure versus location on the pads of 
the air bearing slider of Fig. 9. 

is a plan view of a modified air bearing slider for 
contact recor~ing on a lubricated recording surface, 
the slider using a contact rear pad. 

I 

is a plan view of a prior art rotary arm/disk 
arrangement. 

is a plan view of a rotary arm/disk arrangement that 

uses a slider incorporating the invention hereof. 

DETAILED DESCRIPTION OF THE INVENTION: 

A finding of this invention is that an air bearing slider can 
be rendered substantially insensitive to skew by assuring 
that, at all expected skew angles, leading and trailing edges 
of bearing pads do not change. This can be better understood 
by referring to Fig. 1, wherein an air bearing pad 1 has a 
leading edge 2 and trailing edge 3 and is oriented at right 
angles to axis 4 of recording surface mov~ment. Pressure 
exerted on pad 1 by entrained air between the bearing surface 
of p~d 1 and the recording surf ace is directly related to the 
length of leading edge 2. Under the conditions shown in Fig. 
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1, equal pressures are exerted on the bearing surface of pad 1 

on either side of pad centerl~ne s. 

when, as shown in Fig. 2, centerline 5 of pad 1 becomes · 
oriented at an angle 6 with respect to axis 4 of recording 
surface movement, side 6 becomes a ''leading" edge of pad 1 (as 
well as leading edge 2). As a result, greater pressure is 

exerted on the bearing surface of pad 1 that falls to the 
right of pad centerline 5 than is exerted on the bearing 
surface of pad 1 to the left of centerline 5 (pressures in the. 
cross hatched region are reduced by skew).·· This a·ction causes 
a counterciockwise roll moment about centerline 5 to be 
exerted on pad 1 as indicated by the double arrow M. The 
skew-related roll action can be greatly dimi~ished by causing 
a pad to have sides with rake an~les that are at least equal 
to a maximum expected angle of skew 8 (see F-ig. 3). Under 
such conditions, the pad's.leadift.g and trailing edges always 
remain leading and trailing edges at all rake angles equal to 
or less than e. It is to be noted that the use of rake angles 
in the manner above described, reduces the roll stiffness of 
the bearing pad. To regain roll stiffness, dual trapezoidal 
(side by side) front pads with appropria:t_e rake angles may be 
used. 

A further finding of this invention is that an air bearing 
slider having pads with extremely small.taper aa.g,les 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. 
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Prior to discussing specific examples of air bearing sliders 
that exhibit inlet throttle cnaracteristics~.the conceptual 
details of inlet throttling will be presented. As shown in 
Fig. 4, a planar, tilted pad T of an air_bearing slider is 
positioned over a disk that moves at a speed u. An air inlet 
point P is defined by a leftmost point on the leading edge of 
tilted pad T. Point P is a distance h1 above the disk, with 
h1 defined as the ~nle~ gap for entrained air. Til~ed pad T is 
oriented at an angle aP which is the pad taper angle relative 
to the disk. Pad T has a length L in the general direction of 
disk motion and a width W (not shown) that is normal to the 
paper plane of Fig. 4. So long as width W is not much smaller 
than L, it can be shown that inlet throttling can be achieved 
through the use of a small taper angle. If, as is commonly the 
case, W is much less than L, the pad becomes "rail-like" and 
inlet throttling effects are lost by side leakage. 

In Fig. 5, gas flow is plotted under pad T with the portion of 
curve 10 (~alled the velocity profile) to the left o·f the y 

axis indicating a quantum of air that is regurgitated from 
beneath pad T. The portion of curve 10 that is to the right 
of the y axis indicates the portion of i~comlng air that 
proceeds beneath pad T. In the forthcoming analysis, tne 
effects of molecular slip are ignored. Extensive computer 
simulations of slider bearings with molecular slip indicate 
that inlet throttling is not fundamentaily chan~ed by 
molecular ~lip. 

An inlet air stream 12 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. Stagnatio·n point S 
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 
ht and a taper angle aP. However, it has been found that when 
aP is equal to or less than an ap* value (the inlet throttle 



., 

YO 9~?. 0813 
- 10 -

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 sl~ders 
constructed in accord with the invention. However, if aP is 
greater than ap*• 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 l~ meters per second, stagnation point 
S does 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 aP > ap*• 

A principal feature of air bearing sliders that incorporate 
the invention is to cause the location of stagnation point S 
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 "pinned" at inlet point P, pad T is 
defined as being "inlet :throttled". Under sue~ a ~ond:ition, 

' . . there is no reverse flow of air from pad T (e.g., see Fig. 6). 
Pinning of stagnation point s at inlet point P. occurs most 

. . - . I . 
easily when the radius of curvature at.p~int Pis made as .. 
small as possible (e.g. as sharp as possible). In addit!on, 
the leading edge 14 of pad T should preferably have an angle an 
as small as possible. However, for reasons of 
manufacturability, an is generally 90 d~grees o:r::._..more. If an 
increases to values of the order of 150°, the entry fa~e­
participates in the slider action and re-introduces speed 
dependence, especially at higher disk speeds. 

To provide a criterion for selection of inlet throttle angle 
ap*• the bearing number of the pad is d~fined as follows (see 
w. A. Gross, "Fluid Film Lubrication; John Wiley, 1980): 

Bearing NUmber =A. = 6 11 UL 
p)l~ 

where: µ = dynamic gas viscosity 

(1) 
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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 ht is very small, or 
both), the limiting form of Re~nolds' equation is: 

where: p = gas film pressure 
h = gas film gap 
C1 = constant depending only on inlet conditions. 
h1 = inlet. gap 

The velocity u of the gas fiow can be written as: 

u = U(l-Y) + _!_ ( dp) {y2 -yh) 
h 2µ dx 

where: dpis the pressure gradient of the gas flow. 
dx 

y =coordinate orthogonal_to .recor~~ng surface 

Fig. 5 shows a particular instance of the velocity profile 
given by equation 3. 

(2) 

(3) 

If au/ay = 0 anywhere within the gas film ~hen 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: 

To keep_S at P, it is required that 

h 2 dp . < 
2µU dx 

1 

(4) 

( 5) 
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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 ap*. 

For the tilted pad T, at characteristic conditions: 

dh = 
dx 

• -a;.P 

Thus, ·u·sing expression (2) 

_Pa h1 
p--h-

Inserting h 2 : into equation (4) 

ex*<~ 
.P = p h 

a 1 

(6) 

(7) 

(8) 

Expression (9) may now be used as a guide in choosing a pad 

taper angle that will enable inlet thro~tling to occur beneath 

an air bearing slider. As an example, assume the following 

values: 

µ = ( 18) ( 10 -6 ) Nsec/m2 

U = 1 m/sec 
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To assure that there is no reverse flow at U = 1 m/sec, 

expression 9 indicates that ap* 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 aP is set 

by the air bearing slider and disk flatness characteristics. 

The flatter the air bearing slider and the disk are, the 

smaller aP can be. Under no circumstance must the pad angle be 

negated by waviness of the disk. 

Tu:rning to Figs~ 7-9, an air bearing slider 20 is shown that 

includes pads having. taper angles that enable inlet throttle 

effects to be exhibited by slider 20. 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 24. 

~ad 22 has a bearing surface 26 whose angle is inclined with 

respect a disk surface 28 at an angle aP:~ ap*· Similarly, 

bearing surface 30 of pad 24 also exhibits a similar ta~er 

angle aP. A magnetic head 32 is attached to the trailing edge 

of pad 24 in the known manner. 

Bearing surfaces 26 and 30 are both trapezoidal ·in shape. with 

each pad having a leading edge 25, a trailing edge 27 and a 

pair of sides 29 and 31. Sides 29 and 31 are each oriented at 

an angle 8 with respect to centerline 33 of air bearing slider 

20. 8 is the maximum skew angle to which slider 20 will be 

subjected and is illustrated in Fig. 7 by the angle between 

vector 35, representing the direction of movement of a 

recording surface beneath slider 20 and centerline 33 of 

slider 20. ·,Thus, at all skew angles of 8 or less, leading 

edge 25 remains the only leading edge of slider 20 and 

trailing edge 27 remains the only trailing edge. As a result, 

entrained air beneath bearing surfaces 26 and 30 exerts 
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substantially equal and skew-independent pressures on either 
side of centerline 33 and skew-related roll tendencies of 
slider 20 are minimized. 

More generally, the pad rake angles should satisfy the 
foll~wing skew rule. Assuming the pad operates under inlet 
throttled conditions (i.e., implying that p =hi/hat any point 
on the pad); and that tbe bearing pad's leading edge is at a 
uniform height from the disk; and that the bearing pad is a 
tilted plane pad, it can be shown that pad pressure at any 
point on the pad is insensitive to skew angle 8 with 
appropriately rake_d pad angles. The bearing pad obeys the skew 
rule if the bearing's leading edge is straight, finite, and 
the pad's trailing edge lies within a trailing isosceles 
triangle whose sides. emanate from the pad's front edge at the 
maximum expected skew angle. 

In Fig. 8, air bearing slid9r 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. 9, when .disk surface 34 .is .. up; to speed, air 
bearing slider 20 elevates to a flying height th~t is 
determined by the amount of gas entering between pad surfaces 
28 and 30 and disk surface 34. 

As above indicated, pads 22 and 24 are separated by a 
longitudinal distance d. Perturbation 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 overwhelm the destabilizing effect of a pitch angle 
change. It is required however that pads 22_ and 24 be 
sufficiently distant from each other so as· to assure adequate 
pitch stiffness. It is preferred that distance d be 
approximately half the length of air bearing slider 20, but 
such distance is an approximation and those skilled in the art 
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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 (for low take-off speeds) 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 and improved ventilation of the recessed area. 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. 

A slider according to the invention is also resistive to crown 
variations. A posit~ve crown (slider convex toward the disk) 
causes an increase of tbe front pad angle and an equal and 
opposite decrease of the rear pad angle. If the front pad 

~ i. 

angle increase occurred by itself,· the r~ar of the slider 
would lift 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 f~y--height of the rear 

of the slider (trailing edge of rear pad) remains essentially 
unchanged. Thus, unwanted crown effects, for example those 
caused by disk drive warm-up and cool-down, are much less 
deleterious. 

From an· examination of the plot of Fig. 10, it can be seen 

that the distribution of pressure on surfaces of pads 22 and 
24 is 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 bearing slider 20, the slider 
would pitch nose 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 ... ru;.essure on rear p~d 24 tc;> 
the center of slider 20). 

,. 
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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 anC:t · ·• 
a stubby rear pad 24 would lead to an air bearing slider with 
a fly height that ultimately would decrease with speed, 
because the rear pad would reach an inlet throttled condition 
at a higher speed than the front pad. 

Referring now to Fig. 11, an air bearing slider 50 is shown 
that employs the rake angle/inlet throttle features of the 
invention and is particularly adapted for use in contact 
recording applications. In general, contact recording means . . 
that the nominal recording gap between head 52 and a recording 
surface is maintained on the order of one micro-inch (25 
nanometers). A liqui~ lubricant is employed on the recording 
surface to keep the recording surface from wearing away the 
read/write head 52 (while mpintaining a distance of a few 
nanometers) • 

Slider 50 is provided with a pair of front pads 54 and 56, 
each of whose sides is oriented at a rake angle e in 
accordance with an expected maximum skew: angle e. In 
addition, the bearing faces of front pads 54 and 56 are-· 
oriented to provide small taper angles so as to assure inlet 
throttling effects on slider 50. A channel 58 separates front 
pads 54 and 56 and causes the bearing a~eas of ~~ose pads to 
be concentrated towards the outer edges of slider 50 to . 
increase the roll stiffness of slider 50 (compromising 
somewhat the constant spacing/speed characteristic described 
above). 

A rear contact pad 60 extends from the undersurface of slider 
50 and acts to maintain head 52 at the proper spacing from a 
recording surface. Contact pad 60 derives its support from 
pressure borne·by the lubricant which, under conditions of 
high shear, may not behave in the usual Newtonian way •. The 
dimensions of contact pad 60 are approximately an order of 
magnitude less in linear dimension than a rear "flying" pad. 
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Given a slider body that is approximately 2 millimeters long 
by 1 1/2 millimeters wide, the length and width dimensions of 
contact pad 60 will approximate 100 x 100 microns. 

While a pair of front pads 54 and 56 are shown in Fig. 11, it 
is to be understood that a continuous pad can be employed in 
lieu thereof, but at some expense to roll stiffness of slider 
50. Because of pad 60's small size and the fact that it 
interacts with a liquid lubricant on a recording surface, when 
the recording surface is started up, stiction stresses are 
small. This allows the use of ~he spindle motor of low power 
which is a distinct advantage in small notebook-size computer 
applications. 

In current disk driv.es the slider operates with the least skew 
near the inner diameter (ID) of the disk. With standard taper 
flat sliders this choice is.dictated by the need to combat a 
large speed dependence with an equally large skew dependence 
of the slider fly height. In the air bearing sliders 
described above, no such forced trade off is imposed. In the 
traditional case, zero skew at the.ID forces the rotary 
actuator arm to be tangential to the dis;k·-ID, (see Fig. 12). 
With a slider incorporating the invention hereof, the location 
of the actuator pivot is much less constrained and can be 
located as shown in Fig. 13. This permits a shorter actuator 
arm with reduced inertia, leading to re~uced ac~~ss times. In 
the case shown in .Fig. 13, the slider -skews._botll positiv.ely 
·and negatively. For this reason it becomes possible to use 
the same slider on either side of the disk, reducing the part 
numbers, and the possibility of inadvertent part mix up. The 
shorter arm also contributes to compact package design and 
shock resistance. 

It should be understood 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 
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alternatives, modifications and variances which·fall within. 

the scope of the appended claims. 

... 
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1. An air bearing slider having a central axis, said air 
bearing slider comprising: 

front pad means and rear pad means, both extending from a 
generally planar body and having bearing faces opposed to 
a recording medium, said front pad means and rear pad 
means separated by a gap that is substantially larger 
than a fly height of said air-bearing' slider, said faces 
disposed in parallel orientation but not co-planar, each 
said front pad means and rear pad means having a leadi.ng 
edge and a shorter trailing edge and sides connecting 
said edges to create bearing faces having closed 
trapezoidal sha~es. 

2. The air bearing slide~ as recited in claim 1.wherein both 
I 

said front pad means and rear pad means exhibit leading 
. . .. . ·~ 

edge :to trailing edge taper angles that ··a!ls·ure· inlet 
throttling of entrained air between contact faces of said 
front pad means and rear pad means and a recording 
medium. 

3. The air bearing slider as recited in claim 1 or 2, 
wherein said rear pad means has a bearing face that is 
less in area than the area of the face of ~a~~ front pad 
means. 

4. An air bearing slider for supporting a transducer over a 
moving recording surface and having a central axis, 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 an axis of 
motion of said recording surface; 
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front pad means depending from said major surface 

~nd substantially adj~~ent said leadin~ edge of said 
slider body and having a leading edge and a shorter 
trailing edge, both said edges connected by sides, 
said front pad means thereby exhibiting a 
trapezoidal face opposed to said recording surface; 

rear pad means depending from said major surface and 
substantially adjacent said trailing edge of slider 
body and having a leading edge and a shorter . 
trailing edge, both said edges connected by sides, 
said rear pad means thereby exhibiting a trapezoidal 
face opposed to said recording surface, said leading 
edge of said rear pad means separated from a 
trailing edge o~ said front pad means by a distance 
that is substantially greater than a fly height of 
said air bearing 'lider, 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. 

5. The air bearing slider as recited i~ claim 4, wherein .. 
said sides of said front pad means and rear pad means 
each define an acute angle 9 with respect to said central 
axis, said angle 0 approximating a_maximum skew angle 
between said central axis of said slider ait.4. an axis of 
ino.tion of said recording surface. 

6. The air bearing slider according to any one of the above 
claims, wherein said taper angles of said front pad means 
and rear pad means do not exceed approximately one 
milliradian. 

7. The air bearing slider according to any one of the above 
claims, 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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8. The air bearing slider according to any one of th~ above 

claims, wherein said face of said rear pad means has a 

surface area that is less than the surf-ace area ·of said 

.face of said front pad means. 

9. The air bearing slider according to any one of the above 

claims, 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. 

10. The air bearing slider according to any one of the above 

claims, wherein said distance between said teading edge 

of said rear pad means and said _trailing edge_ 9f sai~ . 

front pad means is approximately one half of a· 

longitudinal length of said slider body along said axis 

of motion of said recqrding surface. 

11. An air bearing -.~llder for contact recording and having a 

central axis, said air bearing slider comprising: 

front pad means and rear pad ~;eans, both extending 

from a generally planar body and having bearing 

faces opposed to _a recording medium, said front pad 

means and rear pad means separated by a gap that 'iS . 

a substantial percentage of a. length ~~ _said air­

bearing .slider, a bearing face of said front pad 

means having a taper angle that assures inlet 

throttling of entrained air therebeneath, said front 

pad means having a leading edge and a shorter 

trailing edge and sides connecting said edges to 

create a bearing face having a closed polygonal 

shape, said rear pad means having a bearing face 

whose linear dimensions are approximately an order 

of magnitude less than dimensions of said bearing 

face of said front pad means. 
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12 .. The air bearing slider according to· any one of the above 

claims, wherein ~aid front pad means and rear pad means 

are symmetrical about said central axis. and the sides of 

said front pad means and/or rear pad means, each define 

an acute angle 0 with respect to said central axis, said 

angle 0 approximately equal to a maximum skew angle 

between said central axis and a recording medium. 

13. The air bea~ing slider according .to.any one of the above 

.claims, wherein said bearing face of said front pad means 

or said planar faces of said front pad means and said 

rear pad means each exhibits a taper angle aP, said .taper 

angle aP no greater than 

u;, wherein: 

• < 2J.L u 
ex,, = h 

Pa i 

where: µ = dynamic gas viscosity 

u = disk speed 

Pa = ambient pressure 

ht = trailing edge gap 

14. The air bearing slider according to any one of the above 

claims, wherein a channel is ·formed. _in said front pad 

means to provide added roll stability for said air 

bearing slid~r, said channel creating a pair ·of fro_nt pad 

means, each one of said pair having sides with rake 

angles of a. 


