S :
%ENT PECIEI
KITACHED

CATION  (11) 1246 648 . BB NGS
| | RmnPis Loy,

Y0 992 088

DESCRIPTION
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. E '

"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: i

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 sensitiviﬁy of flgfheight to
skew angle variaﬁiéns (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 buffeting, etc.

The prior art evidences a number of technigues for attemptihg-
to overcome the aforementioned effects and disturbances. U.S.



(21)'¢®plication No. 44437/ 68 (22) Filed 18 Sept. 1968 (31) Convention
Mppl i cation No. 62440 (32) Filed 28 Sept. 1967 (31) Convention .
ApplicationNo. 82156 (32) Filed 21 Dec. 1967 (31) Convention Apg i cation
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Patent 3,197,751 to Felts shows a flying magnetic head
assembly 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,'ene'upstream
from another. The two level steps enable a low stiction 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
air bearing slider which includes the separated front and rear
air bearing surfaces, separated by agcehfral 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 surface includes a tapered leadlng
portlon (approx1mately 10 mllllradlans) 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 pertion of the slider.

Matthews in U.S. Patent 4,605,977 discloses another version of
an aétiVe-control air bearing slider. In this instance,
however, Matthews eﬁbloys a railed slider with a piezoelectric

— element that enables a lead taper angle of the sllder‘to be
adjusted to achieve a desired flying height.



ra
-

E2S 145 : (54) WOVEN STRI NGER TAPES FOR SLI DI NG CLASP
FASTENERS (71 W, YOSH DA KOGYO KABUSHI KI  weaving in the
filament menbers nore securely 45 KAI'SHA, of No. 1, Kan

| zum -cho,  to the edge of the tape, whigch in turn pre- d%?% 088
Tokyo, Japan; a corporation duly sentS'% drawback that the fllanent moven
edge organi zed under the | aws of Japan do hereby portion of the tape
beconme obj ectionably thick :

A widely used air bearing slider configuration includes a body
with a pair of rails that are oériented 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 generally exhibit'large'front
taper angles that substantially.affect a slider's speed N

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 provide a converging inlet to,aghieve a fluid air film
beneath the rails. Additionally, each rail has at ‘least one
longitudinal angled contour to compensate for skew..
Additional description of the structure. descrlbed by White can
be found in "An Air Bearing Sllder With Uniform Flying Height
and Fast Take-Off Characterlstlcs", Trlbology 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 Contour"). Sliders of the TPC type are
typically highly speed sensitive and are also sensitive to

skew variations that result from the "angular velocity -of an
actuator arm.
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5 decl a%re the invention, for which we pray that and conplicated. a
Yatent may be granted to us, and the nethod It is an object of the
present invention to 50 by which'it is to be perforned, to be particu-
provide an inproved sliding woven stringer _ , lary described in &A%y %8Re
follow ng state- tape of this character which wili overcone the . nment:-
above-noted difficulties. 10 = This invention relates to a woven sliding
According to the invention there is pro- _clasp fastener stringer tape
and has particul acligfersden &bovien"3% AiggBeaxingeMinmiaing thenfifapts of
reference to the tgfpgedfskeapengle" WIEHE Chensacitasps basHagmeticonpiolenaR s, -
helical filament sePt&&}égl !l§'!99,”§§Q§S'C§?Q§L§'ﬁﬁs,oﬁe§cﬁ9@té NihQUfieP| t2ehn iRy EN
'n by aplurality f(c))r r\:/\tleac{u%i;[u_r;]rs aewsegpe%ts in a railed slider assembly.

clifford et al suggests the use of transverse sldts 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; 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 -assembly 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 f£film.

As above indicated, a slider with narrow rails is very
sénsitive 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 angle can be as
large as 20°. When an air bearing slider of thé'standgrd
taper/flat configufation 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 minimizing
Speed and skew dependence,'together. Typically, priof art |
Sliders have taper angles of 10 milliradians or larger. At
Such large taper angles, a slider's aerodynamic lift decreases



tics~filament spirally formed and woven into having a plurality of
yelongated | oops each of 15 the edge of the tape during the meaving t here-

whi ch is unoccupi ed by warp threads and has of . g

its two | egs both disposed in the sane. S L e ere havei%een

i ntroduced a number and joined at their orjke THRISHEST HASGEER of

sliding clasp fasteners of this character ornaBEBhAGED rel epsabl y

engaging with a cor- wherein the coupl i e
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easier to assure that the intersection formed by the juncture

of slider's taper and flat regipns 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, 1lift

becomes'highly speed dependent, even at normal operating

speeds.

A further problem with a large taper angle is_thét at meéium
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 bearihg 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 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.

.' This Sheet Has Been RT
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into two cat egori es. Cné category is where the exclusive of the end .
§ or mat |Tm§heetHasBéanlm d is preforned into a coiled or spirally- In the

acconpan there are 25 arranged construction and,.gu
preforneHI ﬂ Ilhe purpose of illLugtcation certain ?éngﬁf HEEs
read a e edge of preferred enbodi nents  whi-eh .the pr esent

at a warp

70 the tape during the weaving operation .assune in
practice.  other category is characterizef In these

dr awi ngSSUMMARY | QBOTHE INWENTION:anent is woy oR—a—sht+e FIG 1is a
magni fied diagrammatic plan 30 |oomin a manner S|g1lar to a weft thread
and view of a fragnent of the woven stringer tape formed, in the:
course oAnyehyihgaringosiidesnincorpredatingctbedinvénsion hae batbnti on;

75 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 is a plan view of an air bearing slider pad that'hés
a 0° skew angle to the axis ofﬂféébrding surface
movement. '

Fig. 2 is a plan view of an air bearing slider pad that has

a 8° skew angle to the axis of recording surface
movement.. '

- Fig. 3 is a plan view of an air bearing slider pad having a.
rake angle which reduces slider pad roll tendencies
at skew angles up to 6°.

Fig. 4 is a side sectional view of an air bearing slider
pad that is tilted in relation to a disk surface.

Fig. 5 is the view of Fig. 4 with an air flow pattern -
charted thereon showing the effect of a large taper
angle.



spirally-arranged interlocking structure. FIG 2 is a |ongitudinal
€ross-sectional view These prior-art devices have nmany advan- taken
on line. I-1 of FIG 1, schematically tages as such, but they aloseshasm
a certain show ng the upper and | ower runs of7 each con--85 problem

particularly as regards the nmechanical volution of the coiled fil anent

woven in strength with which the interengagi ng coil ed

group of warp thr

| oops; t hese nenbers ar eadtggbloqsgié/ _@Egg@tr %g,.i n FIG 3 is a weaving
di agram for producing - ace and l'end t ]1
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tape shown in FIG .1; 40 deformation upon the inposition of tension
FIG 4 is a transverge7cr osis- seplaronaéw \dfew bearing pad side of an inlet-

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

Fig. 8 is a side view of the air bearing slider of Fig. 7,
when at rest on a disk surface.

Fig. 9 is a side view of the air bearing slider of Fig. 7,
when the disk surface is at operating speed.

Fig. 10 is a plot of pressure versus location on the pads of
the air bearing slider of Fig. 9.

Fig. 11 is a plan view of a modified air bearing slider for
contact recording on a lubricated recording surface,
the slider using a contact rear pad.

Fig. 12 is a plan view of a pribr art rotary arm/disk
arrangement. ' '

Fig. 13 is a plan view of a rotary arm/disk arfangement 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

t he

of bearing pads do not change. This can be better understood

by referring to Fig. 1, wherein an air Searing pad 1 has a
leading edge 2 and trailing edge 3 and is oriented at right
angles to axis 4 of recording surface movement. Pressure
exerted on pad 1 by entrained air between the bearing surface
of pad 1 and the recording surface is directly related to the
length of leading edge 2. Under the conditions shown in Fig.
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or pﬁfl on tape stringers. taken on-line Il-11 of FIG 1

85 More recent devices have been conceived to : FIGS” 5 to 7
represent a second enbodi - elimnate this problem by the u§§ 952 BQE
ment of the invention, FIG 5 being a nagni- i nstance, a cor a

reinforcing thread for fied dlagrannatlc pl an view of a stringer tape
[Price 25p] :

1, equal pressures are exerted on the bearing surface of pad 1
on either side of pad centerline 5. '

.When, as shown'in Fig. 2, centerline 5 of pad 1 becomes
oriented at an angle 8 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 action causes
a counterclockwise 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 diminished by causing
a pad to have sides with rake angles that are at least equal
to a maximum expected angle of skew 9 (see Fig. 3). Under
such conditions, the pad's:leading and tréiling edges always
remain leading and trailing edges at all rake angles equal to
or less than 6. 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 stlffness, dual trapezoidal
{side by side) front pads with appropriate rake angles may be
used.

A further finding of this invention is that an air bearing
slider having pads with extremely small taper angles exhibits
fly heights that are substantially independent df 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.



2 - - 1,246, 648 fragnent, FIG
. 6 being a longitudinal cross- a web section W and a fastener section W

sectional view taken on [ine I'll-1I1 of FIG constituting an edgg &f, the
tape, both sec- 5, and FIG 7 being a wgaving di agram for tlons
consisting of a plurality of warp threads produci ng the strl nger tape
shown in FIG interwoven with | oops of a continuous weft -

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} 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 h, above the disk, with
h, defined as the lnlet gap for entrained air. Tilted pad T is
oriented at an angle a 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 (called the velocity profile) to the left of the y
axis indicating a quantum of air that is regurgitated from i
beneath pad T. The portion of curve 10 that is to the right
of the y axis indicates the portion of inébﬁing air that
proceeds beneath pad T. 1In the forthcoﬁing analysis, the
effects of molecular slip are ignored. Extensive computer
simulations of slider bearings with molecular slip indicate
that inlet throttling is not fundamentally changed by
molecular slip. . '

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

a, is equal to or less than an a * value (the inlet throttle

P P



5 5 i | ' thread. ‘The fastener
section W has a con- 70 FIGS. 8 to 10 represent a third eAdoUi>- 083
tinuous, helical fastener lament F woven int®*® = nent, FIG 8 being a
magni fied diagrammatic the edge of the tape. As already stated, the

plan view of a stringer tape fragnent, FIG [lanment F is woven by a.
plurality of warp angle Oraigehg stageatdongpdiegsanevesr gpiadyc togatdse leddimads
in a simlar nanneedas naerthpomfb adl Qisktdidedey irPasOWAIRES fle 18, and
FIG 10 thread. TQ‘QS %[%{E e. fdzstﬁ C&r;ttl ?%Qeu%ffkbel Ia%?!:r o% sllde bel ng a

VI ew re consrstin seri es of
e o OT 05 SESLRORGeeY. Srrncrred Lk n Loy hiot o ades o i
projecting outwardByedfen than ape, ctgegnation pointed hewss sdowky adaphededs a
masked sliding andoesds POOFdravbmghbmyhesst 405k tspe8BYAUCe., where U is
less than 50 meters per second, or in small 3.5 inch disk
files, where U is about lp 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 o, > a¥.

A principal feature of air bearing sliders that incorporate
the invention is to cause the location of stagnatien 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 "pinned" at inlet point P, pad T is
defined as being "inlet throttled". Under such a condition,
there is no reverse flow of air frem ped T (e. Q., see Fig. 6).
Pinning of stagnation poxnt 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 a,
as small as possible. However, for reasons of _
manufacturability, «, is generally 90 degrees o:smore If a;
increases to values of the order of 150°, the entry face.
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
a,*, the bearing number of the pad is defined as follows (see
W. A. Gross, "Fluid Film Lubrication; John Wiley, 1980):

Bearing Number = A = E&J}' ' (1)
) o5 ks

where: u = dynamic gas viscosity
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¢l asp fastener; and couple With a
¢arrespondi ng ‘head of a 15 "FIGS. 11 to 13 represent a fourth enbodi'-

| oop in an opposed stringer tape (not shown), 80 ment, Fl Gydkdbepss
a magni fied diagram two legs 111 one substantially superinposed

matic plan view of a tape stringer fragnent on the other and a connecting
portion 112 incorporating a reinforcing thread | ock-stitched _

i nt erconnecti ng adj acen{; runs. _ in the tape, FIG 12 being a simlar
view to As seen in Figs. o T anﬁeef, the woven filament 20 FIG 11 but

i ncorporating a reinfor & iy 2PPFYEd Pre¥UT%0n W conprises a first plurality
of warp 85 chai n- 8 i=t thetlling edee tgape, and FIG 13 being threads 1,
3, 5 7, 9 which alternately over- a weavi ng diagram for producing

the tape lie andIH nJ‘.jserklniov?n Sf‘:':%%eél?ei \éﬁegﬂ? Sofogefp—%cgigé]%q} bearings that
as the bearing number apprcaches 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:

h, - (2)

where: p = gas £ilm pressure
h = gas film gap _
C, = constant depending only on inlet conditions.
h; = inlet gap

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

= —Z ’ ..i. .ig 2. :
u= U1 h) + 2“(dx) (y2-yh) (3)

where: -%gis the pressure gradient of the gas flow.

Y = coordinate orthogonal to recording surface

Fig. 5 shows a particular instance of the velocity 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 § starts to
deviate from P that happens when:

21,0 (4)

To keep S at P, it is required that

bz
2pU

nAa

1 (3)

S
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strihger'shomn either in FIG 11 or FIG ted loops and a second plurality

of warp 12; threads 2, 4, 6,
8, 10 which alternately under- 25 FIG 14 is a magnified diagégﬂgaéaﬁ
lie and overlie the same successive ones of _the 90 per spect i EW.
of a fifth enbodi mrent show elongated |oops.”"All these threads are

ext er nal ing a sewn in reinforcenment for the inner end of the | oops
(as best seen in Figs. 14 and 16) portions of the coiled fil ament;
and are suffici enbei vekghifer anyodtantially to FIG 15 is a weaving

diagram for pro- cover each leg 111, the dense arrangement of 30 ducing
t h.e stri nger t apeﬁ‘?gowpeogi@'e_xﬁf‘éssi\éﬁr P2} hiseasts ukBasimkbabietisarwvidly to
rein- 9% ex;(;'}eslsGiolnS(f) %:Iomdclaza{vevgg\/\éizp%eslzéi%n }ér t%.lﬁtletf Qt(z%%tagepédape

angle o *.
For the tilted pad T, at characteristic conditions:

Lewy | (6)

Thus, using expression (2)

=pah1
L
(7)
dp__P. B dh
dx h? dx
dp_Da by . '
&os @

A

P, h; ap

R
X e
A
Ié,
AN

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:

(18) (10 %) Ns'ec/mz
1 m/sec

amw
o
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showing a sewn in reinforcenment for the outer Thr oughout the vari ous

enbodi nents shown, end portions of the coiled filanent; +0 9920854

| egs 111 of a loop of the filament F are _ ;3 _-FIG 17 is a weaving

di agram for produc- acconmpdated, one superinposed.on the other, 35 1ing
the stringer tape shown in FIG 16; in one shed of warp threads W as
illustra- 100 FIG 18 is a magnified diagrammatic plan ted :
particularly in FMG 299™™ G 6, which vi ew of a sixth enbodi nent
showi ng a nodi - Bomsiet §fm’s an i nportant aspect of the present fied
weave of the stringer tape; I nvention. Another inportant

aspect. i s that gy a5sGkG enhd tRee TRIRS fheRdrsll 3960 & Playdeci he warp
threads are sufficient In

M0l Qs Pt | PW Of 288N R0LN LDR! TNt
showi ng anot her S¥RASFSLOB st ARTHERYSF ERRE St i ¥Pe 2PRITGTR 6T % ne” 105
_ 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 «, is set
by the air bearing slider and disk flatness characteristics.
The flatter the air bearing slider and the disk are, the
smaller a, can be. Under no circumstance must the pad angle be

negated by waviness of the disk.

Turning 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 enougﬂ to prevent pitch instability. Air
bearing slider 20 comprises a main body portion 21 having
leading and trailing, downwardly depending pads 22 and 24.
‘Pad 22 has a bearing surface 26 whose angle is inclined with
respect a disk surface 28 at an angle a, < &*. Similarly,
bearing surface 30 of pad 24 also exhibiis a similar taper
angle a,. 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 © with respect to centerline 33 of air bearing slider
20. 6 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



nbdificafion of the weave of the stringer |legs 111 betwéen the heads 100

and the con- t ape; MEE tiongoas
portions 112 of each loop in.the FI G 120-is a weavi ng di agram for
produc- fastener section W. These two basic arrange- ing the
stringer tape shown in FIG 19; ments according to the invention

assure a 45 FI ametﬂanltsaﬁmqaai iad SkeeiAEERdridenp| firessupéey idngeithadf t he
filament F to the fe'er OLefiLéétQ'll?% éﬁl S é}{]ewageﬁét%lat p?ﬂTQQQHMtesS@W ng a

the tape with grea secur |l eve urther nodification of
the weave; . 8lidexr; 203ge BFPH’P“&F"E devices. It "will .be al so under-
FIG 22 is a weaving d| agram for produc- stood that the tape T may be
rendered sub- MbFY) deher&SL1R, QIR padpLalcd @ngléd) shb@@d Zbtisfy thestant ially

thin and pliable @élf%d@ﬂ&léié@uguié) Assuming the pad operates under inlet

throttled conditions (i.e., implying that p = h,/h at any point
on the pad); and that the 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 6 with
appropriately raked 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 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
i exhibits low stiction when disk surface 34 begins to move. As
shown in Fig. 9, when disk surface 34 ig up-to speed, air
bearing slider 20 elevates to a flying héight that 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



50 FIG 23is a magni fi ed di agrammatic pl an

fegs 11
of warp
weavi ng
utilize

t he atcommodati on of both

1in one 115 view of a ninth enbodi nent showing a still shed
t hr eads. further nodification of the weave of the¥0 9B% 038

diagram shown in FIG 3 is - 18tfinger tape;

d to explain the weave of the tape in FIG 24 is a weaving

diagran1for produc- FIG 1, and it is known as a plain weave. The 55
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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 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 (trailing edge of rear paﬁ) 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 sliderx
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 pressure on rear pad 24 to
the center of slider 20).
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_stringer tape; an up posifion of the warp
sthread WA, and 60 FIG 26 is a weaving diagramfor produc- the white
squares to a down position thereof. 125 ~ _ing the stringer t ape s AP 38n
FIG 25. This principle applies to the 8ther weavi ng In FIG 1
of the draw ngs, there is shown diagrans showmn. FIG 4 shows a transverse
part of .a woven stringer tape T which con- cross-sectional. view of the
tape T shown in By abusbims thaerafficachaiidthé oft frogferandapear Pads 22 Epd 1.
65 sliding clasp2é agnenely nBight taReus BpeeatSelvior die ase conadtingizadusent
shown in FIGS. 139 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 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 liquid lubricant is employed on the recording
surface to keep the recording surface from wearing away the
read/write head 52 (while maintaining 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 6 in '
accordance with an expected maximum skew:éhéle 6. 1In
addition, the bearing faces of front pa&é 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 areas of those 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
S0 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 approximatély 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 the spindle motor of low power

~which is a distinct advantage in small notebook-size computer

applications.

In current disk drives 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. 1In the
traditional case,-zero skew at the. ID forces the rotary
actuator arm to be tangential to the disk“IB, (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 reduced acgess times. 1In
the case shown in .Fig. 13} the slider-skeWsubotH posip}vely

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 departin§ from the invention. Accordihgly, the
present invention is intended to embrace all such
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5 to 7 is characterized in that the fastener show a Wweave nodification
wherein the 1st to filament is woven in at sheds Wb which alter- 10th
warp threads of the woven fastener sec- nate wi th sheds W whigdp cgs
contain only loops tion W are inrib ygave with-the 11th and of weft.
This tape construction is suitable par-="12th warps in plain wave. 5
ticularly for arelatively large fastener fil anent. In the eighth

enbodi nent, FIGS. 21 and 70 The web section W is a two-and-two tw |

22, the Weuen faslanencActicyt iWndlard ¢ araRmces wieite, falbl lweithinf ast ener
section W 1s a plain_ T has the 1st .and 2nd warp threads woven weave,

as di agtBemBCors I9f shavppRended cAainst pain weave, the 3rd fo 10th in
two-and-two The third enbodi rent appears in FIGS. 8 rib weave, and
the 11th and 12th in plain '
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10 to 10 and is intended for use as a tape for weave.

75 —a masked stidimg ctasp fastener. Contrary to The ni nth enbodi nent,
FIGS. 2 rest of the tapes shown, the fil anent S
-SI m I ar?l nlm m(l“ur“'l!"m]podl nent just _dgg in this enbodi f? § 2\/\%%%“

e dnca LCrubed, except that the grd to 10th marp manner such
'that the head 100 of each Ioop t hreads are Essm=ta—i-wo.ang et twill
weave. 15 nmay project inwardly of the edge ¢ |GS. 25 and
26, there is shown a tenth 80 ch @ AQd pe of tape

wi th enbodi ment of the invention chosen for‘pur- Fre—me—section W
fol ded back near the head poses of illustration. The woven fastener sec-
100, so bs t Araie hedxinpal ideprivaving £|cemtrdal caxid, datdeainpe T

appearing 'r‘ﬂéﬁfiﬁéﬁgllder 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 leading
edge and a shorter trailing edge and sides connecting

said edges to create bearlng faces having closed
trapezoidal shapes.

2. The air bearing slider, as recited in claim 1 wherein both
said front pad means and rear pad means exhibit leading
edge to trailing edge iaper'éngles that “dlsure 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 gaid front pad
means. y

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 orienﬁed along an axis of
motion of said recording surface; e

This Sheet Has Been Reﬁced
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of the tape. The folded part of the tape is enbodiment has the 1st and 2nd
warp thr eEMIHmeIHHMH d by weaving this part with a plain woven in
pl ain wea h in two- 85 weave. As shomm in %ﬁfqggaphgg
di agr am of and-twS ri'b Wweave, the Sth 4 Si=b ' = FI G- e
1st to 5th warp threads of the 1/3 weave, Fhﬂg%%ﬁEammSEﬁﬂN|
web section W are in plain weave nearest {{he the 11th and
12th in plain fastener filanment, whil e—=Fre=Femr T to weave. 25
13th warp threadeabﬁtlpaawmeaﬂs awpehuuhb £rbin waha hejordeuztfeed that the
present inven- ast.ener ECt'ﬁn W consga&a 8f a_.tionis

.not to be I|n1tedaP8 ?ﬁg %F@EF?SlYoFﬂﬁacen pFatH 4ERFENI said
whi ch have been adiadeedbodut audr hawingodi 1eading 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;

n two-and-two

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 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.

5. The air bearing slider as recited ipﬂbiaim 4, wherein
said sides of said front pad means and rear pad means
each define an acute angle 6 with respect to said central
axis, said angle 6 approximating a maximum skew angle
between said central axis of said slider ang an axis of
motion of said recording surface. N B

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.

This Sheet Has Been Replac




The fourth embodi nent, FIGS. 11 to 13, is fications and changes may be

frade thereJﬂH"“luﬁmuuﬂl)Mﬁ the first enbodi ment shown in without
departing f the 30 FIGS. 1 to 4, 0L e gyPVjgd on
of a appen ded® ctai'ns.® For I nst ance, -t he¢ cema~——f“"f"§égmo ci ng sew ng

thread sewn on the tape threads may be of nyHEiSNﬁET‘ rstriong after
weaving to hold the filament F securely ::erlaFEP- ______ e+='{ ncreasi ng
the strength IF'n position Qn the tape. BT shown in wth which

the fil amBnt Tite famdaéarirkga 4 bider acd%ﬁ:.rﬂgi tmanhendrafid!s stheve her eon
by edge. ock- St £t r titched in
the tape T of ]Il—afﬂ‘s'lé"' %lr\l\;\w/egaéi/led %ﬁﬁl\éﬁzﬁﬁ\%ﬁ ?&?%&ns has'a

100 surface area that is less than the surface 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 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 axis
of motion of said recording surface.

11. An air bearing.glider for cohtact recording and 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 recordlng medlum, sald front pad
means and rear pad means separated by a gap that “is
a substantial percentage of a length gof said air-
bearing.slider, a bearing face of said front pad
means having a taper angle thaﬁ 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 habing a bearing face
whose linear dimensions are approximately an order °
'of magnitude less than dimensions of said bearing

face of said front pad means. e
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of these two tapes is plain both in the web 1. A wdven stringer -tape for

a sliding cl ener sections, as seen fromthe weaving

f ast ener mull I"Iulml;ﬂm fm filament woyen ., di-ageas et &0 882 088
in by a pI ural ity &f %arp tthreads and- he@ -ng..@(gHEET'Hm;tBEEN _enbodi nent,
FIGS. 14 to 17, is a plurality of elongafed.| opgstLacEd of vhich

simlar to the fourth enbodi nent just descC gecapred by warp
threads and has its two 105 . bed, except that a reln hread Sk
is |egd2pot Fhei 3g&sbgardnghslidre 8FEQTARY &SRy ©one ?%q‘&ﬁ"g

afte{ “B?V|n&1$§mﬁg @heReén 8hibh€rontnpadntheans mmdnnkaninaﬁwmﬁana1for
conpl ex type of chain, stit In.the.ta reI agl
cor r espondi n§¥£5 SYSRGHTL FﬁiFFEP f4saﬁﬁe%%g$hF&rCSﬁ§ptr%%a SK qg%rnﬂlon on
anot her stri sgdd fapatapddcmeans and/or rear pad means, each define

an acute angle 6 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 bearing 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 «,, said taper
angle a, no greater than :

®,, wherein:

dynamic gas viscosity
disk speed

ambient pressure .

= trailing edge gap

where:

u
U
P
ht

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 slider, said channel creating a pair of front pad
means, each one of said pair having sides with rake -
angles of 6.
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fastens the inner ends of the linbs 111 of the necting at their other ends

fo adj acent |oops, 110 filament F securely to the edge of the tape.
the warp threads together enbracing said - The reinforcing tlguead2Sloga
the case of FIG |oops al ong substanLighly the entlre | engt h 16

anchors the outer ends of the linbs 111.[fth of the end
formations. 50 The weaving diagrans for ﬂ?@ﬂ 2. A woven
-stringer tape as claimed in t wo -t ap4q! in FllGS. 15 and 17,
claim 1, wherein a first "set of said plurallty 115 ‘respectively.

of varp threads passgseal SBRPEILENIC! 380 paRTNG! BLEbER 18 there s shown
a-sixth cm under sUccessive Ioops of Ph I cal t1lanment bodi nent of
the invention in which the woven and a second set of said plurality of

war p ABSTRACT

An air bearing slider incorporating the invention has both
front and rear pads extending from a geherally 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 rakée 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.
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fastener section W consists of a nodified threads passes alternately
under and over said weave in which the woven fastener section W
successi ve | oops. 120 consists of a
two-and-two wegve, while the 3. A woven stringer tape as clained in
claim web section Wconsists of a two-and-two twill 1 or 2, wherein a
| oop of a continuous weft weave and has al ternate weft | oops- which do
thread is inserted in each of said sh 2§ such 60 not extend into the
fast ener section ' t hat., sai d el 6ffgat ed | oops ar arg®ed by a
permtting the we e moven fastener |oop of wes 3 :
125 . section W to be nearly as dense as h&at of the . A woven
stringer tape as:cl gioed_in I” web section and—++ﬁr+11§;/ to be rendered

claim 1, wherein a semﬁnthh%fad stiffener is -]
 — 5
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G

N

-

D

FIG. &.

/////&///x////




-

=:j}elatively thin and hence, pliable. provi ded tfo fasten said | oops
toget her. 65 The seventh enbodi nent, FIGS. 19 and 20, 5. A woven
stringer tape as clained in
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5 to 7 is characterized in that the fastener show a Wweave nodification

‘Wherein the 1st to filament is woven in at sheds Wb which alter- 10th
warp threads of the woven fastener sec- nate with sheds W which _ .
contain only loops tion W are in rib weave with the 11th and of weft:
This tape construction is suitable par- 12th warps in plain weave. 5
ticularly for arelatively large fastener filanent. In the eighth

enbodi nent, FIGS. 21 and 70, The web secBi’éh W is a two-and-two twill

22, the woven fastener sectlﬁir‘ifl'\»ﬁl\g e rape neave; vmr+e—7he fqﬁbener
section WFrGal p“'uu n T has the an d warp threads woven

: 60 o
58\ ' o \]/52
- L’H

56~

FIG. 12.

(PRIOR ART)

ROTARY
ACTUATOR
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sweave, as diagrammtically shown in FIG 7. " A he
10th in two-and-two The pEFrFa=—crbegrent o) r EMENﬂ(ﬁ-]E rib
_weave, and the 1ith and 12th i BHIS SHERY H"E\%BiﬁNa 5 ﬁ(.:mcuwd fprl use as

~a tape for vve/a g, REPLACED _ a
sliding cl asp f\étstener Contrary to The ni nth erm(dimuNﬁg@. 2B and
24, the rest of the tapes shown, the filanent |F{_is simlartb {he

ei ght h enbodi nent just des- i n thisypnrbodi mentf i s woven in pl acg in a
cribed, except that the 3rd to 10th warp manneéy—sdeh—thrat—ttre—tead 100
of each loop threads are woven in two-and-two twill weave. 15 nmay project _
~inwardly of the edge of the tape. In FIGS. 25 and 26, there is shown a

tenth 80 FIG 10 shows this masked type of tape with enbodi nent of
the i nvent i on Ichogen SBEEWNDEPENDENT BEARIN SLINDER

ABSTRACT

An air bearing slider incorporating the invention has both front and rear pads (22, 24)
extending from a generally planar body (21). Both pads (22, 24) have bearing faces (26,
30) separated by a gap that is substantially in excess of any fly height of thé 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 (22, 24) enables the slider (20) to exhibit
good pitch stability, and the pad rake angles provide resistance to roll effects that occur at
large skew angles. Both pad faces (26, 30) exhibit extremely small taper angles that enable
"inlet throttling" of air entrained by the slider (20). Such inlet throttling provides the slider
(20) with a fly height that is subst?ntially independent of relative speed changes between the
slider (20) and a recording mediuf_n. A further émbodiment includes a rear slider for contact
recording applications. o

Fig. 8
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~the web section Wfolded back near the head poses REPLACEMEN&SHEETThe
woven fastener sec- 100, so as to cause this h¢ag—toprotrude—tl par

tion W of the tape T appearing in this last - o he

part of the tape is enbodi nent has the_lst and 2n %&%%3@62

rei nforced by weaving this part wthaSIaln woven i .

to 4th in tw- 85 weave. As shown in the weaviing di agram of anf-two
rib Weavewi&lhﬁcrém%g eap8f Angld (Bé.lirrdFonauticdt! farlafice, tal : _
threads of the 1/3 weave, the 9th and 10th in two-and- tvvo web section
W are i nophmisnprionst siglerseoperitbein the Btalleregime dmdhdt htheyl Bhaployna 1dcgehtaper

pl ai n fastener filanment, while the remaining 6th to weave. 25 13th
war p t hr eange.arBhei primany- reagbns s forwnhhufactitingvedde inethamitids sasierctot dssuret that

present inven- 90
the intersection formed by the juncture of slider's taper and flat reglons 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 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.

SUMMARY OF THE INVENTION |

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

According to one aspect of the present invention: there is provided an air bearing
slider having a central axis and for use in conjunction with a movable circular recording
medium, said air bearing slider comprising: front pad means and rear pad means, both
extending from a generally planar body and having planar bearing surfaces opposed to
said recording medium, said front pad means and rear pad means each having a leading
edge and a shorter trailing edgé, said shorter trailing edge of said front pad means and
said leading edge of said rear pad means separated by a gap that is substantially larger
than a fly height of said .air-bearing slider, said planar bearing surfaces disposed in
parallel orientation but not co-planar, each said front pad means and rear pad means
having said leading edge and said shorter trailing edge conmected by sides to create

" planar beéring surfaces having closed trapezoidal shapes, said front pad means and rear
pad means symmetrical about said central axis, both sides of each of said front pad

means and rear pad means defining an acute angle with respect to said central axis, said



the precise forns pl ai n weave. 0 S i ch
have been advanced, but various nodi - The f i QE] ch-refty Fl GS.
11 to 13, is fications and changes may _be made thgrdin simlaf 10 the
first enmbodi ment shown in without depafting from |tHe 83oWeV 39t he BO
FIGS. 1 to 4, except for the provision of a appengdedq clains. For :

i nst ance, anidée approRimMAely equal 63 Af MAGHNEh SR Qﬂgl[eme mosaill cBhlr 'h&rgg a
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thereof with said planar bearing surfaces in interacting with air flow about said slider.

According to another aspect of the present invention there is provided 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
opposc_',d' to said recording surface, said slider body also having leading and trailing edges
oriented along an axis 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 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 slidet body and .having a leading edge and a shorter trallmg
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 trailiné 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, when positioned on a plane of said recording surface,
both exhibiting 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
edggs of said faces when said recording surface 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.

According to still another aspect of the present invention there is provided an air
bearing slider for contact recording on a movable circular recording medium and having
a central axis, said air bearing slider comprising: front pad means and rear pad means,

both extending from a genérally planar body and having bearing faces opposed to said
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taper angle which causes said front pad means to exhibit a stagnation line that is
substantially co-located with a leading edge of said bearing face when recording medium
movés thereunder at operational speed, a stégnation line defining a boundary below
which air is substantially entrained beneath said bearing face, to cause an inlet throttling
of entrained air therebeneath, said front pad means having a trailing edge that is shorter
than said leading 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, said front pad means and rear pad means being
symmetrical about said central axis and the sides of said front pad means defining an
acute angle © with respect to said central axis, said angle 8 approximately equal to a
maximum skew angle between said central axis and a moving recording track on said
recording medium, so that edges created by junctions between said sides and said bearing
face do not join said leading edge in interacting with air flow about said slider.

According to yet another aspect of the present invention there is provided apparatus
comprising: a rotatable magnetic disk recording surface; an air bearing slider having a
central axis and a generally planar body including front pad means and rear pad means,
both extending from said. generally planar body and having planar bearing surfaces
oppgsed to said recording surface, said front pad means and rear pad means each haviné
a leading edge and a shoﬁer trailing edge, said shorter trailing edge of said front pad
means and said leading edge of said rear pad means separated by a gap that is
substantially larger than a fly height of said air bearing slider, said planar bearing
surfaces disposed in parallel orientation but not co-planar, each said front pad means and
rear pad means having said leading edge and said shorter trailing edge connected by sides

to create said planar bearing surfaces in a form of closed trapezoidal shapes, said front
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central axis and a recording track on said recording surface so that edges-created by
junctions between said sides and said planar bearing surfaces do not join said leading
edges and junctions thereof with said planar bearing surfaces in interacting with air flow

about said slider; and a transducer coupled to said air bearing slider at said shorter

trailing edge of said rear pad means.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of an air bearing slider pad that has a 0° skew angle to the

axis of recording surface movement.

Fig. 2 is a plan view of an air bearing slider pad that has a 6° skew angle to the

axis of recording surface movement.

Fig. 3 is a plan view of an air bearing slider pad having a rake angle which reduces

slider pad roll tendencies at skew angles up to 6°.

Fig. 4 is a side sectional view of an air bearing slider pad that is tilted in relation to

a disk surface.

Fig. S is the view of Fig. 4 with an air flow pattern charted thereon showing the

effect of a large taper angle.
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thread. and having planar bearing surfaces' épposed to said recording medium, said front pad
means and rear pad means each having a leading edge and a shorter trailing edge, said
shorter trailing edge of said front pad means and said leading edge of said rear pad
means separated by a gap that is substantially larger than a fly height of said air-bearing -
slider, said planar bearing surfaces disposed in parallel orientation but not co-planar,
each said front pad means and rear pad means having said leading edge and said shorter
trailing edge connected by sides to create planar bearing surfaces having closed
trapezoidal shapes, said front pad means and rear pad means symmetrical about said
central axis, both sides of each of said front pad means and rear pad means defining an
acute angle with respect to said central axis, said angle approximately equal to a
maximum skew angle between said central axis and a recording track on said recording
medium so that edges created by junctions between said sides and said planar bearing
surfaces do not join said leading edges and junctions thereof with said planar bearing
surfaces in intcracti'ng with air flow about said slider.
2. The air bearing slider as recited in claim 1, wherein said rear pad means has a
planar bearing surface that is less in area than the area of the face of said front pad
means.

vJ

3.  The air bearing slider as recited in claim 1, wherein said planar bearing surfaces of
said front pad means and said rear pad means each exhibit a taper angle o, said faper
angle o, no greater than an inlet throttle angle value ocp*, wherein:

2ulU

)
where:

¢ = dynamic gas viscosity

.. U = disk speed

P = ambient pressure

h; = trailing edge gap,

each said taper angle o, causing each said front pad means and rear pad means to
exhibit a stagnation line that is substantially co-located a leading edge of each respective
bearing surface when said recording medium moves at operating speed, a stagnation line
defining a boundary below which air is substantially entrained beneath a bearing surface,
whereby an inlet throttling effect occurs at both said front pad means and rear pad
means.
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4.  The air bearing slider as recited in claim 3, wher¢in said taper angles of said front
pad means and rear pad means do not exceed approximately one milliradian.

5.  The air bearing slider as recited in claim 4, wherein said taper angles of said front
pad means and rear pad means are in a range of approximately 100 to 500 microradians.
6.  The air bearing slider as recited in claim 5, wherein said planar bearing surface of
said rear pad means has a smaller surface area than said front pad means.

7.  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;

front pad means depending from said major surface and substantially adjacent said
leading 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 of said front pad means by a distance that is substantially greater
than a fly beight of said air bearing slider, said faces of said front pad means and rear
pad means, when positioned on a plane of said recording surface, both exhibiting
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 surface 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.

8.  The air bearing slider as recited in claim 7, wherein said sides of said front pad
means and rear pad means each define an acute angle 0 with respect to said central axis,
said angle © approximating a maximum skew angle between said central axis of said
slider and an axis of motion of said recording surface.

9. The air bearing slider as recited in claim 8, wherein said taper angles of said front
pad means and rear pad means do not exceed approximately one milliradian.

10. The air bearing slider as recited in claim 9, wherein said taper angles of said front
pad means and rear pad means are in a range of approximately 100 to SO0 microradians.
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The air bearing slider as recited in claim herein said tac€ © ar pad

means has a surface area that is less than the surface area of said face of said front pad
means. ' -

12. The air bearing slider as recited in claim 11, 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.

13. The air bearing slider as recited in claim 7 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 axis of
motion of said recording surface.

14. The air bearing slider as recited in claim 7 wherein taper angles o, of said faces of
said front pad means and rear pad means are both less than an inlet throttle angle value
ap*, where: -

1520

p = dynamic gas viscosity
U = disk speed

P, = ambient pressure

h; = inlet gap.

15. The air bearing slider as recited in claim 14 wherein a channel is formed in said
front pad means to provide added roll stability for said air bearing slider, and channel
creating a pair of front pad means, each one of said pair having sides with rake angle of
0.
16. An air bearing slider for contact recording on a movable circular recording medium
and 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 said recording medium, said front pad means and
rear pad means separated by a gap that is a substantial percentage of a length of said air-
bearing slider, a bearing face of said front pad means when positioned ona plane of said
recording medium exhibiting an effective taper angle which causes said front pad means
to exhibit a stagnation line that is substantially co-located with a leading edge of said
bearing face when recording medium moves thereunder at operational speed, a stagnation
line defining a boundary below which air is substantially entrained beneath said bearing
face, to cause an inlet throttling of entrained air therebeneath, said front pad means
having a trailing edge that is shorter than said leading 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
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recording track on said recording medium, so that edges created by junctions between
said sides and said bearing face do not join said leading edge in interacting with air flow
about said slider.

17. The air bearing slider as recited in claim 16, wherein said bearing face of said front
pad means exhibits a taper angle o, said taper angle o, no greater than an inlet throttle
angle value o,*, wherein:

ZuU
%= pn
where:
f = dynamic gas viscosity
U = disk speed

P, = ambient pressure

h; = trailing edge gap.
18. The air bearing slider as recited in claim 17 wherein a channel is formed in said
front pad means to provide added roll stability for said air bearing slider, said channel
creating a pair of front pad means, each one of said pair having sides with rake angles of
6.
19. Apparatus comprising:

a rotatable magnetic disk recording surface;

an air bearing slider having a central axis and a generally planar body including
front pad means and rear pad means, both extending from said generally planar body and
having planar bearing surfaces opposed to said recording surface, said front pad means
and rear pad means each having a leading edge and a shorter trailing edge, said shorter
trailing edge of said front pad means and said leading edge of said rear pad means
separated by a gap that is substantially larger than a fly height of said air bearing slider,
said planar bearing surfaces disposed in parallel orientation but not co-planar, each said
front pad means and rear pad means having said leading edge and said shorter trailing
edge connected by sides to create said plamar bearing surfaces in a form of closed
trapezoidal shapes, said front pad means and rear pad means symmetrical about said
central axis, both sides of each of said front pad means and rear pad means defining an
acute angle with respect to said central axis, said angle approximately equal to a
maximum skew angle between said central axis and a recording track on said recording

. surface so that edges created by junctions between said sides and said planar bearing

her ei n

8. A
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surfaces do not jdin said leading edges and junctions
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nereof with said planar l;iearing

surfaces in interacting with air flow about said slider; and

a transducer coupled to said air bearing slider at said shorter trailing edge of said

rear pad means.
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SPEED INDEPENDENT, AIR BEARING SLINDER

ABSTRACT

An air béaring slider incorporating the invention has both front and rear pads (22, 24)
extending from a generally planar body (21). Both pads (22, 24) have bearing faces (26,
30) separated by a gap that is substantially in exceés 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 (22, 24) enables the slider (20) to exhibit
good pitch stability, and the pad rake angles provide resistgnée to roll effects that occur at
large sk:ew angles. Both pad faces (26, 30) exhibit extremely small taper angles that enable
“inlet throttling" of air entrained by the slider’ (20) Such mlet throttling provides the slider
(20) with a fly height that is substantially lndependent of relatlve speed changes between the
slider (20) and a recording medium. A Efurther embodlment includes a rear slider for contact
recording applications. | |

Fig. 8

Sheet Has Been Reﬂlaced

T




‘1ec3S1-2 TS

_24 .

SPEED AND SKEW INDEPENDENT, AIR BEARING SLIDER

ABSTRACT

An air bearing slider incorporating the invention has both front and rear pads (22, 24)
extending from a generally planar body (21). Both pads (22, 24) have bearing faces (26,

30) separated by a gap that is substantially in cxc_es;s 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 sepafatio_n of the pads (22, 24) enables the slider (20) to exhibit
good pitch stability, and the pad rake angles provide resist?mié fo_roll effects that occur at
large sk:ew angles. Both pad faces (26, 30) exhibit extremely small taper angles that enable :
“inlet throttling" of air entrained by the slider (20). Such inlet throttling ].provides the slider:
(20) with a fly height that is substantially independent of relative speed changes between the
slider (20) and a recording medium. A further embodiment includes a rear slider for contact

recording applications.
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