,KSA9" 91 109. - 1 NEGATI VE PRESSURE

SSLI DER This i.nvention rel ates general |y to conputer data sto
nor e speC|f|caIIy to a negative air pressure air bearing slidér structure
enpl oyed in CO”J“”Q%_EF with data storage drives. 5 The negative
pressure atr I der designs of the prior art are generally
preferabletto conventlgral flat taper slider configurations. The negative
pressure structure enabl es the I f engERN prel oads,
yi el di ng decreased stationary gﬁrghbg a|°1§?ég§qu%%§£e i chg are often
referred to as "stictional" forces. 10 Negative pressure structures also
of fer the potential fmisiimpention relopssdenetaldprifoosqrpnter. data storage drives

and more specifically to a negative air pressure air bearing slider

N

structure employed in conjunction with data storage drives.

5 The negative pressure air bearing slider designs of the-prior art
are generally preferable to conventional flat taper slider
configurations. The negative pressure structure enables the utilization
of low ‘suspension preloads, yielding decreased stationary frictional
forces. These forces are often referred to as "stictional" forces.

10 Negative pressure structures also offer the potent1a1 for 1mproved

‘stop/start performance.

One shortcoming of state-of-the-art negative pressure air bearing
designs is that the slider produces large negative loads. B2An example of
such a design is disclosed in U.S. Patent No. A,475,135,Iby Warner et al.

15 These structures achieve a high air bearing stiffness which improves the
compliance to the disk, but also increases the impact forces resulting
i from asperity and third-body contact. Such high-impact forces tend to
degradeldevice reliability. Consequently, a structure offering the
.ability to optimize the amount of stiffness or negatiVe pressure would be
20 desirable. ’

Although it is possible to adjust the amount of stiffness on
existing slider structures by increasing the depth of the etched relief,
this approach has significant drawbacks. Deepening the etched relief
increases the fly height sensitivity of the slider structure.

25 Furthermore, the reverse air current flow within the debths of the etched
relief will be increased, thereby increasing the slider's propensity to

accumulate debris.

Hence, it is an object of the present invention to develop a
technique for adjusting the negatlve pressure of the slider structure
30 which is independent of the etch depth.

A further object of the invention is to provide an air bearing
structure having improved static-and dynamic performance over existing
structures. ' -
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/~One shortcom ng of state-of-the-art negative pressure alr bearr ng designs
"‘r s that the slider produces |arge negative |oads. An g
design is disclosed in U S. Patent No. 4,475, 135, by
These structures achieve a high air bearing stiffness
conpliance to_the dl%k but al so |ncrease§ t he i npact
asperity and 37 a8 dy contact. Such hi gh-i npact forces tend to degrade
device reliability. Consequently, a structure offering the ability to
optim ze the anount of_stjffness or ative pressure V\pu*’ he 22,
desirabl e. Al t houdiFePidipgiiybhs PB‘FSé“fol & der P?ﬁ‘é‘ ISR AN PR RETY £t on
exi sting slider sippactinges tbynsidnesredsirniptibe tdepmhvabilet storagechediunelspid |
t hi s appr oachyifase ssigish i anéonPr 8aRGL leSs1idee peRidtgrd hetiekchadinekagf, a

trailing edge, and first and second side edges enclosing a slider

5 surface, the slider surface facing said movable storage medium when in
uee; one or more U-shaped rails extending from said slider surface, each
said one or more U-shaped rails comprising: a cross rail substantially
parallel with said leading'edge and exteﬁding across substantially less
than the full width of said slider surface between said first and second

10 edges; and first and second side rails, each-extending from said cross

rail in the direction of said trailing edge.

Viewed from a second aspect the present invention provides a slider
for supporting a transducer in relation to a movable data storage medium,
comprising: a slider structure with a leading edge, a“trailing edge, and

15 first and second side edges enclosing a slider surface, the slider
surface facing said storage medium when in use; taper-flat rails on said
slider surface, said teper;flat rails extending from said leading edge
toward said trailing edge and including respective tapered portions at
said leading edge, and each taper-flat rail being substantially adjacent

20 and parallel to a respective side edge; and a U-shaped rail centered on

' said slider surface between said taper-flat rails and projecting
outwardly from said slider surface, said U-shaped rail including: two
spaced-apart elongate rails, each elongate rail being shorter than, and
substantially parallel to, said taper-flat rails; and a cross rail

25 connecting said side rails, . the cfoss rail formed between said side rails

. and extending across less thah;the full width of said slider surface.

Viewed from a third aspect the present invention provides a slider
for supporting a transducer in relation to a movable data storage medium,
comprising: a slider structure with a leading edge, a trailing edge, and

30 first and second side edges enclosing a slider surface, the slider
surface facing said storage medium when in use; a first U-shaped rail
projecting outwardly from said slider surface, said first U-shaped rail
including: a cross rail substantially parallel with and adjacent to said
leading edge and extending across less than one-half the width of said

35 slider surface; a first rail substantially perpendicular to and adjoining
said cross rail, said first side rail substantially adjacent and parallel
to a first side edge and extending ﬁ«om said cross raid towards said ..
trailing edge; and a second sidejrail, substantially parafiel to sa1d %;

\
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\anreases the fly height sensitivity of the slider structure 25

“Furthernore, the reverse air current flow within the dpEF—ot—the : -
relief will be increased, thereby increasing the slider §HﬁiﬁbéEEHA$EEEN
accunul ate debris. Hence, it is an object of the prese |nv8ﬁPLbﬁEﬂo

devel op a technrqyﬁllgg adj usting the negatiyve pressure'o
structure 30 I'S”i ndependent of the etch depth. A further obj ect of
the inventionis to provide an air bearing structure havrng i nproved static

n n rf or man r i n r
and dynam ¢ pe f:?rsgaszr.%g r%\zl.f an fsftset %rgnt[ sgfdt !us% side rail toward the center of

said slider surface, and a second U-shaped rail projecting outwardly from
said slider surface, said second U-shaped rail iuclu&ing: a cross rail
_ substantially parallel with and adjacent to said leading edge and
5 extending across less than one-half the width of said slider surface; a
first rail substéntially perpendicular to and adjoining said cross rail,
said first side rail substantially adjacent and parallel to a first side
edge and extending from said cross rail towards'said trailing edge; and
a.second side rail, substantially parallel to said first side rail and
.10 offset from said first side rail toward the center of said slider

- surface.

The air bearing slider of the present invention prévides a
structure which optimizes the amount of negative pressure provided by‘the
slider structure. This slider is employed in conjunction with a data

15 -storage medium which may be engaged in motion relative to the slider.

- The slider structure includes a leading edge and a trailing edge, the
edges being determined with reference to the motion of the data storage
medium. The slider also includes a bottom surface which faces the data
storégé”medium. The bottom surface extends between the leading edge and

20 the trailing edge. '

The negative pressure contours of the slider can, in one
embodiment, be determined by means of a U-shaped rail situated between
two outer taper-flat pads on the bottom surface. The amount of negative
pressure is controlled by adjusting the length and width of the area

25 enclosed by the U-shaped rail. The two outer taper-flat pads provide
roll stiffness. These pads may be extended to the trailing edge of the
slider to pfovide a mounting location for a read/write element. 1In this
manner, the negative pressure contours may be optimized for specific

device applications.

30 A second embodiment of the invention includes an isolated island
positioned between the legs of a U-shaped rail. The purpose of the
island is to provide means for mounting a read/write element to the

- slider. Two outer pads are employed for improving the roll stiffness
characteristics of the slider. These pads may be offset from the

35 trailing edge toward the leading edge of the slider to eliminate roll

sensitivity.
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SA9°91- 109 2 Accordingly the present invention
provides an air bearing slider for supporting a-transducer in relation to a
novabl e storage nedium said air bearing slider conmprising: a slider '
structure with a |l eading edge, a trailing edge, and first and second side
edges enclosing a slider 5 surface, the sljder surface facing said novable
st orage nedi ufb99%8nt9°n use; one or nore U-Shaped rails extending fromsaid
slider surface, each said one or nore U shaped rails conprising: a cross
rail substantially parallel with said | eading ed nd .ext etndi ng. acr 0ss
substantial |y | essAtidrd tefpRoFEFPt Jf Byeery ?gf‘ﬁ%’ SIS BE R S ai d
first and sec@adthkOforedges; canter friaik texberding Eoord thd deshagpd yaikjeHhext endi ng
fromsaid Cr()%§ailing edge of the slider structure. Two outer pads are employed,

* which may be offset from the trailing edge toward the leading edge of the
5 slider to eliminate roll sensitivity.

According to a fourth embodiment of the invention, the U-shaped
rail can be situated at a position on the bottom surface between the
leading and trailing edges of the slider structure. 'Centering'thg u-
shaped rail between the lateral edges of the slider provides enhanced

10 pitch angle and fly height design flexibility.

In an alternative embodiment of the slider, two U-shaped rails are
spaced laterally on the bottom surface near the slider leading edge.

The present invention will be described further, by way of example
only, with reference to an embodiment thereof,.in which:

15 Fig. 1 is a perspective view illustrating the operational
environment of the preferred embodiment of the present invention in the

" context of a data storage drive mechanism;

Fig. 2 is a block diagram illustrating the operational environment
of the preferred embodiment of the present invention in the context of a

20 data storage drive mechanism;

Figs. 3A and 3B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure according

to a first embodiment of the present invention;

Figs. 4A and 4B are bottom plan and rear elevation views,
25 respectively, of a U-shaped rail air bearing slider structure according
to a second embodiment of the present invention, which includés an
isolated island positioned between the side pads of the U-shaped rail;

Figs. 5A and 5B are bottom plan and rear elevation views,
respectively, of a U-shaped rail air bearing slider structure according
30 to a third embodiment of the present invention, which includes load

bearing means and a center rail attached to the U-shaped rail;



ralf in the direction of said'trailing edge. Viewed froma second aspect
}the present. invention provides a slider for-.supporting a transducer in
relation to a novabl e data storage nedium conprising: a slidér structure
with a |leading edge, a trailing edge, and 15 first and second side edges
enclosing a slider surface, the slider surface facing said storage nedi um
when in use tapea-9141®9 rails on said slider5Ssurface, said taper-flat rails
extending fromsaid | eading edge toward said trailing edge and incl.uding
respective tapered portions at said | eading edge, and each taper-flat rai
bei ng substanti al | yriagj sareatd BB ararigbtpew aldreknd vemr ebspéidn viewsi de edge;
and a U shapedg ektﬁ%fﬂ{ ebeth P0srpldl rail deF pesvihgcaibat W@ﬂi&t@@l Sedoagmg- f | at
(a1 15 and P o) E601 30, GH Ak Skl o8 sS he5hd U5t B St P kb BRRGoE o|

i ncl udi ng: two
of the U-shaped rail is positioned near the center of the first surface
5 of the slider structure;

Figs. 7A-7B are bottom plan and rear elevation views, respectively,
of an alternate embodiment of the slider structure of the present

jnvention which employs two U-shaped rails separated by a center rail;

Flgs. 8A and 8B are bottom plan and rear elevatlon views,

10 respectively, of a slider structure 51m11ar to that of Figs. 7A and 7B,
but wherein outside rails have been adapted to support a‘read/write
element; '

Figs. 9A-9D illustrate bottom plan views of various prior-art
slider configurations and a U-shaped rail air bearing.slider accordipg to

- 15 a preferred embodiment -of the invention;

Fig. 10 graphically illustrates the magnitude of negative air
pressure versus velocity for the slider structures shown in Figs. 9A, 9B
and 9D;

'Fig. 11 graphically illustrates the magnitude of negative air
20 pressure versus velocity for two slider structures according to the
invention; and

Fig. 12 graphically illustrates flying height versus 0elocity for
the slider structures shown in Figs. 52 and 5B, 7A and 7B,

and 9cC.

25 THE INDUSTRIAL ENVIRONMENT

Fig. 1 is a perspective view illustrating means for employing a
slider according to a preferred embodiment of the present invention in a
direct access storage device (DASD). In this regard, the preferred
embodiment of the invention concerns a slider 10 which is supported in a
30 DASD with respect to a disk surface 12 by a slider suspension assembly 14
which includes a mount plate 16 .and load beam 18. The slider 10 is
attached to the load beam 18 by means of a flexure 19. A data read/write



,spaéed-apart el ongate rails, each elongate rail being shorter than, and
substantially.parallel to, said taper-ftat rails; and a cross rail 25
connecting said side rails, the cross rail formed between said side rails
‘and extending across less than the full width of said slider surface.

Vi ewed fron161&415£ gdspect the present ingention provides a slider for
supporting a ¥1ansducer in relation to a novabl e data storage nedi um
conprising:-a slider structure with a | eading edge, a trailing edge, and 30

first and second sid l308] © ' - Yef ACRord REads! bORbmRWES ace
facing said s Bﬁnﬁé‘éce?re%{jgrgn%v?ﬁ%%di%{ ugee;glgée idi?ist Ushaped rail projecting

outwardly frobhe&FensdpcerefC S0/ PIREICH°BI9Sirst U-shaped rail including: a
cross-rail substantially parallel with and adjacent to said | eadi ng edge

and extendi ng acrogg,.| £98 4 BascrOBLRa fi1lReradidy thefessantdal complement of
functional components in a DASD employing the slider design of a
5 preferfed embodiment of this invention. Although Fig. 2 illustrates a
single-disk device, it is to be understood that this is not intended to
.liﬁit the practice of the invention to such devices. 1In fact, the
invention is equally applicable to DASD's with multiple disks.

In Fig. 2 the disk 30 is mounted on a rotatable spindle 32 that is
10 rotated by a drive motor 33. The disk 30 has an upper surface 34 and a
' lower surface 35. A slider 38 with a transducer mounted thereon faces
the upper surface 34. Another slider 40 with a transducer mounted
thereon faces the lower surface 35. The sliders 38 and 40 are positioned
with'respect to these surfaces 34 and 35 by respective movable slider arm
15 assemblies 45 and 46. The arm assemblies are conventionally mounted to
an actuator 42. The transducers on the sliders 38 and 40 are connected
to conventional data channel electronics. In Fig. 2 read/write_channel
electronics 48 are shown only for the 51i§er 38,ﬁit-béiﬁgfﬁﬁd€%st. .
the transducer on the slider 40 is similarly supported in the DASD. A~

20 control unit ‘50, typically in the form of a processor, provides position
control signals on a signal path 52 to the actuator 42. These signals
controi the positions of the slider 38 and 40 with respect to the
surfaces of the disk 30. The control unit 50 provides motor speed

. control signals to control the rotational speed of the drive motor 33.

25 The control unit 50 also processes read and write signals for the
transducer on the slider 38 by way of the read/write channel electronics
48. ' ’

Each slider 38 and 40 may support ohe or more read/write
- transducers. As the disk 30 rotates, the sliders 38 and 40 are moved
30 radially in and out over their respective disk surfaces so that the’
read/write transducers may access different portions of the disk 30 where
desired data is recorded. Each slider 38 and 40 is attached to is

respective actuator arm 45 and 46 by means of a suspension mechanism.

During operation of the DASD, rotation of the disk 30 generates a
35 cushion of air (an "air bearing") between each of the sliders 38 and 40

and its respective disk surface. The air bearing exerts: an upward force



30 'slider surface; a first rail substantially perpendicular to and

°ad10|n|ng said cross rail, said first side rail substantially adjacent and
parallel to a first side edge and extending fromsaid cross rdil towards
said.. trailing edge; and a second sidetail, substanti-ally parallel to said
TH' 'S SHEET HAS BEEN SA9-91- 109 - 3 first side rai

and of fset freapsHi-#0First side rail toward the center of said slider
surface; and a second U-shaped rail projecting outwardly fromsaid slider
surface, said second U shaped rail including: a cross rai

against a slider, which counterbalances an opposing disk- -directed force

exerted on the slider. The balance of forces supports a sllder off of a
disk by sﬁall, substantially constant spacing ("flying height") during
operation. In negative-pressure sliders, the upward force is exerted

5 against spaced-apart taper-flat slider rails; the opposing force is
exerted by receséed area on the slider surface between the rails which
creates a suction acting between the slider and the disk surface.  The
balance between the forces results in a very slight positive load on the

slider, while the rails provide a very stiff bearing.

10 The flying height of a slider is the distance between a particular
point on a slider and the disk surface vhen the slider is supported on
its cushion of air. Typically, the slider point coincides with a
transducer location; usually, thls locatlon is at the trailing edge of
the- slider. It should also be noted that the terms “spacing" and "slider

15 spac1ng" vhen used in the description and drawings are synonymous with
"flying height. . T e

Figs. 3A and 3B illustrate bottom plan and rear elevation views,
respectively, of a U-shapéd rail air bearing slider structure 100 in
accordance with a first embodiment of the present invention. The slider

20 structure 100 is designed to be used in.a data storage device having a
storage medium engaged in motion relative to the slider during data
read/write operations. The slider structure includes a bottom surface
101 which, in the industrial environment, is positioned adjacent to and
facing the data storage medium. The U-shaped rail 102 extends outwardly

25 from the bottom surface 101 and is positioned between two outer taper-
flat rails 104 and 105. The rails 104 and 105 include réspective forward
tapers 106 and 107. The slider structure 100 has a leading edge 110, a
trailing edge 111, and respective side edges 112 and 113. The U-shaped
rail 102 includes a cross rail portion 114 which transitions to a forward

30 tapered section 115. As éhown in.Fig. 3a, the cross rail portion 114 .
extends laterally across less than the full width of the slider sfrucfure
100 between the side rails 104 and 105. The U-shaped-rail 102 also
includes a pair of side rails 116 and 117 which are substantially
parallel with the forward sections of the side rails 104 and 105 and

35 which join the cross rail portion 114 to form a three-sided enclosure

enclosing an area 118 on the slider bottom surface 101.



t.,subéta_nt ially parallel wth and adjacent to said | eading edge and 5

* extending across | ess than one-half the w dt-h—-ef said slider surface; a
first rail substantially perpendicular to and adjoining said ¢ross rail,
said first -sicde"rail substantially adjacent and parallel to a first side

edge and exteng# 1@ £{g@dm said cross rail towards said trailing edge; and a
second side rail, substantially parallel to said first side rail and 10
offset fromsaid first side rail toward the center of said slider surface.
ggte ?n' r ebeﬂ\ ing sli p@ipgfoptebfgieﬁ,eaﬁm tha\égmeirogtrpemadﬁss@p;s_mdcwae aaki ch

imzes e anmount of negative pressure proy e cture.
This slider i sbeﬁl"gyé‘d“?‘-’rfqt‘ben}’ﬁengﬁeor’is WL ﬁrage%g? gtﬁ%.altse?o}% %’%ﬁéﬁﬁf’#m ch
may be engaged threersidesrby shetrshared refk 187 JEhe amount of negative air

pressure generated by the slider structure 100 is controlled by the
5 length and width of the area 118.

The two outer taper-flat rails 104 and 105 are each situated
substantially adjacent to a respective side edéé{'JTﬁese rails provide
 roll stiffness and may be extended to the rear surface 108 to provide a
mounting location for read/write transducers. As Fig. 33 illustrates,

10 the rails 104 and 105 have substantially constant widths from the leading
edge 110 to.the tips of the rails 116 and 117. From there to the
trailing edge 111, the widths of the pads 104 and 105 increase
constantly.

As shown in Fig. 3A (and in the embodiments illustrated in Figs.

15 4A, 5A and 63), the U-shaped rail is formed'ongtﬁe bottom surface of the
slider at a location which is centered between, but separated from the
side rails. This structuré characterizes the first through the fourth

. embodiments of the invention. )
Figs. 4A and 4B are bottom plan and rear elevation views,

20 respectively, of a U-shaped rail air bearing slider structure 200 in
accordance with a second embodiment of -the invention. The slider
structure 200 corresponds essentially to the slider structure 100 of
Figs. 3A and 3B in having a U-shaped rail 202 with a forward taper 203
that extends outwardly from the bottom surface 201 and is centered

25 iaterally between two outer taper-flat rails 204 and 205 with forward
tapers 206 and 207, respectively.. Unliké fhe taper-flat rails 104 and
105 of Fig. 3A, the taper-flat rails 204 and 205 in Fig. 4A exhibit a
contiﬁuous width. Further, the outer taper-flat rails 204 and 205 do not
extend along the full length of the bottom surface 201 from leading edge

30 210 to trailing edge 211. Rather, the rails 204 and 205 are offset from
the treiling edge-211 to eliminate roll sensitivity. An isolated island
212 is srovided on the bottom surface 201 at a position which abuts the
trailii., Jge 211 and is centered between the legs of the U-shaped rail

202. This island provides a site at which a data read/write transducer
35 is mounted.



- The sI i der structure includes a |eading edge and a trailing edge, the edges
*being determined with reference to the nmotion of the.data storage medium
The slider also includes a bottom surface which faces the data storage
medi um The bottom surface extends between the | eading edge and 20 the
trailing edge.gadrorniegati ve pressure contowrs of the slider can, in one
enbodi nent, be determ ned by neans of a U shaped rail situated between two
outer taper-flat pads on the bottom surface. The anount of negative
pressure is cont rolh%d by all sStilngttie bedtgh hiandni dah bvddien aiems,25

I d by the U t |
St ness.  ThobePpadser, b b MR DU Shelrtlfionad s CBER0 £F, (01

prOV| de a noun!¢q?§d4’196d’f1|t8nthleo?hlé reBhedimery of & ér%ﬁfe“tl h""teﬁF’s“ The

slider structure 300 is essentially identical with the slider structure

§ 200 illustrated in Figs. 4A and 4B with exception that it does not
include an isolated island. Rather, the slider structure in Figs. 5A and
SB includes a center rail 310 which is adapted to carry a data read/write
transducer at the trailing edge 311. The center rail 310 extends from a
the vertex 313 of the U-shaped rail 302 to the trailing edge 311 of the

10 | slider structure 300. The width of the center rail 310 increases
continuously from the vertex 313 to the trailing edge 31l.

Figs. 6A and 6B illustrate bottom plan and rear elévation views,
respectively, of a U-shaped rail air bearing slider structure 400 .in
accordance with a fourth embodimeht of the present invention{ The slider

15 structure 200 corresponds eSSéhtially to the slider structﬁre 300 of
Figs. 52 and 5B. In this regard, the slider- structure 400 includes on

_ its bottom surface 401 a U-shaped rail 402. However, the rail 402

includes an untapered forward edge 403 and is offset from the leading .
edge 410 of the slider structure in the direction of tHe trailing edge

20 411. This slider structure includes a center rail 410 which extends,
with a consfantly-increasing width, from the vertex 413 of the U-sh&ped
rail 402 to the trailing edge 411. . Positioning the U-shaped rail 402 in
this manner provides a slider structure having desirable pitch angle and
flying height properties.

25 Figs. 7a and 7B are bottom plan and rear elevation views,
respeptivelx,_pf an alternate embodiment of the slider structure of the
present invention which employs two U-shaped rails separated by a center
rail. In this alternate embodiment, the slider structure 1300 has two U-
shaped rails 1301 and 1303 separated by a center rail 1305. Rails 1301

30 and 1303 include forward tapered sections 1302 and 1304, respectively.
The center rail 1305 includes a forward tapered section 1306. The U-
shaped rail 1301 includes outer and inner rails 1307 and 1311,
respectively, while the rail 1303 includes outer and inner rails 1309 and
1313, respectively. Although the outer rails 1307 and 1309 are

135 illustrated as being longer and wider than the inner rails 1311 and 1313,

the relative dimensions of length and width may be varied according to

design requirements. The outer rails are positioned adjacent respective
side edges of the slider to provide roll stiffness and to maintain the



l i - . . .
,anner, the negative pressure contours may be optim zed for specific device
applications. 30 A second enbodi nent of the invention includes an
i sol ated isrand posSitioned between the | egs of a U-shaped rail. Thé purpose
of the island is to provide nmeans for nounting a read/wite element to the
slider. Two outer pads are enployed for inproving the roll stiffness
characteristigg gf-fghe slider. These pads wmy be offset fromthe 35
trailing edge toward the | eading edge of the slider to elimnate roll
sensitivity. '
slider structure in a relatively high pitch angle. The length of the
jnner rails 1311 and 1313 and the width of theé U-shaped rails 1301 and
1303 at the rail vertices 1315 and 1317, respectively, may be optimized
for specific values of negative loading. Each of the U-shaped rails 1301
§ and 1303 may be altered independently, allowing the the slider 1300 to be

optimized for specific roll conditions and/or rotary skew environments.

Figs. 8A and 8B illustrate bottom plan and rear eleﬁations_views{
respectively, of a U-shaped rail air bearing slider structure 1400 which
is essentially equivalent to the slider structure 1300 of Figs. 7A and

10 7B. In this regard, the-slider 1400 includes two U-shaped rails 1401 and
1403, respectively. The U-shaped rail 1401 includes an outer rail 1407
adjacent a first side edge of the slider, which extends to the trailing
edge 1411 of the slider 1400,'and a shorter inner rail 1411. Similarly,
the U-shaped rail }403 includes ah outer rail 1409 adjacent a second side

15 edge of the slider and extending to the trailing edge 1411, and a
relatively shorter inner ;ail 1413, The extension of the outer rails

$1407 and 1409 to the trailing edge 1411 adapts them for supporting data
read/write elements. This eliminates the need for a center rail in the
slider structure 1400.

20 Figs. 92-9D illustrate plan views for several air bearing slider .
structures, including various prior-art slider structures and a U-shaped
air bearing rail structure according to one embodiment of the present
invention. The slider structure of the third embodiment of the invention
is illustrated in Fig. 9D. This slider structure 300 is identical to the

25 structure shown in Fig. 5, and may hereinafter be referred to as the
"Embodiment three" slider 300. ' B

Figs. 93 and 9B show prior-art negativé-pressure slider structures,

referred to as the Prior Art "A" slider 1501, and the Prior Art "B"
slider 1502, respectively. The Prior Art "A" slider 1501 and the Prior

30 Art "B" glider 1502 are less advantageous than the Embodiment three
slider 300 shown in Fig. 9D. Fig. 9C illustrates a slider structure or
the prior art, which is very similar to the positively loaded tri-rail,
taper-flat structure commonly in use in presently-~existing data storage
drives. This prior-art slider structure is included in the present

35 analysis for purposes of comparison only, and may be referred to as the

Prior Art "C" slider 1504.



SA9%91- 109 4 A third enbodi ment of the invention
*includes el ement wounting neans in the formof a center rail extending from
the U-shaped rail to the trailing edge of the slider structuré. Two outer

pads are enpl oyed;- which may be offset fromthe trailing edge toward the
| eadi ng edge—of-the-5 slider to elimnate roll sensitivity. According
to a fourth ensatPEe®® of the invention; tHé U-shaped rail can be 'situated
at a position on the bottom surface between the |eading and trailing edges
of the slider structure. Centering the U shaped rail between the |ateral
edges of the sliderFigr o\ deg errhrrhedintonegativenloaddre vartys Y§lortgfRr Hisi gn
flexibility. |guwa@inntcthas istedeenbundi thenpriok Adte"a| sliger 150D, end hhpddioni | s
are Art "B" slider 1502. The test conditions reproduced conditions of the
jndustrial environment illustrated in Fig. 1. 1In this regard, each’

§ slider was mounted to a suspension assembly and maintained thereby over a
rotating disk. Standard modelling techniques were used to determine the
negative loading produced by each slider in response to disk velocity.
Referring to the graph of Fig. 10, the Embodiment three slider 300
exhibits relatively low negative loading as compared to the prior art

10 slider designs. The Embodiment three slider 300 also exhibits adjustable
negative pressure independent of flying height and rail etching depth.
The design has relatively low sensitivity to fabrication tolerances and
low sensitivity to data accessing skew. Improved damping is provided ,
as well as relatively fast take-off from the data  storage medium §grface,
15 e Figs. 11 and 12 provide graphical comparisons between the opergtion
of the alternative embodiment slider 1300 and the Embodiment three slider
300. The comparison of Fig. 12 also considers the performance of a =
conventional Prior Art "C" slider 1504 (Fig. 9C).
T " The comparisons illustrated in Figs. 11 and 12 were conducted using
20 small sliders which measured 1.6 mm in width x 2.5 mm in length. The
resulting bottom surface area of the slider 1300 was 12% less than the
slider 300 with the consequence that the slider 1300 provided improved
stationary friction properties. . Both the slider 1300 and the slider 300
- utilized suspension loads of approximately 1 to 2 grams, which was four
25 times less than the suspension load needed for the Prior Art "C" slider
1504. This reduction in suspension loads leads to superior st;rt/stop

performance and further reduces stiction.

The graph of Fig. 11 illustrate the low negative pressure
achievable for two negative-pressure slider designs of the invention;
30 namely, the slider 1300 and the slider 300. '

The graph-of Fig. 12 shows minimum flying height versus velocity
for the Prior Art "C" slider 1504, the slider 300, and the slider 1300.
The slider 1300 of the present invention takes off just as fast from the
data storage medium surface as the slider 300, and much faster than the
35 control Prior Art "C" slider 1504. The high take-off velocity is a
characteristic shared by negative-pressure slider designs. |



,spa(‘fed | aterally on the bottom surface near the slider |eading edge. The

‘present invention will be described further, by way of exanple only, with
reference to an enbodi ment thereof,in which: 15 Fig. 1is a
perspective view illustrating the operational environnent of the preferred

enbodi nent of the present invention in the context of a data storage drive
mechani sm Fi g: sa®-85-189bl ock diagramillustfating the operational
~environnent of the preferred enbodi ment of the present invention in the
context of a 20 data storage drive nechanism Figs. 3A and 3B are bottom
pl an and rear el evatyi@n réifexmce rrespiget inness,, 1nfand 12 sthapeddeniiBomhgs beari ng

slider structurg, accordifg: tRefunkif-2l: ATRGL: FRRL By LNRPrESARAL. | BYyention; .
slider 1300 generates low negative pressure independent of etch depth and
flying height. This slider also exhibits reduced sensitivity to

5 manufacturing tolerances, and improved performance during the data
storage medium access operations. Furthermore, the slider features rapid
take-off from. the surface of the data storage medium.

A number of specific embodiments of the present invention have been
described. Nevertheless, it will be understood that various
10 - modifications and changes may be made without departing from the spirit
andlécope of the invention. Accordingly, it is to be understood that the
invention is not to be limited by the specific illustratéd embodiments,

but only by the scope of the appended claims.

..



JFi gs 4A and 4B are b m r elevation views, 25 respectively,
“of a U shaped rail 1 ﬂn jmm' wu tructure according to a second
enbodi nent of the prese*nt ¢ n¥enti oh, Wwhich includes an i soI at ed i sl and

posi ti oned_between the side pads of the U shaped rail; B are
bottom pl an and rear el evation views, respectivelyj ﬁt@ﬁﬁpg@g};ﬂl air
bearing sl i derSA9c941dPUre according 30 to th hird ?h(?as esent
i nvention, which includes | oad bearing neans and a 1,d to
the U-shaped rail; SA9-91- 109 5
CLAIHS
1. an air bearing slider for supporting a transducer in relation to a

movable storage medium, said air bearing slider comprising:

a slider structure with a leading edge, a.trailing edge, and first and
5 second side edges enclosing a slider surface, the slider surface facing

said movable storage medium when in use;

one or more U-shaped rails extending from said slider surface, each said

one ‘or more U-shaped rails comprisingi

a cross rail substantially parallel with said leading edge and
10 extending across substanhtially less than the full width of said
o slider surface between said first and second edges; and”
first and second side rails, each extending from said cross rail in
the direction of said trailing edge.

2. A slider as claimed in Claim 1, wherein each said one or more U-
15 shaped rails ‘further includes a tapered portion formed in said cross rail

facing said leading edge.
3. A slider as claimed in Claim 1 or Claim 2, further including:

- first and sécond taper-flat side rails, each taper-flat side rall
20 being positioned on said sllder surface substantially adjacent a

respective side edge;

wherein the air bearing slider includes only one U-shaped rail,
said one U-shaped rail being substantially centered between said first

. and second taper-flat side rails.
25 4, A slider as claimed in Claim 3, wherein said taper-flat side rails
extend from said leading edge to said trailing edge.

5. A slider as claimed in Claim 3, wherein each of said taper-flat

51de_rails extends from said leading edge to a respectiveé. point offset

Sheet Has Been Re; laoed

"l




Fi gs 6A and 6B are Tm r el evation views, respectively, of
|on

‘a U shaped rai l air cture accordlngtoafourth
enbodi nent of the pres |n whi ch a curvefFPortan.

U-shaped rail is positioned near the center of the’ "",' e

slider structure; Figs. 7A-7B are bottom plan and rdar._el
respectively, oﬁamlalqger nat e enbodi nent of ¥he slider C
present invention which enploys two U shaped rails separat ed by a cenfer
rail; Figs. 8A and 8B are bottom plan and rear elevation views, 10

.res pect ively, ofrdm sdiddbraidinqietige . ethei pint hearting tshiderofurfEhes Ancmtdamj aiB, but

“wher ei n out si de ;£ ik S(2i8y @nbarNs Hdaptsadfdce SUPRRGtsadr @ad] Wyl ézﬁe%ﬁﬁent

substantlally centered between sald taper-flat side rails.

6. A slider as claimed in Claim 3, wherein said side rails extend from °
$ said leading edgé'to a point offset from said trailing edge, the air

bearing slider further including a center rail. (310) substantially

centered between said first and second side rails and exténding from said

cross rail to said trailing edge.

7. A slider as claimed in Claim 6, wherein the cross rail is offset .
10 from said leading edge towards said trailing edge, and the U-shaped rail

does not have a tapered portion.

8. A slider as claimed in Claim 2, wherein the air bearing slider
includes two U-shaped rails, and wherein, for each U-shaped rail:

L

the taper portion of the cross rail is adjacent the leading edge;
. i
4“15 . the cross rail is not co-extensive with the cross rail of the other
U-shaped rail; and

the first side rail is positioned adjacent a respective side edge,
and the second side rail is positioned parallel to the first side rail,
but is offset from the first side rail toward the opposite edge, the
20 second side rail being shorter than the first side réil.

9. A slider as claimed in Claim 8, wherein the first side rail of each
U-shaped rail extends from the leading edge to the trailing edge.

10. A slider as claimed in Claim 8, wherein the first side rail of each
. U-shaped rail extends to a point offset from the trailing edge, the air
525 bearing slider furtHer including a taper-flat center rail centered
between said two U-shaped rails on said slider surface and extending from
said leading edge to said trailing edge.

_

g



, Fi gs 9A-9D il lustrate bottom plan views of various prior-art slider
conflguratJ ons and a U shaped rail air hearing slider accordl ng to 15 a
preferred enbodi nent of the invention; Fig. 10 graphica . acedhe
magni t ude of negative a| r pressure versus velocity for t '%l J T“
structures shown.in Fi 9A, 9B and 9D; Fi 11 graphlc

t he magni t ude OFAQT@b‘eﬁ” ve air 20 pressure 33rsus vel ocity for: two sli der
structures according . to the invention; and Fig. 12 graphically illustrates
flyi ng hei ght versus Velocity for the slider structures shown in Figs. 5A
and 5B, 7A and--7B, and 9C. ABSTRACT .

NEGATIVE PRESSURE AIR BEARING SLIDER

A negative-pressure air bearing slider structure includes a slider
surface facing a data storage medium,.the surface having a leading edge -
5 relative to the motion of the data storage medium. A U-shaped rail with
a closed end facing the leading edge and an open end facing the trailing
edge is formed on the slider surface. The closed end of the U-shaped
rail extends laterally across substantially less than the width of the
slider surface. In a first set of embodiments, there is a single U-
10 shaped rail centered between two side rails. In a second set of
embodiments, there are two U-shaped rails, each disposed along a

respective side of the slider surface.

.
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1 is a perspective viewillustrating

“"THE | NDUSTRI AL ENVI RONVENT Fig.

-

present invention in a direct access storage device (DASD). Tn thistegard——

.the preferred enbodi nent of the invention concerns a sli derTHi<ShedtgdBd

means for enploying a slider according to a preferred enbodi nent of the

i

late 16 and. |l
y nmeans of a

supported in a 30 DASD with respect to a disk surface 12 by

suspensi on assenbly 14 which includes a nou

The slider 10 is attached to the |oad beam

6

T3

SA9-91-109

data read/wite




™

.ﬂransducer 20 is nounted on the slider 10. One or nore r“ag\ﬁT‘EUnﬁeeL\th
. transducer 20 to DASD el ectronics. Fig. 2 is a block diagﬁ_ ']Ehygéﬁﬂting

' the essential conplenent of functional conmponents in a DA NIl

- slider design of a 5 preferied enbodi ment of. this inventi ' | g.
2 illustrates a single-disk device, it is to be understood thatTHF ‘no
intended to limt~the practice of the invention to such'devicges,, In fact,
the invention is equally applicable to DASD';,M%J]rnntiple_disks.“1h"Fig.
2 the disk 30 is nounted on a rotatable spindl'e™32 that is 10 rotated by a
drive notor 33. The disk 30 has an upper surface 34 and a | ower surface
35. A slider 38 with a transducer nounted thereon faces the upper surface
34. Another slider 40 with a transducer nounted

o _IREAD/WRITEL____
CHANNEL
| H |
OS&E;OL (42 we 138 3
| posiTioN conTROL < f—=
o S| ACTUATOR | ' -3
- 52 asi 40 3
_ ~32
| MOTOR CONTRGL DRIVE
T MOTOR
54 3
33
FIG 2

g,
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£ he'féon faces the | ower surface 35. The sliders 38 and 40 a'rej,p itio
"Wth respect to these surfaces 34 and 35 by respective m)vablf 3 tdbsf;g;.\-

15 assenblies 45 and 46. The arm assenblies are conventiona ' H] ced -
an actuator 42. The transducers on the sliders 38 and 40 are i, '
conventional data channel electronics. In Fig. 2 read/wite, channe - _
el ectronics 48 are shown only for the slider 38, it being understood t hat
the transducer on the slider 40 is siwilarl gﬁ-gpported in the DASD. A 20
control unit 50, typically in the formof a“processor, provides position
control signals on a signal path 52 to the actuator 42. T 180 gnal s

control the positions of tftf? slider angI 0w j)ﬁ respectyqio t he surfaces
of the disk 30. The contro 9nit 50 Vi g myt’ speedfcg trol signals to
' _

control the rotationglg spepgfqf—tfe—dfTvepbtor—3s: 71— 110
7
18
n3-"| 12
105 ' 104
N\ 7, >
N_ 17 16 —
m /?. - ‘ —11
101
FI1G. 3A
/100
108

| | = A1 g g |

1067 10 S Gy L0s

~ FIG. 3B




25 The control unit 50 al so processes read and wite signals for the—
“transducer on the slider 38 by way of the read/wite channel elect %Q\il& laced

48. Each slider 38 and 40 namy support one or nore read/ w iThisS -
As the disk 30 rotates, the sliders 38 and 40 are noved 30 mm td

out over their respective disk surfaces so that the read/ w il |§REK I

may access different portions of the disk 30 \(?hl?re desired data is ' _
recorded. Each slider 38 and 40 is attached tt' “s respective actuator arm
45 and 46 by neans of a suspension mechani sm During oper ayao'n—oZOt)he DASD,
rotation of the disk 30 gengpgtes a . cushi opO®{ air (an ,206r bearing") -
bet ween each of the sliders 38/and 40 é)\d Its respective disk surface. The
air bearing exerts ar2Wpwarogyonce / 7 1 210 .

205 | Ny ] 204
\ — L

21t —)r —— S ~—v 7 211
201 212
FIG. LA
—200
- 208




SA9- 91- 109 7 against a slider TﬂMBhGé@HasBeenReplacea-
count er bal ances an opposi ng di sk-directed force exerted, on '
. bal ance of forces supports a sllder off of a disk by: smalll M'ﬁ
‘constant spacing ("flying height") during operation. In:ne

sliders, the upward force is exerted 5 again§ dgpaced-apart taper-flat
slider rails; the opposing force is exerted by recessed areawg@%the slider

surface between the rails which creates a sugy,0n acting t he slider
and the disk surface. The bal ance between t he ces resdlts in a very
sl i ght p05|t|veload on them.— \
\
A\
313
- -
P
310
FI1G. S5A
Ui

FIG.5B



designed to be used §hW0=a"dpfa kt or age devi ce having a

. T

s}ﬁder, while the rails provide a very stiff bearing. 10 The flying
hei ght of a slider is the distance between a particular‘ﬁ““—f’Bﬁ—E—Errﬁer
and the disk surface when the slider is supported on |tsnmum
Typically, the slider point coincides with a transducer Y,
this location is_at the tralllng edge of the- slider.

noted that the t&F ns "spacing" and "slider 1@/1ppaC|ng use |n 't he

descri ption and draw ngs--are synonynmous with flying helght Flgs 3A and 3B
illustrate bottomplan and rear elevation views, respectivelgggof a ‘

‘U-shaped rail air bearing slider structure 100 in accordgpte wth a first

enbodi nent of the present invention. The slider 20 struCture 12q 1S
—~—— 0

N

— {1

1107 -
- FIG. 6A

o 400

Lo |
410 F1G. 6B
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storage nmedi um engaged in notion relative to the slider during data
read/ wite operations. The slider structure includes a bottomsurface 10T
which, in the industrial environnent, is positioned adj acqui sheet {8 BednRepISd

- the data storage nedium The U shaped rail 102 extends out jﬂlﬂ !

- the bottom surface 101 and is positioned between two outer: *

. rails 104 and 105. The rails 104 and 105 incl ude respective” b
106 and 107. The slider structure 100 has a Ieadﬂﬂg edge 110, a trailing

' edge 111, and respective side edges 112 and 113. The U shaped rail 102

s includes a cross rail portion 114 which transitions to a forward 30 tapered

section 115. As shown in Fig. 3A the cross rail portion 114 extends _

| aterally across less than the full width of the slider strui%y e 100 -

between the side rails 104 and 105. The U shaped rail 102’9L

(3306
1304 —1T / ' T~ 1302
1317 \’L ’L/
. sl.\ ] . e
1303/’/' ~~1301
g S
1313 | |31 |
W gUI
1309~ | 1307
) FIG.7A
(4305
,'/13(')0.

1307j dB‘H C‘BOS 1313 1309

F1G.7B
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in;z:I udes a pair of side rails 116 and 117 which are substantially parallel
with the forward sections of the side rails 104 and 105 and .35 which join

the cross rail portion 114 to forma three-sided enclosurm

area 118 on the slider bottom surface 101. SA9-91-109 ThlsSheetHasBeenRchd

8 During operation, when the slider structure is supported
bearing, a negative pfessure is generated in tzﬂg rea 118 e “ﬂ’””
sides by the U-shaped rail 102. The anount of bﬁtlve air, .pr.

generated by the slider structure 100 is controlled by the ™ "

1400

/

1403 — A 1401

,

1413 1467

1409 -1 ~~1407

~—1611
FIG.8A

<— 1400

W z1413 E1A11 _E~1ao9_

F1G.8B




Y

S length and width of the area 118. The two outer taper-flat ralls 104 and
105 are each situated substantially adjacent to a respective-side edge.

These rails provide roll stiffness and may be extended to 4 \SnL LA surface
108 to provide a nmounting |ocation for read/wite transduce

Illustrates, 10 the rails 104 and 105 have substantially coﬂmﬁ
fromthe Ieadlng edge 110 to the tips of the gpqds 116 and

to the trailing edge 111, the widths of the pads 104 and 105 |ncrease

constantly. As shown in Fi'g. 3A (and in the enbodinents illustrated in
Figs. 15 4A, 5A and 6A), the U-shaped rai{50% forned on the bottom surface
of the slider at a | ocation ch i entered between, but separated from
t he ' _ :
“FI1G.9A
PRICR ART ‘A
Ll .~ 14.5g NEG. LOAD MAX.

| »— 1502
\i |
Bl 'FIG. 9B
PRIOR ART ‘B’
13.8g NEG.LOAD MAX.

1504
FI1G. 9C
PRIOR ART 'C
0Og NEG. LOAD MAX.

302 Nt : _
M F1G.90

EMBODIMENT THREE
B e ' 6g NEG. LOAD MAX.




1$ide'rails. This structure characterizes the first threwgh-the fourth
enbodi nents of the invention. Figs. 4A and 4B are botto pkan and rear
el evation views, 20

respectively, of a U shaped rail'a?ill
structure 200 in accordance with a second enbodi nent of:

r fRieged
1 "The
slider structure 200 corresponds essentially to the slid _ 0 of
Figs. 3A and 3B in having a U-Shaped rail 202 1/

*¥h a forward taper 203 that
extends outwardly fromthe bottom surface 201 and is centered 25

| aterally
bet ween two outer t S;f at rails 204 and 205 with forwaifd tapers 206 and
207, respectively. s ke the taper-flat rails 104 and 105 of Fig. 3A
taper-flat rails 204=

205 in Fig. 4A exhibit a continuous w dt
Furt her, the outer ' er-flat rails 204'and 205 do not

t he

h.
O
e~

VELOCITY m/s:

_ _w— EMBODIMENT '3

& PRIOR ART'B

—=— PRIOR ART ‘A

NEGATIVE
LOAD gm



_gxténd along the full length of the bottom surface 201 from 'eading edge 30
210 to trailing edge 211. Rather, the rails 204 and 205 althSﬁéefHﬁtBe&f
the trailing edge 211 to elimnate rol

sensitivity. An |so
i s provided on the bottom surface 201 at a position which a
edge 211 and i's centered between the |egs gff f{¢ U shaped: ral

i sland provides a site at which a data read/wrlte transducer 35 |s nount ed.
SA9- 91- 109, BT 9 Fi gs SA and 5B-illustrate bottom
plan and rear el

B
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_wespectively, of a U-shaped rail air bearing slider structure 300 i
accordance with the third enbodi nent of the present invention—Fheé—shH-der

structure 300 is essentially identieat—w th the slider st{pcdule.S290 -
illustrated in Figs. 4A and 4B with exception that it does};’ tﬁaﬁﬂﬂ'ﬁﬁp‘i
I a

2vd >

isolated island. Rather, the slider structure in Figs. 5A ﬂmm

center rail 310 which Ts adapted-to —carty aﬁmt@ read/ writ geaufUlile L
the trailing edge 311. The center rail 310 extends fromthe vertex 313 of
the U-shaped rail 302 to the trailing edge 311 of the 10 Slider structure
300. The width of ..the center rail 310 increases continuously fromthe
vertex 313 to tQ}& Baailing edge 311. Figs. 6A and 6B.illustrate bottom plan
and rear el evatifan*¥i Bbs, respectively, of a U-shaped rail air bearing

slider structuregs@® L
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structure 400 corresponds essentially to tlhe BFJ} é‘fﬁ%m’ Ic ure 3 O--af...F
5A and 5B. In this regard, the slider strLcmPéS'l’l’@éoﬁ"nEﬁT """ Q)mff,.,g_ppt om
surface 401 a U-shaped rail 402. However, tﬁeﬂﬁa’iﬂfbMoéf’??‘r L 42|
unt apered forward edge 403 and is of fset { @ﬁ:tﬁné sBGading” eﬁe MO )t t he
slider structure in the direction of thel Albagga Cédgek?%)'dA © PAsY sll
structure includes a center rail 410which Extends, with a M \9895
constantly-increasing width, fromthe vertexp4tg gi: RHRCEIP a od---af ,
to the trailing edge 411. P05|t|on|ngthe I'n this manner -
provides a slider strucNEGATIVE PRESSUREAIR BEARINGSLIBERNd flying hei ght
properties. 25 Figs. 7A and 7B are bottom plan and rear el evation
Vi ews,

ac;cordén(:ei W tH a fourth enbodi nent of thepresent— g‘ ghe st i de'

ABSTRACT

A negative-pressure air bearing slider structure inchudes a slider surface facing a data
storage medium, the surface having a leading edge (110) relative to the motion of the data
storage medium. A U-shaped rail (102) with a closed end facing the leading edge (110) and
an open end facing the trailing edge (111) is formed on the slider surface. The closed end -
of the U-shaped rail (102) extends laterally across substantialiy less than the width of the
slider surface. In a first set of embodiments there is a single U-shaped rail (102)centered
between two side rails (104, 105). In a second set of embodiments, there are two U-shaped
rails, each disposed along a respective side of the slid:er surface.

Fig. 3A, 3B a



respectively, of an alternate enmbodi nent of the slider structure of the
present invention which enploys two U-shaped rails separated by a center
‘rail. In this alternate enbodi nent, the slider structure 1300 has two U
shaped rails 1301 and 1303 separated by a center rail 1305. Rails 1301 30
and 1303 include forward tapered sections éﬁpﬁ%and 1304, respectively. The
center rail 1305 includes a forward tapered 'séction 1306. The U shaped
rail 1301 includes outer-and inner rails 1307 and 1311, respectively, while
the rail 1303 includes outer and inner rails 1309 and 1313, respectively.
‘Al t hough the outer rails 1307 and 1309 are 35 illustrated as being | onger
and wi der than the inner rails 1311 and 1313g~fhe rel ative di nensions of

| ength and width may be varied according to dS&\HR.requirenents. The outer
rails are positioned adjacent respective

O
—
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side edgeS of the slider to provide roll stiffness and to maintain the

SA9- 91- 109 10 slider structure in a relatively
<high pitch angle. The length of the inner rails 1311 and 1313 and the

wi dth of the U shaped rails 1301 and 1303 at the rail vertices 1315 and
1317, respectively, may be optim zed for specific values of negative

| oadi ng. Each of the U shaped rails 1301 52/&fpd 1303 may be altered
~independently, allowing the the slider 1300 to be optimzed for specific
roll conditions and/or rotary skew environnents. Figs. 8A and 8B illustrate
"bottom pl an and rear el evations views, :

— READ/WRITE]
| CHANNEL |~
3
ONTROL 48
UNIT w2 s |8 3
POSITION CONT = o~ 30
sor [ R0t AcTUATOR [l £
i - 52 ) ji\ \35
45 40 |
. e 3 2
MOTOR CONTROL - DRIVE
3 MOTOR
YA r
33




respectively, of a Ushaped rail air bearing slider structure 1400 which is
essehtially equivalent to the slider structure 1300 of Figs. 7A and 10 7B.
in this regard, the slider 1400 includes two U-shaped rails 1401 and 1403,
respectively. The U-shaped rail 1401 includes an outer rail 1407 adjacent
a first side edge of the slider, which extends to the trailing edge 1411 of
the slider 1400, and a shorter inner rail é#%z Simlarly, the U shaped
rail 1403 includes an outer rail 1409 adjac a second side 15 edge of the

~slider and extending to the trailing edge 1411, and a rel ativejgy shorter
inner rail 1413. The extenﬁgzn of th? uteﬁ railﬁ &407 an 409 to the
trailing edge 1411 adapts t )nlfor suggb @g qatﬁ read/ wp10@ el enent s.
This elimnates the pgepd-N tet .a;}/, de ,c iggiﬁre 1400.
: 7
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20 Figs. 9A-9D illustrate plan views for several air bearing slider
structures, including various prior-art slider structures and a U shaped
air bearing rail structure according to one enbodi nent of the present
invention. The slider structure of the third enbodi nent of the invention is
illustrated in Fig. 9D. This slider structure 300 is identical to the 25
structure shown in Fig. 5 and may hereinafter }Jﬁoreferred to as the
"Enbodi mrent three" slider 300. Figs. 9A and 9I§ stfow prior-art
negative-pressure slider structures, referred to as the Prior_ 0@
slider 1501, and the Prior Ad07yB" sI2 1502, 20®specti vel 20 The "Pri or_
Art "A'" slider 1501 @‘6 Pryor 30 t "B" slider 1502 reqess

advant ageous t han t he "Enbodi gnt |t hree gl der 30p biuovwn—*i. } Q-,OFig. 9C
illustrates a slider structung of

306

205 | | _ |
\\ | -2

_
211 [
200/ z17/ —
FIG.4A
208
2005 Canz 205

FIG. 4B



the prior art, which is very simlar to the positively |oaded tri-rail,
taper-flat structure commonly in use in presently-existing data storage
tdrives. This prior-art slider structure is included in the present 35

anal ysis for purposes of conparison only, and may be referred to as the
Prior Art "C' slider 1504. SA9-91- 109 11 Fig.
10 is a graph showi ng negative |oading versuS/J2locity for the Enbodi ment
three slider 300, the Prior Art "A" slider 1501, and the Pr|o§ 6rt "B
slider 1502. The test conditions reproduced %gndltlons of 0

N\
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industrial environnent illustrated in Fig. 1. In this regard, each 5 slider

was mounted to a suspension assenbly and mai ntai ned thereby over a rotating

di sk. Standard nodel ling techni ques were used to determ ne the negative

| oadi ng produced by each slider in response to disk velocity. Referring to

the graph of Fig. 10, the Enbodi nent three slider 300 exhibits relatively

| ow negative |oading as conpared to the prior agy slider designs. The
- Enmbodi ment three slider 300 al so exhibits adjustab e negative pressure

i ndependent of flying height and rail etching depth. The design @

relatively IOM/senS|tivity to fabrication tol erances and '02#5'ﬂ rtivity to
S r

dat.a accessi ng skew. oved danpi ng i s provi ded as wel | elatlvely
fast take-off fromthe % tEraEe medi um surface. 15 Frys. ML and
12 provi de graphical conparlsa s petween the operation
502\\ Llj) ;ﬁfy
— ¢
]} |
il
411
410/ — 411
F1G. 6A
/400
—J | S— — | T

: | FIG. 6B




of t he alternative embodi ment slider 1300 and the Enbodinent three slider
300. The conparison of Fig. 12 al so considers the perfornmance of a

conventi onal

illustrated in Figs.

Prior Art

"C' slider 1504 (Fig. 9C). The conparisons

11 and 12 were conducted using 20 small sliders which

measured 1.6 nmin wdth x 2.5 nmin length. The resulting bottom surface
~area of the slider 1300 was 12% | ess than the s &&r 300 with the
consequence that the slider 1300 provided i nproved stationary friction

properties.

Both the slider 1300 and the slider 300 utilized suspension

| oads of approximately 1 to 2 grans, which was four 25 tines |less than the’
suspensi on | oad needed for the Prior Art "C' slider 1504. This reduction in
suspensi on | oads | eads to superior start/stop perfornmance and30éther

reduces stiction.
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The graph of Fig. 11 illustrate the | ow negative pressure achievable for
two negative-pressure slider designs of the invention; 30 nanely, the
slider 1300 and the slider 300. The graph of Fig. 12 shows mni mum flying
hei ght versus velocity for the Prior Art "C' slider 1504, the slider 300,
and the slider 1300. The slider 1300 of the gpegent invention takes off
just as fast fromthe data storage nedium surface as the slider 300, and
much faster than the 35 control Prior Art "C' slider 1504. The high
take-of f velocity is a characteristic shared by negative-pressure slider
desiTgns.

1400

/

1403 —] | A 1401

7o)

1413 141 .

1409 — ~1607

)
FIG.8A

“— 1400

'1L.07'3 -Z1L.13 Eum .JLM09

FIG. 8B




SA9- 91- 109 ' 12 Wth reference to Figs. 7A-8B, 11
and 12, the slider 1300 has advantages over presently-existing air bearing
slider designs. The slider 1300 generates | ow negative pressure independent
of etch depth and flying height. This slider also exhibits reduced
sensitivity to 5 manufacturing tolerances, aidomproved performance during
the data storage nedi um access operations. Furthernore, the slider features
rapid take-off fromthe surface of the data storage nmedium A nunber of
speci fic enbodi nents of the present inveptiiggpihave been descri bed.
Nevertheless, it wll be unde ood {t hat various 10 nodifications and
changes may be nmade w t hout dgpartd fromthe spirit and scope of the

i nvention. Accordingly, it is jder st ood thatr_—t‘ftg QA

PRIOR ART ‘A’
14.5g NEG. LOAD MAX.

F1G. 9B
PRIOR ART ‘B’
13.8g NEG. LOAD MAX.

| ~—1504

FIG. 9C
PRIOR ART 'C’
0g NEG. LOAD MAX.
— 300
302 HF i |
NIl Fie. 90

EMBODIMENT THREE
m 6g NEG. LOAD MAX.




|nvent|on |s not to be limted by the specific illustrated enbodlnents but
only by the scope of the appended cl ai ns. SA9- 91- 109

13 CLAI M5 1. An air bearing slider for supporting a transducer in :
relation to a novabl e storage nedium said air bearing slider conprising: a
slider structure with a |eading edge, a trai,li edge, and first and 5
second si de edges enclosing a slider surfacéolﬁge slider surface facing
sai d novabl e storage nmedi um when in use;

70

VELOCITY m/s

 _x— EMBODIMENT '3’

—a— PRIOR ART'B'

—a— PRIOR ART ‘A

NEGATIVE
LOAD gm



one or nore U-shaped rails extending fromsaid slider surface, each said
one-‘or nore U-shaped rails conprising: a cross rail substantially parallel
‘Wwith said | eadi ng edge and 10 extendi ng across substantially |ess
than the full width of said slider surface between said first and second
edges; and first and second side rails, each eﬁ} (i?di ng fromsaid cross rail
inthe direction of said trailing edge. 2. 1 ider as clainmed in Caim
1, wherein each sai-d_Qnegor nmore U- 15 shaped rails further includes a

- tapered portion forn@ ivm said cross rail facing said |eading edge. 3. A
~slider as clainmed inel gf§m 1 or Claim2, further including: first and

second taper-flat si'g,?a rg;ls, each taper-flat side rail
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+ .,

20 bei ng pbsitioned on said slider surface substantially adjacent a
respective side edge; wherein the air bearing slider includes only one

‘U-shaped rail, said one U shaped rail being substantially centered between
said first. and second taper-flat side rails. 25 4. A slider as clained
in CQaim3, wherein said taper-flat side r?” extend fromsaid | eadi ng

edge to said trailing edge. 5. A slider %Iai_med in Cdaim3, wherein

each of said taper-flat side rails extends from said | eading edge to a
respective point af fset This Sheet Has BeenRepl aced
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SA9-91-109 - 14 from sai JREFRAC |
bearing slider further including an island (212) qni{the slider
‘abutting said trailing edge and substantialIy”ténteredepUUhéW?Bald
taper-flat side rails. 6. A slider as clainmed ijn daim3, whergi!
side rails extend from5 said | eading-%dge to a [ offset from daid

trailing edge, the air bearing slider further including a_cent. = (310)
substanti al | y cenTler mdenteon ‘dieénses aistidet iforstppanilg aacosdecs indeelation kesa ansling data
ext endi ng fegm,sakduk! to said trailing edge. 7. A slider as
clained in Clgkn1tﬁmﬁtgég?% the cross rail is offset 10 fromsaid |'eading
edge t owar ds sai dw’rdantnuﬁyee\agelea&xnzied;h@ uailipgiedse @nd brist and second side edges;

a bottom surface adjoining said leading, trailing and side edyes;

a first U-shaped rail projecting outwardly from said bottom surface, said
first U-shaped rail including:

a cross rail substantially parallel to said leading edge and extending across less than one-half a
width of said bottom surface, the cross rai] having a tapered portion which is adjacent said leading
edge of the slider; .

a first side rail substantially perpendicular to and adjoining said cross rail, said first side rail
substantially adjacent and parallel to the first side edge and extending from said cross rail towards said
uailing edge;

a second side rail, substantially paralle] to said first side rail and offset from said first side rail
toward the center of said bottom surface, the second side rail being narrower and shorter than the first
side rail; and

a second U-shaped rail projecting outwardly from said bottom surface, said
second U-shaped rail including:

a cross rail substantially parallel to said leading edge and extending across less than one-haif a
width of said bottom surface, he cross rail having a tapered portion which is adjacent said
leading edge of the slider;

a first side rail substantially perpendicular to and adjoining said cross rail, said first sidc rail
substantially adjacent and parallel to the first side edge and extending from said cross rail
towards said trailing edge;

a second side rail, substantially parallel to said first side rail and offset from said first side rail
toward the center of said bottom surface, the second side rail being narrower and shorter than
the firs: side rail; and ]

the cross rail and the first and second side rails of the first and second U-shaped rails having

surfaces which lie in a common plane.

The invention further discloses an air bearing slider for supporting a transducer in relation to a
moveable storage medium, said air bearing slider comprising:

a slider structure with a leading edge, a trailihg edge, and first and second sliding edges
enclosing a slider surface, the slider surface spacing said moveable storage medium when in use;

a first and a second U-shaped rail extending from said slider surface, each U-shaped rail

comprising:



does not have a tapered portion. 8. A slider a REPLA%MENT §H§h 72,

wherein the air bearing slider includes two U shaped rails,amadwhef ein,
for each U-shaped rail: the taper portion of the ¢regs Qeyde,_ﬁ{?ﬁd atent the

| eadi ng edge; 15 the cross rail is not cojektenSivVv [ he cross
rail of the other U-shaped rail; and theg first sifle Tart—+s—pesidd oned
adj acent a respective side edge, and thé second sjpde rail |s p03|t|oned

[l el he f, th te=Ir a
parallel to the fifst r'\ﬁ'sﬂﬁla[ﬁdllgamlghjctl wntlsﬁuJ lcagéu.rg tcan e\feﬁﬂn ﬁ&‘i%’PStf'WéW ‘P‘ﬁe

toward the opp03|te ed
first side rail . tlgnone hw asWVidthof sadslidéraimfasel thcmo@ml havéhe awdper:é pamidrnenidhi ig St

side rail of eaChgjkehaRAehdiRichacFIHE IR, ffaom the | eading edge to the

trailing edge.
first and second slide rails, each extending from said cross rail in the direction of said trailing

edge, the first side rail being positioned adjacent a respective slide edge and the second slide
rail being positioned substantially parallel to the first sidc rail, but being offset from the first
side rail towards the opposite edge, the air bearing slider being categorised in that the second

side rail being shorter than the first sidc rail.

The air bearing slider embodying the present invention provides a structure which optimizes the
amoumt of negative pressure provided by the slider structure. This slider is employed in conjunction
with 2 data storage medium which may be engaged in motion relative to the slider. The slider
structure inciudes a leading edge and a trailing edge, the edges being determined with reference to the
motion of the data storage medium. The slider also includes a bottom surface which faces the data
storage medium. The bottom surface extends between the leading edge and the trailing edge.

The negative pressure contours of the slider can, in one embodiment, be determined by means
of a U-shaped rail situated between two outer taper-flat pads on the bottom surface. The amount of
negative pressure is controlled by adjusting the length and width of the area enclosed by the U-shaped
rail. The two outer taper-flat pads provide rol] stiffness. These pads may be cxtended to the trailing
edge of the slider to provide a mounting location for a read/write element. In this manner, the negative

pressure contours may be optimized for specific device applications.

A second embodiment of the invention includes an isolated island positioned between the legs -
of a U-shaped rail. The purpose of the island is 10 provide means for mounting a read/write element to
the slider. Two outer pads arc employed for improving the roll stiffness characteristics of the slider.
These pads may be offset from the trailing edge 10ward the leading edge of the slider to eliminate roll

sensitivity.



10. A slider as—<lainmed in daim$8, wherein the fi_rs_t side rail of each

U-shaped rail e i of f set fromtheWair 25
e P TATHEVMBI 3 sper 5 con FREFLACERE B o e
said two U-shaped* ré&i | ¢ om sai spi d

d p slider surface and F(ng“r'n‘mr
| eadi ng edge to said trailing edge. -13- : f 02 JUL 1959

CLAIMS:

L. A slider for supporiing a wansducer in relation to a moving data storage ;
medium, -comprising:

a slider structure with a leading cdge, a trailing edge, and first and second side edges;

a bottom surface adjoining said Jeading, trailing and side edges;

a first U-shaped rail projecting outwardly from said bottom surface, said
first U-shaped rail including:

a cross rail substantially paralle! to said leading edge and extending across less than
one-half a width of said bottom surface, the cross rail having a tapered portion which is
adjacent said leading edge of the slider;

a first side rail substantially perpendicular to and adjoining said cross rail, said first
side rail substantially adjacent and parallel 1o the first side edge and extending from said cross
rail towards said trailing edge;

a second side rail, substantially parallel to said first side rail and offset from said first
side rail toward the center of said bottom surface, the Second side rail being narrower and
shorter than the first side rail; and

a second U-shaped rail projecting outwardly from said bottom surface, said

second U-shaped rail including:

a cross rail substantially parallel to said leading edge and extending across less than
one-half a width of said bottom surface, the cross rail having a tapered portion which
is adjacent said leading edge of the slider; '

| a first side rail substantially perpendicular to and adjoining said cross rail, said first
side rail substantially adjacent and parallel to the first side edge and extending from
said cross rail towards said trailing edge;
a second side rail, substantially paraliel to said first side rail and offset from said first
side rail toward the center of said bottom surface, the second side rail being narrower
and shorter than the first side rail; and
the cross rail and the first and second side rails of the first and second U-shaped rails

having surfaces which lic in a common plane.

2. A data storage drive including the slider of claim 1, the drive comprising:
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the movable data storage medium;
means for moving the movable data storage medium; and

means for supporting the slider adjacent the movable data storage medium.

3. An air bearing slider for supporting a transducer in relation to 2 moveable
storage medium, said air beéring slider comprising:

a slider structure with a leading edge, a trailing edge, and first and second siding edges
enclosing a slider surface, the slider surface spacing said moveable storage medium when in
 use;

a first and a2 second U-shaped rail extending from said slider surface, each U-shaped
rail comprising: | |

a cross rail substantiaily parallel with said leading edge and extending across

substantially less than one half a width of said slider surface, the cross rail having a

tapered porﬁon which is adjacent said leading edge of the slider and

first and second slide rails, each extending from said cross rail in the direction of said

trailing edge, the first side rail being positioned adjacent a respective slide edge and

the second slide rail being positioned substantially parallel to the first side rail, but
being offset ﬁfon_l'the first side rail towards the opposite edge, the air bearing slider
being categorised in that the _sebdnd side rail ,b'eiii'g“ Shprter than the first side rail.

4. A slider as claimed in claim 3,_w}_1erein the first side rail of each U-shaped rail
extends from the leading edge to the trailing edge. '

5. A slider as claimed in claim 3, wherein the first side rail of each U-shaped rail
extends to a point offset from the trailing edge, the air bearing slider further including a taper-
flat centre rail centred between said U-shaped rails on said slider surface and extending from

said leading edge to said trailing edge.



