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CENTE 1996| BERYFOR PROKMHFY SREGORDI NG The present invention relates to
“the field of disc drive data storage devices. Mre specifically, th vss
i nvention relates to transducer head asserﬁﬂ-T?g étén di sc drive data@@
Ny

storage devices. Disc drives of the "W nchest own M the
i GADI HEd6m'

i ndustry. Such devices use rigid discs coated
for storage of digital information in a plurality of circular, concentric

‘data tracks. This i’nformaét' MEE [ %@# %ﬁ@iﬁgﬁﬁ l.SCS USing a
transduci ng head carried on a hea ggl a leggge ny _ on an
actuator mechani sm The actuator nmechani smincludes a track accessing arm
whi ch noves the head fromtrack to track across the surface of the disc

under control of el eFhe present investitntrelates ththe dickiof discairive dataatbridgerdevioésat Mofe
on a spindle o cifically, the invention relates to transducer head assermbliss within disc dcive data
storage devices.
Disc drives of the "Winchester” type are well known in the industry. Such

. devices use rigid discs coated with 2 magnetizable medium for storage of digital
information in a plurality of circular, conceni;ﬁc data tracks. This information is written
to and read from the discs using a transducing head carried on a head gimbal assembly
(HGA) mounted on an actuator mechanism. The actuator mechanism includes a track
accessing arm which moves the head from track to track across the surface of the disc
under control of electronic circuitry. The discs are mounted for rotation on a spindle
motor which causes the discs to spin and the surface of the discs to pass under the
respective heads. . |

The head gimbal assembly includes a hydrodynamic bearing slider and a gimbal.
The gimbal is positioned between the slider and the track accessing arm to provide a
;esilient connection that allows the slider to follow the topography of the disc. The
| gimbal includes a dimple that is in point contact with the slider. The dimple providesa
: " pivot about which the slider can pitch and roll while following the topography of the
' disc. |

A conventional catamaran slider includes a pair of side rails that are positioned
'along the slider's edges and are disposed about a recessed area to form a pair of
hydrodynamic bearing surfaces. As the disc rotates, the disc drags air under the slider
and along the bearing surfaces in a direction approximately paralle] to the tangential
velocity of the disc. As the air passes beneath the side rails, skin friction on the bearing
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motor WA FRULEPY he di ST SHIR and the surface of the di scs to pass
Under the respective heads. The head gi nbal_assenbly includes a

hydr odynam ¢ bearing slider and a gi nbal. e gi mbal is positioned between
the slider and the track accessing armto provide a resilient.connection
that allows the slider to follow the topography of the disc. The ginbal

i ncludes a dinple that is in point contact with the slider. The dinple

provi des a pi vofsuamy&ade@tﬁ@%&?gmﬁﬁwa{veaﬁmemsesﬁuﬁ@%ﬁ:%@%&%w ng

t he topography of the disc. nvent 1 onal catanaran I ncludes a pair
of side rails t wifichxreatgsoshydistyasinie!lifthgg force thiticaeses theali@er 3o HRtcnd 11y ibeems ed
about a recessed area to forma pair of hydrodynam c bearing surfaces. As
the disc rotatediscgwdacgi sc drags air under the slider

‘! The track accessing arm includes a load beam which carries the head gimbal
assembly. The load beam provides a preload force which counteracis the hydmdynmﬁc
lifting force from the slider as the head gimbal assembly flies across the disc surface.
The preload force and the hydrodynamic lifting force reach an equilibrium based upon
the hydrodynamic properties of the slider and the speed of rotation of the disc.

Negative pressure air bearing (NPAﬁ)' sliders further include a ¢ross rail which
extends between the side rails and is positioned near the slider's leading edge. The cross
rail forms a subambient pressure region trailing the cross rail, between the side ruls

The air expands in this cavity with a consequent decrease in pressure. The pressure in
the cavity may become subambient, in which the integral of pressure over the cavity area
provides a self-loading force on the slider which forces the slider toward the disc

| surface. The self-loading force counteracts the hydrodynamic lifting force developed

along the side rails. The counteraction between the positive and negative.forces reduces

| flying height sensitivity with respect to disc velocity and increases air bearing stiffness.

| The disc tangential velocity is greater at its outer diameter than at its inner
diameter. The magnitude of positive pressure developed along the side rails increases
with the sliding velocity. However, the magnitude of the self-loading force also
increases with the sliding velocity. The increasing self-loading force inhibits the

: increasing positive pressure from forcing the slider away from the disc. Therefore, the

i o equilibrium clearance of an NPAB slider is less dependent on the sliding velocity than a
conventional air bearing slider. '

Sheet Has' Been Re;ilaced

LT




EIVED 86/85 00:22 1996 AT 532-7149 PAGE 6 (PRINTED PAGE 6) 1 5 P.O6
a[nm: BETNTIES ba%Png sur FHEESERF P direction approxi mat of y par allel to the .
‘tangent ial velocity of the disc. As the air, passes beneath the side rails,
skin friction on the bearing - 2- surfaceas causes the air pressure
bet ween the disc and the bearing surfaces to increase which creates a
hydrodynam c lifting force that causes the slider to lift and fly above the
disc surface. The track accessing armincludes a | oad beam which carries

the head gimbal asseqhinpad Qfick R B B HelBaveduBha? ff Heardy Hifet! Y

counteracts the hydrodynam c
effect is due to relatively large surface areas that are required to support the slider at 2

specified clearance. The surface area of the sclf-loading bearing must be larger than that
of a conventional bearing, to provide adequate lifting force to resist the self-loading force
as well as the preload force applied by the load beam.

It has been found that the advantages of the NPAB slidef are maximized by
making the negative pressure cavity as large as possible. Warner et al. U.S. Patent No.
4,475,135 discloses a self-loading magnetic head air bearing slider having a pair of side

rails and 2 cross rail which is positioned at its leading edge. The cross rail lies in a plane
defined by the side edges and includes a full width taper at the leading edge. The full
width taper provides a faster liftoff from the disc surface.

Although the slider disclosed by Warner et al. maximizes the area of the
subambient pressure cavity, it also has undesirable features. First, the full w.idth Jeading
edge tends to collect wear particles and similar debris. This debris sheds occasionally
and is dragged between the slider and the disc, causing increased wear to both the air
bearing surface and the disc surface. Second, the cross rail and the leading edge taper
cause the slider to fly with an unusually high pitch angle. A very high pitch angle
_ degrades the stiffness of the air bmn'ng.

{: As disc drives become more compact for applications in smaller and more

i portable equipment, rotary actuators are increasingly employed for the track accessing

arm. ' Further, the designer is motivated to use a shorter actuator pivot arm to make the
disc drives even more compact. Rotary actuators cause the geometric orientation
between the disc rotation tangent and the slider's center line to change as the arm moves
the slider between the inside and outside data tracks on the disc. This is known as skew
or skew angle. Large skew angles make flying height control more difficult.
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i ftﬂL_rﬂj"W&%’sf Gkt he sl i BdP4E % ﬁ% head gi nbal assenbl y.lfl I es across the
di sc surface. The preload force and the hydrodynamic lifting force reach an
equi li brium based upon the hydrodynanm c prbﬁérties of the slider and the
speed of rotation of the disc. Negative pressure air bearing (NPAB) sliders
further include a cross rail which extends between the side rails and is
positioned near the slider's |eading edge. The cross rail forns a

subanbi ent pressure ' : L {3l lndiag ' ils.
: FRAR Rl WeRl & he o bR oticad BAHEEMY of CodltSand By,

The air expands in thi's cavlty wmth a consequent decr e
pressure in the comaétirgcondivig 0 s alicavetigs Mying eight of té klider tikPeases, € iednsdifcer

pressure over the cavity area provides a self-loading force on the slider
whi ch forces thachievesgreatesyesotution betweercthe individual data bitdedationscmcthe disé.or ce

Lo RSP M e o 9 B0t
Flying height is preferably uniform regardiess of variable flying conditions, such as
tangential velocity variation from inside to outside tracks, lateral slider movement during
seek, and bearing skew angles.

In the past, the transducer has been positioned on the trailing edge of the side
rails. Because the slider flies with a pitch angle in which the leading cdge flies at a
greater distance than the trailing edge, the transducer is as close to the disc surface as

| possible when positioned at the trailing edge.

| Transducers have also been mounted on a small mounting pad positioned on the

center line of the slider at the trailing edge. In this position, there is more room on the
trailing end of the slider for fabrication of the transducer and its terminals, relative to the
position in which the transducer is mounted off to the side of the trailing end, adjacent
the side rails. A disadvantage of central transducer mounting is that when the slider rolis

about its pivot point, spacing of a corner of the trailing edge becomes smaller than the

spacing of the transducer. This reduces the minimum flying height of the slider and

causes increased risk of slider contact with the disc surface.

Slider roll may be due to several factors. The first factor is manufacturing errors

| in the gimbal which attaches the slider to the track accessing arm. The second factor is
dynamic forces applied to the air bearing slider by the track accessing arm during track
accessing. The third factor is varying skew angies of the disc rotation tangent relative to

l the slidex center line. When the slider flies at skew with respect to the direction of air

flow, unequal pressure distribution develops between the first and second side rails. This
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f1ying elght sen5|t|V|ty mn respect to disc velocity and increases air
bearing stiffness. The disc tangential velgglty IS greater at its outer
dianeter than at its inner dianmeter. The magni tude of positive pressure
devel oped along-the side rails increases with the sliding velocity.

However, the magnitude of the self-loading force also increases with the
sliding velocity. The increasing self-1oading force inhibits the increasing

Phe L) o oncerE 08Ik 1y fop el g e dces ot
sl i di ng vel oci t yesultathe probabilienof contakt with thealiscisorface! at ¢es corner increases.
Therefore, the reliability of the disc drive is reduced.

There is a continuing effort to develop air bearing sliders that carry a transducer
as close to the disc surface as possible with a constant flying height regardless of the
varying flying conditions such as disc velocity and skew angle.

Finally, reference is made to U.S. patent application numbers 08/315,282,
08/380,837 and 08/118,004.

The seif-loading disc head slider of the present invention is configured for
supporting a transducer proximate a rotating disc, The transducer includes a slider body
having a leading edge, a trailing edge and first and second side edges. First and second
raised side rails extend from the leading edge toward the trailing edge and terminate
prior to the trailing edge. The first and second raised side rails each form a bearing
surface having a leading portion, a trailing portion and a waist portion therebetween.
The waist portion is narrower than the leading and trailing portions. A subambient
pressure cavity is positioned between the first and second raised side rails. A raised
cavity dam extends from the first raised side rail to the second raised rail and is recessed
from the bearing surfaces. A leading edge taper extends from the first side edge to the
‘ second side edge and has a recess along the cavity dam. A raised center rail is
{ positioned at the trailing edge of the slider body between the first and second side edges.
The transducer is mounted on the raised center rail along the trailing edge of the slider

i body,
The slider of the present invention has a unique combination of hydrodynamic
. features that provides desirable flying characteristics for proximity recording in which
: | the transducer "flies" only 0 to 0.3048 mm above the disc surface. With proximity
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REPI:ACﬁVIEﬁrig-lEIE"? 3. An NISA'B siR| der is also stiffer than the conventi onal
air bearing slider. This effect is due to rglatively large surface areas

that are required to support the slider at a specified clearance. The
surface area of the self-loading bearing nust be larger than that of a
conventional bearing, to provide adequate lifting force to resist the
self-loading force as well as the preload force applied by the | oad beam

I't has been foungcdrting, 46 Gradity 20fereihe Sidet iy MEMABIydonBor the MEfB Youghi@s oby

maki ng the negative pressure cavity as |large as possible. Warner et al.
U S. Patent No. the di3&, ThSuuncatedsidegails reduce pitchnstiffngsstogirkini proximity redording,
bearing slider havi ng a pair of side rails and a cross rai| which is

posi tioned at i tihesugef therelomyrequiresdess forse to pifch forvwagd axthe tgiling edge of the slider
contacts the disc surface, resulting in less wear to the slider and the disc surface.

The slider of the present invention can also be used for traditional, non-contact
recording with flying heights greater than 0.3 mm. A ratio of the maximum to minimum
rail width can be adjusted to provide a- desired fly height sensitivity to skew. The ratio
can be reduced to provide a "hump" in the fly height profile from the outer diameter to
the inner diameter of the disc so that the fly height at the outer diameter is equal to the
fly height at the inner diameter. In some embodiments, it is desirable to have the fly
height at the outer diameter be slightly greater than the fly height at the inner diameter

| and the ratio is increased accordingly.
Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:
Figure 1 is a top plan view of a disc drive data storage device in which the
present invention is useful.
Figure 2 is a pexspective view of a load beam coupled to a head gimbal assembly
in accordance with the present invention.
Figure 3 is an end view of the load beam and head gimbal assembly of Figure 2.
Figure 4 is a bottom plan view of a center rail slider according to the present
invention.
' ' Figure § is a bottom plan view of an alternative center rail according to the
| present invention.
Figure 6 is a bottom plan view of a center rail slider according to an alternative

embodiment of the present invention.
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ﬂdeflneﬂa tﬁ% S|de edges anJ |ncludes a full wdth taper at the |eading
‘edge. The full width taper provides a fastez liftoff fromthe disc surface.
Al't hough the slider disclosed by Warner et 4. naxi m zes the area of the
subanbi ent pressure cavity, it also has undesirable features. First, the
full width |leading edge tends to collect wear particles and simlar debris.
This debris sheds occasionally and is dragged between the slider and the

di sc, causing i ncreaﬁéh {:imh fPi5eh e di sc
surface. Second, the 0SS rah{§ and F%I ngﬁéegge g%er caus the slider
te fly with an Unventiod isysefeyhDiscideive 30 ficiuded'a housingibags 1 Pardddtopreover 14eTherdes
the stiffness of the air bearing. As disc drives becone nore conpact for

appl i cations i n housing bascddds eambingsovitihispeoreruidindenm a scaled epvizonment tor protecte

| for th K
increasingly enp o %e%xal%m}:or?cn%sr n cgncén?ﬁgnorr]lgby elements from outside the sealed

environment.

Disc drive 10 further includes a disc pack 16 which is mounted for rotation on a
spindle motor (not shown) by a disc clamp 18. Disc pack 16 includes a plurality of
individual discs which are mounted for co-rotation about a central axis. Each disc
surface has an associated head gimbal assembly (HGA) 20 which is mounted to disc
drive 10 for communicating with the disc surface. In the example shown in Figure 1,
HGA's 20 are supported by load beam flexures 22 which are in turn attached to head
mounting arms 24 of an actuator body 26. ThéacmamrshowninFigure 1 is of the type
known as a rotary moving coil actuator and includes a voice coil motor (VCM), shown
generally at 28, Voice coil motor 28 rotates actuator body 26 with its attached heads 20
about a pivot shaft 30 to position heads 20 over a desired data track along an arcuate path
32. This allows electroni¢ circuitry 32 to read back or write information at desired
locations on disc 16. While a rotary actuator is shown in Figure 1, the present invention
is also useful in disc drives having other types of actuators, such as linear actuators.

Figures 2 and 3 show head gimbal assembly 20 in greater detail. Figure 2 is a
perspective view of head gimbal assembly 20 supported by load beam flexure 22. Figure
3 is an end view of head gimbal assembly 20 taken along line 3-3 of Figure 2. Load
; beam 22 supplies a preload force which urges head gimbal assembly 20 toward the disc
5 surface. Assembly 20 includes a gimbal 34 and a slider 36. Gimbal 34 is positioned
. between slider 36 and load beam 22 to provide a resilient connection that allows the
j slider to follow the topography of the disc. Shider 36 is connected o gimbal 34 ina
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arm  Fff ?’ % A& %femgner I'S rmtlvated to use a shorter actuator pivot arm

t0 make the d| sc drives even nore conpact. é?ot ary actuators cause the
geonetric orientation between the disc rotation tangent and the slider's
center line to change as the arm noves the slider between the inside and
outside data tracks on the disc. This is known as skew or skew-angle. -Large
skew angl es nmake flying height control nore difficult. -4- Flying height

2 iy o0l N TG 8kl Sl ok St
the transducer isin point contact with slider 36. The dimple provides a pivot about which slider 36 cn
pitch and roll while following the topography of disc 16.
Slider 36 includes first and second side rails 38 and 40, center rail 42 and
transducer 44. Transducer 44 is mounted to a trailing end of center rail 42, Transducer
- 44 is electrically coupled to leads 46 at bonding pads 48. Transducer 44 communicates
with individual bit positions on the surface of disc 16 as they pass beneath slider 36.
Transducer 44 can include a thin film or magnetoresistive magnetic head, for example.
The number of conductors and bonding pads depends upon the number of conductors
required for the particular head that is carried by slider 36.
Figure 4 is a bottom plan view of slider 36, as seen from the surface of disc 16.

Slider 36 has a unique combination of hydrodynamic features that provides desirable
flying characteristics for proximity recording in which the transducer flies at about 0 to
about 0.3 mm above the surface of disc 16. In some embodiments, the transducer
actually contacts the surface roughness of disc 16. The slider can also be used for

| recording at flying heights that are greater than 0.3 mm.
1 Slider 36 has a leading edge 50, a trailing edge 52 and first and second side edges
54 and 56. First and second side rails 38 and 40 extend from leading edge 50 toward
trailing edge 52 and terminate prior to the trailing edge. First and second side rails 38
and 40 form bearing surfaces 57 and 58, respectively, Bearing surfaces 57 and 58 have a
leading portion 59, a waist portion 60 and a trailing portion 62. Waist portion 60 is
narrower than leading and trailing portions 59 and 62. Center rail 42 is positioned at
| trailing edge 52 and is centered along a longitudinal center line 63 of slider 36. In one
| embodiment, center rail 42 js coplanar with bearing surfaces 57 and 58,
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achi eves greater resolution between the individual data bi't | ocations on

the disc. Therefore, it is desirable to hayg_t he transducers fly as close -
to the disc as possible. Flying height is preferably uniformregardl ess of
variable flying conditions, such as tangential velocity variation from
inside to outside tracks, lateral slider novenent during seek, and bearing
skew angles. In the past, the transducer has been positioned on the

trailing edge of the spbglfviedtipréssurBesdtyd ik besitidried Bétwebn st Md stcdhdNideCdils 38
angle in which the |l eading edge flies at a greater distance than the
trailing edge, tand 40r ssahityalami 66 extends from first sidecrail 38 ¢o sacoichside cail 40mndiid| e
when positioned at the trailjng edge.__ Transducers have al so been nounted on

a smal | rnounti ngfe‘fféﬁfirfmmsmﬁé%-er line of the slider at the
trailing edge. Tn'thig RESid joRls, AR drsps MR itk ¥REOSS dhll g bearing susfaces

57 and 58 in a direction generally parallel to the tangential velocity of the disc. As the
air passes beneath side rails 38 and 40, skin friction on bearing surfaces 57 and 58 causes

| the air pressure between disc 16 and the bearing .sm-faces to increase which creates a
hydrodynamic lifting force that causes slider 36 to lift and fly above the disc surface. As

- the air passes over cavity dam 66, the air expands into subambient pressure cavity 64

with a consequent decrease in pressure, The pressure in cavity 64 may become
subambient, in which case the integral of pressure over the cavity area provides a self-

: loading force on slider 36 which forces the slider toward the disc surface. The self-

1 loading force counieracts the hydrodynamic lifting force developed along side rails 38

and 40. ) '

Slider 36 has a full-width leading edge taper 68 which extends from first side
edge 54 to second side edge 56. Leading edge taper 68 extends across the full width of
slider 36 to direct more air beneath bearing surfaces 57 and 58 during takeoff, which
canses slider 36 to lift off the disc surface at lower speeds. This reduces the time during

. which slider 36 is in contact with the disc surface and therefore reduces wear on bearing
'l . surfaces 57 and 58 and on the disc surface.

Leading edge taper 63 extends along the leading edges of side rails 38 and 40 and
cavity dam 66. Leading edge taper 68 includes side rail taper portions 69 and recessed
taper portion 70. Side rail taper portions 69 extend from leading edge 50 to an
intersection 82 with bearing surfaces 57 and 58. Recessed taper portion 70 extends from

; leading edge 50 to an intersection 84 with a planar portion 74 of cavity dam 66.
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tralLlﬁbJ%ﬁag%ﬁ Y58 sl i der T8 FabPeation of the transdugg? and its
ternminals, relative to the position in which the transducer is nounted off
to the side of the trailing end, adjacent tte side rails. A disadvantage of
central transducer nounting is that when the slider rolls about its pivot
poi nt, spacing of a corner of the trailing edge beconmes snualler than the
spaci ng of the transducer This reduces the mnimum flying height of the

.slider and caus éi‘sf&{on ﬂﬁeﬁ t &%PWV -
Sl-ider roll qgtei'gue io severa acsdl"f.‘(glrggémp ?ég?hf%gtor fys
manuf act uri ng erZ.S@ﬁni mntdaeeﬂmaaiaienw/@mempammmmmdemsmmmtgm

accessing arm The second factor is dynamc forces applied to the air

hearing slider M&swfaaddmd@mw\um épper partion, ¢ frms ad). 008 radiam | rd
factor is varying skew angl es c7the disc rotation tangent relative to the
slider center |i3Rgle q“ Br flies at skewwith respect to the

di;recti on of air Reeeswdraperpomon‘mandplanarporﬁon74ofcavitydam66mrecessed
| from side rail taper portions 69 and bearing surfaces 57 and 58 by approximately 1.0 pm
(39 microinches). The existence of planar portion 74 assists in absorbing process
variations during fabrication to ensure that the recess has a consistent depth. The recess
minimizes debris collection at leading edge 50 and reduces pitch angle. Whea slider 36
| | slides with a positive pitch, leading edge 50 flics at a greater distance from the disc
surface than trailing edge 52. Pitch angle is a measurement of the degree of positive
: pitch. A very high pitch angle degrades the stiffness of the air bearing. Recessed taper
portion 70 reduces the pitch angle and thereby increases stiffness of the bearing, but
maintains the advantages of fast takeoff provided by the full-width leading edge taper.
Various aspects of leading edge taper 68 and recessed taper portion 70 are discussed in
greater detail in U.,S, Patent No, 5,210,666 which is hereby incorporated by reference.
The depth of the recess may be varied to achieve various flying characteristics.

Side, rails 38 and 40 have an "hourglass” shape in which waist portion 60 is
narrower than leading portion 59 and trailing portion 62. The hourglass shape reduces
flying height sensitivity to skew angle. Slider skew ooours in disc drives having rotary
actuators. At certain disc radii, rotation of the actuator causes slider 36 to fly with its
_ center line 63 at skew with respect to the direction of air flow, which causes unequat
J pressure distributions to develop along side rails 38 and 40. This causes slider 36 to roll,
resulting in one rail being closer to the disc surface than the other rail.
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flow, ehEATAPeprEd@ire di sCrTb $f%devel ops between the e and second
side rails. This REPLACEMENT SHEET -5- causes the slider to fly wwth one
rail closer to the disc surface than the 6t¥%ér rail. As a result, the
probability of contact with the disc surface at this corner increases.
Therefore, the reliability of the disc drive is reduced. There is a
c¢ontinuing effort to develop air bearing sliders that carry a transducer as

close to the disc su%%gu&fasp&iﬁ&%ﬁn&{ntﬁ&W?ﬂ%ﬁ@&wmw

régardl ess of the
pressure distribution as slider 36 flies at varying skew angles with respect to air flow,

| As a result, the hourglass shapes minimize slider roll about slider center line 63. The
hourglass shapes also maximize slider stiffness by maximizing the counteraction between
positive and subambient pressure. The surface area of Bearing surfaces 57 and 58 is
largest near: the ends of the rails and smallest near the center of the rails. This

; maximizes positive pressure near the ends of the rails while maximizing the area of

i subambient pressure cavity 64 near the center of slider 36. The hourglass shapes and

' resulting pressure profiles are discussed in greater detail in U.S. Patent No. 5,062,017,

| which is hereby incorporated by reference.

The hourglass shapes of the side rails can be formed with steps that have a depth
substantially equal to the depth of subambient pressure cavity 64 or can be formed by
relatively shallow steps having a depth of about 0-2,0 um, as described in U.S, Patent
No. 5,062,017.

| The hourglass shapes of side rails 38 and 40 can be adjusted to achieve a
particular skew sensitivity. The tangential velocity of the disc is greater at its outer
diameter than at its inner diameter. As a result, positive pressure along side rails 38 and
40 is greater when slider 36 is positioned at the outer diameter which causes the slider to

'. : fty at a greater distance from the disc surfacc than when positioned at the inner diameter.

The hourglass shapes of side rails 38 and 40 can be adjusted to cause the flying height at

| the outer diameter to approach the ﬂying height at the inner diameter by varying skew
sensitivity. The hourglass shapes can be defined by an "hourglass ratio" of a maximum
width, along leading and trailing portions 59 and 62, to a minimum width, along waist
portion 60. A larger hourglass ratio results in a lower skew sensitivity, In preferred
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varyLnS*?VV?%gicgﬁﬁ?tions U2 s vel ocity and skeM/ahgle. Finally,
teference is nade to U S. patent application nunbers 08/315, 282, 08/ 380, 837
and 08/118,004. The sel f-1o0ading di sc head®7 der of the present invention
is configured for supporting a transducer proximte a rotating disc. The :
transducer includes a slider body having a | eading edge, a trailing edge
and first and second side edges. First and second raised side rails extend

tHailing cdge. PRl Bethokifas bilo taiis SRRFARNELDIS BAATD, Do lie b
surface havi ng apitRdiihdhgs, R Houbilass atio’ rahges fidmpabout 2.5 te.abbud 4 )R st portion
t herebet ween. The wai st portion is narrower than the |eading and trailing
portions. A subanbi eRedpeing therhourglass tafio; andbereby inareasing skewoaensitinityf crestes and
second raised sige 12! S fy hetuh oonfile as the slider moves from an inner diameter of the disc 10
an outer diameter of the disc. The hump results from the slider being aligned with the
! direction of air flow at a middle diameter and being at skew at the inner and outer
diameters, which lowers the fly height at the inner and outer diameters. Introducing a-
hump in the fly height profile moves the fly height at the outer diameter down to the fly
height at the inner diameter of the disc. A typical hump may be 0.0127 mm with an
hourglass ratio of 1.5. _
b The hourglass shapes also have a transverse offset 75 at waist portion 60 with
respect to first and second side edges 54 and 56. The amount of transverse offset
controls slider roll about stider center line 63, The transverse offset can range from no
offset, in which the outer edge of each side rail is straight and the inside edge is
"crooked,” to a full offsez, in which the outside edge is crooked and the inside edge is
straight, In one embodiment, waist portion 60 is offset by about 5 - 10.16 um. The
| transverse offset is discussed in U.S. Serial No, 08/315,282, filed September 29, 1994,
which is hereby incorporated by reference. |
Side rails 38 and 40 are truncated a distance 90 from trailing edge 52 such that
the transducer mounted on center rail 42 is the closest point to the disc surface, Distance
90 is selected such that the trailing edges of side rails 38 and 40 fly at approximately
0.0254 mm higher than the trailing edge of center rail 42, for example, Distance 90
depends on several operating factors, such as pitch angle and disc speed. In one
embodiment, distance 90 ranges from 12.7 - 38.1 um and preferably ranges from 17.7 -
25.4 pm. Truncating side rails 38 and 40 prior to trailing edge 52 allows a relatively

. .
——
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cavity dam extends fromthe first raised side rail to the second raised
fail and is recessed fromthe bearing surfq es. A | eading edge taper
extends fromthe first side edge to the second side edge and has a recess
along the cavity dam A raised center rail is positioned at the trailing
edge of the slider body between the first and second side edges. The
thansducer is mounted on the raised center rail along the trailing edge of

e slider bodymgb&)lﬁid UOWitifut HBnP E@ERD by tHRMz g EW6T sitle\HMy 3% and 40, as
nmbi nati on of hydrodynam c features that provides deS| rable flying

characteristics dlsoussad U /8. PatenteENor §)26i109; witichcil heteby incomporitedchy réfekénes.”
ORIy 010 0. 5048 M Ao ating the side sails prios 1o the {riling cdge reduced the pitch stiffness of
slider 36 since the clearance of bearing surfaces 57 and 58 is generally higher due to the
reliefs at the traditionally Jow clearance areas near the trailing edge. Pitch stiffness is
* further reduced by the truncated bearing length, which offers a shorter lever arm for
pressure responses to act upon.

The reduced pitch stiffness has unique advantages in proximity recording. With
reduced pitch stiffness, less force is required to pitch the slider forward as the trailing
edge of the slider contacts the surface roughness of the disc, This reduces wear on
center rail 42 and on the surface of the disc.

o As mentioned above, the transducer is mounted to the trailing edge of center rail
42, Center rail 42 has a rounded leading edge 100 which is formed by two relatively
‘| straight segments that intersect through a curved apex at slider center line 63. The
| curved apex has a radius of curvature 102 of about 2.54 - 7.62 um, The straight
| segments form an angle 104 with center line 63 of about 30-60 degrees. Leading edge -
100 can have other shapes, such as a pointed shape. Figure 5 is a botton plan view of
an alternative center rail 110 having a pointed leading edge 111. Leading edge 111 is
formed by segments 112 and 114 which intersect at slider center line 116, Center rail
: 110 is drawn out of scale in Figure 5 for clarity.
1 The slider shown in Figure 4 is a "50 Series* slider in which the overall
dimensions of the slider are 50 percent of a typical slider. The hydrodynamic features
shown in Figure 4 can also be used on a "30 Series" slider in which the dimensions of
the slider are 30 percent of a typical slider. The following table provides the dimensions
of the primary features of slider 36 for a 50 Series slider and a 30 Series slider:
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- 6- r__e%r‘ld‘f-ﬁ%g,s tHe'q raili né"g bEg 8c')fcut he slider may actual ?1;7100nt act the
Surface roughness of the disc. The truncat_ﬁ%_si de rails reduce pitch
stiffness to aid in proximty recording. The slider therefore requires |ess
force to pitch forward as the trailing edge of the slider contacts the disc
surface, resulting in less wear to the slider and the disc surface. The
slider of the present invention can also be used for traditional,
non-contact recording with flying heights greater than 0.3 mm A ratio of

the nmaximum to njrTETTEt T e et TSt et-Toprovite—a—tegi red fly
hei ght sensitivijy to skew. The ratijcmEgagLde reducedokosipepVi de af" hunp” in
the fly height pgofile fromthe outgr dianeter to tfthe inner dianmegjer of the
disc so that thejfly height at the dubimensiomneter i|Dimegosidn to the
Feature mm mm
Slider Body Width 0.160 0.099
Slider Body Len 0.200 0.120
Taper Length (from leading | 0.025 0.020
| edge)
| Cavity Dam Length (from | 0.033 0.025
leading edge)
Air Bearing Surface Width | 0.155 0.097
Side Rail Length 0.178 ' 0.097
Rail Width Maximum 0.046 0.041
Rail Width Minimum 0.0153 0.01
| Cavity Dam Width 0.002 0.036
' Cavity Depth 2.0-6.5 pm . ]12.0-6.5 um
' Subambient Pressure 0.170 0.097
a Cavity Length
; Waist Length 0.01 0.005
; Center Rail Length 0.'0158 0.020
| Center Rail Width 0.0175 0.020

! The dimensions are provided as examples only and can be modified to suit a
particular application or to achieve desired flying characteristics. The hydrodynamic
features are scaled accordingly. The dimensions of certain features can also be varied to
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fly hePgitat% i 1%hner di ATBESE * R sone enbodi ments, i s desirabl e to
have the fly height at the outer dianeter be slightly greater than the fly
hei ght at the inner dianeter and the rati 63 increased accordi ngly.

Egbodi ments of the present invention will now be described with reference
t0 the acconpanyi ng drawi ngs, of which: Figure 1 is a top plan view of a
disc drive data storage device in which the present invention is useful.

L0 2 | 2 PSRN Aol kil gL ki elsl v
of the |oad beapdihghrnagides skl Féseatible)lcal bliny fleane 22 Fshown én Figuse 2) dxeits om
pl an view of a center rail slider according to the present
a preload force through gimbal 34 to slider 36 of about 2-7 grams for a 50 Series slider,
and about 0-3 grams for a 30 Series slider.
i In the embodiment shown in Figure 4, side rails 38 and 40 and center rail 42 are
| defined by ion milling to a depth of 2.0-6.5 pm. Side rails 38 and 40 have rounded
| leading corners 120 and rounded trailing comners 122'. Rounded leading corners 120
have a radius of curvature of about 0.0127 mm. Rounded trailing comers 122 have a
radius of curvature of about 0.0102 mm.
. The unique oombinétion of hydrodynamic features of the present invention shown
in Figure 4 achieves desired flying characteristics for proximity recording in which the
trailing edge of the slider may contact the surface roughness of the disc. The transducer
is mounted on a center rail to reduce flying height sensitivity to slider roil. The
K  truncated side rails reduce pitch stiffness such that less force is required to pitch the
: slider forward as the trailing edge of the slider contacts the disc surface. The truncated
L . side rails also keep 'the transduécr near the close point flying height for a wide range of
' roll angles. The side rails are hourglass shaped to reduce the flying height sensitivity to
skew angle.: The leading taper extends across the full width of the leading edge to
improve takeoff performance, but is relieved 1.0 pm in a centralty etched area to reduce
o stiction with the disc surface, reduce debris collection, and reduce the flying pitch angle,
thereby improving bearing stiffness and flying height sensitivity to altitude. The unique
combination of hydrodynamic features strikes a balance between inconsistent flying
| characteristics and results in a slider having overall flying characteristics that are
beneficial to proximity recording.
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& 17:;51. J R%CD . , . :
I'gure Is a bottom plan view of an alternative center rail

adccording to the present invention. Fi gure 6. is a bottomplan view of a
center rail slider according to an al ternati¥e enbodi nent of the pr esent

i nventi on.

-7- Figure 1 is a top plan view of a typical disc drive 10 in

whi ch the present invention is useful. Disc drive 10 includes a housing
- base 12 and a top cover 14. The

Figure 6 is a bottom plan view of a slider having an aiternative leading edge

configuration, according to the present invention. Slider 200 has a leading edge 202, a

trailing edge 204 and first and second side edges 206 and 208. Slider 200 is a 30 Series
slider having a width of 0.1 mm measured between side edges 206 and 208 and a length
of 0.12 mm measured between leading and trailing edges 202 and 204,
 First and second side rails 210 and 212 extend from leading edge 202 toward

trailing edge 204 and terminate prior to the trailing edge by approximately 0.0254 mm.
Side rails 210 and 212 have a leading portion 214, a waist portion 216 and a trailing
portion 218. Waist portion 216 has a width of 7.62 um and trailing portion has a width
of 22.86 um. Side rails 210 and 212 therefore have an hourglass ratio of 3.0,

A leading edge taper 220 extends across the full width of slider 200. Leading
edge taper extends from leading edge 202 to an intersection 222 with leading portion 214
of side rails 210 and 212. Leading edge taper 220 has a length measured from leading
edge 202 to intersection 222 of about 0.02 mm and forms and angle with leading
portions 214 of about 0.008 radians. -

A subambient pressure cavity 230 is positioned between first and second side rails
210 and 212. A cavity dam 232 is positioned at leading edge 202 and extends from first

 side rail 210 to second side rail 212. A center rail 240 is positioned at trailing edge 204

along a slider center line 242, Center rail 240 has a width of about 0.02 mm.

Subambient pressure cavity 230 exteads forward along the slider body past
intersection 222 and within the leading edge taper area. As a result, cavity dam 232
becomes recessed from the air bearing surfaces formed by side rails 210 and 212. Ina
preferred embodiment, subambient pressure cavity 230 extends within leading edge taper
220 (past intersection 222) by a distance that is sufficient to recess cavity dam 232 from
the air bearing surfaces formed by side rails 210 and 212 by about 0.5-2.0 pm, and
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housi ng Base E.}LZ 1's 't onbi neJ 'ﬁ?top cover 14 to forma seal ed environnent.
f'o protect the internal conponents from contanination by elenents from
out side the sealed environment. Disc drive Y0 further includes a disc pack
16 which is nounted for rotation on a spindle notor (not shown) by a disc
clanp 18. Disc pack 16 includes a plurality of individual discs which are
mounted for co-rotation about a central axis. Each disc surface has an

For _communi cat 1 Aeuanly FREFTBaln. K Perdd dtaicitle Sy TR UK el 1 il iovitfcad

HEA' s 20 are suppmer tag fheridafafloPaier 1006 tetord 3invglified and s costly a8 ifllésaritiedd
t () head nounting arns 24 of an actuator body 26. The actuator shown in
Filgure 1 is of tmgtmdehﬂmo-pmmgapphm}mmﬂmlg dal., UaS+t SetiabNoDR/38%837des
2 |V°' ce coll Mot o 30" 1995) which is hereby incorporated by reference. The dimesions
provided above are examples only and can be varied to suit a parttcular application or
achieve desired flying characteristics.
With a disc speed of 9,000 RPM and a preload force of 0.5 grams (gmf), a
. computer model of the slider shown in Figure 6 in a 3.5 inch (88.9 mm) form factor disc
i drive developed a suction force within subambient pressure cavity 230 of 0.65 gmf at an
inner diameter of the disc and 1.28 gmf at an outer diameter of the disc. The flying
height was 0.061 mm at the inner diameter and 0.055 mm at the outer diameter. The
 pitch was 295-364 microradians.
: Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in

| form and detail without departing from the scope of the present invention.
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generarﬁ yJ“atlggf'B i ce CO|II rmtor 2cg rotates actuator body 26 with its

attached heads 20 about a pivot shaft 30 tgsgosmlon heads—20over a
desired data track along an arcuate path 3 This al |l ows eI cmoery[_ﬁween eplaced

circuitry 32 to'read back or wite information at desired |0

16. Wile a rotary actuator is shown in Figure 1, the present H Immﬂ

al so useful in disc drives having other types of actuators,

actuators. Figurgs nd 3 show head gi nbal assenbly 20 in greater detail.
Figure 2 is a pgﬁ}é%% ve view of head gi nbal assenbly 20 supported by | oad

beam fl exure 22.1, Fi gW glf3oadingdischeld slider cohfigveadifoy suppetting acteansduce(#4) aken
along line 3-3 of Figure 2. Load beam 22 suggl I es a preload force which

urges head gi nbairoximatsraotating diseehaaceriseddry ipatien ofis senb y 20 includes
o 2, 2 e i 0 B ol (S 60 B st
second side edges (54, 56);
first and second raised side rails (38, 40) extending from the leading edge toward
the trailing odéé and terminating prior to the trailing edge, the first and second raised
side rails each forming a bearing surface (57, 58) having a leading portion (59), a
trailing portion (62) and a-waist portion (60) therebetween, wherein the waist portion
being narrower than the leading and trailing portions;
a subambient pressure cavity (64) positioned between the first and second raised
side rails;
a raised cavity dam (66) which extends from the first raised side rail to the second
raised side rail and is recessed from the bearing surfaces;
a leading edge taper (70) extending from the first side edge to the second side
..! edge, wherein the leading edge taper has a recess along the cavity dam; and
a raised center rail (42) positioned at the trailing edge of the slider body between
the first and second side edges, wherein the transducer is mounted on the raised center
rail along the trailing edge of the slider body.

2, The self-loading disc head slider of claim 1 wherein:
- the bearing surfaces have a maximum width along the leading and trailing
portions and a minimum width along the waist portion, wherein a ratio of the maximum

5 width to the minimum width is between substantially one and seven.
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sli dere‘f'gl"*_c%‘l;?sovx}'?t'hze topogrjé?)%?mo? Phe disc. Slider 36 is connected to
ginbal 34 in a EPLACEMENT SHEET -8- known nmanner, such as with an
adhesive. G nbal 34 includes a dinple (not-®wown) that is in point contact
with slider 36. The dinple provides a pivot about which slider 36 can pitch
and roll while follow ng the topography of disc 16. Slider 36 includes .
first and second side rails 38 and 40, center rail 42 and transducer 44,

Tr%ansducer 44 | %.mu%ggel}_?oagmg@su [ nrqsli Qrdofo&aig]?\tvﬁr ‘radul.wf'd%l raEB&tl ucer

substantially 2.5 and 4.0,

i 4. The self-loading dis¢ head slider of any one of claims 1 to 3 wherein:
i the slider body has a central, Jongitudinal axis (63); and
| | the raised center rail is positioned along the central, longitudinal axis and has a
Jeading edge which forms a 30-60 degree angle with the central, longitudinal axis.

5. The self-loading disc head slider of claim 4 wherein:
the raised center rail has a lcading edge formed by iwo substantially straight
segments which intersect at the central, longitudinal axis.

6. The self-loading disc head slider of claim 4 wherein:
the raised center rail has a leading edge formed by two segments which intersect
through a curved apex at the central, longitudinal axis.

7. The self-loading disc head slider of claim 6 wherein the curved apex has a radius

of curvature of about 1.0 to 3.0 mils.

b 8. The self-loading disc head slider as claimed in any preceding claim wherein the
K slider has a pitch angle with respect to the rotating disc and wherein:
the first and second raised side rails terminate at a distance (90) from the trailing
edge for enabling the first and second raised side rails to be spaced from the disc at least
0.0254 mm greater than the transducer.
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44 is e éuf}lcaJﬁy coupl ed toL%eads 46 at bondi ng pads 48. Transducer 44
Ennunlcates with individual bit positions on the surface of disc 16 as
they pass beneath slider 36. Transducer 44,gan include a thin filmor
magnet or esi stive magneti c head, for exanple. The number of conductors and
bondi ng pads depends upon the nunber of conductors required for the
particular head that is carried by slider 36. Figure 4 is a bottom plan
view of slider 36, as seen fromthe surface of disc 16. Slider 36 has a
uni que conbi nat igon ofrhé yalf-REA¥AS disc hésdalideres claiméd jnrany ipcseeding ckaing nherein the ng
characteristics for proximty recording in which the transducer flies at
about 0 to aboutfir@ afid serond caisediside railsteaminate 12.di-38- gm from theierilingdge-nent s,
the transducer actually contacts the surface roughness of disc 16. The
stider can al so be used for recording at flying heights that are greater

than 0.3 MM 4 yye dicc head slider as claimed in any preceding claim, in which the cavity dam
has 2 tapered surface (70) positioned at the leading edge and has a planar surface (74) |
extending from an intersection with the tapered surface to the subambient pressure

cavity.

o 11.  The self-loading disc head slider of claim 10 wherein the intersection between the
tapered and planar surfaces of the cavity dam trails the intersection between the tapered
and bearing surfaces of the first and second raised side rails by approximately 2.54 pm.
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Sl i der 48MAE% 1543 ng edde™SbF & Trailing edge 52 and first and second
sitde edges 54 and 56. First and second side rails 38 and 40 extend from
| eadi ng edge 50.-toward trailing edge 52 an%term’ nate prior to the trailing

edge. First and second side rails 38 and 4t ¥orm beari ng surfaces 57 and

58, respectively. Bearing surfaces 57 and 58 have a | eading portion 59, a
wai st portion 60 and a trailing portion 62. Wiist portion 60 is narrower
tthan |l eading and trailing portions 59 and 62. Center rail 42 is positioned

at trailing edge-52 and Wgﬂ ﬁmj.?t p?lpmo RYVMITY RECORDING ne 63 of
slider 36. In one enbodiment, center rail 42 i1s coplanar with bearing

surfaces 57 and 58.

ABSTRACT

A self-loading disc head slider (36) is configured for supporting a transducer (44)
proximate a rotating disc. The transducer includes a slider body having a leading edge
‘4 (50), a trailing edge (52) and first and second side edges (54, 56). First and second
raised side rails (38, 40) extend from the leading edge toward the trailing edge and
: terminate prior to the trailing edge. The first and second raised side rails each form a
N bearing surface (57, 58) having a leading portion (59), a trailing portion (62) and a waist
portion (60) therebetween. The waist portion is narrower than the leading and trailing
portions. A subambient pressure cavity (64) is positioned between the first and second
raised side rails. A raised cavity dam (66) extends from the first raised side rail to the
second raised rail and is recessed from the bearing surfaces. A leading edge taper (70)
extends from the first side edge to the second side edge and has a recess (74) along the
cavity dam. A raised center rail (42) is positioned at the trailing edge of the slider body -

between the first and second side edges. The transducer is mounted on the raised center
rail along the trailing edge of the slider body.

!

Fig. 4.
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_g- SuB4TTIBRYE ptEdure cadi PB4 P positioned between flFsat AT second
sijde rails 38 and 40. A cavity dam 66 extends fromfirst side rail 38 to
second side rail 40 and is recessed from bearing surfaces 57 and 58. As
disc 16 rotates, the disc drags air under slider 36 and al ong bearing
surfaces 57 and 58 in a direction generally parallel to the tangenti al
vel ocity of the disc. As the air passes] eath side rails 38 and 40, skin
friction on bearing surfaces 57 and 58 causes the air pressure between disc
16 and the bearing surfaces to increase which creates a hydrodynam c
liifting force that causes slider 36 to |ift and fly above the disc surface.
\y the air passes over cavity dam 66, the air expands i nto subambi ent
pressure cavity 64 with a consequent decrease in pressure. The pressure in
cavity 64 nay becone <+
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subaqb%‘ﬁf!f'l??ﬁ whi*dh case thiht %gcrnal of pressure over the cavity area
pr.ovides a self- loading force on slider 36 which forces the slider toward
the disc surface. The self- |oading force counteracts the hydrodynanic
kating force devel oped along side rails 38 and 40. Slider 36 has a
full-wi dth | eadi ng edge taper 68 which dnds fromfirst side edge 54 to
second side edge 56. Leadi ng edge taper 68 extends across the full w dth-of
slider 36 to direct nore air beneath bearing surfaces 57 and 58 during
t akeof f, which causes slider 36 to |lift off the disc surface at |ower
speeds. This reduces the tine during which sl.ider 36 is in contact with the
di sc surface and therefore reduces wear on bearing surfaces 57 and 58-and

on the disc surface. Leading edge taper 68 extends al ong the | eading edges -
of side rails 38 and 40 and ‘\\\ - :

FiIG. 2
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cavi t yBadW 66 (Al ng edgd-T4bR 268 i ncl udes side rail t Ser0ort ons 69
and recessed taper portion 70. Side rail taper portions 69 extend from -
| eadi ng edge 50 to an intersection 82 with bearing surfaces 57 and 58.
Recessed taper portion 70 extends from |l eading edge 50 to an intersection

84 with a planar portion 74 of cavity d 6. -10- Intersection 82 and
I ntersection 84 have an offset 86 from Ohe "anot her of approximtely 2.54,
.[trr]. I n one enbodi ment, side rail.aper portions 69 forma 0.008 radian
gle with bearing surfa 57 an/a . L7RBew se, rec /6§aper portion 70
forms a 0.008 radian 49q . 'l . 120
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angl e &ft p anar'éortion 74. Recessed taper portion 70 and pl anar portion
74 of cavity dam 66 are recessed fromside rail taper portions 69 and
bearing surfaces 57 and 58 by approximately 1.0 [err] (39 mcroinches). The
exi stence of planar portion 74 assists tn,absorbing process variations
dyring fabrication to ensure that the r 4s has a consistent depth. The
récess mnimzes debris collection at | eading edge 50 and reduces pitch

amgl e. Wien slider 36 slides with a positive pitch, |eading edge 50 flies

att a greater distance frgmthe dis rface than trailing edge 52. Pitch
angle is a measur ement A2 f @3Ritive pitch. A very high pitch

angl e degrades the stiffness\of ir bEaring. Recessed taper portion 70
reby 1 ncréeases stiffness oFSﬂhe beari ng, but .

reduces the pitch angl e and
mai nt ai ns t he advant ages offfjf ast takeoff provided by the fujl-w dth | eading
‘edge taper. . ‘

—~214

——=208
216

200
o~

206 —
218

210 = 212

l | FIG. 6
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Vari__ous;aspe'cts of | eading edge taper 68 and recessed t aperRERIAQ "EM']E &
di scussed in greater detail in U S Patent No. 5,210,666 which iI's e,\rﬁgéﬁE%T

i ncarporated by reference. The depth of the recess may be varied t %fs:hi eve
various flying characteristics. Side rails 38 and 40 have an "H'OLE&E Xud

shape in which waist portion 60 is naridwer th |lmagmngs POkt i,@n 59 an i
trailing portion 62. The hourgl ass shape reduczg@ geéhgse Siedal YAt Y
to skew angle. Slider skew occurs in disc driveS having T oMr»act uat oNe.

At certain disc radii, rotation of the actuator causes slider 36 to fly

wth its center |ine Mkﬁ? i[l;% ﬁokﬁgﬁi‘?ﬂéé@@h@@ of air flow,
whi ch causes unequal pressure |§%r| 1lEJEions to develop along side rails 38
and 40. This causes slider 36 to roll, resulting in one rail being closer-

to the disc surface than the other rail. :
The present invention relates to the field of disc drive data storage devices. More

specifically, the invention relates to t_ransducer head assemblies within disc drive data
storage devices.

Disc drives of the "Winchester” type are well known in the industry. Such
devices use rigid discs coated with a mégnetizable medium for storage of digital
information in a plurality of circular, concentric data tracks. This information is written
to and read from the discs using a transducing head carried on a head gimbal assembly
‘(HGA) mounted on an actuator mechanism. The actuator mechanism includes a track
accessing arm which moves the head from track to track across the surface of the disc
under control of electronic circuitry. The discs are mounted for rotation on a spindle
motor which causes the discs to spin and the surface of the discs to pass under the
respective h&ds;. . |

The head gimbal assembly includes a hydrodynamic bearing slider and a gimbal.
The gimbal is positioned between the siider and the track accessing arm to provide a
resilient connection that allows the slider to follow the topography of the disc. The
gimbal includes a dimple that is in point contact with the slider. The dimple provides a
pivot about which the slider can pitch and roll while following tlje topography of the

~ disc.- - - : - -

A conventional catamaran slider includes a pair of sid; rails .tl;at are positioned
along the slider's edges and are disposed about a recessed area to form a pair of
hydrodynamic bearing surfaces. As the disc rotates, the disc drags air under the slider
and along the bearing surfaces in a direction approximately parallel to the tangential
velocity of the disc. As the air passes beneath the side rails, skin friction on the bearing
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-11- The hourgl ass shapes nmintain a near constant air béﬁﬂhﬁ@EMﬁNTa§§E§Iea
and pressure distribution as slider 36 flies at varying skew angles with
respect to air flow As a result, the hourglass shapes mnimze slider roll
about slider center line 63. The hourglass shapes al so maxim ze slider
stiffness by maxim zing the counteracti oip-between positive and subanbi ent
pressure. The surface area of bearing surfaces 57 and 58 is | argest near
the ends of the rails and smal |l est near the center of the rails. This

maxi m zes positive pressure near the ends of the rails while maxim zing the
area of subanbient pressure cavity 64 near the center of slider 36. The
hour gl ass shasuefacesxwuses the air pressure between the disc and the bearing surfaces to increase

which creates a hydrddyna.mic lifting force that causes the slider to lift and fly above the
disc surface. -

The track accessing arm includes a load beam which carries the head gimbal
assembly. The load beam provides a preload force which counteracts the hydrodynamic
lifting force from the slider as the head gimbal assembly flies across the disc surface.
The preload force and the hydrodynamic lifting force reach an equilibrium based upon
the hydrodynamic properties of the slider and the speed of rotation of the disc.

Negative pressure air bearing (NPAB) sli&ers further include a cross rail which
extends between the side rails and is positioned near the slider's leading edge. The cross
rail forms a subambient pressure region trailing the cross rail, between the side rails.
The air expands in this cavity with a consequent decrease in pressure. The pressure in
the cavity may become éubambient, in which tﬁe integral of pressure over the cavity area
provides a self—loadiné force on the slider which forces the slider toward the disc
surface. The self-loading force counteracts the hydrodynamic lifting force developed
along the side rails. The counteraction between the positive and negative forces reduces
flying height sensitivity with respect to disc velocity and increases air bearing stiffness. |

The disc tangential velocity is greater at its outer diameter than at its inner
diameter. The magnitude of positive pressure developed along the side rails increases
with the sliding velocity. However, the magnii:ude of the self-loading force also
increases with the sliding velocity. The increasing self-loading force inhibits the
increasing positive pressure from forcing the slider away from the disc. Therefore, the -
equilibrium clearance of an NPAB slider is less dependent on the sliding velocity than a

conventional air bearing slider.
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resul ti ng pressure profiles are discussed in greater det aREPLACE,MBNTF&ﬂEEIT
No. 5,062,017, which is hereby incorporated by reference. The hourgl ass
shapes of the side rails can be formed with steps that have a depth
substantical |y equal to the depth of subanbi ent pressure cavity 64 or can be
formed by relatively shall ow steps having a depth of about 0-2.0 [err], as
described in U S. Patent No. 5,062,017. “Pre hourgl ass shapes of side rails
38 and 40 can be adjusted to achieve a particul ar skew sensitivity. The
tangential velocity of the disc is greater at its outer dianeter than at
Its inner dianeter. As a result, positive pressure along side rails 38 and

40 is greater when,s 36 1S ed at the o

causes the slider @B#@ ﬁldeﬁlsgfr@ tftF’ @F%a’ﬁﬁf,’%"q‘f‘?ﬂ# éead'n&f‘ é’ﬂ'rf than

when posi ti onggeRis ddo E'Welth%g%ﬁﬁﬁce areas that are required to support the slider ata
specified clearance. The surface area of the self-loading bearing must be larger than that

of a conventional bearing, to provide adequate lifting force to resist the self-loading force
as well as the preload force applied by the load beam.

It has been found that the advantages of the NPAB slide1; are maximized by
making the negative pressure cavity as large as possible. Warner et al. U.S. Patent No.
4,475,135 discloses a self-loading magnetic head air bearing slider having a pair of side
rails and a cross rail which is positioned at its leading edge. The cross rail lies in a plane
defined by the side edges and includes a full width taper at the leading edge. The full
width taper provides a faster liftoff from the disc surface.

Although the slider disclosed by Warner et al. maximizes the area of the
subamb1ent pressure cavity, 1t also has undesirable futures First, the full width leading
.edge tends to collect wear particles and similar debns This debris sheds occasionally
and is dragged between the slider and the disc, causing increased wear to both the air
bearing surface and the disc surface. Second, the cross rail and the leading edge taper
cause the slider to fly with an unusually high pitch angle. A very high pitch angle
degrades the stiffness of the air bearing.

As disc drives become more compact for applications in smaller and more
portable equipment, rotary actuators are mcreasmgly employed for the track accessing
arm. Further, the designer is monvated to use a shorter actuator vaot arm to make the
disc drives even more compact. Rotary actuators cause the geometric orientation
between the dis¢ rotation tangent and the slider's center line to change as the arm moves
the slider between the inside and outside data tracks on the disc. This is known as skew

or skew angle. Large skew arigles make flying height control more difficult.
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The hourgl ass shapes of side rails 38 and 40 can be adj ust RBPLACEMENTE SHEET
flying height at the outer dianeter to approach the flying height at the
i nher di aneter by varying skew sensitivity. The hourgl ass shapes can be
defined'by an "hourglass ratio" of a maxi mum wi dth, along |eading and
trailing portions 59 and 62, to a mninumw dth, along waist portion 60. A
| arger hourglass ratio results in a | oWaT skew sensiti vi ty. In preferred
REPLACEMENT SHEET - 12- enbodi nents, the hourglass ratio ranges from about
1.0 to about 7.0. In nost preferred
Flying height is viewed as one of the most critical parameters of contact and non-
contact recording. As the average flying height of the slider decreases, the transducer
achieves greater résolution between the individual data bit locations on the disc.
Therefore, it is desirable to have the transducers fly as close to the disc as possible.
Flying height is preferably uniform regardless of variable flying conditions, such as
tangential velocity variation from inside to outside tracks, lateral slider movement during
seek, and bearing skew angles. |
In the past, the transducer has been positioned on the trailing edge of the side
rails. Because the slider flies with a pitch angle in which the leading edge flies ata
greater distance than the trmhng edge, the transducer is as close to the disc surface as
possible when positioned at the trailing edge. |
Transducers have also been mounted on a small mounting pad positioned on the
center line of the slider .at the trailing edge. In this position, there is more room on the
trailing end of the slider for fabrication of the transducer and its terminals, relative to the
position in which the transducer is mounted off to the side of the trailing end, adjacent
the side rails. A diéédvantage of central transducer mounting is that when the slider rolls .
about its pivot point, spacing of a corner of the trailing edge becomes smaller than the |
spacing of the transducer. This reduces the minimum flying height of the slider and
causes increased risk of slider contact with the disc surface.
- “Slider roll may be due to several factors. The first factor is manufacturing errors -
in the g.imbal which éttaches the slider to the track accessing arm. The second factor is
dynamic foi:ces'applied to the air bearing slider by the track accessing arm during track -
accessing. The third factor is varying skew angles of the disc rotation tangent relative to
the slider center line. When the slider flies at skew with respect to the direction of air

flow, unequal pressure distribution develops between the first and second side rails. This
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enbodi nents, the hourglass ratio ranges fromabout 2.5 to abB@ELACEMENT'SHEEI
Reduci ng the hourglass ratio, and thereby increasing skew sensitivity,
credtes.a "hunp"” in the fly height profile as the slider noves from an

i nner diameter of the disc to an outer dianmeter of the disc. The hunp
results fromthe slider being aligned MLED the direction of air flow at a

m ddl e di aneter and being at skew at the™inner and outer dianeters, which

|l owers the fly height at the inner and outer dianeters. Introducing a hunp
in the flly height profile noves the fly height at the outer dianeter down

to the fly height at the inner dianmeter of the disc. A typical hunp may be

12T et i ool clof Wb ilong B ol ops e o
si de edges S4eqilt) tietprofabilitp oD cotitaco With ke discasupftcendt ftiie tomer increases.
Theréfore, the reiiability of the disc drive is reduced. . | | _

There is a continuing effort to develop air bearing sliders that carry a transducer
as close to the disc surface as possible with a constant flying height rega.fdless of the .
varying flying conditions such as disc velocity and skew angle.

Finally, reference is made to U.S. patent applicafion numbers 08/315,282,
08/380,837 and 08/118,004.

The self—loadiﬁg disc head slider of the present invention is conﬁéured for
supporting a transducer proximate a rotating disc. The transducer includes a slider body
having a leading edge, a trailing edge and first and second side edges. First-and second
raised side rails extend from the leading edge toward the trailing edge and terminate
prior to the trailing edge. The first and second raised side rails each form a b%ﬂng
surface having a leading portion, a trailing portion and a waist portion therebetween.

The waist portion is narrower than the leading and trailing portions. A subambient
pressure cavity is positioned between the first and second raised side rails. A raised
cavity dam extends from the first raised side rail to the second raised rail and is recessed |
from the bearing surfaces. A leading edge taper extends from the first side edge to the
second side edge and has a recess along the cavity dam. A raised center rail is

positioned at the trailing edge of the slider body between the first and second side edges. -
The tmxisducer is ﬁountéd on the raised center rail along the traﬂmg edge of the slider
body.

The slider of the present invention has a unique combination of hydrodynamic
features that provides desirable flying characteristics for proximity recording in which
the transducer "flies” only O to 0.3048 mm above the disc surface. With proximity
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controls slider roll about slider center |line 63. The traﬁﬁﬁ@AQENﬁhHSSHEgan
range fromno offset, in which the outer edge of each side rail is straight
and-the inside edge is "crooked," to a full offset, in which the outside
edge is crooked and the inside edge is straight. In one enbodi ment, wai st
portion' 60 is offset by about 5 - 10.16 Jerr]. The transverse offset is

di scussed in U S. Serial No. 08/315,282, filed Septenber 29, 1994, which is
hereby incorporated by reference. Side rails 38 and 40 are truncated a
distance 90 fromtrailing edge 52 such that the transducer nounted on
center rail 42 is the closest point to the disc surface. Distance 90 is

sel ect ed SUChrécB?dinsé hige Mmi&ge of 3 QRd& i mayl AGuallP edritact TrerteFadOrolibhedsi of
approximately 0.02 4 nm hi gher than the trailing edge of center rail 42,

for exanpl e. Diesdism cEhedfundatexksidisrailsm reslevecpitch stiffeesato aid if prooximisy resomdingas
pitch angle anTctixe CsiIIJ.dSeS tl;se?e%oerg'rec{ur'&eglness force to pitch'fomard as the trailing edge 6f the slider
contacts the disc éurface, resulting in less wear to the slider and the disc surface.

The slider of the .pr_esent invention can also be used for traditionai, non-contact
recording with flying heights greater than 0.3 mm. A ratio of the maximum to minimum
rail width can be adjusted to provide a desired fly heighi: sensitivity to skew. The ratio
can be reduced to provide a "hump" in the fly height profile from the outer diameter to
the inner diameter of the disc so that the fly height at the outer diameter is equal to the
fly height at the inner diametér. In some embodiments, it is desirable to have the fly
height at the outer diameter be slightly greater than the fly height at the inner diameter
and the ratio is increased accordingly.

Embodimeélts of the present invention will now be described with reference to the
ac@ﬁpmyhg drawings, of which: |

Figure 1 is a top plan view of a disc drive data storage device in which the
present invention is useful. _

Figure 2 is a perspective view of a load beam coupled to a head gimbal assembly
in accordance with the present invention.

Figure 3 is an end view of the load beam and head gimbal assembly of Figure 2.

- *Figure 4 is a bottom plan view of a center rail slider according to the 1;resen't“‘
invenﬁén..

Figure 5 is a bottom plan view of an alternative center rail according to the
present invention.

Figure 6 is a bottom plan view of a center rail slider according to an alternative

embodiment of the present invention.

This is the replacement sheet

~ Date: - DEC W%



enbodi ment, di stance 90 ranges from12.7 - 38.1 [err] and pREPEAGBMENT aSiEsT
from17.7 - 25.4 [err]. Truncating side rails 38 .and 40 prior to trailing
edge 52 allows a relatively -13- large roll angle w thout risking

contact by the trailing edges of side rails 38 and 40, as discussed in U.S.
Patent No. 5,267,109, which is hereby incorporated by reference. Truncating
the side rails prior to the trailing eddd Teduces the pitch stiffness of
slider 36 since the clearance of bearing surfaces 57 and 58 is generally

hi gher due to the reliefs at the traditionally |ow clearance areas near the
trailing edge. Pitch stiffness is

Figure 1 is a top plan view of a typical disc drive 10 in which the present
invention is useful. Disc drive 10 includes a housing base 12 and a top cover 14. The
housing base 12 is combined with top q:over.14 to form a sealed environment to protect
the internal components from contamination by elements from outside the sealed |
environment. _ | -.

Disc drive 10 further includes a disc pack 16 which is mounted for rotation on a
spindle motor (not shown) by a disc clamp 18. Disc pa..ck 16 includes a plurality of
individual discs which are mounted for co-rotation about a central axis. Each disc
surface has an associated head gimbal assembly (HGA) 20 which is mounted to disc
drive 10 for comﬁudmﬁng with the disc surface. In the example shown in Figure 1,
HGA's 20 are supported by load beam flexures 22 which are in turn attached to head
mounting arms 24 of an actuator body 26. The actuator shown in Figure 1 is of the type

“ known as a rotary moving coil actuator and includes a voice coil motor (VCM), shown
generally at 28. Voice coil motor 28 rotates actuator bod.y 26 with its attached heads 20
about a pivot shaft 30 to position heads 20 over a desired data track along an arcuate path
32. This allows elec.:tronic circuitry 32 to read back or write information at desired
locations on disc 16. While a rotary actuator is shown in Figure 1, the present invention
is also useful in disc drives having other types of actuators, such as linear actuators.

Figures 2 and 3 show head gimbal assembly 20 in greater detail. Figure2isa
perspective view of head gimbal assembly 20 supported by load beam ﬁexure 22. Figure

'3 is an end view of head gimbal assembly 20 taken along line 3-3 of Figure 2. Load
beam 22 supplies a preload force which urges head gimbal assembly 20 toward the disc
surface. Assembly 20 includes a gimbal 34 and a slider 36. Gimbal 34 is positioned
between slider 36 and load beam 22 to provide a resilient connection that allows the
slider to follow the topography of the disc. Slider 36 is connected to gimbal 34 in a
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furt her reduced by the truncated bearing | ength, which off er@mg'@ SHEET
| ever arm for pressure responses to act upon. The reduced pitch stiffness
has "uni que advantages in proximty recording. Wth reduced pitch stiffness,
| ess forge is required to pitch the slider forward as the trailing edge of
the slider contacts the surface roughness of the disc. This reduces wear on
center Tail 42 and on the surface of thegdisc. As nentioned above, the
transducer is mounted to the trailing edge of center rail 42. Center rail
42 has a rounded | eadi ng edge 100 which is formed by two rel atively
straight segnents that intersect through a curved apex at slider center
| ine 63. The curved apex has a radius of curvature 102 of. about 2.54 - 7.62
[err]. The stknmwgithansiersucht as With an adhesivey |GimbalB4vincihdesardimplel (notshé@n)thatabout
30- 60 degrees, [ Leading ed
g Sis in pf:?intI co%tact \%ﬁh slider 36. The dimple provides a pivot about which slider 36 can
pitch and roll while following the topography of disc 16. -
Slider 36 includes first and second side rails 38 and 40, center rail 42 and
transducer 44. Transducer 44 is mounted to a trailing end of center rail 42. Transducer
44 is electrically coupled to leads 46 at bonding pads 48. Transducer 44 communicates
with individual bit positions on the surface of disc 16 as they pass beneath slider 36.
Transducer 44 can include a thin film or magnetoresistive magnetic head, for example.
The number of conductors and bonding pads depends upon the number of conductors
required for the particular head that is carried by slider 36.
Figure 4 is a bottom plan view of slider 36, as seen from the surface of disc 16.
Slider 36 has a unique combination of hydrodynamic features that provides desirable
flying characteristics for proximity recording in which the transducer flies at about 0 to
about 0.3 mm above the surface of disc 16. In some embodiments, the transducer
actually contacts the surface roughness of disc 16. The slider can also be used for
recording at flying heights that are greater than 0.3 mm.
Slider 36 has a leading edge 50, a trailing edge 52 and first and second side edges
54 and 56. First and second side rails 38 and 40 extend from leading edge 50 toward
' trailing edge 52 and terminate prior to the trailing edge. First and sgcond side rails 3_»8
~ and 40'form bearing strfaces 57 and 58, respectively. Bearing surfaces 57 and 58 idve a -
leading portion 59, a waist portion 60 and a trailing portion 62. Waist portion 60 is
narrower than leading and trailing portions 59 and 62. Center rail 42 is positioned at
trailing edge 52 and is ceatered along a longitudinal center line 63 of slider 36. In one

embodiment, center rail 42 is coplanar with bearing surfaces 57 and 58.
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100 can_have ot her shapes, such as a pointed shape. Figure 5Fﬁ314650¢m8nhu
pl an view of an alternative center rail 110 having a pointed | eadi ng edge
111." Leadi ng edge 111 is formed by segnments 112 and 114 which intersect at
slider center line 116. Center rail 110 is drawn out of scale in Figure 5
for clarity. The slider shown in Figureghis a "50 Series" slider in which
the overall dinensions of the slider are 50 percent of a typical slider.
The hydrodynam c features shown in Figure 4 can also be used on a "30
Series" slider in which the dinensions of the slider are 30 percent of a
typical slider. The follow ng table provides the dinensions of the primry
features of sli desubitmbient pRssufe Geity 64 ispositionedtietween JkstInd isednd kidel e4ils 38

and 40. A cavity dam 66 extends from first side rail 38 to second side rail 40 and is
recessed from beanng surfaces 57 and 58. '

As disc 16 rotates, the disc drags air under slider 36 and along bearing surfaces
57 and 58 in a direction generally parallel io the tangential velocity of the disc. As the
air passes beneath side rails 38 and 40, skin friction on bearing surfaces 57 and 58 causes
the air pressure between disc 16 and the bearing surfaces to increase which creates a
Hydrodynamic lifting force that causes slider 36 to lift and fly above the disc surface. As
the air passes over cavity dam 66, the air expands into subambient pressure cavity 64
w1th a consequent decrease in pressure. The pressure in cavity 64 may become
subambient, in which case the integral of pressure over the cavity area provides a self-
loading force on slider 36 which forces the slider toward the disc surface. The self-
loading force counteracts the hydrodynamic lifting force developed along side rails 38

- and 40. '_

Slider 36 has a full-width leading edge taper 68 which extends from first side
edge 54 to second side edge 56. Leading edge taper 68 extends across the full width of
slider 36 to direct more air beneath bearing surfaces 57 and 58 during takeoff, which
causes slider 36 to lift off the disc surface at lower speeds. This reduces the time during
which slider 36 is in contact with the disc surface and therefore reduces wear on bearing
surfaces 57 and 58 and on the disc surface. = _

Leadmg edge taper 68 extends along the leading edges of side rails 38 and 40 and
cavity dam 66. Leading edge taper 68 includes side rail taper portions 69 and recessed -
taper portion 70. Side rail taper portions 69 extend from leading edge 50 to an
intersection 82 with bearing surfaces 57 and 58. Recessed taper portion 70 extends from
leading edge S0 to an intersection 84 with a planar portion 74 of cavity dam 66.
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REPLACEMENT SHEET - 14- 50% Sl i d 30% Sl i der Di '
D mensi on Feature e nmm e m@?%%@){r\ﬁ*&q

0.160 | 0. 099 Slider Body Length 0. 200 0.120
Taper Length (fromleading 0.025 0. 020 edge) Cavity Dam Length
(from 0.033 0. 025 -10-

Intersection 82 and intersection 84 have an offset 86 from one another of approximately

s, 2.54 pm. In one embodiment, side rail taper portions 69 form a 0.008 radian angle with
_b,ariﬁg surfaces 57 and 38. Likewise, recessed taper portion 70 forms a 0.008 radian
angle with planar portion 74.

Recessed taper portion 70 and planar portion 74 of cavity dam 66 are recessed
from side rail taper portions 69 and bearing surfaces 57 and 58 by approximately 1.0 pm
(39 microinches). The existence of planar portion 74 as;si'sts in absorbing process
variations during fabrication to ensure that the recess has a consistent depth. The recess
minimizes debris collection at leading edge 50 and reduces pitch angle. When slider 36
slides with a positive pitch, leading edge 50 flies at a greater distance from the disc
surface than trailing edge 52. Pitch angle is a measurement of the degree of positive
pitch. A very high pitch angle degrades the stiffness of the air bearing. .Recessed taper
portion 70 reduces the pitch angle and thereby increases stiffness of the bearing, but
maintains the advantages of fast takeoff provided by the full-width leading edge taper.
Various aspects of leading edge taper 68 and recessed taper portion 70 are discussed in
greater detail in U.S. Patent No. 5,210,666 which is hereby incorporated by reference.
The depth of the recess may be varied to achieve various flying characteristics.

r Side rails 38 and 40 have an *hourglass” shape in which waist portion 60 is
narrower than leading portion 59 and trailing portion 62. The hourglass shape reduces
flying height sensitivity to skew angle. Slider skew occurs in disc drives having rotary
actuat&s. At certain disc radii, rotation of the actuator causes slider 36 td fly with its
center line 63 at skew with respect to the direction of air flow, which causes unequal
pressure distributions to develop along side rails 38 and 40. This ca;uses slider 36 to roll, |

resulting in one rail being closer to the disc surface than the other rail.
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| eadi ng edge) Air Bearing Surface Wdth 0. 155 0. 097 Side Rail

Lengt h 0.178 0.097 Rail Wdth Maxinmum REP] A6 ENT

0.041 Rail Wdth M ninmum 0. 0155 0.01 Cavity M%Le\?g{wﬁNT SHEET
0.002 0.036 Cavity Depth 2.0-6.5 [err] 2.0-6.5
[err] Subanbi ent Pressure 0.170 -11- 0.097 Cavity Length Wi st
Length 0.01 0. 005 Center Rail Length 0. 0158

0. 020 _

The hourglass shapes maintain a near constant air bearing surface area and
pressure distribution as slider 36 flies at varying skew angles with respect to air flow.
As a result, the hourglass shapes minimize slider roll about slider center line 63. The
hourglass shapes alsé maximize slider stiffness by maximizing the counte_:raction between
positive and subambient pressure. The surface area of béaring surfaces 57 and 58 is
largest near the ends of the rails and smallest near the center of the rails. This
maximizes positive pressure near the ends of the rails wl_iile maximizing the area of
subambient pressure cavity 64 near the center of slider 36. The hourglass shapes and
resulting pressure profiles are discussed in greater detail in U.S. Patent No. 5,062,017,
which is hereby incorporated by reference. .

The hourglass shapes of the side rails can be formed with steps that have a depth
substantially equal to the depth of subambient pressure cavity 64 or can be formed by
relatively shallow steps having a depth of about 0-2.0 pm, as described in U.S. Patent

* No. 5,062,017 | |

The hourglass shapes of side rails 38 and 40 can be adjusted to achieve a .
particular skew sensitivity. The tangential velocity of the disc is greater at its outer
diameter than at its inner diameter. As a result, positive pressure aldng side rails 38 and
40 is greater when slider 36 is positioned at the outer diameter which causes the slider to
fly at a greater distance from the dxsc surface than when positioned at the inner diameter.
The hourglass shapes of side rails 38 and 40 can be adjusted to cause the flying height at
the outer diameter to approach the flying height at the inner diameter by' varying skew |
sensitivity. The hourglass shapes can be defined by an "hourglass ratio” of a maximum-
width, along leading and trailing portions 59 and 62, to a minimum width, along waist
portion 60. A larger hourglass ratio results in a lower skew sensitivity. In preferred
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Center Rail Wdth 0. 0175 0.020 The di nRERLAGEMENE $HERE ded
as exanples only and can be nodified to suit a particular application or to
achieve desired flying characteristics. The hydrodynam c features are
scal ed accordingly. The dinensions of certain features can al so be varied
to REPLACEMENT SHEET -15- accommodatgpdifferent preload forces and

gi nbal characteristics that are associated with reducing the slider size.
For exanple, |oad beam flexure 22 (shown in Figure 2) exerts

embodiments, the hourglass ratio ranges from about 1.0 to about 7.0. In most preferred
embodiments, the hourglass ratio ranges from about 2.5 to about 4.0

* Reducing the hourglass ratio, and thereby increasing skew sensitivity, creates a
"hump" in the fly height profile as the slider moves from an inner diameter of the disc to
an outer diameter of the disc. The hump results from the slider being aligned with the
direction of air flow at a middle diameter and being at skew at the inner and outer
diameters, which lowers the.ﬂy height at the inner and outer diax.neters. Introducing a
hump in the fly height profile moves the fly height at the outer diameter down to the fly
height at the inner diameter of the disc. A typical hump may be 0.0127 mm with an
hourglass ratio of 1.5.

The hourglass shapes also have a transverse offset 75 at waist portion 60 with

respect to first and second side edges 54 and 56. The amount of transverse offset

. controls slider roll about slider center line 63. The transverse offset can range from no
offset, in which the outef edge of each side rail is straight and the inside edge is
"crooked," to a full offset, in which the outside edge is crooked and the inside edge is
straight. In one embodiment, waist portion 60 is offset by about 5 - 10.16 pm. The
transverse offset is discussed in U.S. Serial No. 08/315,282, filed September 29, 1994,
which is hereby incorporated by reference.

Side rails 38 and 40 are truncated a distance 90 from trailing edge 52 such that
the trasducer mounted on center rail 42 is the closest point to the disc surface. Dismnce- _
90 is seiected such that the trailing edges of side rails 38 and 40 fly at approximately
0.0254 mm higher than the trailing edge of center rail 42, for example. Distance 90
depends on several operating factors, such as pitch angle and disc speed. In one
embodiment, distance 90 ranges from 12.7 - 38.1 pum and preferably ranges from 17.7 -
25.4 um. Truncating side rails 38 and 40 prior to trailing edge 52 allows a relatively
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a preload force through ginbal 34 to slider 36 of about 2-7

Series slider, and about 0-3 grans for a 30 Series slider. I%WEI{M@NTE‘S?@ET
enbodi nrent shown in Figure 4, side rails 38 and 40 and center rail 42 are
defined by ion mlling to a depth of 2.0-6.5 [err]. Side rails 38 and 40
have rounded | eading corners 120 and rqyrded trailing corners 122. Rounded

| eadi ng corners 120 have a radius of curvature of about 0.0127 nm Rounded
trailing corners 122 have a radius of curvature of about 0.0102 mm The

uni que conbi nati on of hydrodynam c features of the present invention shown
in Figure 4 achieves desired flying characteristics for proximty recording

i n which the Jarfgeirbll aggle ditRowd friskiig cortacd 6 thertyailigédges of dide rails Bhasl 4Qughness

of the disc. The transducer is nmounted on a center rail to reduce flying
hei ght sensi tdigqussed inUsS. Ratent No| §,267;/#Q9, which is hereby incorporated by reference.

Truncating the side rails brior to the trailing edge reduces the pitch sﬁffneés of
slider 36 since the clearance of bearing surfaces 57 and 58 is generally higher due to the
reliefs at the traditionally low clearance areas near the trailing edge. Pitch stiffness is .
further reduced by the truncated bearing length, which offers a shorter lever arm for
pressure responses to act upon. | |

'Ihe reduced pitch stiffness has unique advantages in proximity recording. With
reduced pitch stiffness, less force is required to pitch the slider forward as the trailing
edge of the Slider contacts the surface roughness of the disc. This reduces wear on
center rail 42 and on the surface of the disc.

As mentioned above, the transducer is mounted to the trailing edge of center rail

- 42. Center rail 42 has a rounded leading edge 100 which is formed by two relatively

straight segments that Mtersgct through a curved apex at slide;r ceﬁter line 63. The -
curved apex has a radius of curvature 102 of about 2.54 - 7.62 um. The straight
segments form an angle 104 with center line 63 of about 30-60 degrees. Leading edge
100 can have other shapes, such as a pointed shape. Figure 5 is a bottom plan view of
an alternative center rail 110 having 2 pointed leading edge 111 Leading edge 111 is
formed by segments 112 and 114 which intersect at slider center line 116. Center rail
110 is drawn out of scale in Figure 5 for clarity. _ | =

The slider shown in Figure 4 is a "50 Series" slider in which the overall |
dimensions of the slider are 50 percent of a typical slider. The hyd;odynamic features -
shown in Figure 4 can also be used on a "30 Series” slider in which the dimensions of
the slider are 30 percent of a typical slider. The following table provides the dimensions
of the primary features of slider 36 for a 50 Series slider and a 30 Series slider: |
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truncated side rails reduce pitch stiffness such that | eREPEACEMENT SHEET
required to pitch the slider forward as the trailing edge of the slider
contacts the disc surface. The truncated side rails also keep the
transdycer near the close point flying height for a wide range of rol
angles. The side rails are hourglass siedd to reduce the flying height
sensitivity to skew angle. The | eading taper extends across the full wdth
of the | eading edge to inprove takeoff performance, but is relieved 1.0
[err] in a centrally etched area to reduce stiction with the disc surface,
reduce debris collection, and reduce the flying pitch angle, thereby

i mprovi ng bgar-.ng—su-hbaess—aad—f- . titude. The
"nconi stent J1ying charactert ot (G ecurt s |05 gar “hafing overal
flying characferistics that are Qogpgfehgbfl tO Prl®imehdion r ecor difng.

Feature ' mm mm

| Stider Body Width 0.160 ' 0.099
Slider Body Length 0.200 0.120
Taper Length (from leading | 0.025 0;020
{ edze) |

Cavity Dam Length (from | 0.033 0.025

leading edge)

Air Bearing Surface Width | 0.155 0.097

Side Rail Length 0.178 . 0.097

Rail Width Maximum 0.046 0.041

Rail Width Minimum 0.0155 0.01

Cavity Dam Width 0.002 0.036

Cavity Depth 2.0-6.5 um 2.0-6.5 um

Subambient Pressure 0.170 0.097

Cavity Length '

Waist Length . 0.01 .1 0.005

Center Rail Length | 0.0158 0.020 h

Center Rail Width 0.0175 0.020 )

The dimensions are provided as examples only and can be modified to suit a
particulaf application or to achieve desired flying characteristics. The hydrodynamic
features are scaled accordingly. The dimensions of certain features can also be varied to
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-16- Figure 6 is a bottomplan view of a slider having an HRRACEMENT SHEET
| eadi ng edge configuration, according to the present invention. Slider 200

has a | eadi ng edge 202, a tralllng edge 204 and first and second si de edges
206 and,b 208. Slider 200 is a 30 Series slider having a width of 0.1 mm
measur ed between side edges 206 and 208-¥srd a | ength of 0.12 nmm neasured
between | eading and trailing edges 202 and 204. First and second side rails
210 and 212 extend from |l eadi ng edge 202 toward trailing edge 204 and
termnate prior to the trailing edge by approxi mately 0.0254 nm

accommodate different preload forces and gimbal characteristics that are associated with
reducing the slider size. For example, load beam flexure 22 (shown in Figure 2) exerts
.a preloe.d force through gimbal 34 to slider 36 of about i—7 grams for a 50 Series slider,
and about 0-3 grams for a 30 Series slider.
~ In the embodiment shown in Figure 4, side rails 38 and 40 and center rail 42 are
defined by ion milling to a depth of 2.0-6.5 um. Side rails 38 and 40 have rounded
leading corners 120 and rounded trailing corners 122. Rounded leading corners 120
have a radius of curvature of about 0.0127 mm. Rounded trailing corners 122 have a
radius of curvature of about 0.0102 mm.

The unique combination of hydrodynamic features of the present invenﬁon shown
in Figure 4 achieves desired flying characteristics for proximity recording in which the
trailing edge of the slider may contact the surface roughness of the disc. The transducer
is mounted on a center rail to reduce flying height sensitivity to slider roll. “The , .
truncated side rails reduce pitch sﬁﬂ"‘ness such that less force is required to pitch the
slider forward as the trailing edge of the slider contacts the disc surface. The truncated
side rails also keep the transducer near the close point flying height for a wide range of
roll angles. The side rails are hourglass shaped to reduce the flying height sensitivity to
skew angle. The leading taper extends across the full width of the leading edge to
improve takeoff performance, but is relieved 1.0 um in a centrally etched area to reduce
stiction’ w1th the disc surface, reduce debris collection, and reduce the ﬂymg pitch dfigle,
thereby improving bearing stiffness and flying helght sensitivity to altitude. The unique
combination of hydrodynamic features strikes a balance between inconsistent flying
characteristics and results in a slider having overall flying characteﬁetics that are
beneficial to proximity recording.
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Side rails 210 and 212 have a | eading portion 214, a wai st"gs¢ACEMENI18HER®
atrailing portion 218. WAist portion 216 has a wdth of 7.62 [err] and
trailing portion has a width of 22.86 [err]. Side rails 210 and 212
‘therefere have an hourglass ratio of 3.§¢-A | eadi ng edge taper 220 extends
across the full width of slider 200. Leadi ng edge taper extends from

| eadi ng edge. 202 to an intersection 222 with |eading portion 214 of side
rails 210 and 212. Leadi ng edge taper 220 has a |l ength neasured from

| eadi ng edge 202 to intersection 222 of about 0.02 nmmand fornms and angl e

wi th | eadi ng portripfe @ikh titomiplan view 008 stidetihaving aralteriuaive leading pdges sur e
cavity 230 is positioned between first and second side rails 210 and 212. A
cavity dam 28&hfigsration] acconding te the| presentigvantige- Stider208 hasa leading £4g6R08) 2 st

S A e Babig S5 2t $E sl oot sad G008 adePhds. el To0105:b 'SR
slider having 2 width of 0.1 mm measured between side edges 206 and 208 and a length
of 0.12 mm measured between leading and trailing edges 202 and 204. .

First and second side rails 210 and 212 extend from leading edge 202 toward
trailing edge 204 and terminate prior to the trailing edge by approximately 0.0254 mm.
Side rails 210 and 212 have a leading portion 214, a waist portion 216 and a trailing
portion 218. Waist portion 216 has a width of 7.62 um and trailing portion has a width
of 22.86 um. Side rails 210 and 212 therefore have an hourglass ratio of 3.0.

A leading edge taper 220 extends across the full width of slider 200. Leading
edge taper extends from leading edge 202 to an intersection 222 with leading portion 214
of side rails 210 and 212. Leading edge taper 220 has a length measured from leading
edge 202 to intersecﬁan 222 of about 0.02 mm and forms and angle with leading
portions 214 of about 0.008 radians..

A subambient pressure cavity 230 is positioned between first and second side rails
210 and 212. A cavity dam 232 is positioned at leading edge 202 and extends from first '
side rail 210 to second side rail 212. A center rail 240 is positioned at trailing edge 204
along a slider center line 242. Center rail 240 has a width of about 0.02 mm.

- “Subambient pressure cavity 230 extends forward along the slider body past =
intersection 222 and within the leading edge taper area. As a result, cavity dam 232
becomes recessed from the air b&aring surfaces formed by side rails 210 and 212. Ina -
preferred embodiment, subambient' pressure cavity 230 extends within leading edge taper
220 (past intersection 222) by a distance that is sufficient to recess cavity dam 232 from
the air bearing surfaces formed by side rails 210 and 212 by about 0.5-2.0 pm, and
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along a slider center |ine 242. Center rail 240 has a \AAR&PBAGEMEN¢L$HE’E'P2
mm - Subanbi ent pressure cavity 230 extends forward al ong the slider body
past intersection 222 and within the | eading edge taper area. As a result,
cavity dam 232 becones recessed fromthe_air bearing surfaces forned by
side rails 210 and 212. In a preferred “érfbodi ment, subanbi ent pressure
cavity 230 extends within | eading edge taper 220 (past intersection 222) by
a distance that is sufficient to recess cavity dam 232 fromthe air bearing
surfaces fornmed by side rails 210 and 212 by about 0.5-2.0 [err], and

-17- preferably about 1.0 um. A separate fabrication step is not required to recess cavity dam
232. The fabrication of slider 200 is therefore simplified and less costly, as is described
" in greater detail in co-pending application of Ihrke et al.; U.S. Serial No. 08/380,837,
filed January 30, 1§95 , which is hereby incorporated by reference. The dimensions
provided above are examples only and can be varied to suit a particular application or .
achieve desired flying ;haracteristics.

With a disc speed of 9,000 RPM and a preload force of 0.5 grams (gmf), a
computer model of the slider shown in Figure 6 in a 3.5 inch (88.9 mm) form factor disc
drive developed a suction force within subambient pressure cavity 230 of 0.65 gmf at an
inner diameter of the disc and 1.28 gmf at an outer diameter of the disc. The flying
height was 0.061 mm at the inner diameter and 0.055 mm at the outer diameter. The
pitch was 295-364 microradians. '

o * Although the present invention has been described with reference to preferred
embodiménts, workers skilled in the art will recognize that changes may be made in .
form and detail without departing from the scope of the present invention.
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preferably about 1.0 [err]. A separate fabrication step required to
recess cavity dam 232. The fabrication of slider 200 is FEQC@W@&T SHEET

sinplified and less costly, as is described in greater detail in co-pending
application of Ihrke et al., US. Serialjddb. 08/380,837, filed January 30,
1995, which is hereby incorporated by reference. The di nensions provided
above are exanples only and can be varied to suit a particular application
or achieve desired flying characteristics. Wth a disc speed of 9,000 RPM
and a preload force of 0.5 granms (gnf), a computer nodel of the slider
shown in Fi gug &N a 3.5 inch (88.9 nm formfactor disc drive devel oped
a suction force wthin subanbient pressure cavity 230 of 0.65 gnf at an

i nner di anet et. of A lelf-thading alisd head>Biderdonfigurad fag supportifigarransducsf (44he di sc.

The flying height was 0.061_mm at- the jnner di gneter and 0.055 nm dt the
out er )éi a?ret epr%ximg a rotating disc, characterisec{ by tie comg'ma&on of: : o

a slider body (36) having a leading edge (50), 2 trailing edge (52) and first and |
second side edges (54, 56); _

first and second raised side rails (38, 40) extending from the leading edge toward
the trailing edge and terminating prior to the trailing edge, the first and second raised
side rails each forming a bearing surface (57, 58) having a leading portion (59), a
trailing portion (62) and a waist portion (60) therebetween, whereiq the waist portion
being narrower than the leading and trailing portions;

a subambient pressure cavity (64) positioned between the first and second raised
side rails;

a raised cavity dam (66) which extends from the first raised side rail to the second
raised side rail and is recessed from the bearing surfaces;

a leading edge taper (;70) extending from the first side edge to the second side
edge, wherein the leading edge taper has a recess along the cavity dam; and

a raised center rail (42) positioned at the trailing edge of the slider body between
the first and second side edges, wherein the transducer is mounted on the raised center

rail along the trailing edge of the slider body.

2. The self-loading disc head slider of claim 1 wherein:
the bearing surfaces have a maximum width along the leading and trailing
portions and a minimum width along the waist portion, wherein a ratio of the maximum

width to the minimum width is between substantially one and seven.
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pitch was 295-364 m croradi ans. Although the present igwent] has been
described with reference to preferred enbodi nents, mﬂgé&bE&ENfreﬂHEETthe
art "'will recognize that changes nay be made in formand detail without
departing fromthe scope of the present invention. REPLACEMENT SHEET
-18- CLAIMS: 1. A sel f-1oading disc hed¥ slider configured for
supporting a transducer (44) -

3. The self-loading disc head slider of claim 2 wherein the width ratio is between

substantially 2.5 and 4.0.

4. The self-loading disc head slider of any one of claims 1 to 3 wherein:
the slider body has a central, longitudinal axis (63); and
the raised center rail is positioned along the central, longitudinal axis and has a

leading edge which forms a 30-60 degree angle with the central, longitudinal axis.

5. The self-loading disc head slider of claim 4 wherein:
the raised center rail has a leading edge formed by two substantially straight

segments which intersect at the central, longitudinal axis.

6. The self-loading disc head slider of claim 4 wherein:
the raised center rail has a leading edge formed by two segments which intersect

through a curved apex at the central, longitudinal axis.

7. The self-loading disc head slider of claim 6 wherein the curved apex has a radius

of curvature of about 1.0 to 3.0 mils.

8. The self-loading disc head slider as claimed in any preceding claim wherein the -
slider has a pitch angle with respect to the rotating disc and wherein:

the first and seéond raised side rails terminate at a distance (90) from the trailing
edge for enabling the first and second raised side rails to be spaced from the disc at least

0.0254 mm greater than the transducer.

_
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proxi mate a rotating disc, characterised by the conbinatioH ﬁ&& a slider
body (36) having a |eading edge (50), a trailing edge (52) 5 QEMENT}SHEET
second side edges (54, 56); first and second raised side rails (38, 40)
extending fromthe |eading edge toward_she trailing edge and termnating
prior to the trailing edge, the first and second raised side rails each
formng a bearing surface (57, 58) having a |eading paortion (59), a
trailing portion (62) and a wai st portion (60) therebetween, wherein the
wai st portion being narrower than the leading and trailing portions; a

subanbi ent pgessu Vy ) 4 : : £ X nd
rai sed side rbai I s?ﬁ%@goé%{ﬁé gig%/lll%g%%éﬁqq? mﬁ?@%@gﬁ%ﬁ?ﬁ%ﬁqﬂ%ﬁ%ﬁfr st
rai sed side faitlnd SecbiPrass®e idd rails terminate 12.7 - 38.1 pm from the trailing edge.

10.  The disc head slider as claimed in any preceding claim, in which the cavity dam
has a tapered surface (70) positioned at the leading edge and has a planar surface (74)
extending from an intersection with the tapered surface to the subambient pressure

cavity.

11.  The self-loading disc head slider of claim 10 wherein the intersection between the
tapered and planar surfaces of the cavity dam trails the intersection between the tapered
and bearing surfaces of the first and second raised side rails by approximately 2.54 pm.

-_
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rai sed side rail and is recessed fromtﬁe beari ng surfaces; FERGSMEQTegﬁfET

taper (70) extending fromthe first side édge to the second S

wherein the | eading edge taper has a recess along the cavity dam and a
rai sed center rail (42) positioned at the trailing edge of the slider body
between the first and second side edge321®herein the transducer is nounted
on the raised center rail along the trailing edge of the slider body. 2.
The sel f-1oading disc head slider of claim1l wherein: the bearing surfaces
have a maxi num wi dth along the | eading and trailing portions and a m ni num

wi dth along the walsm/s Wmdthtothe
mnimumw dth is bet W%%m
ABSTRACT

A self-loading disc head slider (36) is cbnﬁgured for supporting a transducer (44)
proximate a rotating disc. The transducer includes a slider body having a leading edge
(50), a trailing edge (52) and first and second side edgés (54, 56). First and second
raised side rails (38, 40) extend from the leading edge toward the trailing edge and
terminate prior to the trailing edge. The first and second raised side rails each form a
bearing surface (57, 58) having a leading portion (59), a trailing portion (62) and a waist
portion (60) therebetween. The waist portion is narrower than the leading and trailing
portions. A subambient pressure cavity (64) is positioned between the first and second

" raised side rails. ‘A raised cavity dam (66) extends from the first raised side rail to the
second raised rail and is recessed from the bearing surfaces. A leading edge taper (70)
extends from the first side edge to the second side edge and has a recess (ﬂ) along the
cavity dam. A raised center rail (42) is positioned at the trailing edge of the slider body
between the first and second side edges. The transducer is mounted on the raised center |
rail along the trailing edge of the slider body.

Fig. 4. o - -
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-19- 3. The self-1oading disc head slider of clai ein_the width
ratio ts between substantially 2.5 and 4.0. 4., ThghégmgéMﬁﬂTrﬁﬁEﬁEc
head slider of any one of clains 1 to 3 wherein: the slider body has a
central, longitudinal axis (63); and the raised center rail is positioned
along the central, longitudinal axis and has a | eading edge which forns a
30-60 degree angle with the centralq |ongitudinal axis. 5. The

sel f-1 oadi ng disc head slider of claim4 wherein: the raised center rai
has a | eading edge forned by two substantially straight .
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segments which intersect at the central, |ongitudinal %EMENT QWEET
sel f-1vadi ng disc head slider of claim4 wherein: the ra center rail
has a | eadi ng edge forned by two segnments which intersect through a curved

apex at the central, |ongitudinal axis. 7. The sel f-1oading di sc head
slider of claim6 wherein the curved apex has a radius of curvature of
about 1.0 to 3.0 mls. 8. The sePf-1oading disc head slider as clained

in any preceding claimwherein the slider has a pitch angle with respect to
the rotating disc and wherein: the first and second raised side rails
termnate at a distance (90) fromthe trailing edge for enabling the first
and second raised side rails to be spaced fromthe disc at |east 0.0254 mm
greater than the transducer.
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-20- 9. The self-1oading disc head slider as clainmed in _any preceding
claimwherein the first and second raised side rails terniﬁEE%A@EMENT'sﬁEET
[err] fromthe trailing edge. 10. The disc head slider as clained in any
preceding claim in which the cavity dam has a tapered surface (70)
positioned at the | eading edge and has a planar surface (74) extending from
an intersection with the tapered surfg?e to the subanbi ent pressure cavity.
11. The sel f-1oading disc head slid of claim 10 wherein the

I ntersection between the -
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tapered and pl anar surfaces of the cavity damtrails the HErPtLApEMVEINToﬁHEET
bet weeh the tapered and bearing surfaces of the first and second rai sed

side rails by approxi rrately 2.54 [err].
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