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T (57) Abstract: A disc head slider (110, 500) includes a cavity dam (230, 506), a subambient pressure cavity (236, 510) and first
and second elongated rails (210, 212, 502, 510). The first and second rails (210, 212, 502, 504) are disposed about the subambient
pressure cavity (236, 510). Each of the rails (210, 212, 502, 504) has a rail width measured from an inner rail edge (214) to an outer
~. rail edge (216), a leading bearing surface (218), a trailing bearing surface (220), and a recessed area (222, 512) extending between
the leading and trailing bearing surfaces (218, 220), The recessed area (222, 512) is recessed from the bearing surfaces and raised
from the cavity floor, across the rail width, First and second convergent channels (260, 262, 514) are recessed within the trailing
bearing surfaces (220) of the first and second rails (210, 212, 502, 504), respectively. Each channel (260, 262, 514) has a leading
B channel end open to fluid flow from the respective recessed area (222, 512), non-divergent channel side walls (268) and a trailing
channel end (270) closed to the fluid flow and forward of a localized region of the respective trailing bearing surface (220).
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disc drive data storage system having a slider, which
reduces stiction with the disc surface while
providing sufficient bearing stiffness.

'Disc drives of the "Winchester" and optical
types are well known in the industry. Such drives use
rigid discs, which are coated with a magnetizable
medium for storage of digital information in a
plurality of circular, concentric data tracks. The
discs are mounted on a spindle motor, which causes the
discs to spin and the surfaces of the discs to pass
under respective hydrodynamic (e.g. air) bearing disc
head sliders. The sliders carry transducers, which
write information to and read information from the disc
surfaces.

| An actuator mechanism moves the sliders from
track-to-track across the surfaces of the discs under
control of electronic circuitry. The actuator
mechanism includes a track accessing arm and a
suspension for each head gimbal assembly. The
sugpension includes a load beam and a gimbal. The load
beam provides a load force which forces the slider
toward the disc surface. The gimbal is positioned
between the slider and the load beam, or is integrated

in the load beam, to provide a resilient connection
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pitch and roll while follow ng the topography of the disc. Th§ AP

i ncl udes %(?5“18!5{4?9 surface, which faces the disc surface. As the

rot at es, 5 drags air under the slider and al BRYUBNU245Qay i ng
surface in a direction approximtely parallel to the tangential velocity
of the disc. As the air passes beneath the bearing surface, air
conpression along the air flow path causes the air pressure between the
disc 10 and the bearing surface to increase, which creates a hydrodynanm c
lifting force that counteracts the load force and causes the slider to
lift and fIy above or in close proxit#ty to the disc surface. One type of
slider is a "self-loading" air 15 bearing slider, which includes a

| eadi ng t apertiay asnenpedtm@p@l)ldera @cﬁl rpichgr ahsed iide wails, al faVi ty
dam and a sub |ent essure cavjty. The |l eading taper is typically
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tangent1a1 velocity of the disc. As the air passes
beneath the bearing surface, air compression along the
air flow path causes the air pressure between the disc
10 and the bearing surface to increase, which creates a
hydrodynamic lifting force that counteracts the load
force and causes the slider to lift and fly above or in
close proximity to the disc surface.
One type of slider is a "self-loading" air
15 bearing slider, which includes a leading taper (or
stepped-taper), a pair of raised side rails, a cavity
dam and a subambient ‘pressufe cavity. The leading
taper is typically lapped or etched onto the end of the
slider that is opposite to the recording head. The
20 leading taper pressurizes the air as the air is dragged
under the slider by the disc surface. An additional
‘effect of the leading taper is that the pressure
distribution under the slider has a first peak near the
taper end or "leading edge" due to a high compression
25 angle of the taper or step, and a second peak near the
recording end or "trailing edge" due to a low bearing
clearance for efficient magnetic recording. This dual-
peak pressure distribution results in a bearing with a

high pitch stiffness.



cl earance for efficient magnetic recording. This dual - peahégiaﬁ%fre
distribution results in a bearing wiwth a high pitch stiff AP 2804APR
2004 VE)01@6%#@&4PCT/USCE¥42450 -3 The bearing cl earance between the
slider and the disc surface at the recording head is aFYypURENt
paranmeter to disc drive performance. As average flying -heights continue
to be reduced, it is inportant to 5 control several netrics of flying

hei ght perfornmance, such as flying height sensitivity to process

vari ations, anbient pressure (e.g., altitude) variations, changes in
radi al position of the slider over the disc surface and resulting head
skew, and 10 qui ck movenents of the st?der fromone radial position to
anot her radial position. The above-nentioned sensitivities are reduced by
provi ding the slider wiThe dcairghg bebraragce Shéfwaras thiensl f@epidngh and rol |
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| ocal i zed posicentropreewrnad megricehheft £hyingicheddine perfoshamter, havi ng

truncated si d%ugﬁ as flying height sensitivity to process
variations, ambient pressure (e.g., altitude)
variations, changes in radial position of the slider
over the disc surface and resulting head skew, and

10 quick movements of the slider from one radial position
to another radial position.

The above-mentioned sensitivities are
reduced by providing the slider with a high bearing
stiffness in the pitch and roll directions. To achieve

15 high pitch and roll stiffness, air bearings have
utilized geometries that distribute the positive
pressure away from the center‘ of the slider. However,
with some bearing geometries, it is difficult to
generate sufficient localized pressure along certain

20 areas of the bearing surface. For example, it is
difficult to generate localized positive pressure near
the trailing edge of a slider having truncated side
rails and a discrete center pad positioned at the
trailing edge.

25 Also, the slider should take off from the

| disc surface as quickly as possible after the start of
disc rotation. Therefore, it is desired to limit the
sticking friction (“stiction”) between the slider and

the disc surface during the start and stop of disc



rails and a discrete center pad positioned at the trailin Veﬂge. Al so,
the slider should take off fromthe disc surface as qui ckIg‘] ﬂPRogw'z'bl e

after theﬁéa{,}uﬁf disc rotation. Therefore, it is deﬁ,i Lim’t t he
CrLSpldss

sticking friction ("stiction") between the slider and surface
during the start and stop of disc WD 01/41141 -4 115 APR 2004

PCT/ USO0/ 42450 rotation. One nethod of |imting stictionis to provide
the disc surface with a textured | anding zone, which reduces the contact
area between the slider and the disc surface when the slider is at rest
within the 5 | anding zone. However, as the flying heights are reduced to
achi eve hi gher recording densities, 7%~ becones nore difficult to

i npl ement a textured | anding zone since the flying height can becone | ess
than the heirgliatddént he Pnegmesbedpedgkslimittings seiptiond i® lbomit 1.0 the

stiction for LRt t u Is ope., This.difficulty has lead to
the use of h 2%}’ iglestl(.}?el n(?')egrcf %@gg‘!‘ﬁ%@&ﬁ g%’ﬁ%uro tlﬁgdf‘%%dﬁ 'zone
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contactin§ tﬁgndiisg gontace HPWQ!NF;QH, sf@nithécaﬁiMi;ag difigbtsngrehe beari ng
CharaCteriStiféﬁuced to achieve higher recording densities, it
becomes more difficult to implement a textured landing
zone since the flying height can become less than the
height of the roughness peaks that is required to limit
10 the stiction forces in the textured landing zone.

This difficulty has lead to the use of head-
disc interfaces in which some of the landing zone
roughness is transferred to the bearing surface of the
slider body. A textured bearing surface is typically

15 achieved by forming discrete pads on the bearing
surfaces. These pads provide small surface areas for
contacting the disc surface without significantly
effectihg the bearing characteristics.

However, the wuse of textured bearing

20 surfaces makes it more difficult to maintain the
desired spacing between the head and the disc within
the smooth data éone due to the additional separation
caused by the pads. The head is typically positioned
along the trailing edge of the slider body. 1In order

25 to prevent the pads from interfering with the head-to-
disc spacing, the pads are typically positioned
somewhat forward from the trailing edge. This will
allow thé head to remain at the close-point £lying

height when the slider flies with a positive pitch



However, the use of textured bearing 20 surfaces nmakes 'ht nmore difficult
to maintain the desired spacing between the head and th bi APRW00%i n  the

snoot h data,o%?/ﬁq due to the additional separation caused by the pads. The

head is typroally positioned along the trailing edge ofCHUSUEMSIHer body .

In order 25 to prevent the pads frominterfering wth the head-to- disc
spaci ng, the pads are typically positioned sonewhat forward fromthe
trailing edge. This will allow the head to renain at the cl ose-point
flying height when the slider flies with a positive pitch U5 APR 2004 WO
01/ 41141 PCT/ USQQO 42450 -5 angle. If the pads are positioned only a
nmoderate distance fromthe. trailingSedge, the slider nmust fly wth a
relatively high pitch angle to maintain the desired head-to-nedia

separation. Anbilgher pftehe apghe 5&%&@&&4&%&%% nﬂoﬁéli;tfeness’ and is

typically detrinmental to nuf acturing sensitivity. If the pads are
posi ti oned a?lﬁtf‘ﬁ?ﬁe B8t Bt e FF HEn &40 R ai FRAIgS1 iRy musterfldywi | | be a
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cause the 10 sl i.dgﬁ to IE backwards if the disc oscillates backward and
forward sligfEPyT rrﬁ'?cft? are eRarE MY -endi RIFRET BAEFR\AnGdet he disc and

spi ndl e nBt OKdecpehdsedli ThepabesringBaskybfibdd, PPy iiRAUEPSiGANEACt bet ween
fthe trailing gd e of the slider and the disc surface ich ¢an 15 result
in a disc | ubg ﬁg'ﬂ %%aL}sQﬁef“ﬁﬁugﬁ?Wd‘ngt sepRitvdfy. I the pads
are positioned at a large distance from the trailing
edge, there will be a relatively large area on the
bearing surface that has no pads. This can cause the
10 slider to tip backwards if the disc oscillates backward
and forward slightly during shut-down as the remaining
energy in the disc and spindle motor coils dissipates.
Backward tipping induces contact between the trailing
edge of the slider and the disc surface, which can
15 result in a disc lube meniscus being formed at the area
of contact and an unacceptable'stiction force if the
disc surface is too smooth.
A slider is desired, which minimizes
stiction with the disc surface while maintaining a low
20 head-disc spacing and high bearing stiffness
properties.
SUMMARY QF THE INVENTION
One aspect of the present invention relates
to a disc head slider, which includes a cavity dam, a
25 subambient pressure cavity and first and second
elongated rails. The subambient pressure cavity trails
the cavity dam and has a cavity floor. The first and
second rails are disposed about the subambient

pressure cavity. Each of the rails has a rail width



of contact and an unacceptable stiction force if the disc %rfsce s too
snmooth. A slider is desired, which mnimzes stiction with ©OhAPRi 2084

surface Whybhgudmdntaining a low 20 head-di sc spacing a&g{‘gwﬁ %qeari ng
stiffness properties. SUMMARY OF THE | NVENTI ON One aspe e pr esent

I nvention relates to a disc head slider, which includes a cavity dam a
25 subanbi ent pressure cavity and first and second el ongated rails. The
subanbi ent pressure cavity trails the cavity dam and has a cavity fl oor.
The first and second rails are disposed about the subanbient pressure’
cavity. Each of the rails has a rail width 1 5 APR 2004 WO 01/41141

PCT/ US00/ 42450 -6 neasured from an iafer rail edge to an outer rail edge,
a |l eading bearing surface, a trailing bearing surface, and a recessed
area extendi mgasuredefrone an| giadiemwyg waid tedgd i tg beacutgrswafiaces. The

recessed 5 al@ge.l S o OGRISE e lhg su s and raised fromthe
cavity fl oor ,e ggfosas t he rgi FDE\%%Q sg?féséié", a%dgé%gfc;lrﬁ? g%%%féf’&ent channel s
are recessedswrfara, BRd @& afedengebemnaag snenddeg detwkenf ithet and second

Ui d Flow | o th 2adpestTode” pedding bEPRAAE 0 B0 e hanne oi de
wal | s andS5a area is recessed from the bearing surfaces and raised

from the cavity floor, across the rail width. First

and second convergent channels are recessed within

the trailing bearing surfaces of the first and second

rails, respectively. Each channel has a leading

10 channel end open to fluid flow from the respective
recessed area, non-divergent channel side walls and a
trailing channel end closed to the fluid flow and
forward of a localized region of the respective
trailing bearing surface.

15 Another aspect of the present invention
relates to a disc drive assembly, which includes a
housing, a disc, an actuator and a slider. The disc
is rotatable about a central axis within the housing
and has a recording surface with a data area and a

20 landing area, which are non-textured.‘The actuator is
mounted within the housing. The slider is supported
over the recording surface by the actuator and includes
a cavity dam, a subambient pressure cavity and first
and second elongated rails. The subambient pressure

25 cavity trails the cavity dam and has a cavity floor.
The first and second rails are disposed about the
subambient pressure cavity. Each of the rails has a
rail width measured from an inner rail edge to an

outer rail wedge, a leading bearing surface, a



trailing channel end closed to the fluid flow and forward,of a |ocalized
region of the respective trailing bearing surface. 15 Anoft’hSrAR@ & of

the preseRyobifgption relates to a disc drive assenbl ' pncludes a
housi ng, a disc, an actuator and a slider. The disc iéﬁcg)éﬁ?goﬁgg}le about a

central axis wthin the housing and has a recording surface with a data
area and a 20 | anding area, which are non-textured. The actuator is
nounted within the housing. The slider is supported over the recording
surface by the actuator and includes a cavity dam a subanbient pressure
cavity and first and second el ongat e,g rails. The subanbi ent pressure 25
cavity trails the cavity damand has a cavity floor. The first and second
rails are di sposed about the subanbient pressure cavity. Each of the
rails has a trailipgdt hearingir esuffiame, an andnera r ardcesdgd t mrea outer rail

edge, a |eadig-h8aLd N C&pe Jlaad?nAPR, AN 01/ 411471
PCT/ USOO 424§% ?73?1?% ?Fﬁgé Iga‘?lhﬁg 1s&lilr ggéegnzén aavi?é% sg%eaaréflga ext endi ng
bet ween t he buzfaeesand Theai résrpasdardrep dar frecessedhérowcedeed area i s

recessed frOgLLbenbedliedcol ha6eTadlla  2L3R1 hEOBAIR, Co 00, S

across the rai First and second convergent channel’s are recessed
within the tagrpsagtbeartaid widthacdbirst tand fseenndancomsymedtr ail s,

respectivel Ychannels are recessed within the trailing bearing
surfaces of the first and second rails, respectively.
Each channel has a leading channel end open to fluid
flow from the respective recessed area, non-divergent
10 channel side walls and a trailing channel end closed
to the fluid flow and forward of a localized region

of the respective trailing bearing surface.
Yet another aspect of the present invention
relates to a disc drive assembly, which includes a
15 disc and a slider. The disc is rotatable about a
central axis and has a data area and a slider landing
area, which are non-textured. The slider is supported
over the disc and has elongated rails with convergent
channels and recessed waist areas for generating a
20 fluid bearing between the slider and the disc as thé
disc rotates beneath the slider about the central axis
and for reducing stiction between the slider and the
disc when the slider is at rest within the landing

zone.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a disc drive

in which the present invention is useful.



Each channel has a | eading channel end open to fluid flow fromthe
respective recessed area, non-divergent 10 channel side wal} § Rﬂ?@%
trailing cpgoenfhsend closed to the fluid flow and for%ﬂjsﬁ%zﬁo ocal i zed
region of the respective trailing bearing surface. Yet another aspect of
the present invention relates to a disc drive assenbly, which includes a
15 disc and a slider. The disc is rotatable about a central axis and has a
data area and a slider landing area, which are non-textured. The slider
is supported over the disc and has elongated rails with convergent
channel s and recessed wai st areas for _generating a 20 fluid bearing
between the slider and the disc as tfif  disc rotates beneath the slider
about the central axis and for reducing stiction between the slider and
the disc when the sliBE¢. i3 as mreshotwiomhiplanherileandifnga abivier 25 BRI EF

DESCRI PTI ON E-QR@Y&N El .1 ] e ectiye view of, a disc drive
in whi ch thegglroggernit i nvé?ts'i S‘r’i‘Gi"%é‘i'fL‘séeff}i?[a1 S\Ego%ﬂéffz?1°gsa.‘§“§'APR 2004
PCT/ US00/ 4245@cRirding Ya caebenbedimensnofitthe preaest iigwentsdrown in FIG 1,
as viewed fromthe sur;. egf diLSscCs. orgj to ; i rent of the
present invention. FI Gﬁ% i S aﬁ?di %grdalr%g%\%ﬁl' C%Jhg'%ﬁerrshct%l%glgﬁgg Il lustrates
a side vi 8w dgfllussraresiar sifevinigvwn of| the Blider shown in FIG. 2.

FIG. 4 is a three dimensional diagram

illustrating a pressure profile across the bearing
surfaces of the slider shown in FIG. 2.

FIG. 5 is a bottom, perspective view of a

10 slider, which does not have convergent channel features
or recessed waist portions formed in the side rails.

FIG. 6 schematically represents a cross-
sectional view of a disc and slider combination, with
the disc having a traditional, roughly textured landing

15 2zone and a smooth user data area.

FIG. 7, schematically represents a cross-
sectional view of a disc and slider combination, with
the disc having a smooth landing zone and a smooth -
user data area.

20 FIG. 8 is a bottom plan view of a slider
having an elongated center rail according to an
alternative embodiment of the present invention.

FIG. 9 is a bottom plan view of a slider
having an elongated center rail and a raised leading

25 center pad according to another alternative
embodiment of the present invention.
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FIG. 1 is a perspective view of a disc drive

100 in which the present invention is useful. Disc



FIG 4 is a three dinensional diagramillustrating a pressure Eéofr
across the bearing surfaces of the slider shown in FIG Hks a
bott om Ve view of a 1.0 slider, which does not have convergent
channel Pg‘é’?ﬂ?@g‘l or recessed wai st portions formed i n RATASQV43450; 5i | s.
FIG 6 schematically represents a cross- sectional view of a disc and
slider conbination, with the disc having a traditional, roughly textured
| anding 15 zone and a snoboth user data area. FIG 7, schematically
represents a cross- sectional view of a disc and slider conbination, with
t he disc having a snooth | anding zone and a snooth wuser data area. 20
FIG 8 is a bottomplan view of a slt+®er having an el ongated center rail
according to an alternative enbodi nent of the present invention. FIG 9

5.2 bott om plaae vieoy afn el ddishgubayi 19 A AlaRgsherl fapianyall and a
rai sed | eadi 25 center pad accordi ngR‘tFo anot her termative enbodi ment

of the presefit5FnVehiS-oR "BEFRI EBTHEIE A GNive JFRIPRERERRED

EMBODI MENTS dEL6E. ative, afqer sRafple/e ViR Qirideditnd Ckrﬂc\i%de.log i n which
t he present nve$t|on s useful .. Disc WD 01/41141 -9 {1 5 APR 2004
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5 Disc drive 100 further includes a disc pack 106, which
is mounted on a spindle motor (not shown) by a disc
clamp 108. Disc pack 106 includes a plurality of
individual discs 107, which are mounted for co-rotation
about central axis 109, Each disc surface has an

10 associated slider 110 which is mounted to disc drive
100 and carries a read/write head for communication
with the disc surface.

In the example shown in FIG. 1, sliders 110
are supported by suspensions 112 which are in turn

15 attached to track accessing arms 114 of an actuator
116. The actuator shown in FIG. 1 is of the type known
as a rotary moving coil actuator and includes a voice
coil motor (VCM), shown generally at 118. Voice coil
motor 118 rotates actuator 116 with its attached

20 sliders 110 about a pivot shaft 120 to position sliders
110 over a desired data track along a path 122 between
a disc inner diameter 124 and a disc outer diameter
126. Voice coil motor 118 operates under control of
internal circuitry 128. Other types of actuators can

25 also be used, such as linear actuators.

As discussed in more detail below, slider
110 has a hydrodynamic (e.g., air) bearing that
minimizes stiction with the disc surface by generating

discrete areas of 1localized pressure while reducing



disc drive, a magneto-optical disc drive or an optical di rive, for
exanple. Disc drive 100 includes a housing with a base 10@%&3&%2&0@

cover (notwghpyad; S Disc. drive 100 further includes g,4di k 106,
which 1is mounted on a spindle notor (not shown) by a ?Ic‘ép"'%g%‘f} 108.

D sc pack 106 includes a plurality of individual discs 107, which are
nmounted for co-rotation about central axis 109. Each disc surface has an
10 associated slider 110 which is nounted to disc drive 100 and carries a
read/ wite head for comunication wth the disc surface. In the exanple
shown in FIG 1, sliders 110 are suppprted by suspensions 112 which are
in turn 15 attached to track accessing arns 114 of an actuator 116. The

actuat or shown in EIG 1is of the type known as a rotary noving coil
actuat or and SRERGHRT R WHithe the ofisGtugifacyhg  Pxavens meniseusd y at 118.

Voi ce coil morentid® b6t &@ies a@bya&ﬁiohlfiaﬁévi thei %%@é% acherh 20 sl ijdgrts
110 about a pivot.shaft_ 120 osition _sliders .over a desired data
track al ong °§§%‘ﬁ°‘122 %ﬁ/\é‘éﬁmg% e tRAeko drarfeicabed aebba di sc out er
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and the disc surface.
FIG. 2 is a bottom plan view of one of the
10 sliders 110 of FIG. 1, as viewed from the surface of
disc 107. Slider 110 has a leading edge 200, a
trailing edge 202, side edges 204 and 206, and a
lateral center line 208. Elongated, raised side rails
210 and 212 are positioned along side edges 204 and
15 206, respectively. Rails 210 and 212 extend generally
from leading slider edge 200 toward trailing slider
edge 202 and terminate prior to trailing edge 202.
Each rail 210 and 212 has an inside rail edge 214, an
outside rail edge 216, a leading bearing surface 218, a
20 trailing bearing surface 220 and a recessed waist
portion 222. Recessed waist portion 222 extends from
leading bearing surface 218 to trailing bearing surface
220. In one embodiment, waist portions 222 are
generally parallel to and recessed from bearing
25 surfaces 218 and 220 by a step depth of 0.1 to 0.5 um,
for example, such that the waist portions reduce the
contact area of slider 110 when at rest on the surface

of disc 107. The recessed waist portions develop



WO 01/41141 PCT/ USOQ 42450 -10 contact area with the disc rgm&
prevent nmeniscus formation of disc lubrication at the slidérY"™ éb%

| ocation. WHbSsph! oOWws discs 107 to be fabricated with or
| ess-textured slider |anding zone 111 and 5 all ows forPgTﬁggﬁégﬁole tip

fly height, as conpared to conventional textured |anding zones, w thout
causi ng wunreasonably high stiction forces between the slider and the
disc surface. FIG 2 is a bottomplan view of one of the 10 sliders 110
of FIG 1, as viewed fromthe surface of disc 107. Slider 110 has a

| eadi ng edge 200, a trailing edge 2Q2, side edges 204 and 206, and a

| ateral center |ine 208. Elongated, raised side rails 210 and 212 are

posi ti oned aéﬁgg si de edges 204 and 15 206, respectively. Rails 210 and
212 extend g LPPYAaklyo AmbdBF ngrepPeRs BRI FY igbtar d Quhe i ng sl i der

edge 202 and deptRk N&dre alkbObe tubeld &h! A N1er2d8eve Wnboakaehe s ai | 210 and 212
has an inside rail edge 214, an outside rail edge 216, a |eading bearing

surface 218, a 20 trai®tiFRY¥&adefy 30r fexEengpobakiran raddss @3 Ovai st

portion 222. aRacessedlwnSiefirdg 8Nidew e@?%eﬁéi@ f reQps e 6@ g obeari ng
surface 218 to trajli be ri;g surface 220. In_one_enbodi ment, wai st
portions 222784fe? ?€g$ 2 PBE 3 Fratd P8 igsed3tr orfB&Y ng 25

surfaces 218damd2200amy sAdet epiTiev @hd0212 taefBn2 HNMsubdbieaxanpl e, such

that the wai %E:'eggtrut'ei O%%vggguczeast,hewhich trails cavity dam 230

relative to a direction of air flow from the leading

slider edge 200 toward trailing slider edge 202. In

10 one embodiment, subambient pressure cavity 236 is

recessed from leading and trailing bearing surfaces 218

and 220 by 1 to 3 um. Although recessed waist portions

222 are recessed from bearing surfaces 218 and 220,

waist portions 222 remain raised from the floor of

15 cavity 236 such that the waist portions 222 continue to

define the shape of the cavity 236 and contain

subambient pressure within cavity 236.

In one embodiment, cavity dam 230 is

generally parallel to and recessed from bearing

20 surfaces 218 and 220 by a step depth of 0.1 to 0.5 um,

for example. Other depths can also be used. In

addition, cavity dam 230 can be formed with a tapered
leading edge in alternative embodiments, if desired.

A raised center pad or rail 240 is

25 positioned along trailing slider edge 202 and is

centered along lateral center line 208. In alternative

embodiments, center pad 240 can be skewed or offsét

with respect to line 208. Center pad 240 has a leading

step surface 241 and a bearing surface 242. Leading



contact area of slider 110 when at rest on the surface of disc
recessed wai st portions develop 11 5 APR zoa~ WO 01;41141 ébﬁfﬂsﬂﬂm4f450
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| eadi ng edge 232 and a trailing edge 234. Cavity dam 230 and side rails
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embodiments, transducer 244 can be positioned at other
locations on slider 110. However, when placed at or
near trailing slider edge 202, transducer 244 is
located at the closest point on slider 110 to the
surface of disc 107 (shown in FIG. 1) when slider 110
flies with a positive pitch angle. With a positive
pitch angle, trailing slider edge 202 is closer to the
surface of disc 107 than leading slider edge 200.

Rails 210 and 212 terminate prior to
trailing slider edge 202 to allow slider 110 to roll
about lateral center line 208 without risking contact
between trailing rail edges 224 and the disc surface.
Therefore, trailing edge of center pad 240 remains the
closest location on slider 110 to the disc surface
during flight at relatively large roll angles, thereby
improving read and write performance. However,
truncating side rails 210 and 212 reduces the amount of
positive preésure developed along the rails near
trailing slider edge 202, which reduces pitch and roll
stiffness.

In order to limit the reduction in pitch and
roll stiffness, slider 110 further includes convergent

channel features 260, 262 and 264, which are recessed

ions 222
banbi ent
S
8 and 220
al so be
| eadi ng



25 positioned along trailing slider edge 202 and is centgtred_al ong
| ateral center line 208. In alternative enbodinents, cef‘fgrABﬂcﬂﬂalﬂo can

be skewed @ooplsfiget W th respect to line 208. Center p "ﬁg as a
| eading step surface 241 and a bearing surface 242. Lé@%f 8TQ“B APR 2004

WO 01/41141 PCT/ US00/ 42430 -12 step surface 241 is generally parallel to
and recessed from bearing surface 242 by a step depth of 0.1 to 0.5 um
for exanple, for providing pressurization of bearing surface 242 fromair
flow venting fromcavity 5 236. Center rail 240 supports a read/wite
transducer 244 along trailing slide[lggge 202. In alternative

enbodi nents, transducer 244 can be poSitioned at other |ocations on
slider 110. However, when placed at or near trailing slider edge 202,
transducer 24¥itRinm graddingbearingeserianes 2p0i of sidesibades 210 to the 15

surface of digga 181 (&IOWA thin Fb&arihy ‘@&?@aﬁé :a%g eojflocenftlﬁk‘e%al. th a

positive pitch angle. Wth a positive pitc , trairling sTider edge
202 i s cl osertd t heThess 1 ghanpelsli san1GAschabe | egdenyed| itderasdge 200.

Rai |'s 210 ande28ikHes! M NahanREidr 260, b3l lddd0 sk dgr-£dgg.202, to all ow
slider 11Q to ro]l agout | ateral center_|ine 208 Mntﬁout ri'ski ng contact
bet ween t rai | TRf1TS; chappel ensh 2860 per-divegosnt faide walfier26®re, trailing

edge of cented padiPafy renminey tdiA 2| ARESE LREAAPNE PSS! [gler 110 to

the disc surf@géép surface”) 272. Channels 260, 262 and 264 also

have a side,wall.280 to either side of the leading

channel ends 266. Channels 260, 262 and 264 are formed

10 through photolithography processes such as ion milling,

chemical etching or reactive ion etching (RIE). With

these processes, the depth and location of the channels

can be accurately controlled. In one embodiment,

channel floors 272 of channels 260 and 262 are coplanar

15 and contiguous with recessed waist portions 222 of

rails 210 and 212, while channel floor 272 of channels

264 is coplanar and contiguous with leading step
surface 241 of center rail 240.

In channels 260 and 262, leading channel end

20 266 is open to fluid flow from recessed areas 222 of

the side rails 210 and 212, respectively. However,

trailing channel end 270 is closed to the fluid flow.

A portion of the fluid flow from recessed areas 222 is

directed into channels 260 and 262 and is forced to

25 exit the channels over trailing channels ends 270.

This creates 1localized positive pressure areas on

trailing bearing surfaces 220 rearward of trailing

channel ends 270. In one embodiment, trailing bearing

surfaces 220 have a length measured from trailing



during flight at relatively large roll angles, thereby gg %%in read and
write performance. However, truncating side rails 210 aﬂ Al ces the

amount of wp@pkhidve pressure devel oped along the rails S &% g railing
slider edge 202, which reduces pitch and roll stiffness ﬂ #er to
limt the reduction in pitch and roll stiffness, slider 110 further

I ncl udes convergent channel features 260, 262 and 264, which are recessed
WO 01/41141 -13 d 5 APR 2004 PCT/ US00/ 42450 within trailing bearing
surfaces 220 of side rails 210 and 212 and within bearing surface 242 of
center rail 240. These channels can,gl so be referred to as trenches.
Channel s 260, 262 and 264 each have a 5 | eadi ng channel end 266,

non- dlvergent side. walls 268, a trailing channel end 270 and a channel

floor (or »SPAPRELrPERR-$707%0 erahhinies 1263, <igpsaR@42edasl 48 have a

side, wall 28Quad ebtdhergreaderofhdrhenkeatdany ochanngalk: ensy 26§ Channel s
260, 262 and %24 are forneg 10 through photolithography processes such as
i on milling, 2%¢neM JG2SHrERi RRFWSENr 8iRe WAd 1E 0?6 %t cAhAg PFovE)desW th these

processes, tleeodgpt bfand lbéumtngorm&ffabée or RIS tKAN1H& BGRYr atel'y
ontrolleg Il n_one enmbod channel floors 272 of channels 260 and 262

are copl anar P78 I%chﬁ?Tﬂﬂﬁhs M t AT ecestR WAFRILZRSY tPRFLIFE2 of rails
210 and 212, pukstere hdevelodedoasn 207ailfinghaudihg surfaces 220

increases the roll stiffness of slider 110.
With respect to channel 264 on center rail
240, the leading end 266 of this channel is open to
10 fluid flow from cavity 236, and trailing channel end
270 is closed to the fluid flow. A portion of the
fluid flow from cavity 236 is directed into channel 264
and is forced to exit the channel over trailing channel
end 270. Again, this creates a localized positive
15 pressure area on bearing surface 242, rearward of
trailing channel end 270. In one embodiment, center
rail bearing surface 242 has a length between trailing
channel end 270 and trailing slider edge 202 that is at
least the width of channel 264, as measured between
20 side walls 268. The localized positive pressure
developed on center rail bearing surface 242 increases
the pitch stiffness of slider 110.
During operation, the side walls to either
side of leading channel ends 266 present themselves as
25 a substantial pressure rise to the local fluid flow.
Since the opening to each channel, at leading channel
ends 266, does not have the same pressure rise, it is
seen as a preferential path for the fluid flow to

travel. Once the fluid flow enters channels 260, 262
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ng chann
line 208, as shown in FIG. 2, or can be agymmetrical to

provide preferential pressurization at certain slider
skew angles.

The size and intensity of the localized
positive pressure areas depend on the channel length to
width ratio, the absolute sizes of the channels and the
depth and shape of the channel floors. In one
embodiment, the ratio of the channel lengths to the
channel widths range from 0.5 to 5.0, but may vary
outside that range depending the design purposes of the
channel feature. 1In another émbodiment, the length to
width ratio ranges from 2.0 to 2.5.

Slider 110 further includes raised pads or
“bumps” 282-285, which extend slightly from bearing
surfaces 218 and 220. In one embodiment, pads 282-285
extend from bearing surfaces 218 and 220 by about 10
nanometers (nm) to about 30 nm. Pads 282-285 provide a
slight separation between bearing surfaces 218 and 220
and the disc surface when slider 110 is at rest on the
disc surface, while having a surface area that has
little or no effect on the overali flyiﬁg
characteristics of slider 110. This separation

significantly reduces the stiction forces between the

fluid fl ow
exit the



end 270. Again, this creates a localized positive 15 pressupe.area on
bearing surface 242, rearward of trailing channel end 2705* I51 s 2004|
enbodi nment r rail bearing surface 242 has a length between trailing
channeloniosERhE AL ng slider edge 202 that is atPCHUSIU2#0e wi dt h
of channel 264, as neasured between 20 side walls 268. The |ocalized
positive pressure developed on center rail bearing surface 242 increases
the pitch stiffness of slider 110. During operation, the side walls to
either side of |eading channel ends 266 present thenselves as 25 a
substantial pressure rise to the Iocgﬂsjluid flow. Since the opening to
each channel, at |eading channel ends 266, does not have the sane
pressure rise, it is _seen as a preferential path for the fluid flowto

travel . Once ¥€erl ar8 Fheviism surfananncPad6iB2-268 kb W 20 WO
01/ 41141 PCTINISGREG2470 crbasaBlofthal! Mhabb@Y kacgSEENLLaLly, pounded by
e an

channel side walls 268 and trailing chan en rs 2%'orced to
rise over trdSGCAGIRRERRN edragaved omMals. cPthen shapes| cemlalmad pressure
areas at di s@ectugeld.regions near trailing slider edge 202. Channel s 260,
262 and 264 can be synypetrical about lateral center |ine 208, as shown in
FIG 2, of can be asynrdt¥entdrngd dissyilkradyr siédern. ainpleding i zation at

certain slidelidekewionghé®n in FIG. 2, are fabricated such that

the bearing surfaces 'have a positive curvature along

the length of the slider, as measured from its leading

edge to its trailing edge. Length curvature is also

10 known as crown curvature. A proper setting of length

curvature improves flying height variability over

bearing conditions, improves wear on the slider and the

disc surface, and improves takeoff performance by

further reducing stiction between the sglider and the

15 disc surface. However, this curvature can create an

undesirably low spacing between the. center portions of

the rails in conventional sliders when those sliders‘

are at rest on the disc surface, particularly with

sliders having bumps or pads near the four corners of

20 the slider. Slider 110 avoids this difficulty by
recessing waist portions 222.

FIG. 3 is a diagram, which schematically
illustrates a side view of slider 110, with the length
curvature and the height of pads 282 and 284 greatly

25 exaggerated for clarity. Slider 110 has a length
curvature 292 along bearing surfaces 218, 220 and 242.
A common measurement of the length curvature or “crown
height” is the difference betweeh the highest point
along the length of slider 110 and the lowest point



10 The size and intensity of the |localized positive pressure areas depend
on the channel length to width ratio, the absolute sizes.bf APR 200pnnel s

and the oJowphl4pd shape of the channel floors. In One“ﬁggﬁg& nt, the
ratio of the channel lengths to the 15 channel widths ra 0.5 to

5.0, but may vary outside that range dependi ng the design purposes of the
channel feature. In another enbodinent, the length to wdth ratio ranges
from2.0 to 2.5. Slider 110 further includes raised pads or 20 "bunps"
282- 285, which extend slightly frombearing surfaces 218 and 220. In one
enbodi nent, pads 282-285 extend frog}pearing surfaces 218 and 220 by

n

about 10 nanoneters (nn) to about 30 nm Pads 282-285 provide a slight

separ ation between bearing surfaces 218 and 220 25 and the di sc surface
when slider 13%Pn% the 188gthnof nelidpr ddur f Rey, eaaimpdehalemgrla surf ace

area that hascurvatulke 292neaeffifed LNdha aueLatl! 264 yéf‘glzx&{‘?‘éan:t eristics
of slider 110._ This separation significantly reduces the stiction forces

bet ween t he AB™pr ShoHaify R9LFirhs 2%/ Werey agusaecessed i feam and t he

di sc surface.bddadag?Gur28Besanibavuman 23600 | 8iygtf ChPRSngeCctiPnal shapes,
such as circul ar, rect%ﬁgular or. el ongated ovals. Qther shapes can al so
be used. 5 CHRAdT: FANES thesCeneal orrheers ofnshadraigs dshewr b¥10 shown in

FIG 2, are fdasheaalléfe S208) ttdthave a small spacing 296 from the
surface of disc 107. If pads 282 and 284 have a height
of 18nm to 32nm, fdr example, then spacing 296 would be
as small as 10nm to 20nm. Under capillary pressure,

10 menisci of the disc lubrication under the slider
surface are pulled into this narrow-gap region, leading
to a potentially large additional meniscus 297. This
meniscus can lead to a large stiction force between
slider 110 and disc 107, which is linearly proportional

15 to the inverse of the “belly height”, which is defined
by the difference between the height of pads 282 and
284 and the effective crown height 294 (i.e., the crown
height between two pads on the same rail). This is
particularly true if the slider landing zone on the

20 disc surface is too smooth. However, waist portions
222 on slider 110 are recessed from bearing surfaces
218 and 220, which significantly increases the “belly
height” and reduces the potential for meniscus 297 to
form. This further reduces stiction between slider 110

25 and the surface of disc 107.

FIG. 4 1s a three dimensional diagram
illustrating a pressure profile across the bearing
surfaces of slider 110 according to one embodiment of

the present invention. Axis 300 represents distance



t he bearing surfaces have a positive curvature along the igﬁ ﬁ ﬂ@ t he
slider, as neasured fromits leading edge to its trailiné ' SE hgth
curvature 10 known as crown curvature. A proper_settin | engt h
curvature‘?nﬁ@%ggs flying height variability over beaﬁmiﬁmgﬁﬁgptlons

| nproves wear on the slider and the disc surface, and inproves takeoff
performance by further reducing stiction between the slider and the 15

di sc surface. However, this curvature can create an undesirably | ow
spaci ng between the. center portions of the rails in conventional sliders
when those sliders are at rest on the disc surface, particularly with
sliders having bunps or pads near the four corners of 20 the slider.

Slider 110 avoids this difficulty by recessing waist portions 222. FIG 3
i s a di agranPl@Rgchide rdeas @4kl gndj 206 5f @ldden 3lale VAwelw afo2s|ider 110,

with the | engbBresdtideat Hﬁ.gt@rﬂ'ga thox;% Qgéd‘ﬁ{& gfdgx82e pd 284 greatly 25

exaggerated for clarity. Slider 110 has a curvarur € 292 al ong
bearing surf&%¥ég€ 23%* ZxEprasenba?. Prﬁﬁséﬁmmnmydeenenmﬁdmlge | engt h

curvature or pegf urekabE "21s N1 gl f8n 88 hest pO' “t
al ong the_l engt hgﬂg ssI I der 110 egn %he aomestfop%?ltr?\tl\sa% %%ei%f%l 17

APR 2004 PCTMEAet?rY>45Pr%i i t Rressngeh ateas | dap6 11@ndFor308xanpl e,
length curvabbpecBR19an fiake 6T own Helght 1294195 1380 Lo,

Subambient pressure cavity 236 generates subambient
pressure in area 310. Recessed waist portions 222 of
side rails 210 and 212 are at substantially ambient
10 préssure in areas 312 and 314. However, the recessed
waist portions 222 still serve to confine subambient
pressure within area 310. Trailing bearing surfaces
220 of side rails 210 and 212 generate moderate
positive pressure in areas 313 and 315 due to the
15 recess of waist portions 222. However, channels 260
and 262 generate high localized pressure peaks 316 and
318, respectively, which compensate for the pressure
loss over waist portions 222 and provide high roll
stiffness. In fact, channels 260 and 262 increase roll
20 stiffness to larger levels than conventional negative
pressure air bearing (NPAB) sliders having no channel
features in the side rails. Likewise, channel 264 in
center rail 240 generates a high localized pressure
peak 320 near trailing slider edge 202, which provides

25 high pitch stiffness.
Recessed waist portions 222 (shown in FIG.
2) therefore have two primary functions. First,
recessed waist portions 222 allow pressurization of

channels 260 and 262 for producing the high peak



17nm | f waist portions 222 were not recessed from bearing surfaces 218
and 220, length curvature 292 5 woul d cause the central portiﬁnﬂPﬂfﬂMhe
rails (sh 09M1 dashed line 295) to have a small spacing 296 fromthe
surface of " are¢™o7. I pads 282 and 284 have a hei ght PCOfUSA0R450t 0 32nm
for exanple, then spacing 296 would be as small as 10nmto 20nm Under
capillary pressure, 10 nenisci of the disc lubrication under the slider
surface are pulled into this narrowgap region, leading to a potentially
| arge additional meniscus 297. This neniscus can lead to a |large stiction
force between slider 110 and disc 107, which is linearly proportional 15
to the inverse of the "belly height"?l%mich Is defined by the difference
bet ween the hei ght of pads 282 and 284 and the effective crown hei ght 294
(i.e., the crowssunesgllépeandedlBwosipats bm tHIG.Saqe ragégondlhis is
particularly ' lj det | zone _on the 20_.disc surface is too
snoot h. mmv%e{cgg\ﬁg?s{’g%ot?goggé&%% %%’rselvfﬁgrmiﬁﬁcé‘rse EPEPRET from
bearing surf &testhe18ligar 2%@&:1l1lwii dlocatgonf asashbyni har eages 3at,he "bel |y

hei ght" and esy | i 297.to. form This further
reduces stict@gﬁﬁbeto&ggnBgf]:ég&eir@éll%&efg‘égngggﬁg ?éf”?%’co ot fi%c 107. FIG
4 is a thPee fgrmansliirtt baving ampositiee raxtowngeeryatassure profil e across

e | 2SS Bl ShLAtack i) BN T R08 SROAIR 0 1S,
PCT/ USOQ 424330, shown in FIG. 2, was compared with the simulated
bearing stiffness of slider 400, shown in FIG. 5, which
does not have convergent chaunel features or recessed
10 waist portions formed in the side rails. Slider 400
has a leading edge 402, a trailing edge 404, side rails
406 and 408, cavity dam 410 and center rail 412.
Center rail 412 has convergent channel features 414 and
416 positioned near trailing edge 404.
15 Table 1 shows the vertical, roll and pitch
stiffnesses for slider 400 shown in FIG. 5 at the inner

disc diameter, middle disc diameter and outer disc

diameter.
‘Iable 1
Stiffness Vertical Roll Pitch
Stiffness Stiffness Stiffness
Location {gm/in) (gm-in/rad) (gm-in/rad)
Inner 6646 .649 2.378
Diameter
Med Diameter 7166 .518 2.931
Outer 6324 .354 2.782
Diameter

20
Table 2 shows the vertical, roll and pitch
stiffnesses of slider 110 shown in FIG. 2 at the inner
disc diameter, middle disc diameter and outer disc

diameter.
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Comparing Tables 1 and 2, it can be seen
that roll stiffness is increased by 23% at the inner
disc diameter and 120% at the outer disc diameter when
convergent channel features are added to the side
rails. Also, vertical stiffness and pitch stiffness of
the two sliders remain comparable to one another.

In the

260,

addition, convergent channel

features, 262 and 264 decrease the surface areas
of the respective bearing surfaces, which decreases
meniscus. forces generated by the disc lube along these
areas in case slider 110 tips backward after the
spindown and stop of disc rotation. During operation,
1)

rotational velocity of discs

is
107

Inertia in discs 107 and back

when power to disc drive 100 (shown in FIG.

turned off, the.
electromotive force (EMF) in the spindle motor windings
can cause discs 107 to oscillate backward and forward
all of the is

the

slightly until remaining energy

dissipated. Under certain operating conditions,
backward rotation of discs 107 can cause slider 110 to
tip backwards about the rear most pads 284-285 causing

trailing bearing surfaces 220 and center rail bearing

0SS Qyer_waj st portions

262

£f negative
ndgm- %%zl?i}f)y in the

a high
jjch provides
FIG 2)
rtions 222



channel s 260 and 262 for producing the high peak 1 5 APR 2004 WO 01/41141

PCT/ USOQ 42450 -19 pressures 316 and 318 shown in FIG 4. Secqii(ﬁ APR 200’}

recessed w@b%bwﬂggtions 222 prevent neniscus formation at the slider

"bel ly" locationas shown in FIG 3,

stiction forces 5 for a slider having a positive crown curvature. The
sinmul ated bearing stiffness of slider 110, shown in FIG 2, was conpared

with the sinulated bearing stiffness of slider 400,

shown in FIG 5,

whi ch does not have convergent channel features or recessed 10 wai st

portions fornmed in the side rails.

whi ch woul d ot herRGTAE0¢2#H8r at e | ar ge

Sl ider 400 has a | eading edge 402, a

trailing edge 404, side rails 406 arfd-408, cavity dam 410 and center rai
rail 412 has convergent channel features 414 and 416
positioned nearfacai24hgcedymtaod. tié didd eukfabews the »&afddegal , roll

412. Cent er

pitch stiff

di anmet er,
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case of backward tipping.

With the decreases meniscus force formation
and the decreases in stiction with the disc surface
resulting from the geometry of slider 110 (shown in
FIG. 2 for example), slider 110 can be used with disc
surfaces having little or no texture in the slider
landing zone 11 (shown in FIG. 1). A smoother landing
zone would permit slider 110 to take off from the disc
surface and fly at heights lower than 0.5 microinches.
Landing zone 111 no longer needs a rough texture in
order to decrease stiction. A rough texture, as used
in conventional disc drives, would otherwise limit the
slider flying height to a height that is at least as
great as the texture roughness in the landing zone to
enable the slider to transition between the smooth user
data area and the roughly textured landing zone.

FIG. 6 schematically represents a cross-
sectional view of disc 107 and siider 110, with disc
107 having a traditional, roughly textured landing zone
111 and a smooth user data area 450 near inner diameter
124, Textured landing zone 111 has a roughness with a
height 454 above the smooth surface of user data area
450. Slider 110 must therefore have a flying height
456 that is at least as great as height 454 in order

and



Med Di aneter 7166. 5182. 931 Quter 6324.3542. 782 Di aneter Table 2 shows the

vertical, roll and pitch stiffnesses of slider 110 shown il @PR22p t he
' m ddl e di sc dianeter and outer disc dianeter. 5

i nner  di ogk ter, : _ '
APR 2004 \SR% 73‘ 141 PCT/ US00/ 42450 -20 Table 2 StiffndSIHSP¥42¢%| RoPi t ch
StiffnessStiffnessStiffness Location(gmin)(gmin/rad)(gmin/rad)

| nner 7077. 7972. 673 Di aneter Med Di anmeter 7584. 7852. 981 Qut er 7552. 7722. 990
D ameter Conparing Tables 1 and 2, it can be seen that roll stiffness is
i ncreased by 23%at the inner 5 disc dianeter and 120% at the outer disc
di aneter when convergent channel features are added to the side rails.
Al so, vertical stiffness and pitch st¥ffness of the two sliders remain
conparable to one another. In addition, the convergent channel 10
features, 26@or262idex 2B theaneazttibe ddveaae sabsels usdr (g ar especti ve

bearing surfages, ,yhi gh ggﬁér?aﬂ.sa%%ing zone 111.

As mentioned above, the geometric features

of slider 110 shown in FIG. 2, for example, allow

5 slider 110 to be used with discs having a less textured

or even smooth landing zone, as shown in FIG. 7. 1In

FIG. 7, landing zone 111 is smooth, with little or no

texture. The limits on the flying height 458 of slider

110 are therefore decoupled from the roughness of

10 landing zone 111. With texture no longer being

required on the disc surface, the discs can be made

with less expensive, smooth substrates such as glass

substrates in addition to the conventional aluminum

substrates. Removing the texture from the disc surface

15 also simplifies and speeds fabrication of the discs,

which can lead to a further reduction in fabrication
costs.

FIG. 8 is a bottom plan view of a slider 500

according to another alternative embodiment of the

20 present invention. Slider 500 has side rails 502 and

504, cavity dam 506, center rail 508 and divided cavity

portions 510A and 510B. Side rails 502 and 504 and

cavity dam 506 are similar to the side rails and cavity

dam shown in the embodiment of FIG. 2. Side rails 502

25 and 504 include recessed waist portions 512 and

convergent channel features 514. Center rail 508 is

elongated and extends from trailing slider edge 511 to

cavity dam 506. Center rail 508 includes raised center

rail bearing surface 516, leading step surface 518 and



meni scus. forces generated by the disc |ube along these areas _in case
slider 110 tips backward after the spindown and stop of discl BOABRiZGM
During operation, 15 when power to disc drive 100 (shown in FIG 1) is
turned of FYOPUEML ot ational velocity of discs 107  decrR6I8isowadster o.
Inertia in discs 107 and back electronotive force (EMF) in the spindle
not or wi ndi ngs can cause discs 107 to oscillate backward and forward 20
slightly until all of the remaining energy is dissipated. Under certain
operating conditions, the backward rotation of discs 107 can cause slider
110 to tip backwards about the rear nost pads 284-285 causing trailing
bearing surfaces 220 and center rail-243earing WO 01/41141 -21 J 5 APR 2004
PCT/ USOQ 42450 surface 242 to contact the disc surface. The reduced

surface areacehvebgss: beRshma SEe{apes ydh t | LinBBa Hferinannel
features 260, 262 and 264 results in a reductlﬁon@fg‘% %t"?g?}%er?ctwith t he

di sc surface SPRVEhE! BlGada JPAGIRKG4HER ERPERTR).51H ehtends dormeases

meni scus for @enterMyadorbeaitigt MurdReEea3Qs t& Shi ¢t 0RaW tdyet he disc
surface res% m t he ggeorretr of slider 110 (shown in FIG 2 for

| ti.ng fr C
exanpl e) , sliﬁgfh.gﬁosgﬁﬂ BUTERER W& hidi sepianayrppdesonbigunyps ittle or no

texture i B twethl takeity damdsog, w@mehlis (r@&@%ea%ﬂwpthé)%eﬁ&%?)m her
e I SC

| andi ng zon%u\lqggclzéjs pgrm't %I ider. 110 .to take off fromt

ormed by side rails 502 and 504 and center
rail 508.
FIG. 9 is a bottom plan view of a slider 600
according to another alternative embodiment of the
10 present invention. The same reference numerals are
used in FIG. 9 as were used in FIG. 8 for the same or
similar elements. Slider 600 is similar to slider 500
(shown in FIG. 8), but further includes a leading
center rail bearing surface 530, which is formed
15 partially on cavity dam 506 and partially on
rectangular section 522. Leading center rail bearing
surface 530 is raised from .cavity dam 506 and is
coplanar with leading and trailing bearing surfaces 532
and 534 of side rails 502 and 504 and with center rail
20 Dbearing surface 516. Leading center rail bearing
surface 530 provides increased pressurization near
leading slider edge 513 while still maintaining a
recessed step surface 518 for preSsurizing-convefgent
channel feature 520. Other alternative geometries can
25 also be used.
Although the present invention has been
described with reference to preferred embodiments,

workers skilled in the art will recognize that



surface and fly at heights |ower than 0.5 m croinches. Landi ?&zone 111
no | onger needs a rough texture in 15 order to decrease stict APR [wﬁgh
texture, awowsmds i N conventional disc drives, would Otlt}.elzqgo@gu%oi mt the
slider flying height to a height that is at |east as dré he texture
roughness in the landing zone to enable the slider to transition between
the snooth user 20 data area and the roughly textured | anding zone. FIG
6 schematically represents a cross- sectional view of disc 107 and slider
110, with disc 107 having a traditional, roughly textured | andi ng zone
i1l and a snooth user data area 450 near inner dianmeter 25 124. Textured

| andi ng zone 111 has a roughness w t1’*4  hei ght 454 above the snpoth
surface of user data area 450. Slider 110 nust therefore have a flying
hei ght 456 tHh@nges avay| dwest madegrimat fasmheandt ad4iln wiglesutl 5 APR 2004
WO 01/ 41141 42450 2 . Sl der ransi tion between snooth
user data aﬂaﬁ(%nd rout;gn% Fg%}tis]gdn£r?é:%%%l&),&tshenéﬂf’?‘%’e%'above, t he
geonetric features of slider 110 shown in FIG 2, for exanple, allow 5
slider 110 to be used with discs having a | ess textured or even snooth

| andi ng zone, as shown in FIG 7. In FIG 7, landing zone 111 is snooth,
with little or no texture. The limts on the flying height 458 of slider
110 are therefore decoupled fromthe roughness of 10 | anding zone 111.
Wth texture no | onger being



required on the disc surface, the discs can be made wth | ess expensive,
snoot h substrates such as glass substrates in addition to the
conventional alum num substrates. Renoving the texture fr(ﬂhﬁlﬂPﬂdﬁmﬁ
surface 15 also sinplifies and speeds fabrication of the discs, which can
lead to a further reduction in fabrication Costs. FIG 8 is a bottom plan
view of a slider 500 according to another alternative enbodi nent of the
20 present invention. Slider 500 has side rails 502 and 504, cavity dam
506, center rail 508 and divided cayvity portions 510A and 510B. Side
rails 502 and 504 and cavity dam506 are simlar to the side rails and
cavity dam shown in the enbodinent of FIG 2. Side rails 502 25 and 504

i ncl ude recyass® IMUIXIMIOD §§-ons 512 and convergent channel features 514.
Center rail 508 is elongated and extends fromtrailing slider edge 511 to
cavity dam 506. Center rail 508 includes raised center rail bearing
surface 5164 | eading gt surface 518 .and 1 5 APR 2004 WO 01/41141

PCT/ US00/ 42430 - 23 co%v‘gs%gheeﬁésé TASHEP™§'8&t ure 520. In the enmbodi ment

shown in FIG 8,at®agidagh;step surface 518 extends from center pad bearing
surface 516 to cavity dam 506. Leading step surface 518 is coplanar and
conti guous 5 wit hSebainbisat gressuse eavitynyhichitails theesuityiddmom t he beari ng
surfaces forned by sigﬁuﬁggkﬁvﬁpﬁoapd 504 and center rail 508.

first and second elongated rails disposed about the
subambient pressure cavity, wherein each of the rails
comprises a rail width measured from an inner rail edge
to an outer rail edge, a leading bearing surface, a trailing
bearing surface, and a recessed area extending between
the leading and trailing bearing surfaces, which is
recessed from the bearing surfaces and raised from the
cavity floor, across the rail width; and

first and second convergent channels, which are recessed
within the trailing bearing surfaces of the first and
second rails, respectively, wherein each channel
comprises a leading channel end open to fluid flow
from the respective recessed area, non-divergent
channel side walls and a trailing channel end closed to
fluid flow and forward of a localized region of the

respective trailing bearing surface.

2. The disc head slider of claim 1 and further comprising:

a leading slider edge;



FIG 9 is a bottomplan view of a slider 600 according to another

al ternative enbodi nent of the 10 present invention. The sane reference
nunerals are wused in FIG 9 as were used in FIG 8 for the1éhmpRo? 4
simlar elements. Slider 600 is simlar to slider 500 (shown inlzqg 8),
but further includes a |leading center rail bearing surface 530, which is
formed 15 partially on cavity dam 506 and partially on rectangul ar
section 522. Leading center rail bearing surface 530 is raised from
cavity dam 506 and is coplanar w_bh_|eading and trailing bearing surfaces
532 and 534 of side rails 502 and 504 and with center rail 20 bearing
surface 516. Leading center rail bearing surface 530 provides increased
pressuri zation near |eading slider edge 513 while still maintaining a
recessed step surface 518 for pressurizing convergent channel feature
520. Cther alterAdtailing shderadeei es can 25 al so be used. Although the

present inventio I W I;h, reference t. referred
enbodi ment s, voR i BERIredIFRE bhcNeRfd Sief F‘IgreéBEI&ntWﬁn%p hat 15 APR 2004
WO 01/ 41141 PCT/ USOQ dlZdeb@dge?4 changes may be nmade in form and detai

w thout departing fromthe spirit and scope of the invention. (1 5 APR
2004 -25 WHAT | S2@PsifKfegyopvg.curvature in the bearing surfaces along the

slider length, wherein the crown curvature has a peak
between the leading slider edge and the trailing slider
edge; and

the recessed areas of the first and second rails are positioned at

the peak, along the slider length.

3. The disc head slider of claim 1 wherein:
the first and second convergent channels each comprise a
channel floor, which is coplanar and contiguous with
the recessed areas of the first and second rails

respectively.

4. The disc head slider of claim 3 wherein the cavity dam,
the channel floor and the recessed areas are recessed from the leading
and trailing bearing surfaces by 0.1 to 0.5 microns, and the subambient
pressure cavity is recessed from the leading and trailing bearing

surfaces by 1 to 3 microns.

5. The disc head slider of claim 1 wherein the subambient
pressure cavity has a shape that is defined by the cavity dam and the

inner edges of the first and second rails, as the inner edges extend



A disc head slider conprising: a cavity dam a subanbient pressure
cavity, which trails the cavity dam and has a cavity floor; first and
second el ongated rails disposed about the subanbient pressutg'gpkiﬂwh
wherein each of the rails conprises a rail width neasured from an er
rail edge to an outer rail edge, a |eading bearing surface, a trailing
bearing surface, and a recessed area extendi ng between the |eading and
trailing bearing surfaces, which is recessed fromthe bearing surfaces
and raised fromthe cavity floor, across the rail wdth; and first and
second convergent channels, which are recessed wthin the trailing
bearing surfaces of the first and second rails, respectively, wherein
each channellong@elehdifg béarin@adieks tha Rtelsc® BtaORRIhE Brafilngi d flow from the
respective recessed area, non-divergent channel side wallls and a trailing
channel endbeBgsyriages. f| uid flow and forward of a | ocalized regi on of the
respective trailing bearing surface. 2. The disc head slider of claim1l
and further conprising: a leading slider edge; 1 5 APR 2004 -26 a
trailing slibder edge; The isogedi shidesefotslnl ¥ &40 fuitBierd RAGIRMes | der edge to

t he trailin%ﬁl sliggr ed%e; a.posjtive crown curvature in the bearing
surfaces al SRdngisldersdegatralingsier cigsaad 4 length measwredcfiomat ure has a peak

the leading slider edge to the trailing slider edge and wherein:

the non-divergent channel side walls are spaced from one
another by a channel width; and

the localized region of the respective trailing bearing surface
has a region length, which is measured along the slider

length and is at least as long as the channel width.

7. The disc head slider of claim 1 and further comprising:
at least one raised pad protruding from each of the leading and

trailing bearing surfaces of the first and second rails.

8. The disc head slider of claim 1 and further comprising:

a leading slider edge;

a trailing slider edge;

a center rail positioned between the first and second rails,
wherein the center rail comprises a first center rail
bearing surface, which trails the subambient pressure
cavity, and a third convergent channel, which is

recessed within the first center rail bearing surface and



between the | eading slider edge and the trailing slider edgﬁ' iﬁﬁéhﬂﬁ
recessed areas of the first and second rails are positioned 5 ak,

along the slider length. 3. The disc head slider of claim1l wherein: the
first and second convergent channels each conprise a channel floor, which
is coplanar and contiguous with the recessed areas of the first and
second rails respectively. 4. The disc head slider of claim3 wherein the
cavity dam the channel floor and the recessed areas are recessed from
the leading and trailing bearing_sgrfaces by 0.1 to 0.5 mcrons, and the
subanbi ent pressure cavity is recessed fromthe | eading and trailing
bearing surfaces by 1 to 3 mcrons. 5. The disc head slider of claim1l

wher ei n the subanbi entom @g%ﬁ'wiaﬁlyl@ﬁ@ t is defined by the
cavity dam and the inneﬁﬁedges B the(%irs?ﬁ%ﬁg?gg%%ﬁg rails, as the

i nner edges extend 1 Somrhe MRmbiQT presaing cavity, handivergettear i ng sur f aces,
the recessed areas ang the trailin earing surfaces. 6. The disc head
slider of claim1l and a&?%alhsé(ie%%lkpa?‘fisai ng chapagh ep C@F‘?doter edge, a
trailing slider edge #idluid flewahb fomastisRiobslel rddish b6a6i Ng sl ider edge
to the trailing slider edge and wherein: the non-divergent channel side

wal | s are spaced fronfisheentgfail hearingysuefacshanthel wi dth; and the | ocalized
region of the re j i b i . has..a region | ength,
whi ch is neasure g%%“égﬁh%§%¢%%%?@Eﬁ%ﬁgﬁﬁﬁgéég@§°§¥g¥%ggg as long as the

channel w dth. slider edge.

9. The disc head slider of claim 8 wherein the center rail
extends from the cavity dam to a location on the slider body that is past
the trailing bearing surfaces of the first and second rails, which divides
the subambient pressure cavity into two portions, and wherein the
center rail further comprises a leading step surface, which is raised
from the subambient pressure cavity, recessed from the first center rail
bearing surface and extends forward from the third convergent

channel.

10. The disc head slider of claim 9 wherein the center rail
further comprises a second center rail bearing surface, which is formed
at least partially within the cavity dam and is coplanar with the first
center rail bearing surface, wherein the leading step surface extends
from a trailing edge of the second center rail bearing surface to a

leading edge of the first center rail bearing surface.



7. The disc head slider of claiml1l and further conprising: at |east one
rai sed pad protruding fromeach of the |eading and traili ng ??P%%
surfaces of the first and second rails. 8. The disc head slide f408% ai m 1
and further conprising: a leading slider edge; a trailing slider edge; a
center rail positioned between the first and second rails, wherein the
center rail conprises a first center rail bearing surface, which trails

t he subanbi ent pressure cavity, and a third convergent channel, which is
recessed within the first center rayl bearing surface and 1 5 APR 7004 -28
conprises a | eading channel end open to fluid flow fromthe subanbient
pressure cavity, non-divergent channel side walls and a trailing channel
end closed 1b the fl\idlsddriow Rbipey@pdsigg: a | ocalized region of the
first center rail bearing surface; and wherein the first and second rails
termnate prior 28OWStrailing slider edge. 9. The disc head slider of
claim8 wherein , i om the cavity damto a | ocation
on the slider boggﬁfﬁ%ﬁalﬁfg a%glféttacegﬁél %Z‘ﬁ“?‘ﬁgﬁ%}é°é‘ﬂnﬁg surfaces of the
first and second rai | wheneln thh didt ¢oslptisestarecording RixifaRtwit £ssure cavity into
two portions, and wherein the center rail further conprises a |eading
step surface, which igat?éfeéléﬂda& g aven Sihirdnase eon-texiwedur e cavity,

recessed from t han iidibr EMIE! witilthe RERINEn@ U face and extends T or ar d
fromthe third convergent channel. 10. The’disc head slider of claim9

wher ei n t he cent @plidegisypported over the recording surface by the

actuator and comprising:

a cavity dam,;

a subambient pressure cavity, which trails the cavity
dam and has a cavity floor;

first and second elongated rails disposed about the
subambient pressure cavity, wherein each of the
rails comprises a rail width measured from an
inner rail edge to an outer rail edge, a leading
bearing surface, a trailing bearing surface, and a
recessed area extending between the leading and
trailing bearing surfaces, which is recessed from
the bearing surfaces and raised from the cavity
floor, across the rail width; and

first and second convergent channels, which are
recessed within the trailing bearing surfaces of
the first and second rails, respectively, wherein
each channel comprises a leading channel end
open to fluid flow from the respective recessed

area, non-divergent channel side walls and a



further conprises a second center rail bearing surface, which is forned
at least partially within the cavity damand is coplanar wwth the first
center rail bearing surface, wherein the |eading step surfaclf BxARRQAS0N
froma trailing edge of the second center rail bearing surface to a

| eadi ng edge of the first center rail bearing surface. 5 APR 200" -29 A
di sc drive assenbly conprising: a housing; a disc rotatable about a
central axis within the housing, wherein the disc conprises a recording
surface with a data area and a | anging area, which are non-textured; an
actuator nmounted within the housing; and a slider supported over the
recordi ng surface by the actuator and conprising: a cavity dam a

subanbi ent pressure cavity traittigthaideRbhbclbfia t6 Me fAd A8aANd has a cavity
floor; first and second el gngated rails disposed about the subanbient

pressure cavity, wherein ed®Wagt of slecalizef regiomefthe sespectiveai | wi dt h

nmeasured froman inner raitxla'lﬁmg%‘aeaﬁ@ alpqut er rail edge, a |eading
bearing surface, a trailing besr ng gsur%lac'e, and a recessed area

extendi ng between the leading and trailing bearing surfaces, which is

recessed fr t he begri urfaces and raised fromthe cavity floor,
across the ﬁg} | Wi dt h%&ﬁ%‘??‘m’%ﬁssa%@%&m ldomkespigdia slidetnnel s, which are
recessed Wi tirkher th@ptisedi | i ng bearing surfaces of

a leading slider edge;

a trailing slider edge;

a length measured from the leading slider edge to the trailing
slider edge;

a positive crown curvature in the bearing surfaces along the
slider length, wherein the crown curvature has a peak
between the leading slider edge and the trailing slider
edge; and

the recessed areas of the first and second rails are positioned at

the peak, along the slider length.

13. The disc drive assembly of claim 11 wherein:
the first and second convergent channels each comprise a
channel floor, which is coplanar and contiguous with
the recessed areas of the first and second rails,

respectively.



the first and second rails, respectively, wherein each channel conprises
a | eading channel end open to fluid flow fromthe respective recessed
area, non-divergent channel side walls and a 11 5 APR zM -301t APRi 2004
channel end closed to the fluid flow and forward of a |ocalized region of
the respective trailing bearing surface. 12. The disc drive assenbly of
claim 1l wherein the slider further conprises: a |leading slider edge; a
trailing slider edge; a length nmeasured fromthe | eading slider edge to
the trailing slider edge; a positijye crowm curvature in the bearing
surfaces along the slider Iength, wherein the crown curvature has a peak
between the | eading slider edge and the trailing slider edge; and the

recessed arefs of theThd dis¢ daFass@ERINSFERIh 33 WRrfiPBcldafiped at  the peak,
along the slider length. 13. The disc drive assenbly of claim 11l wherein:

the first afmsheehmmeldinespgdhe resrasndairens axotecessefidméha  channel f1 oor,
which is Col%&’iﬁgranéiﬂ 'iﬁg@%@ﬁs@a‘%ﬁkgfot{}eqé%q%iﬁg%H‘i[‘eas of the first and

second rails, espec isc drive assenbly
of cl ai m 13sublambénhpiebeireeavitly Vs recessed from the leading and trailing

bearing surfaces by 1 to 3 microns.

15. The disc drive assembly of claim 11 wherein the
subambient pressure cavity has a shape that is defined by the cavity
dam and the inner edges of the first and second rails, as the inner edges
extend along the leading bearing surfaces, the recessed areas and the

trailing bearing surfaces.

16. The disc drive assembly of claim 11 wherein the slider
further comprises a leading slider edge, a trailing slider edge and a
length measured from the leading slider edge to the trailing slider edge
and wherein:
the non-divergent channel side walls are spaced from one
another by a channel width; and
the localized region of the respective trailing bearing surface
has a region length, which is measured along the slider

length and is at least as long as the channel width.



dam the channel floor and the recessed areas are recessed fromthe

| eading and trailing bearing surfaces by 0.1 to 0.5 m crons, d the
subanbi ent pressure cavity is recessed fromthe |eading and Jr mWRnﬂMA
bearing surfaces by 1 to 3 microns. 15. The disc drive assenbly of claim
11 wherein the subanbient pressure cavity has a shape that is defined by
the cavity dam and the inner edges of the first and second rails, as the
i nner edges extend along the |eading bearing surfaces, the recessed areas
and the trailing bearing surfacess 16. The disc drive assenbly of claim
11 wherein the slider further conprises a |leading slider edge, a trailing
slider edge and a |ength neasured fromthe | eading slider edge to the

trailing slider edge Th&disviBveisBemblroRindl Wea8ntheGiagne! side walls
are spaced frogmone _another by a channel w dth; and the |ocalized region

of the respBEtheyeomprises:i ng bearing surface has a region length, which is

nmeasur ed al ong tgtgﬁésl_télgee%fehﬁﬁ(gﬁ&tlﬁﬁggiﬁ%n%a&% ﬁﬁ]gg@lﬁgn as the channel

width. 1 5 APR 2 SC arive ass im11l wherein
the slider further coatingbesingaurfh@aof therfistamidsesbndasilr ot r udi ng from
each of the leading and trailing bearing surfaces of the first and second
rails. 18. The disc drive assenbly of claim 1l wherein the slider further

conprises: ggleading $hd g semBlylof Blalrh 19 wile} ¢ hetflge: @ center rail
positi oned between the first an secgng rarls, abgfﬁe
further comprises:
a leading slider edge;
a trailing slider edge;
a center rail positioned between the first and second rails, at the
trailing slider edge, wherein the center rail comprises a
center bearing surface and a third convergent channel,
which is recessed within the center bearing surface and
comprises a leading channel end open to fluid flow
from the subambient pressure cavity, non-divergent
channel side walls and a trailing channel end closed to
the fluid flow and forward of a localized region of the
center bearing surface; and
wherein the first and second rails terminate prior to the trailing

slider end.

19. A disc drive assembly comprising:
a disc rotatable about a central axis and having a data area and
a slider landing zone area, which are non-textured; and
slider means supported over the disc and having elongated rails
with convergent channel means and recessed waist area

means for generating a fluid bearing between the slider



trailing slider edge, wherein the center rail conprises a center bearing
surface and a third convergent channel, which is recessed wthin the
center bearing surface and conprises a |eading channel end bﬁeAPROZﬂm uid
flow fromthe subanbient pressure cavity, non-divergent channel side
wal l's and a trailing channel end closed to the fluid flow and forward of
a localized region of the center bearing surface; and wherein the first
and second rails termnate prior to the trailing slider end. 19. A disc
drive assenbly conprising: a disc_gptatable about a central axis and
having a data area and a slider |anding zone area, which are
non-textured; and slider nmeans supported over the disc and havi ng
elongated rails wth GREVSHAK dish ; i Iy ed wai st area
nmeans for generating a fluid beariﬁgﬁﬁg¥&§‘gﬁ% ggZF? e?él 5 APR 2004 -33
means and the di sc byrasessed waishered mgags itoothe tommergentchaneelessed wai st ar ea

means i nto the convergent channel ns t he. di sc rotates beneath the
sl i der means about tﬁlga%seaﬁ[tﬁea ls%ﬂt%&g‘?ﬁﬁle‘%ﬁtther I(Slﬁrcl?lﬁﬂ“saﬁ’l’@ti on between the
slider means and the thesentrdl@Ristahe f& re@Ring §eRAGN bétwdkn the€St Wi thin the

| andi ng zone area. ) ) ) .
slider means and the disc when the slider means is at

rest within the landing zone area.





