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STI CTI ON [err] Abstract: A disc head slider (110, 500) 4
cavity da 4506), a subanbient pressure cavity (236, 5 and first
and secongk ?@ﬁgated rails (210, 212, 502, 510). The fWFgﬁmg%%F Lecond
rails (210, 212, 502, 504) are dlsposed about t he subanbient pressure
cavity (236, 510). Each of the rails (210, 212, 502, 504) has a rail wdth
nmeasured froman inner rail edge (214) to an outer rail edge (216), a

| eadi ng 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 recesked area (222, 512) is recessed from
t he bearing surfaces and raised fromthe cavity floor, across the rai
width. First aprSecHEADOSLIDERHAVANG RECRSBERS 2TRENDHEDE ' ecessed
within the trailing bearing surfaces (220) of the first andasecond rails
(210, 212, 502, 504), rRHELSI FOR.REBUCEDaSTZICTLOR, 262, 514) has a

| eadi ng channel end open to f|UId rom1fron1the respective recessed area
(222, 512), non-divergent & Y BN and a trailing channel
end (270) closed to therHd lﬂ:‘r@s&ﬁ@%%tﬁ%ﬁ“@éﬁa@és a-d qeadd V\EEQ' on of

the respective trailing bearing surface (220). 11 5 APR 20 01/ 41141
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REDUCED STI CTHEBE 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

10 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

15 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.

20 | 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

25 suspension 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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tangential 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.



-2 that allows the slider to pitch and roll while foIIovx;i{rBLg(jrﬁ‘ﬁ
t opography of the disc. The slider includes a bearing surf 4 2004

faces the gih%fasisy face. As the disc rotates, the disc 5 drags air under
the slider and along the bearing surface in a directi o GPSIER et el y
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

i ncrease, which creates a hydrodynamic lifting force that counteracts the
| oad force and causes the slider to lift and fly above or in close
proximty to the disc surface. One typg of slider is a "self-loading" air
15 bearing slider, which includes a | eading taper (or stepped-taper), .a
pair of raised side raitThe heariugtyleadancanbetwsdiDaibi eDidgy esgure cavity.
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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



11 5 APR 2004 WO 01/41141 PCT/ USQQ 42450 -3 The bearing cl Zarfnce bet ween
the slider and the disc surface at the recording head is

par anet er yQoi;54 drive performance. As average flying h conti nue
to be reducedHh?t is inmportant to 5 control several fFF@éahﬁa?lying

hei ght performance, such as flying height sensitivity to process

vari ations, anmbient 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 novenments of the slider fromone radial position to
anot her radial position. The above-nentioned sensitivities are reduced by
providing the slider with a high beaf?hg stiffness in the pitch and rol
directions. To achieve 15 high pitch and roll stiffness, air bearings have
utilized geonstrikéent hat Oué simeithatle dfhelpmistimigvestmtﬁmur& away fromthe
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qui ckly as poggible ald eqchigsst "lilrighQI* 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
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ds F§m?ﬁﬁﬁ%iﬁgngﬁ cturing sensitivity. If 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
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
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
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
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

oFe.due t.0 .t he gggétional separati,on caused by fhe pads. The



along the trailing edge of the slider body. In order 25 to ﬁ v§nt t he
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and second convergent channels 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 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.

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
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
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
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cavity an@véblpﬁi“and second elongated rails. The suba sure
cavity trails the cavity damand has a cavity floor. nﬁ%h‘?}ﬁ%?o?‘é ﬁand

second rails are disposed about the subanbient pressure cavity. Each of
the rails has a rail width 1 5 APR 2004 WD 01/41141 PCT/ US00/ 42450 -6
nmeasured froman inner rail edge to an outer rail edge, a |eading bearing
surface, a trailing bearing surface, and a recessed area extending
between the Ileading and trailing bea,é_i ng surfaces. The recessed 5 area i s
recessed fromthe bearing surfaces and raised fromthe cavity floor,
across the rail width. First and second convergent channels are recessed
within the trailimg bbeaaring susdmfee®,of ande fa r stecemdesec@rda rail s,
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central axis whhhbllst R@eNOUSédibed 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.



and has a recording surface with a data area and a 20 | andi ng area, which
are non-textured. The actuator is nounted within the housihﬁ.AF‘Fﬁzg@y der
a

i's supportwdoeypyar the recording surface by the actuat qf.and lL0g
cavity dam a subanbient pressure cavity and first an secon& el ongat ed

rails. The subanbi ent pressure 25 cavity trails the cavity dam and has a
cavity floor. The first and second rails are di sposed about the

subanbi ent pressure cavity. Each of the rails has a rail w dth neasured
froman inner rail edge to an outer rail edge, a |eading bearing surface,
a i 15 APR 2nnh WD 01/41141 PCT/ USOQ 42450 -7 trailing bearing surface,
and a recessed area extending bet weéA™t he | eading and trailing bearing
surfaces. The recessed area is recessed fromthe bearing surfaces and
raised fromthe cavityFi¢oo02, is5 aadvagsomt [pdanaiview difh.a Fslixterand second
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relates to a disc drivgrassenbliy whi gh Locl §96SaA onl? dh§§gxa£‘p a slider.
The disc is rotatable about a
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.

ETA D DE IPTION OF REFERRED D NTS

FIG. 1 is a perspective view of a disc drive

100 in which the present invention is useful. Disc



central axis and has a data area and a slider landing area_ which are
non-textured. The slider is supported over the disc and i‘hs APBP@H’Ied
rails wt gent channel s and recessed wai st areas for generating a
20 fluid Evgggpzrlllg‘hbet ween the slider and the disc as thdCT ﬂ{sg‘!f‘gf%t ates
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

| andi ng zone. 25 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
perspective view of a disc drive in which the present invention is
useful . WD 01/41141 -8 .1 5 APR 2004 PCT/ US00/ 42450 FIG 2 is a bottom
plan view of a slider shown in FIG-9; as viewed fromthe surface of a
di sc, according to one enbodi nent of the present invention. FIG 3 is a

di agram whi almsshemmt:ta&alﬂél confiblEsd 14 65 &ﬁﬂ%ﬁé?"\‘n@{ defig slider
shown in FIG,,2. 4 is a three dinensional diagrami l’Tustratlng a

pressure profiP8 %’é’r"&'sa‘t ﬁ‘@gﬂﬁ%lcl’l%lcé&r¢laﬁ9e§réf’etﬁé an jepiricgown in FI G

2. FIG 5 isdasbotitowe, Pesspegimple.vi e d@rivk Qodl iidRAuaubi gh does not
have converggnt fhannel fegtures or recessed wai st portions fornmed in the

side rails ¥ JBRR k289 (ORcgrdsantePaceYes s (nafeghawmil view of a
di sc and sl i Desc cainbienabooBurtid:h inchades ¢ diavi pacr 16adighienal . roughly

textured landl n%ounted 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



15 zone and a snooth user data area. FIG 7, schematically [f%’ sents a
cross- sectional view of a disc and slider conbination, vmi ellsc
havi ng a andi ng zone and a snooth user data arga., FIG 8 is a
botto% pl Z‘ﬁa\%[g\}\}lof a slider having an el ongated cent epﬁafuaslg&"ég@cor ding to
an alternative enbodi nent of the present invention. FIG 9 is a bottom

pl an view of a slider having an elongated center rail and a raised

| eading 25 center pad according to another alternative enbodi ment of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FI G
1 is a perspective view of a disc dripqg 100 in which the present

i nvention is useful. Disc WO 01/41141 -9 {1 5 APR 2004 PCT1USO00/ 42450
drive 100 can b% configured as a traditional magnetic disc drive, a
magnet o- opt | CAPCEFECATTT VE B thR d1RG Srfagesto pyeMenti pendseuspl e. Di sc

drive 100 indloxt@sién bouwiBg Wubkidab@if H02tR0ds@ 40P CQYEl,«(NOt shown).
' udes_a disc _pack 106, which 1S nounted on a

5 Disc. dri 100.further, in ; \ :
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about central_;axis 109. Each disc surface has an 10 associ ated slider
which is %mur?tlgawFO %l’fs%ﬁtﬂwle%mi?)d”é’ngié‘apﬂ%@:'aatseﬁef‘ﬂi“r’% Y9ead for

conmmuni cat i oronventional textured landing zones, without causing

110

unreasonably high stiction forces between the slider

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



with the disc surface. In the exanple shown in FIG 1, slidgr re
supported by suspensions 112 which are in turn 15 attacheddﬂoétdpl&wﬂ

accessi ng vi$ fpadst4 of an actuator 116. The actuator s ' G 1lis of
the type known as a rotary noving coil actuator and |%§¥@8@2‘2§bv0| ce

coil motor (VCM, shown generally at 118. Voice coil notor 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 dianeter 124 and a disc outer dianeter 126. Voice coil notor
118 operates under control of interngl circuitry 128. Qher types of
actuators can 25 also be used, such as linear actuators. As discussed in
nore detail below, s|lider 110 has a hydrodynanmic (e.g., air) bearing that
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-10 contact area with the disc surface to prevent neniscus formation of
disc lubrication at tHe ¥ d8Fe|330" extgrds | batwern gradilisod 0di scs 107 to

be fabricat edndi 2iv, alsfgoldadind 8384déLdddeedos! | Q%Rrik?naiénwaéonte_ 111| and
O conventi ona

5 allows for.a lower pole tip fly height, .as conpared
text ured %an&aﬁga;\%?éjg‘,ngmﬁéﬁgtﬁ”cﬁﬂgi?lgtral}ﬂﬁéﬁs%oW‘lhi dffwit¥ct i on forces
between the shide3o anil dide #asls AWof ARE. 212 define a subambient
pressure cavity 236, which 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



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 |eA11i5wAPRdmﬂazoo, a

trailing , Side edges 204 and 206, and a |ater i ne 208.
N B,

El ongated, raised side rails 210 and 212 are position de edges
204 and 15 206, respectively. Rails 210 and 212 extend generally from

| eading slider edge 200 toward trailing slider edge 202 and term nate
prior to trailing edge 202. Each rail 210 and 212 has an inside rail edge
214, an outside rail edge 216, a |eading bearing surface 218, a 20
trailing bearing surface 220 and a recgssed wai st portion 222. Recessed
wai st portion 222 extends from |eadi'hg bearing surface 218 to trailing
bearing surface 220. In one enbodinent, waist portions 222 are generally
paral l el to aHFR &&E3e8 F4brichesrerrlDs pagaliekst Bhdamdc@@fedy a step

depth of 0.1 fyendpeakihy SRFREIPE by SUSRebNALpd | $1.HO§ Id ons reduce
the contact area of sI?der flo when yat reg%J onpt g’f\é\@f at(::ée) 6'0 di sc 107.

The recessed Wi stf9%or ExdMRl%IevEPEp RUCW.dARR zBBesSUNDZatian 1 44F

PCT/ USOQl 4245 axrlihgs wlistad i Al ¥ r3RDLER! £ DG SSIHE idUELBY ELigly . Ot her
dept hs can al so be used in alternative enbodi nents.” A cavity dam 230

ext ends bet wed? r aiGPBLeT oraiin #4981 8UPRALhfy & agaffvriflg damnedeee200. Cavity
dam 230 5 ham4a deadi ngraadgag232iaew &add abbs N €dUg123¢naGRyd ty dam 230

and side rails. 210 and 212 define a subanbjent pressure cavity 236, which
trails Cavityfwmg Bepts, transducer 244 can be positioned at other

locations on slider 110. However, when placed at or

near trailing slider edge 202, transducer 244 is

10 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.

15 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

20 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

25 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



relative to a direction of air flow fromthe |eading sl tﬂgr edge 200
toward trailing slider edge 202. In 10 one enmbodi nent, sbbanBPRAJkressure

cavity 236wouiigressed fromleading and trailing beari faces 218
and 220 by 1 to 3 um Although recessed wai st portions p%é{fzgsor ecessed

frombearing 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 subanbient pressure within
cavity 236. In one enbodinent, cavity dam 230 is generally parallel to
and recessed frombearing 20 surfaces,218 and 220 by a step depth of 0.1
to 0.5 um for exanple. O her depths Tan also be used. In addition,
cavity dam 230, can be formed with a tapered |eading edge in alternative
embodi nents, VitRidsitradling rhgaydagcewrtacesad20rof asid4Rils 226 positi oned

along (rai || ngnslasieraiancROR BOMirty oeRLEr ohAlanGdaLer al penter |ine

208. In alterpative _enbodinments, center pad can or offset
with respect $4°1i neTooe SEﬁF’é?ispaGaQ4@1I$&s ke | ¢gdenyed sttep aur f ace 241

and a beari ngesaidnaee 242nahfark nged] ésépar@oéswegﬁf,gﬁ% 24 recessed

PCT/ USO0/ 42430 - 12 st surface 241 1s generally para
from beariZL‘nZg Jg?ﬁ%’é@ecggﬁnﬂl end; 1286 - dapr tigergent 1gide walde 26®r exanpl e,
for providinga peeasling athhedf eddeasiontarsd!r{ acBarded fEDLBAI [of | OW venting
from cavity 5,238 Geater.yoll, 20 suppart’s o Feadlwice £ aruer
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



244 along trailing slider edge 202. In alternative enbodgi ,
transducer 244 can be positioned at other |ocations on Slged&Rs.fﬂmt

However, whehyphsaiced at or near trailing slider edge %Q%, ngducer 244
is 10 |l ocated at the closest point on slider 110 to the gls&{f&f%ce of disc

107 (shown in FIG 1) when slider 110 flies with a positive pitch angle.
Wth a positive pitch angle, trailing slider edge 202 is closer to the
surface of disc 107 than | eading slider edge 200. Rails 210 and 212
termnate prior to trailing slider edge 202 to allow, slider 110 to roll
about |ateral center line 208 wi thouty,risking contact between trailing

rail edges 224 and the disc surface. Therefore, trailing edge of center
pad 240 remaips the 20 closest location on slider 110 to the disc surface
during flight 3Pn?§l 8099 ef (0 | 8P gE* b} ing kAids edaeer @3¢ thapr 6®i ng read and
write perforeanak. toomevieatek ! tHGAHAIWEAHE JRidnanadDs KD %%‘é reduces the

amount of pqsitive pressure devel oped along the rails near trailing
slider edge %gé’ i"gei‘?sluéﬁﬂ wseRchidm el Pl 26&¢ i Thagsrrovigesr der to

limt the reednotglnofn i bedriaigd sur@akesSidn§ fiSch Sid debealiliGefur t her
i ncl udes onvergent channel features 260, 262 and 264, which are recessed

VO 01/ 41131 PI3TEE ABRESRHFE PE? URBBY 424%kF Wit PRk e PosigiNear i ng

surfaces 220povéssuxie develop2B0 on trailing bearing 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



and 212 and within bearing surface 242 of center rail Zig. }Eﬁfﬁqghannels
can also be referred to as trenches. Channels 260, 262 (ﬁ h have
a 5 | eadi channel end 266, non-divergent side walls 268, a trailing
channel end®¥#4hd a channel floor (or "step surface"BCTARKBO/42B9annel s
260, 262 and 264 also have a side, wall 280 to either side of the |eading
channel ends 266. Channels 260, 262 and 264 are fornmed 10 through

phot ol i t hography processes such as ion mlling, chem cal etching or
reactive ion etching (RIE). Wth these processes, the depth and | ocation
of the channels can be accurately controlled. In one enbodi ment, channel
floors 272 of channels 260 and 262 afd&-copl anar 15 and conti guous wth
recessed wai st portions 222 of rails 210 and 212, while channel floor 272

of channel s aB84 262, c ajhleamlbwang Qg@khgggygymggﬁhdégaQ%pgbggﬁﬂgl surface 241
of center raikd240. ;g %gﬁ?nels 26Q_and 267, |eading channel énd 20 266
is open to frafd R RUR] PRe £T841 1R aShammelofend h27& dadr sl s 210 and

212, respect foetgd tbweise, ovér attailginghaHaghe®Ndnd 797hS chgggd to the
fluid flow c@é%@@éi Of ;the fluid flow fromrecessed areas 222 is
directed intS channel s =260 &Rt BRGSPYTrE 0rAk&8St 0395 d§arethe channel s

over trai¥ingeghommelearendni?ify siihiesr ed@gat 262] ocahdmfd L%l i Ve pressure

areas on trajli bear,i surfaces 220 rearward of trailin channel ends
270. In one gﬁ%o%ﬁ%e%?? %rggi ﬁengsyﬁ'}g‘giirhﬁal s k2 tExg Lh fratsr| engt h

measur ed frokine &0d6,ngs- ShSmARR PDO4 A)Oot1 L4 Ikl aBGhhéiSQA2450
provide preferential pressurization at certain slider
skew angles.

10 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

15 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

20 “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

25 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



-14 channel ends 270 to trailing rail edges 224 that is eq tQ or
greater than the width of channels 260 and 262, as neasure'gaie‘\%é’ﬂmsi de
wal |'s 268. whhysuly Ovi des enough of a bearing surface on which the

| ocal i zed 5 positive pressure can act. The |ocalized po&HYS U245 essure
devel oped on trailing bearing surfaces 220 increases the roll stiffness
of slider 110. Wth respect to channel 264 on center rail 240, the

| eadi ng end 266 of this channel is open to 10 fluid flow fromcavity 236,
and trailing channel end 270 is closed to the fluid flow A portion of the
fluid flow fromcavity 236 is di rect_efls_i nto channel 264 and is forced to
exit the channel over trailing channe end 270. Again, this creates a

| ocal i zed positive 15 pressure area on bearing surface 242, rearward of
trailing charfdidegngnd7bhe | dismesurfkpoei nePads 28%-@85 cam | hdseard ng surface
242 has a | engiiebot WrFenddeal bbo®; a nd d trailing slider
edge 202 that is at? | east s’?hgé‘\?\ﬁ&d?%ho;gaghg%heFg%]g&ggag&%g‘éié%rr'ed bet ween
20 side wal | FEEEENIHRRY | ALcrgatedIvEilee pPehenrahapdeyvetmpekbcon cent er
rail bearingbuikage 242 increases the pitch stiffness of slider 110.
During operation, the side walls to either side of |eading channel ends
266 present thensel vesCaRvensdonal wdegnthead pediders riiseludindhe | ocal

fluid flow Silidertheooprsinigik OFEACh: Charnetandbate@dineh chignel  ends
266, does not ha\{oe t he sane gressure rise, it is seen as a preferential

path for the PEUREFEBH FHFLRTER HaVenit PHE iveuicyTTRENFEmkINg channel s
260, 262 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



M5 APR 20 WO 01/41141 PCT/ USOQ 42450 -15 and 264, the f|Qﬂ%IS essentlally

bounded by channel side walls 268 and trailing channel

2APR 2284

forced to wbo%gs@uer trailing channel end 270. This %@3@@? I ocal [ zed
pressure areas at discrete 5 regions near trailing sli 02

262 and 264 can be symretrical about |ateral center l'ine
208, as shown in FIG 2, or can be asymetrical to provide preferential
pressurization at certain slider skew angles. 10 The size and intensity

Channel s 260,

of the | ocal
width ratio,

| engths to the 15 channel

out si de t hat

zed positive pressure areas depend on the channel

| ength to

the absolute sizes of the channels and the depth and shape
of the channel floors. In one enbodinent, the ratio of the channel

W dt hs range from0.5 to 5. 0, but may vary

i6ige WREDSRAERE PhestidaTy L lfur pdisss efamphe, temaniel feature.

I n anot her erhadiatape, 209ecAeNEvE (0 crtiwdl Bebghi 026 2NGES
Slider 110 fun}her I hcl udes rai sed pgas or © g 2§ ng?z%%hQS

ext end sllght%

pads 282-285
nanoneters (n
bet ween beari

10

15

20

25

bentiiagd sur@acbeanidy & f 86ES 2d8yaNdc2RMh ik ed
t.0o_about 30 nm Pads 282-'285 prOV|de a sllg

.0 to 2.5.
whi ch

AP ot eﬁ?*?ﬁ;P?ﬁEPP§€e§2§1Seaﬁdn220rePﬁS%mb ﬁNUDdlnent

separatlon

Y LEuFrARe £her gentip l POTdiong @ft ke draidss shewe byhen sl i der
110 is at resiashedt htne disE) o have, aWbhdEl hebddigqa268 T EAGE @eea that has

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,
menisci of the disc 1lubrication 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
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
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
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



little or no effect on the overall flying characteristicz"gféakieﬁm 110.
This separation significantly reduces the stiction force e he A5

APR 2004 141 PCT/ USOQ 42450 -16 slider and the djsc surface. Pads
282- 285 c\esgbﬁlz%fel&a vari ety of cross-sectional shapes, P%E@ﬁ“"é“%“sai rcul ar,
rectangul ar or elongated ovals. O her shapes can also be used. 5
Conventional disc head sliders, including slider 110 showmn in FIG 2, are
fabricated such that the bearing surfaces have a positive curvature al ong
the length of the slider, as neasured fromits leading edge to its
trailing edge. Length curvature is al.go 10 known as crown curvature. A
proper setting of length curvature i %ﬁroves flying height variability

over bearing_conditions, inproves wear on the slider and the disc
surface, and3lAp@ovede tedaest ROfephdr ¥ BlLideuriher raediscizng stiction

bet ween the skpgsedié! gcdidll S5y 1858inOURYEL, LHLS Givature can
i the. center T

create an undesirably | ow spaci ng betwee . n ortions of the

rails in conPEhei od  STGRFEFSIHRcIPREFSYEe s| anpdiisudar e atLeasingon the di sc
surface, parbegdisd |t Wabls S1d d8r 84 | b r d r. the four
o i i 0 g Ay s Tk

corners of 20 the slider. Slider 110 avoids recessing
wai st por i ofeden3ate | ppsitive 5 priegguam @heed sdPenmendal 1398,i || ustrates

a side view gbspbiwliore1l 10, jult! Nageck endtBer CURYALNG €eBRd Ligg hei ght of

pads 282 andsggéml?{een%[lgressure 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



25 exaggerated for clarity. Slider 110 has a length curvature 292 al ong
bearing surfaces 218, 220 and 242. A comon neasurenent of IﬁeAPanmp

curvature ‘%“i‘/‘ﬁ%ﬂvm hei ght" is the difference between the highest point
along the Tength of slider 110 and the | owest poi nt WOPGTUS40{42450_17 1 5

APR 2004 PCT/ USO0/ 42450 al ong the length of slider 110. For exanple,

| ength curvature 292 can have a crown hei ght 294 of 12nmto 17nm |If
wai st portions 222 were not recessed from bearing surfaces 218 and 220,

| ength curvature 292 5 woul d cause the central portions of the rails
(shown by dashed line 295) to have a small spacing 296 fromthe surface
of disc 107. If pads 282 and 284 haver¥ hei ght of 18nmto 32nm for
exanpl e, then spacing 296 would be as snmall as 10nmto 20nm Under

capi |l l ary pr@rsgsures0 3kéni and GfL8t hehakinscih ulRTiccat4 on uséedsnd,he sl i der

surface are pdegdelNiQ;dei region. leading to a potentially

large additional %Sni s%h%é1é%#§%?;\5%n&rﬁe§gﬂg @%Wﬁcélgdg?ﬁm%t’t"éfge stiction
force betweerat sthejeslider atkeldiy$c 1b@zariohi e ishowhnear IRIGpr @gorti onal 15

to the inversgioh theigb L gh l %@ic s _defined by the difference

between the hel ght of pa%lgh%’é‘gf%a% € Sngaf‘ﬁ% 3??‘5‘6 ?nvey%’?c&ﬁn hei ght 294
(i.e., thé crfemna abidpn hevingen Poadt peelsrownt tereomererai | ). This is

particularly true if the sLifefadeandidd.;7Qne g 2Q di sc. surface is too
snoot h. However, wai st [oort{"onsa 522°0n s idsetg'q'gﬂ.1 g%r g)fr e%%sqsseéd from
beari ng surf #38g 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.



218 and 220, which significantly increases the "belly
form This further reducesl<x iAPRi 2084
ﬂﬂ¥§0 25 and the surface of disc 107. FIG 4 is a three

agram illustrating a pressure profile adCd880W43¢0heari ng
t he present

the potential for
bet ween sY
dinensional
surfaces of slider

i nventi on.

PCT/ USOQ' 42450 -18 al ong si de edges 204 and 206 of slider

meni scus 297 to

110 according to one enbodi nent of
Axi s 300 represents distance [1 5 APR 2004 WD 01/41141
110. Axis 302

represents di stance along | eading slider edge 200.

pressure anplitude.

212 generate 5 noderate positive pré@
just aft of slider

respectively,

| ead

ddre areas 30
ing edge 200.

hei ght" and reduces

Axis 304 represents

6 and 308,

Leadi ng bearing surfaces 218 of side rails 210 and

Subambi ent pressure

pmgﬁaggp in area 310. Recessed wai st

cavity 236 generates subanbi ent
212 are at substantially anbient 10

ortions 22?—6#—w§§§§—3{u .

Bressure Inja Sté *3n : gﬂgg%ve p cesged ﬁ%?%@ port!ops 222
still serve|tg.golne s ANt pre F nghlﬂ SEALER®ES THai | i ng
bearing sur faeesZ20—otrsi 7109?h&n6 geneFRF &1 rate
positive press ggmégepreas 315 and 315 due % the |15 rec®%% of |wai st

port | ons 22"’Me éﬁ'[ t::Ff_"\ﬁnnn| s 260 262 gpnpr ate hiah | OC'll | Zed

pressure peaks a ectilely - ABT ch FOI’T}’)F‘?IS%&JE for t he
pressure |?SSDE¥$E!%€IS[ por?gghs 222 and Providg hi gh-FR 1T dtiffness.
In fact, ch e roll

Comparing Tables 1 and 2,

it can be seen

that roll stiffness is increased by 23% at the inner

5 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 addition, the

260,

convergent channel

10 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,
15 when power to disc drive 100

the.

(shown in FIG. 1) is
107

Inertia in discs 107 and back

turned off, rotational velocity of discs
- decrease to =zero.
electromotive force (EMF) in the spindle motor windings

can cause discs 107 to oscillate backward and forward

20 slightly wuntil 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 most pads 284-285 causing

trailing bearing surfaces 220 and center rail bearing



20 stiffness to |arger |evels than conventional negative pressure air
beari ng (NPAB) sliders having no channel features in the si qur{hiApﬁ. 2004

Li kew se, ‘QB%EHSJ&‘ 264 in center rail 240 generates a high localize
pressure pea 0 near trailing slider edge 202, whi cPGI US048 25 high

pitch stiffness. Recessed wai st portions 222 (shown in FIG 2) therefore
have two primary functions. First, recessed waist portions 222 all ow
pressuri zation of channels 260 and 262 for producing the high peak 1 5
APR 2004 WD 01/41141 PCT/ USOQ 42450 -19 pressures 316 and 318 shown in
FIG 4. Second, recessed waist portions 222 prevent neniscus formation
at the slider "belly" |ocation as sHéW in FIG 3, which would ot herwi se
generate large stiction forces 5 for a slider having a positive crown
curvature. Tiserfaael 242k demntagt sthé fdiess sufrfabiéder Thd 1fbgugla@wn in FI G

2, was conpar, 1.t h si_gul earilng stiffness of slider 400, shown
in FIG 5, V\/r?iggﬁ%%oeésﬁ%oto avgﬁgsgenvefaaﬁﬁ?gcIﬁiﬁr‘?@FeFea"{’tﬁhes t88 recessed 10

wai st portioaddiviemcof rehadnnedi featwidss 268),i der 4R 26msrendieadi ng edge
402, a traili;po;edgq, ' . Al 6,and, 408, cavity dam 410 and
5 ctdén 2 dsecifg&hﬁ vl FgdHic @Hﬁ%ﬂ‘é‘l’ o&Pfires 414 and

center rail 412. Center rail as conv
416 positPonecdsacef hackwhrddimpdag404. 15 Table 1 shows the vertical, roll

and pitch stiffnessesf@r gl 38kr490.5 in.FLG 5 at the inner disc
di aneter, niddle disc dianeter and out e?peg{lqggﬂs ESkce Frmalion
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
10 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
15 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

20 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
25 124. 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



dianmeter. .Table 1 20 StiffnessVertical RollPitch .
StiffnessStiffnessStiffness Location(gniin)(gmin/rad)(gminf]ragPR 2004
Inner664.$wgﬁaa‘ﬁ78 Di aneter Med Di aneter7166.5182. 931 Quter6324. 3542. 782
D ameter Tab &% shows the vertical, roll and pitch stBGTUSGHAHS of S| der
110 shown in FIG 2 at the inner disc dianeter, mddle disc diameter and
outer disc dianeter. 1 5 APR 2004 WD 01/41141 PCT/ US00/ 42450 -20 Table 2
StiffnessVertical RoPitch StiffnessStiffnessStiffness ,
Location(gnmin)(gmin/rad)(gmin/rad) Inner7077.7972.673 D aneter Md

D anet er 7584. 7852. 981 Qut er 7552. 7722. 990 Di aneter Conparing Tables 1 and
2, it can be seen that roll stiffneg®-is increased by 23% at the inner

for slider 110 to transition between smooth user data
area 450 and rough landing 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



5 disc dianeter and 120% at the outer disc dianeter when convergent
channel features are added to the side rails. Al so, verticall 5tRPRﬁ§mb
and pitch stiffness of the two sliders remain conparable to one anot her.
I'n additi oh® ¥i*convergent channel 10 features, 260, PEBUSoMMI4SR64
decrease the surface areas of the respective bearing surfaces, which
decreases neniscus. forces generated by the disc |ube along these areas
in case slider 110 tips backward after the spindown and stop of disc
rotation. During operation, 15 when power to disc drive 100 (shown in FIG
1) is turned off, the. rotational velocity of discs 107 decrease to
zero. lnertia in discs 107 and back -28l-ectronotive force (EMF) in the
spindl e notor wi ndings can cause discs 107 to oscillate backward and

forward 20 sldogtblyentt thamhdl Ofedtif-dl €4 NI NG LNELIY ol lSsi pated.
Under certain oggratin condi.tions, the backmé}deﬁ%tg |8%g%%ﬁﬁiscs 107

can cause sl iEdEFR1B F1F- & p lBadkidatePaButfach 18 axtends fads 284- 285

causi ng traicenBgrbeai Neeftinbacas 320 aNng cedt eLvigy) ! JaRardgyg WO 01/41141
-21 J 5 APR 200 PCT/ USOQ 42450 surface 242 to contact the disc surface.

The reduced §ﬁéfﬁ%esﬁfgasBF FfReselthedPi fgPiaRamcard wrent iguousaddi ti on of

channel fpatwieh &H8lity?damasok,26hiERSIE i%cekBed fﬂpghgqﬂeglﬁ_,@t iction with
[ th t

the disc surface in the 5 ggse,of backwar d tieflqg. W e “decr eases
Meni SCUs forggrfa?ﬁ%l %ﬁped Y 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



and the decreases in stiction with the disc surface resulti n?élromthe
geonetry of slider 110 (shown in FIG 2 for exanple), sliden @\PRa

used W th floosa@y surfaces having little or no texture j Wm*ol der

| andi ng zone 11 (shown in FIG 1). A snoother |anding Zo d permt
slider 110 to take off fromthe disc surface and fly at heights | ower
than 0.5 mcroinches. Landing zone 111 no | onger needs a rough texture in
15 order to decrease stiction. A rough texture, as used in conventional
disc drives, would otherwise limt the slider flying height to a height
that is at least as great as the texture roughness in the | anding zone to
enabl e the slider to transition betwe®H the snooth user 20 data area and
the roughly textured | andi ng zone. FIG -6 schematically represents a
cross- secti cH@ngesewnay diescmag? aind sﬂclrdueraﬂdo detiatih divsthouk07 having a
tradi tional t r d a_snmoof h user data
area 450 neardéiiirﬁg?x |§%‘r$er¥et?g Egggﬁp%ﬁdﬁgﬁf’% ? “nd"YoRe ™1 has a
roughness with a height 454 above the snpoth surface of user data area
450. Slider 110 must therefore have a flying height 456 that is at. |east
as great as height 454 in order 1 5 APR 2004 WD 01/41141 PCT/ USOQO 42450
-22 for slider 110 to transition between snooth user data area 450 and
rough | anding zone 111. As nentioned above, the geonetric features of
slider 110 shown in FIG 2, for exanple, allow 5 slider 110 to be used

wi th discs having a | ess textured



or even snooth | anding 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 roughne@sﬁ dPR:LgOﬂ‘Q

| andi ng zone 111. Wth texture no longer being required on the disc
surface, the discs can be made w th | ess expensive, snooth substrates
such as glass substrates in addition to the conventional alum num
substrates. Renobving the texture fromthe disc surface 15 also sinplifies
and speeds fabrication of the discg;. which can lead to a further
reduction in fabrication Costs. FIG 8 is a bottomplan view of a slider
500 according to another alternative enbodi nent of the 20 present
invention. @HATISTOANGSD 3¢de rails 502 and 504, cavity dam 506, center
rail 508 and divided cavity portions 510A and 510B. Side rails 502 and
504 and cavity dam506 are simlar to the side rails and cavity dam
shown in the enbodi nept,.of, FIG..2. Side rails 502 25 and 504 incl ude
recessed vval?'st portio%sdl%llfagr%éderc%wre?lﬁ%nt channel features 514. Center
rail 508 is el ongatiwdlagnd extends fromtrailing slider edge 511 to
cavity dam 506. Center rail 508 includes raised center rail bearing
surface 516, | eatlP¥gmbicahprsssure eavity ghighdrails thespritpdan WO 01/ 41141

PCT/ US00/ 42430 - 23 copysk el feature 520. In the enbodi nent
shown in FIG 8, |eading ag?g%‘]@hu? ate 518 extends from center pad bearing
surface 516 to chrst and staond€bngated 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;



Leadi ng step surface 518 is coplanar and contiguous 5 with cavity dam 506,
which is recessed fromthe bearing surfaces forned by side rails 502 and
504 and center rail 508. FIG 9 is a bottom plan view of a1sHiA(pRr7 0
according to another alternative enbodi nrent of the 10 present invention.
The same reference nunerals are used in FIG 9 as were used in FIG 8 for
the same or simlar elenents. Slider 600 is simlar to slider 500 (shown
in FIG 8), but further includes a |leading center rail bearing surface
530, which is formed 15 partially _eg.cavity dam 506 and partially on
rectangul ar section 522. Leading center rail bearing surface 530 is

rai sed fromcavity dam 506 and is coplanar with |leading and trailing
beari ng surfaces 532 and 534 of side rails 502 and 504 and with center
rail 20 bearing surface 516. Leading center rail bearing surface 530
provi des i ncr easédrapigsbideriedgei on near |eading slider edge 513 while

still maintainin face 518 for, pressurizing convergent
channel feature gé%‘.gtﬁﬁ%?&a (géglgetl?‘{ljf{em%ébdﬁﬁ?%eég ﬂ&egtﬁalﬁ% al so be used.
Al t hough the present klideeedgegn has been described with reference to

preferred enbodi nent.s, workers skilled in the art will recognize that 15
APR 2004 WD 01/ 43 PASUPRSoMaEtrasure m the beaigiyeacessjongdherade in form and

detai | without  depar iy 1duMIwhBRiS e bhdwiAlfh 26R8s Rbedihe | nventi on.

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



(1 5 APR 2004 -25 WHAT IS CLAIMED I S: A disc head slider conprising: a
cavity dam a subanbi ent pressure cavity, which trails the cavity dam and
has a cavity floor; first and second elongated rails di sposefl Sa%PRthg e
subanbi ent pressure cavity, wherein each of the rails conprises a i

w dth measured froman inner 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 surfacesj,and raised fromthe cavity floor,
across the rail width; and first and second convergent channels, which are
recessed wthin the trailing bearing surfaces of the first and second

rails, respaiing\ie adih)BéRing sarfhdes haRRElsed SRIPEASES ndillgadi ng channel  end
open to fluid flow fromthe respective recessed area, non-divergent

channel si d8e¥HMIB¥@eRS- 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 claiml1l and further conprising: a |eading
slider edgep.1 5 APR TG@dise Réadssliderof dlaigh BhidRithed@iprRidgandt h measur ed
fromthe Ie?din% Plider edge,to the trailing slider edge;
cading shider 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.

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



a positive crown curvature in the bearing surfaces along the sg'ﬁ
| ength, wherein the crown curvature has a peak between the"éa P ghg*ider
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 claim1 wherein: the first and second convergent
channel s each conprise a channel floor, which is coplanar and conti guous
with the recessed areas of the first and second rails respectively. 4.
The disc head slider of claim3 whegein the cavity dam the channel floor
and the recessed areas are recessed fromthe leading and trailing bearing
surfaces by 0.1 to 0.5 mcrons, and the subanbient pressure cavity is

recessed fromthe Ieag{blﬁgﬁﬁggléa@ﬁjflghggne@gﬁdgg%tggﬁgﬁg% by 1 to 3 mcrons.

5. The disc head slider of claimI whereint Ient pressure cavity
has a shape that is dé&phrtbe subambient pressiury calaty, sorddivieeent nner edges of the
first and second rail as, the i.nner, edges extend 5 R 2004 -27 al ong

t he | eadi ng bearing Sgl}alng%lesé} ¥4l %“883?3‘81? © %Hlof?a‘ﬁot railing bearing
surfaces. 6. The di sctieehad 8bwdad férivacd &f iModaldR rddidit S¥ahe CONPri sing a

| eadi ng slider edge, a trailin? slider edge and a 1ength neasured from

the | eading slider edfestedteriail beagingsytfaes; pabr edge and wherein: the

non-di ver gent Ch%glﬁintﬁgﬁ?st\éﬁ&L&oﬁﬂﬁ%ﬁ?@r&?ﬁaté{)Iggptg,?l?\eatlr%ﬁm her by a channel

wi dth; and the |ocalized region o e respective ﬂ% beari ng surface
has a region | ength, slWidecbddges neasured al ong the slider

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.



| ength and is at | east as long as the channel wdth. 7. The disc head

slider of claim1l and further conprising: at |east one rai
protrudi ng fromeach of the leading and trailing bearing sﬁgéggdzwh he

first and second rails. 8. The disc head slider of claim1 and further
conprising: a leading slider edge; a trailing slider edge; a center rai
positioned between the first and second rails, wherein the center rai
conprises a first center rail bearing surface, which trails the
subanbi ent pressure cavity, and az¢hird convergent channel, which is
recessed within the first center rail bearing surface and 1 5 APR 7004 -28
conprises a | eading channel end open to fluid flow fromthe subanbi ent

pressure cavity, non-didiss @ertasseaitaybehpidif® wal | s and a trailing channel
end closed to th% fluid flow and forward of a |ocalized region of the
first center rai P8¢ ng surface; and wherein the first and second rails

termnate prior Bﬂisw@taltaﬁféia:bgﬁgacegir%lga%'i S‘g’?@gﬁﬁg% The di sc head slider of

claim8 wherein the center X B0y | ty damto a | ocation

on the slider body thwheten thasdisc compriesairbéordingeaifadagvigiis f aces of the
first and second rail 5 whi ch_di vi des the subanbient pressure cavity into
two portions, and whefidifArepad alandig area, whigh gre Ren-texiedi ses a | eadi ng

step surface, Whighetifior RbSReH withthe HGusiiibapi ent pressure cavity,
recessed fromthe first center rail bearing surface and extends forward

fromthe third caslider gepporicth averdhe retordingrardeesioy thead slider of claim9

wherein the center r aélcltuator 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 ongated 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}l wi dt h%&ﬁ%‘??‘m’%ﬁssa%@%&m ldomkespigdia slidetnnel s, which are
recessed Wi tiirkHer th@ptidedi | i Ng bearing surfaces of the first and second

rails, respectively, wherein
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.



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 -30 trailing channel end closed to the fluid flow and fol¢hd&Roﬂm¢

| ocal i zed region of the respective trailing bearing surface. 12. The disc
drive assenbly of claim11l wherein the slider further conprises: a

| eading slider edge; a trailing slider edge; a |ength neasured fromthe

| eadi ng slider edge to the trailing slider edge; a positive crown
curvature in the bearing surfaces_gong the slider |length, wherein the
crown curvature has a peak between the |eading slider edge and the
trailing slider edge; and the recessed areas of the first and second

rails are positioned Bhe dikh@riReAKemBlly QP elalR®3 WHeflSH HeAGk- 13. The disc
drive assembly of claim 11l wherein: the first and second ‘conver gent

channel s eat¥ctbaphansel floor and theapcessedaireas\ard tshessed foplithear and conti guous

wth ther . ] cond rail respectively. 15
APR 2004 -3%(3‘%3@%%@5@?@é’%ﬁ%@f@s@%@g’o@m‘%ﬁoﬂ%f%da}?erei n the cavity
dam the chsubambicht pessuachvityas feeessed fomaheradiag and agiaged from the

| eading and traili bearing surfaces by 0.1 to 0.5 mcrons, and the
g bearing surr}gces %y 1 to % microns. Y

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.



subanbi ent pressure cavity is recessed fromthe |eading and trailing
bearing surfaces by 1 to 3 mcrons. 15. The disc drive assenply of claim
11 wherein the subanbient pressure cavity has a shape that ' APR 20084 by
the cavity damand 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 surfaces. 16. The disc drive assenbly of claim
11 wherein the slider further conprises a |leading slider edge, a trailing
slider edge and a |ength neasuredsfromthe |leading slider edge to the
trailing slider edge and wherein: the non-divergent channel side walls
are spaced fromone another by a channel width; and the |ocalized region

of the respegtive traThé dige BEOS 4s8EmBIYIFaffin 1N3hefeik BfdiBded NIt H, which is
measur ed along the slider length and is at |east as |ong as the channel

width. 15 oourpnsgs 17. The disc drive assenbly of claim11 wherein

the slider furt Qﬁ@as?&g? ais?gﬁf‘ﬁi ﬁxtotrluﬁfﬁgfro%?ga rf%ig?gege%ﬁgg ﬁr)ré{)t rudi ng from

each of the |eading an g bearing S first and second

rails. 18. The disc dtrailing beaimgufack of tiei firstlshdwbendirgild he slider further
conprises: a leading slider edge; a trailing slider edge; a center rai
positioned between the first and second rails, at the trailing slider

cdae, aher o1 e cenRasab ERSBHITST B 1F YRR g, oL oge o o
sur f ace andfurther 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



conprises a | eading channel end open to fluid flow fromthe subanbient
pressure cavity, non-divergent channel side walls and a trailing channel
end closed to the fluid flow and forward of a |ocalized redl 5nA8R 200%
center bearing surface; and wherein the first and second rails termnate
prior to the trailing slider end. 19. A disc drive assenbly conprising: a
di sc rotatable about a central axis and having a data area and a slider

| andi ng zone area, which are non-textured; and slider neans supported
over the disc and having el ongated;yails wth convergent channel neans and
recessed wai st area neans for generating a fluid bearing between the
slider 1 5 APR 2004 -33 neans and the disc by permtting fluid flow from
the recessed wai st aﬁﬁ%%ﬁﬁe&i@é@yfaé}%ﬁfﬁ?\fﬁiﬂﬁ%ffbﬂ? el neans as the
disc rotates beneath the slider neans about the central axis and for
reduci ng stiction bet vsessed waist ared teansiptortbe eonverdeat chiamnelwhen t he sl i der

nmeans is at rest w tpn'egnsta@%he! (?igéj r'ort] eszlgjerﬁgatﬁrﬂ?eas'lider means about
the central axis and for reducing stiction between the
slider means and the disc when the slider means is at

rest within the landing zone area.





