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BOLL INSINSITIVB AIR BIUING SLIDIR 

DCHNI&L JlBLD 

Thi• invention relates qttnerally _to air bearinq .•lider1 for u•e 
with recording media and, more particularly, to a slider haYing reduced 
sensitivity to variaticn1 in the roll, akev, and crown of the sl:l.der. 

llCKGBOUND 
conventional 111agn11t'ia aisle drives are information atoraga devices 

whic:h utilize at leaat one rot.table magnetic media dist with concentric 
data tracks, a read/write transducer for reading and writing data on the 
various tracks, an air bearinq slider £or holding the transducer adjacent 
to the track qenerally.in a flying lllOde above the media, ~suspension for 
resiliently holclin; the slider and the transducer over the data tracks, 
and a pa&itionin9 actu1tar connected ta the au.pension far moving the 
transducer across the media to the desired.data track and ••intaining th• 

trtUU1ducer over the data track during • read or • write operation. 

In magnet~.c recording technoloQY, it is continually desired to 
improve the ar~Al dftndty at which information can bl! recnrded and 
~elilblr road, Becauae thr. recording density of a magnetic disk drive ia 
limited by the di1tance b~tileen the transducer and the magnetic media, a 
goal of air bearing slider design 1• to "fly" a slider a.s closely as 
poaa.ible to a magnetic me~um while avoidinq.physical iinpact with t~e 
med:l:um. Smaller spac:ings. or "fly heivtits", are desired so that the 
transducer can distinguish ~etween the magnetic fields emanating from 
clo1ely spaced regions an the disk. 

Xn addition to· achieving a 11mall average spacinq between the disk 
and the tranaducar, it !s essential that a slider Ely at a relatively 
conetant height despite the large variety ol ~onditiona it experiences 
during the nQmal operation of ~ disk drive. · If the flying height is not 
constant, the data trans!er between the transducer and the reco~ding 
medi'Ulll may ~e adveraely affected. It is also •••ential that variations 
in the phy•ic:al.charaeteristic• of the •lider, clue to manuf&c:tur:lng 
tolerances; . not aubste:Ually alter tha flying height of the slider. If 
tbis result is n.~t aehieved, the slider's nominal fl7 height must 1'e 
increased to ccxapansate for variations between sliders. 
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· An example of a parameter t:hat can vary during normal operation of 
a dist drive is_ the radial position of a slider with respe~t to tha 

rotating disk. · the flying height of a slider is affected •• the actuator 
arm 11 mavad radially to access different data tracts. This 11 due to 
differences in the linear velocity of the disk at differin; raclii. In 

effect. the air be•rina slider flies at different apeeds at d:ltfering 
radii. Because a 1lider tJPieally £lieahi;her as velocity increa1es~ 
there is a tendency for sliders to fly higher at the outer diameter of 
the disk. Diak drives and sliders must ba designed to minimi&e this 
e!feet. 

J. slider also experiences changes in flying height due to 
variations in akew. Skew is a measure of ·the angle formed between the 

longitudhal axis ol the slider and the direction o! disk rotation u 
measured in a plane parallel to the disk. Skew varies in a rotary 
actuator d.t.t drive •• the •Wlpention and attached slider move in an 
arc:uate path acrass tba disk. Skew al110 varies, to a leaser degree, in a 
llnaar ac:tuator dbt ·ari~• when a reailientiy mounted slider moves in 
response to forces exarted upon it. In addition, skew is a concer11 due 
to aanufaetur.in9 tolerane•• that may cause a slider- to be mounted with a· 
pe:nnanent, non·~ei-o akew. ror sliders znOWJted to either type of 
actuator, non-zero •kaw values result in a slider being preaauriaed at a 
reduced value and. therefore t'ly:lng lower. For thia rea•on, it ia 
:important that a 1lidar be relatively insensitive to variations in akav. 

J. •Uder also experianc:e• fly ~eight variations due to roll. For a 
•lider with ~ero skew rel.4\tive to disk rotation, roll is a measure of the 
anvle formed b•tween th., avfaco of tho dink and a plane holc:Jing the 
longitudinal and latitudinal axes of the slider. Variations in roll 
occur when a reaili•ntly mounted slider experiencea a e~wed air flow or 
the actuator experience1 • crash atop impact. Insenaitivity to roll 
variationa is· a crucial requirement af air bearing •lidere. 

Variations in ~ crown of & slider can also lead to variationa in 

fl:r height. crown i• • maa1ure of the concave or convex bending of the 

•lider alon; its longitulli.nal axis. Crcnm develops in •liders bec&U•• of 
aurface •tr••••• that arime durinq the fabrication and suspension bondinq 
proca&aes. "l'heae straasas are ftot woll controlled and therefore lead to 
•liden with relatively hrge varigticma in crmm. Also, an indivicmal 
•lider can experience variations in itR crown due to t...Perature 
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variation• that bCcur during the normal operation of a recording disk 

drive. For the11 reasons, it ii important that the flying height of a 

slider not vary 1ub1tantially as a result o! variations in crown. 

rurtharmore, 1 alidar with a non-zero crown is the equivalent of a flat 

1lider flying over a disk having small amplitude, long wavelength 

undulations. Therefore, since all disk• have &Ollle degree of waviness, a 
' . 

1lider that i1 le&& sensitive to variation& in crown is also le11 

1ensitive to imperf~ctiona in the flatness of the recording dist it is 

flying over. 

Finally, a •lider experiences varying conditions during the hi9h 

apeed radial movement of the actuator •• it accesses· data on various 

portions of the disk. High speed Movement acrots the disk can lead to 

large values of slider roll and •kew-and a re•ultant variation in fly 

heiqht. This i1 yet another reason that a slider must be insensitive to 

changes in roll and skew. 

When any of the above described variatiO!'la in fly height occur. 

they may result in contact between the slider and the r•pidly rotating · ·· 

reeording medium. Any such contact leads to wear of the slider and. the··· 

recordinq surface and is potentially catastrophic. Prio~ art slider 

designs have attempted to avoid this problem by addressing one or more of 

above described sensitivities, so as ta produce a slider with uniform 

flyin9 height under the varying conditions that may be experienced by the 

•lider. 

For example. U.S. Patent 4,894, 740 to Chhabra at •l. addre1uaaa the 

prol:tl.m of roll sensitivity by placing • transducing element on the 

center rail of a three rail slider. This solution, while effective, has 

the di1advantage of moving the transducin; element away from the ed9e of 

the slid•r· Therefore, because a slider only flies_ correctly when it is 

more than a certain minimum distance from the outer adc;e of a rotating 

disk, thoae areas of the d:L•k from the center of the slider to tile edge 

of the •lider cannot be used. This can result in a loss of 2 to 4% of 

the u•able atora9e capability of the disk. 

Another approach is disclosed in u.s. Patant 4,870,519 to White. 

~bite addres1e1 the problem of roll and skew senaitivity by •ttempting to 

desi;n a slider that 11 subjeeted to very little roll under v•rying skew 

conditions. The solution proposed by White requires a well-controlled 
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4 \H\S SHEEl" HAS SEEN 
REPU\CEO 

contour to be plicad along corr~sponding eqea of a alider 1.a side rails. 

These_ contour• c111praaent manufacturing difficulties because they 

require a controlled etch depth ill Addition to the traditional process 

used to create the recess between the rails. 

ror the foregoing reasons, there ia a need for an air bearin; 

slid•r that maintains a relatively uniform flying height; can acccnnodate 

a transducer ri.aar ita aide edge; ii insensitive to variations in roll, 

skev and crawn1 and dau not require additional features that 

substantially add to the diffieulty of lllanufaeturing the slider:. 

DISCLOSUU or DD: DVltiimi 

&ccordin;lr the present invention provides an air ~earing 1lider 
for supporting a transducer com.prisinga a slider body havinq a leading 

edge, a trailinq ed;e, and at least two rails disp~sed thereon, the at 

least two rail.8 C:ODl'riainq1 a first rail extending frcm the leading edge 

ta the tra:Uing edge and adapted for receiving a transducer1 anc! a second . . 
rail eat.en&g from th• leading eqe tovard the trailing edge proximate 

to a longitud::l.nal e4Qe of the alicler body and having a recesaecl area of 

reducac! load bearing capability at the tra:l.l:Lnq edge .. 

the present invention is directed to us air bearing slider that 

aatl•fiea this need by reducing the length of on• aide rail while biasing 

the roll an4 pitch of tha slider to ensure that the rail carrying the 

tran1Clucing elemant rema~ns the lowest. rail. Reducing the length of the 

rail i• charaeteriaad •• remcrvin; a portion of the rail or receaaing a 
portion of the rail.from the C'riqinal rail pJ.ane. In one ellbodiment, the 

. . 
.invention comprise• an air bearing slider baving a pair of substantially 

coplanar aide rails disposed along the aid•• o! the air bearing surface 

~o as to form a recessed section between the side rails. The recessed 

section i11 open at bath the leaclin; and trailing ends of tile slider. Xn 

addition, each aide rail has a tapered section or etched step ,t the 

leading edge of the slider. one rail carries the transducer and i• 

refarrecl to •• the active rail. The active rail extends for the entire 

lent~ of the •lider bodf from the -l~ading edp to the trailing •dge. 

'.th• rail without a transducer ii referred to •• the inactive r•il and 

eat.enda !rom the leading edge toward the trailing edge, but does nat. 

extend all the .wy to tha trailing edge. Under some •kew, accea111ng~ and. 

.. cruh atop impact condit!onm, the raault.inq slider roll cauaea th• fly.in~ 
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height of tha inaC::tive rail ta.~op. By proper se~ec:tion of the length 
andvidth of the inactive rail, tha roll can be t.iaaed such that the .!ly 
height of the inactive r1il remains higher than that 0£ th~ active rail 
even under woret case conc!itiona. Therefore, the active rail alwey1 
r•lin• the lowest flying rail and the minimum slider ·to disk spacing is 
larqer than it would be for a standard slider design. In addition. the· 
ahartened rail and biaaed roll provide reduced sensitivity to variations 
in crown and. akew. 

ID a accond mabocliment, the •lider h•• a ~ontinuously tapered 
cross-rail or etched •tep along the entire front •dge thereof and a pair 
of side rails. 'the area between. the two rails :Ls rece1•ed to provide a 
region of •ub~ient or negative presaure. As in the first embodiment, 
the inactive rail i• •bortened to provide roll, crown. and skew 
inlensitivity. 

In • third and fourth emboc:Ument, a c:h•nnel is farmed near the 
trailing end of the active tail of'the first and.•econd ellbodiJlents 
re11pectively. By ccmbining a short inactive rail with a channel in the 
active rail, low flyin9 height. at low gram loada c:an be •chieved with 
the inactive rail alway1 flying higher thin the active rail. 

Tbis invehtion thus provides.an air bearing slider with reduced 
••nsit;i,vity to variation• in roll, skew, and crown while maintaininq a 
un£for11 £lying hoi9ht lbove a recardinq disk. 

BRDr J)IScaIF.l'IOH or "'111 DRAWINGS 

Th• invention will now be described, by way of example only, with 
r•f•r.nce to the accompanying drawings, in which• 

Fig. 1 ia a achmnatic diagram cf a disk drive system useful far 
pract:l.c.ing the present invention, 

Fig. 2 11 • top view of • magnetic rec:arding mec:haniam with· a 
rot.a~ actuator uaeful in pr-acticing the prea~nt invent:1on1 

Fig. 3A i• a bottm plan view ol an air bear:lnf slider embodying 
the pn••nt inventionr 

Jig. 3B 11 a aide plan view of the air bearing slider of FIG. 3A1 

J'ig. 3C i• • 1ic!o plan view o! another embodiment of the air 
~aring slider- of Pi;. 3A having •n etched step at the leading •duar 
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Fig. 4r ii a graph illustrating the rililationship between flyinq 
height and radial' disk po•itian.for the embodiment of the invention 
illu•trated in Fig. 3A1 

rig. s is 1 bottom plaft view af a negative pressure air bearing 
•lider elftbodyin; the pr•Hnt invention1 . 

rig. 6 11 a bottom plan view of the slider of Fig. 3A with a 
channel pa••inv throu;h the active rail; 

rig. 7 la an embodi.Jlent.of the invention having shaped raila1 
Fig. 8 ia. a bottm plan view of a preferred elllbad:lment of' the 

invention havin; twa neqative pre••ure regions and shaped rails1 and 
Fig. 9 ia a qreph illustrating the relationship between fly!hg 

height and radial disk po1ition for the embodiment af the invention 
illuatrated in Fig. 8. 

With reference ta FIG. 1, a •chematic diagram of a magnetic 
re~ording di•k·driva useful far practicing the present invention is 
illustrated and is designated bf the qeneral reference number 10. Syatem 
10 eampriaaa a diak apincQ.e assembly 12 and • head actuator assembly 14. 
Spindle usembly lZ and bead actuator assembly 14 are located within a 

sealed housing 16 to prevent particulate contamination~ Spindle assembly 
lZ cmnpri1e1 a pluralitf of magnetic recording diaka 20 which are mounted 
to a spindle 22. Spindle 22 is ratated by an in•hub electrical motor 

which ia not illustrated. Head actuator ass8ft'ibly 14 comprises a voice 
coil motor 30 which moves ~ actuator arm •ssembly ~2 relative to the 
disks_ 20. Assainbly 32 hns e plurality of actuator aTins 34, each of which 
£a po•itionad in a space be~tHtsn two-adjacent di•k• 20. Each actuator ann 

34 has • pair of air ~earing elidars 36 adapted for carryin; read/write 
transducer& adjacent ta the disks 20. One read/write transducer flies 
adjacent ta the disk positioned above ~he actuator arm 34 and the other 
fliea adjacent to the di•k positioned below the actuator arm 34. 

tn operation, spindle 22 is rotated by the in-hub motor and motor 
30 aovea 't:be •~tuator .rms 34 between the diak1 zo to tlle desire4 track 
location. .One of the read/write transduc:ers attached to sliders 36 then 
re1d1 or writes data an the desired track • . 

Re!err~g nou t~ P!O. 2, a de.to recording diak drive u~etul for 
practicing the present inv~ntion is illumtratad. The disk drive includes 
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a houafn9 40 in which ii aounted._ a rotary actuator 42, an associated disk 

44 anc! a drive ~an• 46 for rotatin; th• di.at 44. 'the rotary ac;tuator 42 

aova1 a suspension. ••••mbl.Y 48 in an arcuate path over the diak 44. 1'ha 

rotaey actuator 42 inclUCle• • voice coil ~tor, which camprise• a coil so 

aavabla within th•.magnetic field ot • fixed permanent magnet assembly 

52 ~ In actuator arm 54 is attached to the movable coil so. The other · 

ad of the actuator am 54 :l.fJ attoc:hed to a auspention •••embly 48 which 

holds an air bearinq slider and it• attacb~d read/write tran1aucer in a 

flying relationship adjacent to disk ''· 

With i-eference to ri~a,. 31, 3B and 3C. the air bearing surface ef a 

.agnetic head slider 60, made in accotd1nca with the present invention, 

is formed with two •icle rail.a 62 and 64. The .inner sides of the t.wo 

rails border a reca11ed section 68 that is formed by etching, laser 

ablation, ion millin;, or other tachniqu•• •• are known in th• art. The 

rece1aed aection 68 extends from the leading edge 70 to the trailin9 edge 

"12. 'franaduc:er '14 ii bonded to or inte;r•lly fomed et the trailin; •dve 
of the aa~l.,. rail 64. Tho •ide rail• 62 and 64 each have a tapered 

aeation.66, i~ustrated iD. Pig. 38, «t. the leading edge 70. 

ll~ernat:Lvely, section 66 could be an etched step, as iiluatratea in Pig. 

3C, fonl9dby one of the techniqu•• applicable to recessed section 68. 

In general, etched atepa ar1 the fun~tional equivalent of tapered 

sections for all embodillents of the present invention. 

The active rail 64 extends from the tapered •action 66 ~o the 

trailing edge 72 of . the slider 60. The :lnact;Lve rail G2 extends from the 

tapered •ect~on' 66 tov.r·cl the trail:lng edcJe 72 but does not extend the 

entire length of the-slider 60. 

The inactive rail &2 is illustrated •• havinq a rectangular 

termination edge 63 but this ia pot a requirement of the present 

invention. Termination ad99 63 may be slanted with respect to the 

l.ongit.udinll axis of the slider; may have • •light radius as a result of 

mac:bin:lng operatifi?D•; or may have other •h•pes without seriously 

dfeet:lng the. performance of the pre•ont invention. Silrilarly, the width 

of rail 62 i1 illustrated aa being identical to inactive rail 64 but, for 

many applicat!ona, would be wider •o •• to provide • lift roughly 

equivalent t:o that of the .f'ul.1 l~gtb rail 64. 
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. !he following dilleuion• for the elwnta of slider 60 are 
UlutraUve anl.r 1114 not meant to l:lmit the scape of the pre1ent 
mvoticm. "rh•:•lider 60 h•• a width of 1 .. s -· • length of 2.04-5 11111 and 
a rail w:Ldth of 0.254 •· the tapered •ectiOll 66 extends 0.320 • in 
!ram the leadin; edge 70 and the inactive rail 62 ~· a length of 1.5 aim. 

aa :Ls known in the art, ali af the preceding dimens:Lana can be varied ta 
meet 1111 array of design requirements without departing from the sc~ of 
the present invention. 

The length and width of inactive rail 62 is determined by trading 

off aeveral parmaeter&, tlw three moat important of which are fiJing 
height variation, crown aaaitivity, ud roll bia1. For example, •• will 

be uplained in further detail ~elow, if tho rail 62 is shortened, the 
sensitivity of tha slider 60 to crown variations is raduaed while the 
roll bia• of the slidar 60 ia incraasad. If the roll hiaai baccmes too 
larga, one of tho rails ••Y illpai:t the di•k· l'or ilo•t applications, the 

inac:tiv• rail 62 would. have a length greater than 30% and le•• than 91\ 
of the slider 60 bodf length. However, a1'"vould be apparent to one 
sJd.ll.ed in .. the art, 1li4er·1 with an inactiva rail length qreater than 97\ 
woulcl atW provide, to a lea1er extent, the advantages of the present 
invantion. Similarly, U&~c:tive rail len;tha under 30\may be preferred 
for certain applicationa and would fall within the 1egpe of the pre1ent 
invention. 

It should~e noted that becauae •11 ·the edge• af the prasen~ 
embodJaent are linear, the slider 60 af Fig. 31. can be manufactured U•in; 
low coat m•cb.:lning operations without the need for expensive 
pbotolithagrmphic ~t' •te~g s~mpe.. ':t'b£~ ean .be a aajor act.rantage when 

low cost is a primary d!uign goal. 

In nperntion, slider 60 :la held adjacent t.o a rotatin; disk by a 
resilient suspension aa1embly. Air flowing beneath tl\e ra111 62 and 64· 
and recessed section 68 ~orina a hydrodynBlll1C air bearing that cauaea the 
slider 60 to lil't.-off tram tbe d111c •urface. 'l'he leadiilg ea;e 70 ot the 

•lid•r" 60 f'li•• fartbar :era. the ~ ~- trailing edge 72, reaultiluz in 
the alidar 60 flrJn; at a pitch angle with respect to the sur-fac:e of the 
&k. 

The co'IS!iguration of the slider 60 reeults itl a much· flatter fly 
h•ivbt proEile than a prior art slider of similar size and •hapa havinq 
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tvo fUll length rail.a. This is .illuatratad in Fig. f, which is a grapb 

illustrating the variation in fly height at varying disJc radii for _the 

alider of ri9. 3A a• conpared to a slider with full length raUa. ri9. 4 

w .. generated using a camputer model of the air bearing charaateristics 

of each •lider flying over a cli•Jc. Both •lider• are •••umad to be 

mounted in I. rotary· actuator drive having approail'llately zero skew at tbe 

.tnner diameter and a minimum spacing Qf appraJEim•tely 3 mic:roinchaa. As 

can be 1een frClll the graph, the slider tllbodying the present invention 

has a llUCh 1111.llar variation in fly heiqht when compared to an equivalent 

1lider having full lengtb rails. It should be noted that the variations 
in fly height indicated in Piq. 4 are dua not just to variations in the 

velocity of th• disk.but also to variations in skew as the rotary 

actuator moves thw slider across a 3.5 inch disk. 

The previDU1ly de•cr~•4 embodilaent of the invention has many 
advantages in addition to its reduced senaitivity to akev and racl~al 
pa•ition.. One such advantage is the reduced sensitivity of the present 

invention to variations in the crown of the slider. As mentioned above, 

manufacturing tolerance• le•d to ·relatively lar;• variations in slider 
crown. A key advantage of the present invention is th• relatively 1mall 

effect that auch variations have on the flying height of the slider. 
%1111 can be understood by ex111inin; the variations 1n fly height hetween . . 
a slider havin9 lull.length rails and a •lider ••de il'l accordance with 

the present invention. Assundng both sliders have a crown that ehan;ea 

•uch th•t the leading edge 70 and the trailin.9 edge '72 move towarcl the 

di•k, the •lider wi~ full length rails egperiances a decrease in 

pressure under 'each rail and"there£or-e, fli•• lower. The present 
invention le•sens this effect in the· following manner. ~ecause tho 
1urface area under the inactive rail 62 is reduced, the effect cf any 
crown variation is heightened and the rail 62 eJEl)eriences a greater 

r1ductian in the liftinq force generated by the rail. This causes the 

slider 60 to roll such that the acU.ve rail 64 rolls UJ>Ward. Thi• ef feet 
partially carapen1a~el for the prcaHUr'e drop under active rail 64 'caused 

by the crown ind results in transducer 74 experiencing a much smaller 
change in fly height. 'l:he fact.that inacti'Ye rail 62 experiences a . 

. lar;er drop than it •~gbt atherwise is ·not • concern. Because the alider 

flies at a pitch angle and the rail 62 b ahor~ened, the portion of 

•lider 60 claaest to the disk continues to be the area near transducer . . 
14. 
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.another advantaga of tha,pra1ent inVention is better dynamic 

performance of the alicllr 60 dl.lrinq data acca111ng. l'i9. 4 illuatratas 

~ steady state flyin; beight of the transducer 74 at various radii. 

H011eVer, alider fly heights are alio affected during the 111ovc111ant of the 

actuator from on• radial position to another. During the actuator's 

motion, the •lider ia subjected t.o an additional skew which can cause the 

1lider fly height to clrap. In addition, the large stew exerts a farce on· 

the •l:ldar that tends to give :l.t a large roll. lecau1e of the above 

de•cr:lba4 insensitivity of the pre•ent invention to c:han9as in roll or 

new, the flying height· of the alider &O experienc:ea nw.eh less of a drop 

in flying height . •• compared to a full length rail slider. Ccraputer 

•ilnulat.iDllll indicate that the slider of riq. 3A would experience a c1rcp 

of 16 m :ln JDOVin; from the :bmer diameter (lD) to the outer diameter 

(OD) of the disk ~t 1.s meter1/sec. A similar slider having two full· 

length rails would experience a drap of 26 nm during the •ant• data accesa 

movcaent. 

With refarence to riq. 5, a nev1tive pre1aure •traight rail air 

baarilag ill illustrated embodyin; the preaent·invention. ~he ·slider 60 i• 

formed with two aid.a rail.a &2 and 64. In addition, a tapered cro•• r-ail 

65 extenda acra11 the entire wirlth of the •lider 60. Alternatively, 

cross rail 65 could have an etched step, similar to the one illuatrated 
. . 

in Fig. 3C, !onnad JJy one ot the te~bniques applicable to rece•aed 

section 6S. The cross r•il 65 and the inner &ides of the two rails 62 

·and 64 border on a rec•Hed section GS that i• fomed by etching, laser 

ablation, ion 11:1.l.lin; or other techniques aa are ·mown in t.be u·t. ·In 

oper~tion, the "reca&1ecl section 68 forms a pocket of aubambient or 

negative pres11Ure w~c:h reduces the requirement of high •tatic 1oading on 

the slic!llr. Unlike the receaae4 section of the previous embodiment, the 

depth of the recessed aeetion 68 of the present embodime~t must be- of s 

cOJStralled depth, ~ypic:ally several micron•. to a~hiave the proper flying 

eharaetaristica. As in the positive pressure embodiment, a transducer.'14 

is banded to or :integrally formed &t the trailing edge.of the active.rail 

,it. The active r&il 64 extends from the cross rail 65 to the:trailin; 

edge 72 of the slider 60. 'the in•ctive rail 62 extends frm the tapered 

••etion 66 toward the trailing edge ~2 but does not extend the entire 

length of the slider 60. 

'l'he confi;aratin of the slide~ 60 of Pi9. S results in a much 

flatter fly hai9bt profile than a prior art slider af identical aiae and 
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.ape havin; two fUll length rai~s. In addition, the advantages 
mentioned above v~th re•pect to the embodiment of Fig. 3A apply to the 
1lider of rig. 5 and all later described embodiment~. 

In addition to the benefits af the embodimen~ illustrated .in Fig. 
D, the negati,,e pressure enibadimant of Fig. S allows tbe slider 60 to be 
UM4 rith • lower static laac:l. Lowar atatic loads are dasir.Ole 'becau•• 
they lessen the likelihood of disk waar·or damage during the sliding 
contact that occur• when dist rotation i• initiated. In •dclition, lover 
etatia 1oada reduce the atiction"force• between the •lider and the media 
at zero velocity. overcaminq these forces .can wear· or damage the disk 

and th• slider uaembly. 

With raforenc:e to rig. 6, another embocU.mant of the present 
invention, similar to th1t ol Fig. 3.l; i1 illustrated. The embodiment of 
ri;. I i1 identical to that of Pig. 3A vith th• addition of a channel 80 
in the active rail 64. For 11anufacturing ease, the le•dinq edge 11 of 
c:bannel 80 may be aligned with the teraination edge 63 of the inacti~e 
rail &2 •o that channel 80 and rail 62 may be machined in the same 
operation. In acldition to the benefit& of the embodiment illustrated in 
rig. 3A, the chmmel 80 allov• the slider 60 to be used with • low~r 
static·load. Lower 1tatic loads are desirable far the reasons discussed 
above with respect to the negative pressure embodiment of Fig. s. 
Although depicted on a •ingle mabodiment, the channel 80 could be 
beneficially applied.to all ather embodiment• af the present inYention. 

It should ha n~ted t.hst while channel SO provide• another degree cf 
de•!an flexibility, it decreases the stiffness of the air bearinq that is 
formed between the •lidei- 60 and the d:bk. For thia l"eaaon, the channel . 
so would typically be used on slider air be~ring surf aces f ol'Jled by 
machining processes. If the air bearing surface . .t.• formed by patterning 
teGhniCJUea, such ·~ photolitho;r•phy, the advantage• of alo.t 80 can be 
achieved b7 ather maana without aacrilicin9 •i~ bearing stiffneaa, 

With referenc:e to Fi9. 7, a positive pressure air bearing •lider i• 
illuatratad. The embodiment of Fig. 7 .:I.• •im.:l.lar to that of Fig. 3A with 
t:he addition of shaping near the leading edge of eac:h r111 and the 

tra:IJJ.ng end of tho active rail 64. The shaping take• the form of flared 
•ection• 91, 92 an~ 93. rattttrning processes. such as pbotolithography, 
~e required ta ahape th111 rails in thia 11.nn.a.er. Shapin9 0£ the rails 
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provida• adcl1tionil f'lexibility to the alider de•ign. For e:irmnple, the 

flared section _93, near the trailing end of active rail 64, allows the 

active rail to carry a large transducing element 74 without requirin; the 

entire rail 64 to be wide enough to accoswodate the transduc:•r· 

sild.larl1, the flaring at sections 91 and 92 increame• the pitch at.which 

the sliclar 60 fliea. Shapin;, such as that :Lllu1trated in r:I.;. 7, could 

be ~eneficially applied to all the air bearing aurface1 of all 

embodiments of the present invention. 

With reference to Fiq. 8, a preferred embodilllent of the present 

invention is illustrated. The slider 60 is formed with two side rail• 62 

and &f. 'the side rail1 62 an4 154 each have a tapered section, 66A and 

66B respectively, at the leading edge '70. The tapered sections 66A and 

661 ancl the inner aidea of the two rails 62 and 64 border on reeesaed 

aection1 68& and 68B·which are formed by etchin;, ion milling or other 

t•c:hniquea. In operation, the recessed sections 68A and 681 fol'lll two 

poc:kats of negative pre••Ure which reduce the requirement of hi;b atatic 

loating on the slider 60. A channel 94 passes between two aub•rails, 97A . . 
and 978. that exte~d: from the tapered· sections 66A and 66B respectively 

toward t1w trailing ac!ge 72. A transducer'74 is bonded to or integrally 

.formed on the trailing edqe of the aetive rail 64. The inactive rail 62 

extenc19 from the tapered ••c:tian 66A toward the trailing edge 72, bat 

doe• not extend the entire length_ of the alider 60. The active rail 64 

extend• from the tapered section 6&B to the trailing edqe 72 of the 

allder 60. 

':he following disaenaions for the elements of slider 60 are 

illustrative only and not meant t.o limit. the scope of the preaent 

invention.. The slider 60 has a width of 1.5 mm. a length of 2.045 mm, a 

rail width of .221 llllll f~r the active rail ~4. and a rail width of .311 

for th• :l.nact:f.va roil 62. '.fbe blp_ered set~ions 66A and 66B extend .320 

111111 in fr-om the leading Rdp 70 _and the inactive reil 62 baa a length of 

1. 7 •· The sub-rail• 971. and 978 begin •. 470 nm from le.acllnq e6ge 70, 

have a length of • 530 • and a width of .1 mm. rinally, the flare 96 on 

the t;railimJ end o! active rail 64 begin• 1.2 m frcm the leading edge 70 

and extends lor .3mm ~afore reaching a width of .5 mm. A• is known in 

the art. ail of the prace~g cliraensiona can be varied to meet an array 

of deaign requiremants without departinq !rOlll the scope of the present 

,µivention. 
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Aa illustrated in Fig. 8 and apparent from .the above dimemi0J2a, 

the preferred .D.bodill1nt ia aaymiaetric with inactive rail 62 being wider 
than active rail° 64. ThiJI aore than COlll,Pensates for th• decreased 
surface area and tber•fora decreased lift of the inactive rail 62. Thi• 
reaulta :ln a roll bia• that tilts the in•ctive rail away from the disk. 
It should be noted that the ll!llllft&try of the preferred embodiment 
requires a •irror imaqe v•rsion of the slider illust~ated in ri;. 8 to be 
used on the oppo1ite side of a magnet~ disk. 

. . 
The confi911rat..ion of tha ~li~er 60 results in a much flatter 

fly height profile than a slider of •imilar •ize and shape havin; two 
full length rails. Thia is illustrated in Fig. 9 which diaplaya the 
results of· a computer s:blulation.similar to that uaed to generate Fig. 4. 
Pig. 9 illustrates-the effect on slider fly height of relative clisk 
velocity and actuato~ •kew. la can be •••n from the qraph, tha slider 
embodying the present invention has a much Sll\&ller variation in fly 
height when compared to a·aiailar slider having• .tull lenqth inactive 
rail. 

Although tha praaant invention has been described in eonsidarU,le 
detail with refaranca to certain preferred versions thereof, other 
versions are po1sible. For example, althouqh the invention has been 
described in. the context o! sliders havinq leadin9 edge compression 
feacure•, such •• tapered aections or etched steps, th• adv•ntag•• 0£ the 
present invention apply to aliders not having these £eature1. Similarly, 
although ·the inactive rail oc the preferred alftbodiments is illustrated •• 
be.ing.ccmpleteiy .r.emoved !rem the trailinq end ot the slider, the 
~enefita of tha present invention could also be achieved by •lmply 
receaaing the t.railino end of the inactive rail so •• to. reduce the 
pressurisation at that point and lea1en the likelihood at impact with the 
disk. 
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THIS SHEET HAS BEEN 

REPLACED 

1. An air bearing slider for supporting a tranaducer comprising1 

a sµaer body having • leading edge., a trailin; edp, and at laaat 

two rails cliapaaed thereon,. the at least two rails campri•inga 

a first rail extenclinq from the leading edqe to the traillnq 

edge and. adapted .for receiving a trauducer1 and 

a se~ond rail extehding from the laadinq ed;e toward the 

trailing edge proadrut• to a longitudinal edge af the slider body 

and having a recessed area of reduced load bearing capability at 

the trailing edge. 

2. An air bear.ina slider as claimed in claim 1 wberein.1 

said first rail has • compraH:l.on feature at the leading er!go, and 

••id second rail has a CCllPres•ion feature at the leading e4;e. 

3. An air bear.Ing slider •• claiJllecS in claim Z wherein said first rail 

and said aeeond rail are acl:Jacent a r1ca1sed aeetion that. axtands fr011 

aaid leading •d;a to said trd.l.:lng edge • 

.,.. An air baarin; slider •• claimed iii c:laina 2 wherein said fir•t rail 

and said 1econcl rail are pe,rallel and disposed alan; the longitudinal 

ed;.s of-1aid •lider body. 

S. An air bearing slider aa claimed in claim 2 wherein said first rail 

baa a tranaverse c:hannel. 

'. An air bear in; •lider •• claimed in claim 2 wherein the sec:ond rail 

ha• a lan;th of between 30\ and 9'7\ ot the alider boc!y length.·· 

7. An air bearing slider •• elaimed in claim 2 wherein: 

the •l.ider bodf ha. a e0111pression feature formed across the full 

v:Ldth of aaid alidar: body; ud 

·tba first 11de rail egtendl frm. •aid coq>ression feature to aaid 

tra:U:l.n; edge. 
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a. An.air bearing 1lider as claim~d in claim 7 wherein 11id first rail 

ha• a transverse .. ch1m1el. 

9, An air bearin; alider, substantially as hereinb~_fore daacril>ed, 

· with reference to, ind aa. illustrated in, the accampanyin; drawings. 

------
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