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'Wb.ili'the'-'iiri6r· a.rt cl~6i1YiWifitiw: -*kfous · sHd.e.r· p)#fj~tions. can be d~igned to cope 

with the. problems of skew, it generally does not address the question of minimizing 

speed and skew dependence, individually. Typically, prior art sliders hive faper angles 

of 10 milliradians or larger. At such large taper angles, a slider's ae,rodynamic lift .. 

decreases with increasing taper angle (i.e. in aeronautical parlan~~ a·· "stall" regime). 

The tapers of most prior art sliders operate in the stall regime in t:pat"they employ a large 

taper angle. The primary reason is for manufacturing ease i11 tpat it is easier to assure 

that the intersection formed by the juncture of slider's tap;~f:and flat regions ends up at 

the correct location when the taper angle is large. How.eyer, a cost of such a high taper 
. ·:·:~:-.:'-' . 

angle is that in the stall regime, lift becomes highly/.sp~ dependent, even at normal· -
·.···,'.: 

operating speeds. 

A further problem with a large taper angl~:.:ls··that at medium and high disk speeds, 
~· :·:; . 

air is regurgitated from the taper region. As .. ~f~~ult, a sliders' taper regions are exposed 

to relatively large amounts of contaminaut4'.:~k which never enter the flat raij. sections of 
t/;,f·!.'.:_;·. 

the slider. This may cause debris acc.(4t~n in the taper area that contributes to head 

crashes since it modifies the shape ~{;~fair bearing in the crucial entry region. 
~::~~f.;'.! 

S~Y OF THE INVENTION 

It is an object of the pre§tir~nvention to ameliorate one or more disadvantages of 
}\~Di' . 

the prior art. ,.-,-.~_. . 

... . j~;:~~;-- . . . : 
According- to one ~lt¢ct of ·the· present invention there is provided an air bearing 

. ,f.~~:~~~\"" 
slider for supporting ;:f5~ansducer over a moving recording surface, said air-bearing 

slider comprising: .-~:·slider body having a major surface opposed to said recording 

surface, said slider body also having leading and trailing edges oriented along a direction 

of motion of said recording surface; front pad means depending from said major surface 

and substantially adjacent said leading edge of said slider body and having a leading edge 

substantialiy transverse to said direction of motion of said recording surface, said front 

pad means exhibiting a contact face opposed to said recording surface; rear pad means 

dip~ri.ding':ffoni s~id.:liiAj~~S1f1£i;i~ij\ii~b~f:ii~tially·-~dj~cent said ·trailing edge of said 
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slider b_9dy· arid,b3.y~{{:~~:,~g\~~~'-··said :rea,r .P.fld. peans exhibiting a contact f~s~: 

opposed to said recording surface, said leading edge of said rear pad means separated 

from a trailing edge of said front pad means by a distance that is substantially greater 

than a fly height of said air bearing slider, both contact faces of said front pad means and 

rear pa4 means, when positioned on a plane of said recording surface, exhibiting 

effective taper angles which cause each said front pad means and •rear pad means to 

exhibit stagnation lines that are substantially co-located with leading edges of said contact 

faces when said moving recording surface is at operating speed, a stagnation line 

defining a boundary below which air is substantially entrajned beneath a contact face, 

whereby an inlet thr~ttling effect occurs at both said padjli.eans. 
· .... ··.-· 

According to another aspect of the present .. :.ii>.-Vention there is provided an air 
.·:;'.:i•_·· 

.~-- ·.· : . 

bearing slider comprising: front pad means an4tear pad means, both extending from a 

generally planar body and having faces oppo~¢jfk a recording medium and separated by 
. ·-~~· .... 

a gap that is substantially larger than a :(J;y:;'.h~ight of said air bearing slider, said faces 
.>: .~: ;_ ·-

being disposed in parallel orientation.:.$~l not co-planar so that when positioned on a 
'· ~' ; .. 

plane of a recording medium, saiq~~{~bnt pad means and rear pad means both exhibit 
. .:·_;.:-" 

effective taper angles at inlets wl:ti¢h cause each said front pad means and rear pad means 
<·.::;: 

to exhibit stagnation lines 11w,f"~e substantially co-located with leading edges of said 

faces when said recording iti~ium moves at operating speed, a stagnation lineciefining a 
.. '.!.'·1· 

boundary below which }!.fr': is substantially entrained beneath a face, whereby an inlet 
.·_.-:-;.: 

throttling effect occurs/at both said pad means. 

. . According 19.-.· another aspect of the present invention there is provided an air 

bearing slider comprising: front pad means and rear pad means, both extending from a 

generally pJ.3Iiar body, having leading edges and having faces opposed to a recording 

medium and separated by a gap that is substantially larger than a fly height of said air 

bearing slider, said faces being disposed in parallel orientation but not co-planar, said 

faces of said front pad means and said rear pad means each exhibiting a taper angle a.P at 
. . · ... :·. .. -~,~ .· -:.~;;;;;J,'1';{f.f~]/~i;~:~~·:· ·:. ·. ·. -:·;: :·.:::T.",-~'.~:~:-~ :. :. · .. ·. . . 

a leadh1g edge when ; safdt.\;aifii:bearing:>•siider is positioned on a plane of sai4 



5a 

.. reg<>r4hig 'medium,_ s~i4J~i!~i:' angl~: d.p.110 gtea~r. tJra,~t(x.p * to enable an inlet thrott1¢ 

action, wherein: 

µ = dynamic gas viscosity 

U = disk speed 

Pa = ambient pressure 

hi = inlet gap 

each said taper angle ap causing each said front I>~ ·means and rear pad means to 

exhibit stagnation lines that are substantially co-lo~@\vith leading edges of said faces 
_,''·· :· 

when said recording medium moves at operatµIg:··speed, a stagnation line defining a 

boundary below which air is substantially eH~afu.ed beneath a contact face, whereby an 

inlet throttling effect occms at both said p~ .. ·ineans . . ·~:· .. ·,' .· 

According to still another asp~l .. of the present invention there is provided 
•;"' .. 

apparatus comprising: a rotatablej~gnetic disk recording surface; a slider body having 

a major surface opposed to sa~d>::~~~netic recording surface, said slider body also having 
e . 

leading and trailing edge:r(f;~riented along a direction of motion of said magnetic 
/~'·::":;.·:·· ~ -

recording surface; a tra:ti$ducer attached to said slider body adjacent said trailing edge; 
.:·-·.·:-

front pad means depeJd:hig from said major surface of said slider body and substantially 
.. ··•:"" 

adjacent said leaqfng edge of said slider body and having a leading edge substantially 

transverse to .said direction of motion of said recording surface, said front pad means 

exhibiting ;i. contact face opposed to said recording surface; rear pad means depending 

from said. major surface of said slider body and substantially adjacent said trailing edge 

of said slider body and having a leading edge, said rear pad means exhibiting a contact 

face· opposed to said recording surface, said leading edge of said rear pad means 

separated from a trailing edge of said front pad means by a distance that is substantially 

greater. than a ·fiy height ;ci~;~~iCt:4ir b~rrig··sHder,-. said contact faces· of said front pad 
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means aI1d::rear pad .. m~~µl~h:· :'¥-\um pos~tioned on .a pl~ne of sai<l :recording surfaqe, 
. . .. . . . .. . . . . . . . . . . . -: . : ::--:::·:· .-; : ~~·:. : . . . : ' .. ', :-· .'; : .... ·. ·.•· : . . .· : . . . . .. . .. . :··:. 

exhibiting effective taper angles which cause each said front pad means and r~ar pad 

means to exhibit stagnation lines that are substantially co-located with leadiiig ectges of 

both said contact faces when said moving recording surface is at op~rating speed, a ... 

stagnation line defining a boundary below which air is substantiallf:e~trained beneath a 

contact face, whereby an inlet throttling effect occurs at both said pad means. 

DESCRIPTION OF THE DRAWINGS 
. -·~· 

Fig. 1 is a side sectional view of an air be~iilg ;slider pad that is tilted in relation to 

a disk surface. 
:-?. ~· . .· : ~·- . 

·.' .. :~ 

,:· 
... ~ .... 

Fig. 2 is the view of Fig. 1 wim;::!~:~~~ flow pattern charted thereon showing the -

effect of a large taper angle . 
. ·: ~~:,· ,, ~:· ' 

Fig. 3 is the view,");~'f'.Fig. 1 when the taper angle causes a pad to be "inlet-
... · ..... :-.;·:.-

throttled". 

Fig. 4 is a plan view of a bearing slide of an inlet-throttled air bearing slider 

constructed·in accordance. with the.invention,:··· · .. ·· 
. :, ., ..... ,- . . .. . .. . . . ... .. ' ·:·,-··~-; :::-;:, . ~: , .. ,•;·-.. . .. ·. ·; ·-: .. . ; . --·... . . 

. . ..... : ·.' .. · ·. ~: . - · .. :.. ·.:' 
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CLAIMS 

1.: .··.· • · An ·air bearthg :slider.·:fbt:'"suppoiting;;a ~~dueer.:6ver· a. moving· recording. surfa.¢~, 

said air-bearing slider comprising: 

a slider body having a major surface opposed to said recording surface, said slider 
~ ' . ' .. 

body also having leading and . trailing edges oriented along a direction of mc)ti.on of said 

recording surface; 

front pad means depending from said major surface and substanti3.lly adjacent said 

leading edge of said slider body and having a leading edge substanililily transverse to said 

direction of motion of said recording surface, said front pad means exhibiting a contact 

face opposed to said recording surface; 

rear pad means depending from said major surfacz"and substantially adjacent said 

trailing edge of said slider body and having a lt;adft1g edge, sa~d rear pad means 
i ...... ; . 

exhibiting a contact face opposed to said record~.~frrface, said leading edge of said rear 
-:·:::.· 

pad means separated from a trailing edge of ~~d front pad means by a distance that is 

substantially greater than a fly height of said,'~ bearing slider, both contact faces of said 

front pad means and rear pad means, ,~b.~~ positioned on a plane of said recording 
•• ~.<\ ... , ... 

surface, exhibiting effective taper angiJ: which cause each said front pad means and rear 
./',. . 

pad means to exhibit stagnation ii;fi~ that are substantially co-located with leading edges 
-~<"\.;;·> 

of said contact faces whe~fsiia · moving recording surface is at operating ·speed, a 

stagnation line defining ~;}iJ~ilndary below which air is substantially entrained beneath a 

contact face, whereby~··inlet throttling effect occurs at both said pad means. 

2. . . The air bearing slider as recited in claim 1, wherein said taper angles of said front 

pad means and_rear pad means do not exceed approximately one milliradian. 

3. The aµ-: bearing slider as recited in claim 2, wherein said taper angles of said front 

pad means and rear pad means are in a range of approximately 100 to 500 microradians. 

4. · The air bearing slider as recited in claim 1, wherein said faces of said front pad 

Illeans and rear pad IlleailS- ~~y~::~~~ff~reµ,ti~urfa~ ar~ ... 



23 

5: . The air beating siidef'_,. rt£ite<l: ill claifu 4, ·:~h~tein ~aid face of said rear pad 

means has a surface area that is less than the surface area of said face of said front pad 

means. 

6. The air bearing slider as recited in claim 5, wherein said surface area qfsaid face 

of said rear pad means has a surface area that is approximately 75 % of tile surface area 

of said face of said front pad means. 

7. The air bearing slider as recited in claim 1, wherein said faces of said front pad 

means and rear pad means are parallel, said front pad means .further having a layer of 

bearing material resident thereon, said front pad means thus. being non-coplanar with said 

rear pad means. .: -: : . 

8. The air bearing slider as recited in claim 7 wli~r~ln said front pad means and rear 
.. ··· 

pad means each have bearing material layer~,.:~~ident on their: respected faces, said 

bearing material resident on said front pad ~AAhs exhibiting a greater thickness than said 
..-'. .>:.·;.:··· f 

bearing material resident on said rear pad,::¢eans, thereby rendering said front pad means 
'-<· ·.~·:· .. . :' / ~; ' 

and rear pad means non-co-planar. 

9. The air bearing slider as reci~ in claim 7 wherein both said front pad means and 
,·:.'•; 

rear pad means have bearing ,aj~fu~ial layers resident on said faces thereof, said bearing 

material resident only on l~g~hlg portions of said faces. 
:-:~:>• ... · .. · ... 

10. The air bearing slidef as recited in claim 7, wherein said layer of bearing material 
,· · .. 

resident on said front.pad means only covers a frontal portion of said face of said front 

pad means, a terminating edge of said layer in combination with an exposed portion of 

said face of said front pad means providing an area for development of a sub-ambient 

pressure to load said air bearing slider when in flight over a moving recording surface. 

11. The air bearing ·slider as recited in claim 1 wherein said distance between said 

leading edge of said rear pad means and said-trailing edge of said front pad means is 

approximately one half of a longitudinal length of said slider body along said direction of 

motion of said recording suif'aceVJ!t~: 
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12.· The ·iiit bearilig_.$,F4e,r,~.r~~~::,~~·0t1~~fl?;i:h~,':':Y~i~~.}s. symm~tricaJ about a. c~nt~r·· 

line, and wherein at least said front pad means or rear pad means exhibits a corivex 

curvature of its leading and trailing edges, said convex curvature being symmetri~ with 

respect to said center line and oriented in a direction of movement of said."tecording 

surface in relation to said air bearing slider. 

13. The air bearing slider as recited in claim 12 wherein both said fro11fpad means and 

rear pad means exhibit said convex curvature of leading arid trailing eages . 
. . 

14. The air bearing slider as recited in claim 1 wherein at least a· portion of said front. 

pad means or rear pad means exhibits a convex curvature of its leading and trailing 
. . 

edges, said convex curvature oriented in a direction of movement of said recording· -

surface in relation to said air bearing slider. 
;·. ·. 

15. The air bearing slider a.S recited in cla~ 1 w¥r~in said taper angles ap of said 
:.,·. 

faces of said front pad means and rear pad means a.re both less than a.P *, where: 

µ = dynamic gas viscosity 

U = disk speed 

Pa = ambient pressure 

hi = inlet gap 
·:=.· 

I 

16. The air bearing sliqe.r as recited in claim 15 wherein a channel is formed in said 

front pad means to pr.qyid~ added roll stability for said air bearing slider. 

17. The air bearini:~lider as recited in claim 1 further comprising: 

side pad .ID.eans disposed between said front pad means and said rear pad means for 

increasing- roll stiffness of said slider. 

18 .. The air bearing slider as recited in claim 1, wherein said front pad means includes 

a fgs(frortfp~c1-alJ.d.;a·second.:fiolJi~pM;isa1d.first>:ftc)nf pad and said second front pad 
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being.shaped:and j)ositi(iii@.l:,8<).·'·asr!-(O;·:it~tine:!a-·oha;rilletli&tweeli said first• front pad aJ.)4 

said second front pad. 

19. The air bearing slider as recited in claim 18, wherein said rear pad-m.~~fu.Ciudes 

a single rear pad, said rear pad having a smface which tapers to a point in a direction 

toward the leading edge of said slider. 

20. The air bearing slider as recited in claim 19, wherein said rear pad has a width less 

than that of said slider. 

21. The air bearing slider as recited in claim 20, wherein saicrface of said rear pad is 

hexagonal in shape. 

22. The air bearing slider as recited in claim 18 further ~mprising: 
.' •·. 

side pad means disposed between said front pad aj.~ and said rear pad means for 

increasing roll stiffness of said slider. 

23. The air bearing slider recited in claim 22, -~h.erein said side pad means comprises a 
.::·r· 

first side pad and a second side pad, said fir.$f :side pad and said second side pad being 
. ~: "'.•:: 

shaped and positioned so as to define ~ :·.C$rine1 between said first side pad and said 

second side pad. 

24. The air bearing slider as rec~t¢<i· in claim 23, wherein said first side pad and said 
_:, .. / . 

second side pad have faces whic~:idlper to a point in a direction towards the leading edge 
;>·: .•. , •. 

of said slider. 

25. The air bearing sl~4~ffas recited in claim 24 wherein said face of said rear pad is 

pentagonal in shape .. 

26. The air bearing slider as recited in claim 24 wherein said side pads are disposed so 

as to be closer to said rear pads than said front pads. 

27. The air bearing slider as recited in claim 26 wherein said side pads have a face 

which is hexagonal in shape. 

28. The air bearing slider as recited in claim 1, wherein: 

said front pad means includes two front pads separated by a first channel extending 
. . · ... ·:· 

. ·. ~ ; . . . :· . . . 
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· .· ·said .•. t~~~r.~. p~q'; ,W.~~'W-~J!ijJfil!.e,~tJi¥Q:,.::'t~:~.: I>.~4$. :~P.pifrated . by· .a· second channel i 

extending along the length of said slider. 

29. The air bearing slider as recited in claim 28 wherein said channels are positioned so 

that a first of said front pads is wider than a second of said front pads; and a. first of said 

rear pads is wider than a second of said rear pads. 

30. The air bearing slider as recited in claim 1, wherein: 

said rear pad means includes a single rear pad; 

said front pad means includes two front pads sized, shaped and positioned to define 

a channel in the longitudinal direction of said slider between, ·s~id front pads, each of said 

pads having a step disposed at a rear portion of the p~Jextending outwardly from the- -
_..·::;:fr~·: 

·· .. ·;/"• 
face of the pad. 

.-~~ . 

31. The air bearing slidei: as recited in claim ~.Q~,;\vherein said step has a leading edge 
. .:-;_";.·. ~- ·.-: . 

swept backward towards side edges of said sl~gjr~ 
, /&>,:---· 

32. An air bearing slider comprising: 1??:--

front pad means and rear pad mJt::~oth extending from a generally planar body 

and having faces opposed to a i:~f~~g medium and separated by a gap that is 
~ft:t::: .. 

substantially larger than a fly hejglit' of said air bearing slider, said faces being disposed 

in parallel orientation but not .~t~ianar so that when positioned on a plane of a recording 
~· -· 

medium, said front pad m,~~s and rear pad means both exhibit effective taper angles at 
. . ~-! 

inlets which cause eaclt_~~{~ front pad means and rear pad means to exhibit stagnation 

lines that are substari:trally co-located with leading edges of said faces when said 

recording medium moves at operating speed, a stagnation line defining ·a boundary below 

which air is S\lbstantially entrained beneath a face, whereby an inlet throttling effect 

occurs at both· said pad means. 

33. An air bearing slider comprising: 

front pad means and rear pad means, both extending from a generally planar body, 

having leading edges and having faces opposed to a recording medium and separated by 

a gap . that is substa:n.dafry.::tiifger>;tf1fu{'.;SJ~;fly'.:Jieight- of' said air bearing· slider, said faces 
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being ·_-d.i,$posed- ni I)Marief.::·_6.r1~ntiiti.6it", ·'btitHitit-::·.~~Jiliat~ -said-raees -.of said front patf 

means and said rear pad means each exhibiting a taper angle ap at a leading .edge when 

said air bearing slider is positioned on a plane of said recording medium, ·said- taper angle 

ap no greater than ap * to enable an inlet throttle action, wherein: 

µ = dynamic gas viscosity 

U = disk speed 

Pa = ambient pressure 

.·· .. 
- ; 

· ...... 

each said taper angle ap causing each said; front pad means and rear pad means to 
·. :: 

exhibit stagnation lines that are substantially., ~-located with leading edges of said faces 
i ,. . __ -:: 
. ·' .. 

when said recording medium moves at .. operating speed, a stagnation line defining a 

boundary below which air is substantta,:1i.~ ~ntrained beneath a contact face, whereby an 
. /i 

inlet throttling effect occurs at both.~ald pad means. 

34. The air bearing slider as n~ff~ted in claim 33, which is symmetrical about a center 

line, and wherein at least sajd }:ont pad means or rear pad means exhibits a convex 

curvature of its leading anct_.:;:ij~~iing edges, said convex curvature being symm:trical with 
~:·'."!;'};:·.~· 

respect to said center lill~3fi.d oriented in a direction of movement of a recording surface 

in relation to said air b~~ing slider. 

35; The air bear~.-:slider as recited in claim 34 wherein both said front pad means and 

rear pad means,_-exhibit said convex curvature of leading and trailing edges. 

36. Appara.ws comprising: 

a rotatable magnetic disk recording surface; 

a slider body having a major surface opposed to said magnetic recording surface, 

saic:l slider body also having leading and trailing edges oriented along a direction of 

motion of· said- magnetic re@tdJilg'.i:s:w.-~;J'.5'.i:::::.: -
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a. transducer attach~'.i~:;~a1d'.!fi1aer :b()<ly:.~aajacent'.~~i<l>trailmg t;dge; .... 

front pad means depending from said major surface of said slider body and 

substantially adjacent said leading edge of said slider body and having-:a, :leading edge 

substantially transverse to said direction of motion of said recording •. $~~8.<:e, said front 

pad means exhibiting a contact face opposed to said recording s¢.'face; 

rear pad means depending from said major Sllf;µi~ of said slider body and 

substantially adjacent said trailing edge of said sl~4¢f'b~~y and having a leading edge, 
.· . .;:: 

,....:'::-;, .... 

said rear pad means exhibiting a contact f~'.;:opposed to said recording surface, said 
. .·:·:~ ~}f''~·· 

leading edge of said rear pad means s~llli(fed from a trailing edge of said front pad 
-~·~ ::~~-:·:· 

means by a distance that is subs~iy greater than a fly height of said air bearing- -
.. ~:·=~~i~~~.:·' 

slider, said contact faces of s~U:l~ffont pad means and rear pad means, when positioned 
.~".;'.·' · .. I 

on a plane of said recor<U~~~~~face, exhibiting effective taper angles which cause each 
.:-'<' ~-.• ::: . • 

said front pad m~ .#ritf rear pad means to exhibit stagnation lines that are substantially 

co-located withleading edges of both said contact faces when said moving recording 

surface is. at operating speed, a stagnation line defining a boundary below which air is 

subst:a.D.tially entrained beneath a contact face, whereby an inlet throttling effect occurs at 

bgtli :said pad means.·· ·. . · 
,, ... ···. . ' 

.... 

·/ . .: :. 

.:, ; 


