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-1 - PERLESS/ CROMN FREE/ Al R BEARI NG DESI GN
.BAwe?cﬂlﬁb”’B?B%HE | NVENTI ON The present i nFEHYSROPYP at es
generally to disc drive data storage systens. Modre particularly, the 5
present invention relates to a slider air bearing surface design
which results in inproved take-off -1¢haracteristics and which elim nates
the need for a taper at the | eading edge end of the air bearing
surface. 10 TAPERLESBYTROWN GHREEYINTIRIBHARINES DEIEEN known
in the industry. In certain types of disc drives, digital data is
witten to and read from BAEREGROUNDoPFQTHE INVENFAON zabl e material on the

surface of rotating diffs. presentV iitfreditd drfade PREL AL QA% 2118 yoer bor nmed
t hrough one or 15  nore triansducers which are carried in_a sli‘der body.

The slider SA6% PEAYGUERFRSJERFROL BT SRS cYPrechrykigularlyefthfed to as
a head, sand pirgpietal | Y nerenitighe heddtes to assegiidieed with veshidgsc
surface. The heads . ar.e wh38 ectivehx noved under t?e cO t[og of

el ectroni ¢ SOFTAGTCURESFI™ o ARTE oRESHECE pFlr aFTREOVEE  ERFRUPAF,
concentri c datexatat@okistores handi sthisur f etembyases theacheeflorfatevace. Each

sl i der body Jcludes &€l freaqindCliddd Mudlsodypaie abi bepLlpg,gurf ace

(ABS). As the I'sc rotates, I’'sc pull sa very ayer of air 25
beneat h t he saBSaaghi ch develops a lifting force that causes the slider
to lifgpand "fly" seveyale behikkl 88P8SstoragdB@VE dieadkShe BULLAGRN
Stiction forces adversely affect contact, start and sto CSS)

. stop (¢
per for mance i Ehe dNARStIYand fdy BRYBBLIN hityResnodfh HE Dr 84 eNest he
spi ndl e not @i i @RkA! iBOwritten to and read from a thin layer of

magnetizable material on the surface of rotating discs.
Write 'and read operations are performed through one or
15 more transducers which are carried in a slider body.
The slider and transducer(s) are sometimes collectively
referred to as a head, and typically a single head is
associated with each disc surface. The heads are
selectively moved under the control of electronic
20 circuitry to any one of a plurality of circular,
concentric data tracks on the disc surface by an
actuator device. Each slider body includes a self-
actdng hydrodynamic air bearing surface (ABS). As the
disc rotates, the disc pulls a very thin layer of air
25 beneath the ABS, which develops a lifting force that 1
causes the slider to 1lift and vfly" several pinches
above the disc surface.
Stiction forces adversely affect contact start
and stop (CSS) performance of the slider, and may be
30 high enough to prevent the spindle motor from rotating
the disc prior to the head slider take-off from the
surface of the disc. One method of reducing the

stiction and improving CSS performance is to lap a crown



the disc prior to the head slider take-off fromthe surface of the

di sc. One net hod of reducing the stiction and inproving CSS
~perfor WA8#33187t o | ap a crown WO 98/ 32127 PCT/US97/06143 :

PCT/ US97/ 06143 -2 - along the length

of the ABS by pressing the slider agai nst a spherically shaped | appi ng

plate. A crowned ABS reduces col Lgction of |ubrication between the

sl i der and the disc. However, nore conplete solutions to 5

reduci ng stli@ngnense Wagjtedos the aBS by pfbd&engheHent&pdgstion of a

taper at the . | eadi,ng ed of .the S, head take-of f_has inproved,

t hus imroﬁ%%%&ﬁrﬁ%ﬁ?@g%r%q aRpingRlafe- A CYPYR@nt r apped

in the tapaBPpeeducest bolaectboarehq ubdivaklion betvaehn thenthgdat t he

| eadi ng edge of . the slider. Progressi vel the ai earing, forns
around al| 001 RBES EEEET | Hquevsronaze eRRheTT | Bglungenay ok

Howevers, reduwscly rétrigetofort lere apmgiresli on is not a precise process

and requires renoval of | apge %?PH&& . gat eyd al . JoLgrapges on the
taper region inpact t en%‘a?y ei ght u%e%ﬁﬁa?cf s%gn%a%ﬁ_the ABS,g renderi ng
some air bé&ddHgg edgeneéptds ffthcthead fakerefthdias sEPRTPYSRty to the

taper |engifus anfbedvindapes perfbemafbefl ag@maftiiadny. Tieguiaienment of
the taper region is |ess strlﬂgent t han 20, t he remahgl ng ABﬁ, rai si ng
concerns atfd®¥ FEEFaRRag ng the CIReRBRFE] 456 20d- REAFEP8oht &%t duri ng

the taloe-offo starprdeesdingAsat hehsi 2eadfiing iebys oednttheueslidedecr ease

o s e RFOURS f S0gad SpLLEDOG g o °BP' AL L,
rails to encompass the trailing edge area. However,
machining of the taper region is not a precise process
and requires removal of a large amount of material.
15 Tolerances on the taper region impact the fly height
mean and sigma of the ABS, rendering some air bearing
concepts impractical due to their sensitivity to the
taper length and/or shape. The surface finish
requirement of the taper region is less stringent than
20 the remaining ABS, raising concerns about head rocking
leading to taper-to-media contact during the take-off
process. As the size of sliders continues to decrease
in the industry, it becomes a greater challenge to
control the geometrical properties (for example, taper

25 and crown) of the slider.

. SUMMARY OF THE INVENTION

An air bearing slider for use in a disc drive
data storage system is disclosed, The slider includes
a leading edge, a trailing edge and an air bearing
30 surface opposed to the surface of the disc. The air
bearing surface includes an inner rail and an outer rail
on opposite sides of a longitudinally extending center
line. First and second leg members protrude from the

air bearing surface at a leading edge end of the slidex



' SUMVARY OF THE | NVENTI ON An air bearing slider for use in a
di sc dri ata storage systemis disclosed. The sli o S
W ggsrs? PEIDSEES (o

leading e a'trailing edge and an air bearing 30 sur

t he surface of the disc. The air bearing surface includes an inner
rail and an outer rail on opposite sides of a longitudinally extending
center line. First and second | eg-genbers protrude fromthe air
bearing surface at a | eading edge end of the slider WO 98/ 32127

PCT/ US97/ 0648 first and second sides of ¢t centen filise,and

second si des. er r [ | rth le
menber s L“nréﬁpééfi& on1t%§¥;% %é%rﬁégggthgbynea%?%?aPPgtE%H ge eng of

the slider dirQmehe r%%réP@P’é@é@nWEf-%I@% ?f 2 herathieg egge pn

respectivel {he Tsﬂ?lciéf Shn aftsle SELPOE 189 SBLDSEK SsidesPbEL EngthQ@rI he
| eadi ng edge end of the slider a first di stance. _The third and fourth

I eg nenffer s kR r (ARSPECERYBAY t he TREATLLSG Sdge SoRPRA %ﬁ% PEMPEXSa second

di stance. Therseaedns fhst &m&elb&d|1©§3eﬁbéreﬁrhl&3f it shQ dedtt st #FAgetsuch that
the | eadi ng d end ofq%pet§$ atquggove t he surface of

t he di sc nor %ﬁéegagrEﬁd 58 (TS T BeP R PES he di sc
is at st ttlhms grmhgnghezdga denda oft athe psitfler a second In

some prefer cfldsteﬁFc?é“ ”E‘i‘fxé sEESnE' rdsitst'a%%elis MRImery Sh&‘zﬁt @ﬁ

| ongi t udi nal riented i fbrns an

angl e rd at |<i/3e5tt%i’1¢¢l§u<3h th@éntteﬁ ieaélwaueq%s@ erdieht &he §Illl)ﬁeé”qt}§l to the
skew andl &y Pfed hgbsbbdehewhaly the sbi dehei aiReSindaneghah the

trailing edge end of the slider while the disc is at
rest, thus giving the slider a static pitch.

In some preferred embodiments, the first leg

15 member extends longitudinally along a first axis

oriented such that it forms an angle relative to the

center line which is substantially egqual to the skew

angle of the slider when the slider is positioned at the

inner diameter of the disc, thereby optimizing air flow

20 to the air bearing surface prior to take-off. The

second, third and fourth leg members can likewise extend

longitudinally along second, third and fourth axes

or%;nted such that they form angles relative te the

center line which are substantially equal to the skew

25 angle of the slider when the slider is positioned at the

inner diameter of the disc.

BRIEF DESCRIPTION OF THE DRAWINGS

~ Figure 1 is a top view of a magnetic disc and

an actuator which moves a head slider of the present

30 invention through an arc between an outer diameter of
the disc and an inner diameter of the disc.

Figure 2 is a top view of the disc and

actuator illustrated in Figure 1, which shows the head

slider of the present invention positioned at the inner



I nner di aneter of the disc, thereby optimzing air flow 20 to the air

bearing _surface prior to take of . The second, third and fourth | eg
menbers Pa% P1%ewi se ext end | ongi tudi nal |y al ong seBERWSOAIAY and
fourth axes oriented such that they formangles relative to the
center line which are substantially equal to the skew 25 angl e of the
slider when the slider is positioned aj-the I nner dianeter of the

di sc. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 i sdaamepevi @f ofhea dhgoekuehdithatanit form@naaekeazt Qing\'l’é ch noves

a head sllder f th resent inventi.,on throu n tmeen an outer
di aneter of ¥ ?1 a %n%eg% é:r?d%%ﬁlcﬁ n art ddgrj%?t é_'r tﬁgg:

Figure 2 is a top vi eWiglirehe3di 86 aad side actaemt c_rllldslmwm@d_an Fi gure
L which shousethgeltaflcag siiddler i LBEoPUEREN! JIMEN'SUrAAR4! oned at

the i nner [ 32127
PCT/ US9%/ 06empodiments of the present invention.g - di aneter of the
disc such that it formﬁg%r%k@wagrm%lr be‘@ﬂlﬂgasﬁﬁﬂgéetvi@w(:@f'cﬁ%“ c data

tracks on the dis ur is_a side viewillusirating a
t aper| ess h@&&dsls(id@erl USSR 3\% t H%’F@f & il B CORARASEM S of t he

present invesieO@mbodiments of tHe gitre%eﬁﬂ 4 marendiilorhear i ng surface vi ew of

t he head slider i gj ustrrea%ed in Fll u ear |nn gggggdgn\ggew tP the SONE
enbodi ments of the prédeht i nventTorf +nd FFgure 5°Ts an air
beari ngosur heed wildweat iflAmstoratieshd rs [Figrire |3 ust ra@toe:rdanqa gukeh3 in

accordance wntRynat edlhBIRARRIIH T $rfedit® BRRSARor NVENt i on.

Figure 6 is an air bearlng surface view
Figure 6 1is an air bearing surface view

illustrating a head slider in accordance with still
other .embodiments of the present invention.

15 Figure 7 is an air bearing surface view
illustrating a head slider in accordance with still
other embodiments of the present invention.

Figure 8 is a side view of the head sliders of
the present invention illustrated in either of Figures

20 6 and 7.

Figure 9 is an air bearing surface wview
illustrating a head slider in accordance with still
other embodiments of the present invention. )

' Figure 10 1is an air bearing surface view

25 illustrating a head slider in accordance with still
other embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A disc drive assembly 10, shown in the top
view of Figure 1, comprises a disc pack 12 and E-block

30 assembly 14. Disc pack 12 comprises discs 16 stacked on
a spindle drive 18. E-block assembly 14 comprises
spindle 20 and a plurality of support arms 22. Each
support arm 22 carries one or two flexure arms 24. Each
flexure arm 24 carries a magnetic head slider 26. Each



illustrating a head slider in accordance with still ot her enbodi nment s

of the 4 nvent ion. 15 Figure 7 is an ' surface
view |7¢8?£'s7f rating a head slider in accordance with sﬁcﬁi&&q}bk%her 7
enbodi nents of the present invention. Figure 8 is a side view
of the head sliders of the present invention illustrated in either of
Figures 20 6 and 7. Figbre 9 is an air bearing surface view
illustrating_a head slider in accordance with still ot her enbodi nents
of the pr esgﬁte?qumﬁeﬁtr“br?‘i 1s mounted to Hitguraorpespendiag rseeRerhg surface

view 25 il Lys! bating1anBasgd §héd§feé<9n'@cﬁ?&é’ﬁ’@£§nv‘ié et ddplace8t her
enbodi nents of the present I nvent’ on. Al LED DESCRI'PTI ON OF THE

PREFERRED EfB®ZDIWENTYith disc driveg d’iaé’én&u‘{}‘él*éél%ﬁbw '+ shB®n in the
top Vi eyrefsehitgiheehr icoNMEi Reseafdescapsckibiaanit - béPekedBe assenbly

14. Dis¢ pack 12 co es GS; 16 st cked o a spindle drive 18.
- bl ockgass oy St (ﬁwgﬁas ssi cﬂ eswqa%odlagcb1 urality of support
arns 22. Each s Hypordlearad 2% oa:rtratexi awr piwotf |exiuse3arim 24. Each

fl d E [ 32127
Pc_el_;(ldrsgwagmf%éeg:aréée%o@e%&' gltiggg Sjé ﬁ&ugggd %q:h th?l tly)eggrm 54 i s

mount ed to flexeder eapondidndRIPpRt arc 32w m Az Mshodgh roeapeesent

i nvention ig.cakeMBeakedl ider 36! USE wl%t%gcmemsesam%weghgahtI ple
di scs, the present invention i s hereafter "described with ref er ence 5

to a sﬂﬁgl eslgréét?rsl%édé&o SPOPS i THAGK diegitions on discs 1%, neadoo s
rotated abogll igierot 28Xi a0 beN moved across disc 16 from outer

diameter 34 to inner diameter 36. Contact start-stop
(CSS) region 38 is included at inner diameter 36 of disc
16. At one location on disc 16, between ocuter diameter
15 34 and inner diameter 36, center line 40 of head slider
26 will be co-linear with tangent 42 of a circular data
track on disc 16 beneath the head slider 26.
As illustrated diagrammatically in the top
view of Figure 2, when head slider 26 is positioned near
20 CSS region 38 at inner diameter 36, center line 40 of
head slider 26 forms skew angle 6; with data track
tangent 42. In the absence of data tracks in this
req}on of the disc, tangent 42 can be defined-as a
tangent to a circle which is concentric to the data
25 tracks. It must be noted that this is only one manner
in which skew angle 8; can be defined. Other
definitions are commonly used in the industry. As used
herein, tangent 42 is intended to represent the general
direction of air flow caused by the rotation of disc 16
30 which will be used to create the air bearing film needed
to allow head slider 26 to take-off fly above the
surface of disc 16.
Figure 3 illustrates head slider 26 in

accordance with preferred embodiments of the present



order to nove head slider 26 nounted at the tip of fl exure arm 24

t hr ough v?’h% ’S%lﬁ" As disc 16 rotates beneath head slider 26, this
pivoting Hok al lows head 10 slider 26 to change trackCHYSPHIERs on
di scs 16. Head slider 26 can be noved across disc 16 from outer
dianeter 34 to inner dianmeter 36. Contact start-stop (CSS) region 38
I's included at inner dianeter 36 of disc 16. At one location on disc
16, between outer diameter 15 34 and inner dianmeter 36, center |ine 40 of
head slider inven@foni| | Headcoslidemar 26 tihclladgentledliiofg aedgeculsgr dat a
track on di e t h |4 2 : : S 1.l ustrated
di agrammat i (s:t%%gl?ﬁgt %Eeig'?og%' %’%\% Zlvé g?%{ci:i g%rrl%lrzlfd%/\%%]hl%e%é%ﬁd &P 26 i s
posi ti oned nkeg Pembess [(pHPbrRUSBoRS. | axbendianet epr3beatumes) I5ine 40 of

head slider 2&yfQefBeskenoangtenketibnhl g@ééih?aélﬂ e enbidBgelizsA2. In
the absence of"data tracks in this region of The 8I sc, tangent 42 can

be defirfed #&8abY PehRgeRt 36L& 4 r efBCREEC RIS d8ndEHIFRRS { 0 TS data 25

tracks. It @aséing Doiedd hed EBrh iaS SHUYiONEifBANGNhgle od,NwiMH ch skew
angle [err] cgn bg dgf‘iined. Q her, . definitions are commpnly used
in the i ndust#yE28§ géeBt 915Chiferhen; dhgent 6435i BOFnFehgEd o 3%bhr esent

t he general head diideri 6 D atrrékdbwonasseflaby the rByaklewvarfirgy sc 16 30
which will t eat e a| [ e e . | ow head
ol dor 26 1 oL gdha; afRURL ishlbe TLirPERE BY br PHICREEE, air 1S

Figure Bil lustparestheddberveger 26gi membergckdr dndcagailnistpAdSerdted

enbodi ments of ¢l PFLsefg edge eWR.981B242{110ws head slider 26 to
PCT/ US97/ 06143 ] . -6- o
be a taperless head slider. This is highly beneficial

and allows ABS 48 of head slider 26 to be designed for

optimal flying characteristics, and not for enhanced

15 take-off characteristics. By permitting air flow
beneath head slider 26, which rests on leg members 50
and corner 54 near trailing edge 46 and transducer 54,
conventional head slider take-off features (i.e., taper
and crown) can be decoupled from head slider
20 characteristics which optimize the flying performance.
While leg members 50 allow ABS 48 to remain
taper free, they contribute to tipping of ABS 48 by an

angle given by: )

. slope = protrusion height/length of rails

25 The effective stationary pitch 8 of head slider 26
will preferably be between about 50 urad and about 100
prad. The maximum height of leg members 50 must be less
than the fly height of leading edge 44. Therefore, the
height of leg members 50 will preferably be between
30 about 4 pinches and about 12 upinches, depending upon the
pitch angle of ABS 48 while head slider 26 is flying.
During flight, head slidexr 26 tilts around trailing edge
46 with leg members 50 extending from the leading edge
end of ABS 48. The effect of the tilting will allow air



invéntion. Head slider 26 includes |eading edge 44, trailing edge 46,

ABS 48 &/907¢h tudi nal | y ext endi ng | eg menbers (pr '
98/ ﬁﬁb% )
-extensi?ﬂg, or features) 50. Leg nenbers 50 extend ?%%ﬁ?? e thding

edge end of ABS 5 48 by between about 4 [err]inches and 12 [err]inches,
t hus causing ABS 48 to forma static pitch angle [err] with

surface 52 of disc 16 when disc 16 is-Aot rotating and . head slider 26
is at rest on surface 52. By elevating | eadi ng edge 44 above surface

52 of the difsow &iq PEPGkTEGe 1n§ophBHi48 ed b woa@bliag mdrbddowsGoand

agai nst ABS #f-m the adit heed¥phdipmedge end. This allows head slider 26 to
be a taperless head sljdey.. This js_ h benefi ci al and al | ows ABS
R 0

i ghl
48 of head slider 26 t&° &SRS boye. {he el /g meglers 5
characteri stisg o @Fudme sflddeenpareddolbof bakeeehl 50chadacoer ushidcs. By
which_.rests.on

perm tting ir._flow. . eat.h, head sl.ider , | eg
nenberssgo d%rl%ﬁ1 %%& %rrgggng th?§iFﬁﬁ8e§d e iﬁldﬁﬁrﬁ?%ﬁsgacgﬁ 54,
conventi onaltheadszl.i dBy fakeingfcidmzict det{ween heasmpelider 2#ndndcr own)
can be de ad: sl i . teri st ' optim ze
the f1ying %ﬁ%nﬁw ched: s égegr%ﬁnplu’r%glr%g%cneﬁfm’gsf_% SHERBS T 1o
remai n tepaenarns Sthagazoheatibngeedae t4dppiaig sllomBgsislipwed -

angl e given iy enter ABS 48 withhAP&re RIsQ! B¥SLORapekght rhenaliliaak rails 25
The effective stationary pitch %err of head sljder 26 wi || preferably
be betiéen FRARCBCT PPFr 48 RFGVESSutlepdng edgeertd raRd FREIAARS UM

hgi ght of L@ig@rﬁ)@msSﬁoﬁuih keorntest with tdrFdde 32 yaheight osls,l eadi ng
edge 44. The

betucen 30 Vgt oDIAEHEE Rt aBSQRoEE | Y | e e pERUPng ipon ¢ he
pi tch angl e mfowiBS-argoew teisieados| i dee 28erfofhgnng. of tberimgx i ght,
T oot S SS9 Promnpndl g Lep, SETREE 0
tiItin@5MIIC¥9WQWF%Wber/tWiSt allows ABS 48 to be designed for

optimal fly height performance, and not for enhanced CSS

performance. At a minimum, the stringent requirements

on crown/camber/twist which have previously existed in

head slider designs are eliminated with the head slider

20 design of the present invention.

Figure 4 is a diagrammatic ABS view of head
slider 60 in accordance with preferred embodiments of
thefpresent invention. Head slider 60 incorporateg the
features of head slider 26, but adds additional features

25 in accordance with preferred embodiments of the present
invention. As can be seen in Figure 4, head slider 60
includes leading edge 44, trailing edge 46 and ABS 48.
Head slider 60 also includes outer rail 62, inner rail
64 and center rail 66. Rails 62, 64 and 66 form a

30 substantial portion of ABS 48 of head slider 60. Inner
rail 64 is the rail which is closest to inner diameter
36 of disc 16 while head slider 60 is at rest on surface
52. Preferably, head slider 60 1is substantially
symmetric about center line 40. Head slider 60 1is
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to penetrate into ABS 48, thus enabling air flowt
for m t he” 8.9%%‘?&. ng film As di scussed abBWUS?"I‘@IPOI e of
| eg menbers 50 is to forma slider pitch [err] of between 50 and 100
[err]Jrad 5 during static rest of head slider 26 on surface 52 of t he
disc. By forcing contact between head -9 der 26 and . surface 52 of the
disc at trailing edge corner 54 and at | eg nmenbers 50 near | eading
edge 44, airillostrstadll owetth tandemtenier ABSmiAd8gw sthewt dbglesespf a
taper. The m e fﬁ?4 be 44 and trailing
edge 46 is n}%g%ﬁl%%nfac?e%e%f sur aCSOSZtsg%% fgg%gsrgg E?ggfk:/\,fﬁénhrﬁl’(r;iful lifies
or reduces theadowdldar rif! @topr nearciongy chidesienixt- ofhuse péthor mance

of the air peaghbgafihBg 6@91910%p|éﬂm:1gs§75£efél%metlfléOghi’hgc:%o'o% of 15
crown/canber/tvm st- all ows ABS 48 to be desi opti nal fIy hei ght

per f or mehce, GaRE A6 flope eAREREEdOCRSSE alrpéllpé)’r n’aﬁlcéubﬁﬁa&tﬁfﬁﬁl fum the
stringent reﬂybﬁﬁnE§h§ent 4zowh§ﬁoumé§ambebégmh§ttwhrahahave previously
existed in ead s}\ der. de?x%ns are elim nat d aead | i der 20
design of the present {Rvénti |’g éranmatic
ABS vi ew of heafludes asInuker6(f nlegcnedbare wint ther afazclsedoé‘nmdm ment s of
t he present [ Heﬁ% cor t t ures of
head sli der £¥§%£ % dds a ciﬁ[rk% ?S}geataur epl(%@ ﬁ%m%gggcosradaégg \‘7\”0 h
preferrd® enestienent slwgiﬁ‘édplﬁ@%bm along nvemason. 68 ca®che Jden in

Figure 4, heﬁésﬁébé?%a@? on 1hH€L~UQS§1| gadi nﬂeédﬁémﬂér b@a'eBdtQﬁzd%dge 46
and ABS 48. kger 60 al so i ncludes oUter rail 62, .iinner rail

64 and cent etORgifFuggnal 1oBg, CERtERdLEBEf PnPR SBRteZ BSidnti®al portion

of ABS 48 ofrbgafletibeder 780andl neeextend L8hgibddifalle BaAbhowaix@ds is
cl osest to iggegmgi

d in Figur

?9?t§£spectively, on outer rail 62. Leg members
15 68, 70, 72, 74 and 76 preferably elevate leading edge 44
above surface 52 of disc 16 by between about 4 pinches
and about 12 pinches. The longitudinal or lengthwise
extending nature of the features of the leg members
helps to channel or redirect air flow toward portions of
20 ABS 48 near trailing edge 46 in order to allow head
slider 60 to take-off at lower disc rotational speeds
than would otherwise be possible.

P A particularly advantageous feature of head
slider 60 is that axes 69 and 71, along whlch. leg
25 members 68 and 70 extend on inner rail 64, are oriented
pérallel to the direction of air flow (i.e., to tangent
42) in order to increase the air flow provided to ABS 48
during take-off of head slider 60. Leg members 72, 74
and 76 can be oriented parallel to center line 40 in
30 order to redirect air flow toward ABS 48 during take-
off, and to minimize the effect of the leg members on

flying performance of head slider 60 after take-off.
Figure 5 is a diagrammatic ABS wview of head
slider 80 in accordance with alternate embodiments of



'36 of disc 16 while head slider 60 is at rest on surface 52.
. PreferaQbagw%gsgd slider 60 is substantially synpg%ﬁkgwﬁﬁgpt

center ITn Head slider 60 is WO 98/ 32127

PCT/ US97/ 06143 - 8- illustrated with
tangent 42 form ng skew angle [err] relatrve to center line 40,
signifying a position of head sl i-der 60 at or near .i nner di aneter 36.
Thus, with head slider 60 in a static position on the surface of 5

disc 16, théhf reEEFBRtoANEAREW | SHRUbsEAAERE| 18P 1s Brefgreldyent 42

when disc 1@&&9&1&1 Otb60hak&. slider 60 w1th And ldusdpeied bp kEhagure 3,
head sl i der j ncl udes f nunber eg menber s oa t he ralls of the
sl i der nearQQ%ﬁﬂﬁﬁf%%@e Y. ?Eﬁﬁﬁﬁs 8 and* 70228 éRtend AS

Ion?i gudl nal;lmun%ta&wu:@d 1raxtesgure6€5 aixks 7‘3(11, 75 andr les'pa(lbngebvyl,llc@n in(r)ler
rail 4. Leg nenber onglLtudl na al ong .center .l i ne 40 on
center F%ll mbe{% %bﬂﬂér 7%n %%e%&%%%¥¥|%ﬁgFaﬁdFﬁ§|F9 3Iong axes
75 and 77, rcesummeed/a\-;qh mhaauttéleyrare B2ralbgl eitdves difectg®n o¢, 72, 74
and 76 pref qp'ﬁ’l&l{ evate, | egdi pgngdge Mﬁo‘ﬁ igb{agsdsgi& E? %% Qf disc 16

by between about 4 [err]inches and a errjinc
| ongi t udi nalP@FitiPReFuRgaY innegyt@iRMekeRadar PR h@féék&r@éffof the |eg

menber s THI® POt edle) ferd Rdreeslraf Tok | wii I G RAddPRS Of 20
ABS 48 near tralllng gg e 46 in _order to | ow head slider 60 to

t ake- of¥0 at ARer?8i sEOFot #Fondi® sfddFs Ot  { haROWRYFH: ot ABr witdE be
possi bl e. confidupat iogubar Fygadeanst ageeusofaaitbteiai dfadhe legslider 60

I's that axesmeGm é’j‘Pg Z«%y %ln%}%a\mei C&é €9ffect that the leg members
have on flying performance after take-off.
Leg members 68, 70, 72, 74 and 76 can be
15 formed on the rails of head sliders 60 and 80 using
several techniques. For example, they can be formed
using a photo-mask to define the geometxry of these
features, followed by ion milling the non-covered
portions of the ABS. After lift-off of the photo-mask,
20 the leg members would remain. In the alternative,
photoresist material can be placed on the ABS everywhere
but at the desired locations of the leg members. Then,
after deposition of a layer of material across the ABS,
the photoresxst can be removed leaving only the portlons
25 of the layer which form the leg members. Thus, unlike
some conventional ABS designs,. the ABS design of the
present invention requires no taper forming steps and is
therefore easy to implement.
Figure 6 is an air bearing surface view
30 illustrating head slider 100 in accordance with other
preferred embodiments of the present invention. As
shown in Figure 6, head slider 100 has first and second
leg members 102 and 104 protruding or extending from ABS
48 adjacent leading edge 44. As illustrated, leading



25 nmenbers 68 and 70 extend on inner rail 64, are oriented parallel to

the direction of air flow (i.e., to tangent 42) in order to increase
the air WP8¥3P2bvi ded to ABS 48 during take-off of heRET/YPYEL4360. Leg
menbers 72, 74 and 76 can be oriented parallel to center line 40 in 30
order to redirect air flowtoward ABS 48 during take- off, and to
mnimze the effect of the | eg nenbersign flying performnce of head
slider 60 after take-off. Figure 5 is a diagrammtic ABS
% e\évB;)g 2h§adedge 48l iidera 8 dppeafchedansg wdgh .al tmﬁvti@%@l/" ggmégaﬁﬁgts of

127 7 14
-9- t heE PP HhCTh PSSO BR. 2 GRRered Od:eltaﬁ’(?rlfsﬁr ifegfiéﬁlﬁyedge i denti cal

to head sH(EacﬁOthMEQPNﬁMb@E@tEOE @hdt&£4 arer@@mEMmqmedcﬁn beg
menber s %A% g s7<§3e of ‘Center, 'n%s 4roate 4 EhguLe §Poaé§§ o/3: 75
I C 4 el'y exte

and 77 along ers 7 res ectiv nd are
al so 5 or i ks etdisuérﬁnmaﬁoqn’réy lamneawbgln%ll%oamelaﬁrpc@i:endefng air

flow (i. #Porh ABE Y 8 445 a&adte t@eaqqleig d:e 8Q6l &n opp |B|9§.'I:E' anedgnear

i nner dlaneter 36 prior to t ake- of us potentially even nore air
flow will behr FARRF t ¢116 ABS 45—‘391’ owemeees i h06t A ofif08  arfowever,
in the pE£&fé+ bl ¢t f6PmO8 ThOnBS bg &B@u@l’lenin@lllﬂnlﬁfzhébefh:@ﬁl

menbers may | ncrease t effect.that the | menb e flying
per f or mance 5??% l?%k%g 18 %l 't e %%f ﬁe%ﬁ s fggm %é %%S 74 and
76 can e 15toW@wdedhendihe sarfacefbhehdtwéedeaboﬁﬁ andlﬁﬁhusndg3
several tech e '

%ilg&f%l ne tI'F1I:'rG,*g reasR S, 16? g(%é}aj_rb@%xfe eat u Xt%%Hq by i on

phot o- mask t geonetry
mlling the #%-4®viepward the dlSC surface by an amount or dlstance

which is sufficiently greater than that of leg members
106 and 108 to give head slider 100 a desired static
15 pitch angle 8; relative to the surface of the disc
while the disc is at rest. In preferred embodiments,
leg members 102 and 104 extend from ABS 48 by up to
about 8 uinches.
As illustrated in Figure 6, in preferred
20 embodiments of head slider 100, the leg members extend
longitudinally along an axis in order to improve the
aerodynamic properties of the head slider during takeoff
andwnormal flying conditions. As such, leg members 102,
104, 106 and 108 extend 1longitudinally along the
25 respective ones of axes 103, 105, 107 and 108. As
sﬁbwn, each of axes 103, 105, 107 and 1092 can be
oriented such that it is substantially parellel to
center line 40.
Figure 7 illustrates head sllder 120 whlch is
30 substantially identical to head slider 100 with the
exceptions of the orientation of the axes along which
the leg members extend and the type of air bearing
surface/leading edge interface. Unlike Figure 6, head
slider 120 is shown to have a taperless air bearing



‘port.i ons of the ABS. After lift-off of the photo-mask, 20 the |eg nenbers

woul d r In the alternative, phot oresi st mat erj pl aced
.on the i@beverywhere but at the desired |ocations ofbﬁgg%g&%enbers.

Then, after deposition of a layer of material across the ABS, t he
phot oresi st can be renoved | eaving only the portions 25 of the layer which
formthe |l eg nenbers. Thus, unlike -11-sone conventional ABS designs,.

t he ABS design of the present invention requires no taper formng
steps and i ssurfacehdiehere gasfeppednpieaimg edge. However Fithee 6 is

an air bear g suEESCEE Vhena 3911 akt! ushr akhngehgadasih gar alg‘%e'ﬁbéi‘fcor dance
w th ot her %é)refe 5 ed enbodl ments of the present invention.

shown in Fi gtf 3% L1100 Afad vssiraded dacsagure 7. e&aﬁ%hbers 102
and 104 pr otdﬂdi,&g; aroExhesdi ng7f agmf&& can A& at il leadiagrdge 44.
As illustrated, |eadi ng ¥\09/3

PCT/ US97P 06 rectlon f air flow (i e., to tangeRf_ 42) Whé&ﬁehfqu a

st epped | eads hiderlge20 1$-Iopeset3,oheédnegr innedgdiddecam alssofbahse t aper ed
or taperless,l e F;g_e

posi ti oned o% %@%%fd%ng#F S %g oJ?')lt’ceh?pecE7113 ne%ﬁ%ﬁé}g"ﬁ [ der 100 al so
5 has thirdike Vobit Be @yamifnrg sta0B8BEnd 810®pruse ubin§ake-offfr.om ABS 48

adj acent traihi g ﬁ@%é‘@r@m %'61@ l%gf‘%n%mbers qfoz cqr@,t4er 1dd 0. Leg
nmenbers 106 and 108 ware preferab forned on 'ABS 48 about 10

mlli-ikhest98 o l1luSttr%ﬁq%@Sea’sénarapaﬁaléaéhtc? Hate HEESAFh®HF rom t he
ABS 10  tovwg{sd ﬁi’@uﬂlfa@ camélacaenﬂwlb@érvwn sﬂ:bc@ltoflt[kﬁ Nlelgn &l mdad- 3

[err]inches. waP be ogggn e Sgga}Q png% er Eggg E%Oglr flow
neay inner diameter 36, while others will be oriented
parallel to center line 40 as a tradeoff so that takeoff

15 and normal fly performance will both be improved.
Figure 8 is a side diagrammatic view of the
head sliders of the present invention illustrated in
either of Figures 6 and 7. The specific type of air
bearing surface/leading edge interface is not intended
20 to be shown (i.e., tapered, taperless, stepped leading
edge) . The head sliders illustrated in Figure 6-8
provide the benefits of the head sliders illustrated in
Flgures 3-5, with the added benefit of reduced stiction
as a result of the trailing edge also being lifted above
25 the surface of the disc while the disc is at rest. By
elevating leading edge 44 above surface 52 of the disc
by an amount greater than the elevation of trailing edge
46 above surface 52, air flow is permitted between leg
members 102 and 104 and agéinst ABS 48. This allows the
30 head sliders to be taperless head sliders if desired.
This is highly beneficial and allows ABS 48 of the head
sliders to be designed for optimal flying
characteristics, and not for enhanced take-off

characteristics. However, the head sliders illustrated



ABS 48 toward the disc surface by an anmount or di stance which is
suffici I reater than that of |eg nenbers 106 and 108 to give head
sl i der Pﬁé% %%ZI red static 15 pitch angle [err] rel ati vBCTHSHS14ur f ace
of the disc while the disc is at rest. In preferred enbodi nents,

| eg menbers 102 and 104 extend from ABS 48 by up to about 8 pi nches.
As illustrated in Figure 6, in preferqiexl 20 enbodi nents of head slider
100, the | eg nenbers extend | ongi tudinally along an axis in order to
i nprove t hein Figuareslyérali caprbpensedswotht he theadesl indesy. duxlsg, t akeof f

and nor nal HH@'HE&H"EHi&é%@ 1f§u%9£§geéegaHEEQEBEe%p%HL st 4?%é06182d

108 extend Ion |tud|naIIy alon respective ones o
107 and 109.leaddfg edgeshdith b dif cfmppessi My 3 he 133—?-qu®71%#@11199 can be

oriented sughidehdesiiign gsuéébiﬂb'BhEYSPQﬁ@é£§|1oﬁinlled(¥%§€ﬁ résne 40.
Fi gure 7 il lustrates head slid 120 which is 30 substantially identical

to head>sli d&°P™ EPRAGF e the AISESHETARE of the ori ent ation of the axes
al ong whi ch t he Im@uﬁﬂﬂ)eran&m@ﬁdm%ﬂaft‘é byRelofudt hebeready

surface/l eadj,n dge |n erf | ke Figure 6, head sI ider 120 is
shown to have ge?a%é“ SsS r’s begéjrlﬁkfﬁeg pres(%nt\/\érﬁ’ﬁnfé‘ﬁ‘?' shown
PCT/ US97/ 06143 Figure 9 sheddcelndeholit Dacsheppedderadioad edgeheaddowever,

th f eatur f a a e ' e
| adi ng edge AetTs| 1082 | 380 (FEE R FSPTOULAD, RGNS 105
105, 1089 an&irss. cd’%?@t%h’eﬂ%rh‘iq)eltsté twe gaildiheact isdridsr ai andl| ow

(i.e., to tangent 142ksMidethead rail 66, Second, instead of
longitudinally extending leg members 106 and 108, head
slider 140 includes bumps 142 and 144, on rails 62 and
64 respectively. Bumps 142 and 144 protrude from ABS 48

15 by the same distances as did leg members 106 and 108 in
previously discussed embodiments. Thus, ABS 48 of head
slider 140 is maintained substantially off of the disc
surface, while a static pre-tilt angle is introduced.
Also, leg members 102 and 104 can extend longitudinally

20 along axes 103 and 105 in the direction of air flow at
the inner diameter of the disc (i.e., oriented to match
the skew angle). Head slider 140 has the advantage of
bum%s 142 and 144 providing a lower contact area yith
the disc surface, thereby further reducing stiction.

25 i Head slider 160 has a three rail slider body
substantially identical to the slider bodies of
previously discussed head slider embodiments. Like head
slider 140, head slider 160 utilizes bump 162 at the
trailing edge end to lower the profile of the rear leg

30 members, while still providing the advantages of the
present invention. Head slider 160 differs from head
slider 140 in that it has only a single rear bump or leg
member positioned on center rail 66. Thus, the contact

area between the slider and the disc surface is reduced



slider 120 is positioned near inner dianeter 36 of the disc prior to
t ake-of f_, potentially even nore air flowwll dto
ABS 48 fgpgﬁggﬁi"n t ake- of f. While in Figure 7 each OFE%N%%%§ rs 102,
104, 106 and 10 108 is illustrated as being parallel to the direction of
air flow, in other enbodi nents, sone of the | eg nenbers wll be

oriented parallel to the direction of -adr flow near. i nner di aneter 36,
while others will be oriented parallel to center line 40 as a_tradeoff

so that take®Ven1Burtigd, nSPRERPLY! FusEhesr ¥R ISHRH B | PN ed.

Figure 8 is g1sikdesdiagrapgeiéc vigweofuddie with thgaddddernsawiréde
present invention ill ures 6 and 7. The

)f Fi
specific typ8Foft ﬁppeg t‘a‘%%k{ggtafiﬁé‘gs&ldﬁ&céﬂtgﬁ §sgdge interface i s not
i nt ended 20 to be shawe (|pzseserttapenevzient24mrl ezoyvisiesppathmeacii g

d Th d. sl

geggl t s°of e? ggﬁggglesll e%sggﬁ%&g% tﬁégﬂs'rfo:?l_ﬁrt %3 gfggw%?%g
added benefi giof trredemedr stihet iAH reglals Rriesultto otakﬁeoffal I |F@redge
al so bei oy 'é&gaglabO%%e2§s eskhit Luieaie B difitdlACINLE ddeadiss |5 at

rest. evatin ng edg ove surface 52 of the disc
by an am)unt agrfem@fecih Sthetféml%vaﬁi(éﬁgoftlﬁ ahpRAg s@dﬁers ofsethBove

surface 52, %kés@h@wﬂﬁbéﬁﬂﬂﬂﬂtéﬁbi@%W@@”mbﬁﬁfactur&?”ﬁﬁﬂﬁ dlPowiflg104 and
agai nst ABS 48. This_al|ows the_ 30 t$lad sl jders o b gerl esBéohead

slidersiPf deBpregharacteffsbifs RGnNPCHARP c‘i%l 38 of the
head sl bgetimal nylnb@erfﬁtﬁﬂna}m@@l Plexiousfi, nﬁly pé:l'ﬁ/mngance

character] o5 coBida1Y suk i ERNRS Teal hoElLoron ashURRLRELS! oo

PCT/ US97/ 06148ke-off performance. The elimination of the need for
a taper and the need for stringent crown/camber/twist

15 requirements greatly enhances head slider ABS designs
and manufacturability.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes

20 may be made in form and detail without departing from

the spirit and scope of the invention.



-12- in Figures 6-8 can ,eﬁcgsed with a tapered ABS. Al so, t he
head sliders ill (ibisp S Replachited wit h st epped | eadi ng edges to
“hel p i n"WORSR3Ang H H adi ng edge design byCFQQgVWE he
e

standard ion m || fromcontacting the disc surface.

Figures 9 and 10 illustrate still further head slider enbodi nents of
the present invention. As shown i Figure 9, head slider 140 can be
i dentical to head sliders 100 an&'lzo with the foll ow ng exceptions.

10 First, head slg deraME) itg.a two rail head slider, and thus | acks

center rail 66. Second, .instead _of | ongi t udi nal | xtendi ng | eg
member s 106%and 108, ﬁghﬁlr bearing.plidgTi hek ude b%diégTﬂ% 844, on

rails 62 andata stohasspepitem!in Bubps 442 anddi44 fpriels wdevg can ABS 48

15 by the sange _distances as_did | nbers, 106 and 108.in ._previously
di scussed er?‘b%%iar(r:fntog %$ﬁu§?sﬁlﬁ‘? zfg%ofrﬁﬁgaﬁo‘cagessl H}%r(%ﬁ% )?%v’n%%)nt ai ned
subst anti al by ohfiegf dibmetescand an swtfacdiankike andtstoxipgeddatat angle

is introd : i tudinall
20 ' 5l ong anbs TR ARG s Tie {FeRas otthactr Cry (Reh s SR e

di amet er of diR@egiess,(ithe slddeshtaprg Siasch t he skew angle). Head
slider 140 has the adwant;agde i¥fg edge;punps 142 and 144 providing a | ower
contact area with the di sc surface, thereby further reducing stiction.
25 Head sI3 d&ad%d@ & three rail slider body

substantially identican tadxt beaglindesubbfdcesopposed tPricve et fack scussed
head slider enbodi nents. Lkh?t%%ggﬁs anglgggr 140n hgggrsléggr %90
utilizes bunp 162 at the tral |ﬁg edg engSt 3 ower - the profil e of the
rear leg 30 nmenbers, whil eérstohtepr oaiidi nop t bppradidet agfedenf ofhea

present invention. Head shiger; A& Aihher 4B NRAd cent St i 08nd40 in
Yeq - &

that it has only a single rear bunmp or I'e menber positioned on center
rail 66. Thus, the contact eXtengiqg etaekbe héedfingr 498 3R ©fRc surface
is reduced trailing edge;

a first longitudinally extending leg member

protruding from the air bearing surface

at a leading edge end of the slider on a

first side of the center line, the first

longitudinally extending leg member

extending longitudinally along a first

axis, the first axis being oriented

‘ parallel to the air bearing surface; and

' a second longitudinally extending leg member
protruding from the air bearing surface )

at a leading edge end of the slider on a

second side of the center 1line, the

second longitudinally extending. leg

member extending longitudinally along a

second axis, the second axis being

oriented parallel to the air bearing

surface;
a third longitudinally extending leg member
protruding from the air bearing surface

DT

[ Te11S SHEET HAS BEEN |
REPLACED




WD 98/ 32127 This Sheet Has Been Replaced PCT/ US97/ 06143
-13 even further, reduci ng stictiqn,
sl der SWOABRI 160 can beD Eﬁl"ﬁ ’]] erI ess, tapered PCT"Eﬁm@flétbped
ABS/ | eadi ng edge int erface The present invention provides
nunerous 5 advantages over attenpts in the prior art to allow nore air
to enter the ABS region prior to take-=péf. For exanpl e, the present

i nvention elimnates the need for a tapered ABS; thus meking the head
sliders of the present anventiadh) Hagieigs cemdanof acher #lided akhl owi ng 10

the characteristics of the ABS designed for t | |ng
performance. Previously, flﬁhpe#%ﬁgnan 1ge90t ﬁge %Fn :$I%q§a6r| Fced to

reduce stiction and enhancethlrdtzﬂ&pngﬁtqﬁaﬁbdﬂwancextém@mag m Ae&gi on of
t he need for a taper a C w st 15
ek S e ng %Bgéfggfé‘ﬁdfﬁgwfz Qg@ﬁbf 4

requi renents greatly enhances
manuf acturabi lity. chird Aﬁﬁh§ughtﬂﬁé pﬁbé§ﬁt|a$Wéht|bﬁlﬁas been

described with reference to,pr&iesd eg)aqrglq(ylneegs,the WG keaxsllgl 1 ed in
the art will recognize that changes be made in formand dét ai

wi t hout departing from SYRHEASH] rdRSand scope of the invention.
14 a fourth longitudinally extending leg member

protruding from the air bearing surface
at a trailing edge end of the slider on
the second side of the center line, the
fourth longitudinally extending leg
member extending longitudinally along a
fourth axis, the fourth axis being
oriented parallel to the air bearing
surface, wherein the first and second
longitudinally extending leg members
protrude from the air bearing surface at
the leading edge end of the slider by a
first distance, and wherein the third
and fourth longitudinally extending leg
members protrude from the air bearing
surface at the trailing edge end of the
slider by a second distance, and wherein
the first distance ig greater than the
second distance.so that the leading edge
end of the slider is elevated above the
trailing edge end of the slider while
the disc is at rest.

2. The air bearing slider of claim 1, wherein the
air bearing surface is a taperless air bearing surface.
3. The air bearing slider of claim 1, wherein at
least one of the first, second, third and fourth axes is

oriented such that it forms an angle relative to the

R 0B




What is clainmed is:

1. An air bearing slider for

use in a disc drlmsﬂa&aassaeer bced systemin which the
sl i der W()wlaibbve he di sc PCT/US9306 e i sc
‘rotates. the disc di anmeter and an

outer dianeter and rlng ata |n concentric data tracks

between the inner and outer diameters_,ghe slider conpris-

i ng: a trailing edge; a

| eadi ng edgegenter line which is subseanﬁhél@?are'qﬁﬂalswé agBReORyResEd Ito tge
an |nner ra| an

f f th
Zﬁroﬁfgrora}?e% Ig%%&gﬁiéllder when the slider is posd;

IongltudlnaliynextdmdmegeeenﬁemﬂdI&isdf&hd thereby Optllelng air
Iongitudinal£¥ & gbng center lLine ex%endlng fromthe
%t%

| eadi ng edge Fhg edgahs surtace a first
| ongi tudi nal4y extend|mgelegrduﬂhanmpﬁduﬁ@d1ng claim 3, wherein the

normal |y fropiibe LaRereqatd ohnbheufihaeg! e i Cleg members

at a | eadi ng edge er on r st
center line, pm@mdﬁsfr%n@b@ UERRRT |53 delk tadn diheg aligg beaming surface

ber extendi ngngonghtudinal tieal 8BeoAdl | kil aXb8rtBNdlongitudinally
a second | on tudlnall exter‘}g1e %hleg nme rotrudin
normal |y froftRRd08erePale T r'#&?s%ﬁ?a% ter rail of
at a Ieadingthg&.enHeaflhbesakEdeé on a second side of

the center %I ng the S?ﬁgl nal ci)neqa tlurgr%n? ldé %eng 19 4 eq\ihereln the

menber exten | ongi
a third | ongfiudfnahdy s&qogxﬁdlltgughgzdumabblry pe:otemn@lmg leg members

nornal |y frgg}égﬁuBQnSEOﬁaEheoﬁnhgg Qhﬁ Bﬁ@é??ga§§5fa%@spectlvely,

at a trail
center line. t@hé%ﬁhﬁ‘brﬁ%ﬁﬂgl@ﬁd‘riﬁal |<:'§A~°(9<tl@hdangh|8éi@n¢@m0f about 8
ber extendi ngihengktudi nal |y anng athird aXIS and

a fourth longitudinally, extendin rofrudin .

normal |y frofrthe out e)r('hFa"i“I' %@%sﬁe PEg i%’r‘f‘a%’g wherein the
at a traiIinghédgeaeddﬁmundhakdngkﬂudmna}Eysexbamdsmgeleg members
the center |ng #88 Eoy tbhkoﬁﬂhfa‘éghﬂa' ¥1t8§t ‘EQ%QQ LeSpectively,

menber exte ongltu i na ourt
wherein the ?Pr§b%nﬁp%%%%%d°fom§q istal Py éx@@@ﬁ%ﬁfe of between

I eg nenbers grghtude,fhem kha abbubear !u@ﬁcﬁlééf ace at
t he | eadi ng edge end of the slider by a first distance, and

wherein the third and FBfr 8f¥ SFFEGE RHTPS((RhdFhglm 4+ wherein

the air bearing surface forms an angle of between about
50_#rad and about 100 urad with a plane parallel to the
surface of the disc while the disc is at rest.
B.. : An air bearing slider for use in a disc drive
data storage system in which the slider flies above a
- surface of the disc as the disc rotates, the disc having
an inner diameter and an outer diameter, the slider
comprising:
a trailing edge;
a leading edge;
a taperless air bearing surface opposed to
the surface of the disc and having an

inner rail and an outer rail on opposite

T “":i.gtl";‘;h'f;? ;
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Ieg' menber s protrude fr ok $tse Hag Bee 8y surface at
t he trg&bk&gnggge end of H a second di stancep~RRoMbLELI N t he
. first distance is greater

nd di stance so that the | eadi ng edge
end of the inde( is elevated above the trailing edge end of the slider

whi | e the disc is at rest. :
15 2. The air bearing slider of chdm 1. wherein the air bearing
surface is a taperless air bearing surface. 3. The air bearing slider

of claim1. wherein at |eaSt98fie O6f BhelPnpituddsadiy. EHHANERE f ourt h

axes is oriented such thatcehtektonimeartatHE Af! pEbrerhe thesdoyer line
which is substantially equgl to thﬁ skew,?ngle f the slider when the
slider is positioned at th8%FRnEP HPEmETELL4PSt fE9Giisc and t her eby

optimzing air flow ta tthesai rldrdrtiutislrifjacextendiing Thegaimenissar i ng
slider of claim3. wherein N o] I Ltudj t endi ng
| eg menbers protrude fron1p%ﬁgrp§%§§ gggmoﬁgérgggig%gEﬁgg%gﬁ##%gﬁ%, to the
surface of the disc by a tpsthaceusfagboof 8hpedipicnelftes leadindghe air

bearing slider of clain14.e3§grghg Jre dy rsh and- fourtheliongi tudinal Iy
extending | eg nenbers protrude fromthe inner and outer rails.,
respectively. to the surfaBé& of thRe dFSBLBY a di®€ancetd® betfddest about 1

[err]inch and about 3 [errjbAgheadinalby Theddaheari nggsurfanseof claim
3. wherein the air bearing_ s rfgce fqrns .an angl.e of Petmeen bout 50
[err]rad and about 100 [er?TEEB wWeh ﬁﬁ%ﬁﬂéﬁﬁ%ﬁ%ﬂeﬁ 9t Re Sth3%ce of the
disc while the disc is at arst, thé fArsd raearbeingl pdenlflel use in a
e UL ve cana St ora0e SYSHETLA Mg B Rkl Chier g sR gur e of
outer dianeter. the sliderbednpricgiiegted paraliléehgtedgedirection

of air flow when the slidexr |is

positioned at the inner diameter of the

disc to thereby optimize air flow to the

air bearing surface; and
a second longitudinally extending leg member

protruding from the air bearing surface

to the surface of the disc at a leading

edge end of the slider on a second side

of the center line, the second

longitudinally extending 1leg member

extending longitudinally along a sécond

axis, the second axis being oriented

parallel to the air bearing surface, the

first and second longitudinally

extending leg members protruding from

the leading edge end of the slider such

that the leading edge end of the slider

is elevated above the surface of the

disc relative to the trailing edge end

of the slider while the disc is at rest,

and such that the air bearing surface
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a | eadi ng edge; a taperless BT fce opposed to the surface of
the disc and having an inner

F{i"ﬁqﬂﬁ;@]ii rail on osite sides
of a | oW§iMAR2Aal | y ext endi ng c t he | ongi FGH“lI% 186}4%xt endi ng

“center line extending from the | eadi ng edge to the trailing edge; a
first longitudinally extending | eg nenber protruding normally fromthe
inner rail of the air bearing surface.qg. to the surface of the disc at a
| eadi ng edge end of the slider on a first side of the center line. the
first longi- tudi nal |y exteash 90 HeGuramher oetxwadamgcl aﬁq!yt adi -

nal Iy along a first axis. first amsq@eln aral | el f g beari ng
the first axis being ori ent2dPHPGT 1% d??%ctral l??oﬁ 3¢ arf 1 ow
when the slider is positiongte ateg heemnivemes . di aneter of the disc to

t hereby optign ze air f f.ac

16 gn second I*ol%vlét%d%%%ﬁmg é%idgga& fed r?ﬁer%her%g ruEh ng

normal |y frcﬁﬁt&ﬁahﬂngytudmnahﬁV'?Kéeaﬁnngeh¢grmy EgétIUdes fromt he

surface of thg diggedt hilleadingredas st &t Ber beamfdlgsffgeea second

side of the center line. the second | ongi tudi nal |y _extending |eg
menber ext erfthREFlony?-the inney @Hametsr HHnghe deeend@Bdi YherRanfi r sf and
second thd eRGdrdl &aal;hyuaxnammyn@ci@:gdﬂwu%rgs m@mbte&ugragrﬁaem

the | eadin e end of the s t the, e end of
the sli derglircgi‘etsé EX o9 8L h% 3’ e&ﬁess 2l Eﬁ@rgpgcs}‘&fﬁ??ge to the
trailing edgaveriest fi’msttluedexnner dlammté:e ohetbesdiss.at rest. and such
that the airypearing mpe a5 SWeb3dq8 001 8ELSE O S IACEnRE e flbse only

at a corner
second axis 1is substantially parallel to the center

line.

11. ) The air bearing slider of claim 10, wherein
the taperless air bearing surface further comprises a
center rail extending generally along the center line
from the leading edge to the trailing edge, the slider
further comprising a third longitudinally extending leg
member protruding from the center rail at a leading edge
end of the slider, the third longitudinally extending
leg member extending longitudinally along a third axis,
the third axis being parallel to the air bearing
sug?ace, the first, second and third longitudinally
extending leg members protruding from the leading edge
end of the slider such that the leading edge end of the
slider is elevated above the surface of the disc
relative to the trailing edge end of the slider while
the disc is at rest.

12. The air bearing slider of claim 11, wherein
the third axis is substantially co-linear with the
center line.

13. The air bearing slider of claim 9, wherein the
second axis is substantially parallel to the first axis

to thereby optimize air flow to the air bearing surface.
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adj acent the trailing edge andT"}Hﬁedt 8. The air bearing

sl i der W’O‘)‘#lfi.lf‘} 7. wherein the ﬂ”ﬁﬂfﬁmﬁfgo?ugf;ﬁm gaéw%%ﬁbi ﬁle to

-the center Tine. 9. The air
taperless air bearing surface further conprises a center rail extending
generally along the center line fromthe | eading edge to the trailing
edge. the slider further conprising alfhird longitu- dinally extending |eg
menber protruding nornmally fromthe center rail at a | eading edge end of
the slider.1the thirdTPRoRGFt BERFHGy BItATH RE | etpHBnBer v&eX&idl ng

| ongi tudi - tRal | FiasOntards t RddbXi Sorddi® udinsil1yseesreéndithd hiledy | ongi t u-
dinally extend%ng Ieg nenaerE grot udi.ng from.the Ieading edge .end of the
sli der such™ER3ET & hRT PEAUPRgE EdGetBRdIBReFhandsPREEF F81ldSerR &d*Sabove the
surface of shefdcsc ofel e vdika,t heesgaad ivglyy edoe enddbétaheesidfder whil e
the disc is 1 10. Th Lr arjng,slidert | aim 9. wherein the
third axis P%égégét%ﬁ P5|?y“%%ngﬁegggmfkﬁgfhgbcéﬁngegrne_ 11. The air
bearing slid®r of clalhe7ainhbegninchewdemead eikiclatmsibswieedn y
paral | el to.fhe §§ 1$ t e I JH4 N e a4 bearing
surf ace. t%g fl'%\{éégi ?%%ar%r%é}gjrpﬁggqt&fu@cﬁagl%};. emkcﬁ%\gﬁgllﬁhéq%‘g:rst and
second | ongPEUBRASE| PFOSHIESdi TP chaeABBRE F06t rAfe Y r BALLRe SUfer and

outer railsthart h@esWiraoseDfiddesdisacer €oRAG! il gy @idhstance of
bet ween about ?#err%ﬂnﬁhe .an ?bgut 12 pi Eches. 13.. The, ai.r hearing
surface of SrEFAFS. OhnEREi A1PReCF PEEWSRE &BBYRASPLoigPLuERTaARPHxt endi ng
| eg menbersipooirade fromthe inner and outer rails such that the air

bear i ng surfgoe for Tagna APAlEdih Lhgastriaeq. 8l e diak il veon

about 50 [errJrad and a
17 data storage system in which the slider flies above a

surface of the disc as the disc rotates, the disc having

an inner diameter and an outer diameter and storing data

in concentric data tracks between the innexr and outer

diameters, the slider comprising:

a trailing edge;

a leading edge;

an air bearing surface opposed to the surface
of the disc and having an inner rail and
an outer rail on opposite sides of a
longitudinally extending center 1line
extending from the leading edge to the
trailing edge;

a first longitudinally extending leg member
protruding from the air bearing surface
at a leading edge end of the slider on a
first side of the center line, the first
longitudinally extending leg member
extending longitudinally along a first
axis, the first axis being oriented

parallel to the air bearing surface; and
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14. An air bearing slider for use in a disc drive data storage systemin
which the slider flies above a surface of the disc as the disc rotates. the
.di sc haW‘hﬁ”&ﬁzl nner di ameter and an outer dianmeter and §’t‘3‘{v§?§’°ﬂé?a in
concentric data tracks between the inner and outer diameters, the slider

conpris- ing: a trailing edge; a | eadi ng edge; an air bearing surface
opposed to the surface of the disc -20and having an inner rail and an

outer rail on opposite sides of a longitudinally extending center line.
t he | ongi t udi nal | v eetcomd m@ngﬂﬁualdahﬂy(amnanﬂuugfk&gnmémber | eadi ng

edge to the trailing edge. Httxlgerqf n%e%rxlor&? t%lél‘ alcre beardlq’lr%ﬁy extena center

rail disposed along the ce i ding | eg
menber protrudi ng nor mat| @ ﬂﬁ@ﬁﬂﬂﬁeeﬁgﬁeenﬁa@f ehet%bléﬁr PRai ng

SUT{i@§Ret Has Bk Réplk&iadi Ng edge i 8f gbhess! itdRr eaneefﬂ r$inél, detlQé t he

cent irst Iongltudlnall exteng%%ﬂHy e{ ext endi ng
| on m muuﬂ ng a fi r SECHR%s; ?Féﬁl%u‘é Ioﬁ@tﬁﬁ‘@l% | y*@%t endi ng

| eg ing R ot kﬁﬁaﬁaﬁdge 1Q1ﬂ9ejrt\rdaa1rlaDIyt$|:eoﬁgrabear| ng
surface at a | eadi ng edge Cﬁ%f of .the i der_on a second i de_of t he
center line. the second Ioé%q nﬁﬁﬁf@mi i RETY ey ? BXt endi ng

| ongi tudi nally al ong a seceandeaniesy parthied Hag hebeaipr dbeading normal |y
fromthe center rail of zgé' bearing surface at a trailing edge end
of the slider. wherein t ITst and second | ongitudinally ext endi ng
| eg menbers protrude fa oﬁﬂ?xm dPy meadierg prowindire dromhdNeading edge

end of the siider by a firSearidy Sdhefse A Werainn soe ddud dehag member
Phe sl der by & second di st ﬂg iR, HOERELR fate | ik afhe |

greater than the second dlSkﬁﬂﬁﬁiSOlbﬁ@itﬁ@ﬁnallyeadmm@nﬁkmgenﬁegf the
Z:LgeISIZteLEZ?ted above thembeggaﬁ%égguggg%x%gg ghetgp SnggéiHQ'|e t he
surface at the leading edge end of the
slider by a first distance, and wherein
the third leg member protrudes from the
air bearing surface at the trailing edge
end of the slider by a second distance,
and wherein the first distance is
greater than the second distance so that
the leading edge end of the slider is
elevated above the trailing edge end of
the slider while the disc is at rest.
17. The air bearing slider of claim 16, wherein
the air bearing surface is a. taperless air bearing
surface.

18. The air bearing slider of claim 1, wherein at
least one of the first and second axes is oriented such
that it forms an angle relative to the center line which
is substantially equal to the skew angle of the slider
when the slider is positioned at the inner diameter of
the disc and thereby optimizing air flow to the air
bearing surface.
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18 15. The air bearing slider of claim14. wherein the air bearing
surface Wég%%perl ess air .bearing surface. 16. The air _bearing slider
of claim 14. erein at |east one of the first and seconBCHYEER64L, i ent ed
such that it fornms an angle relative to the center line which is
substantially equal to the skew angle of the slider when the slider is
positioned at the inner dianeter of the-disc and thereby optimizing air
flowto the gjr beari surface. ~ 17. The air_ bearing slider of claim 16.
wherein the st and S8¢oRd®| BREFLDEI Fardpreaferrhain | &8, nehsaesnpr ot r ude

from the inngre arfd raut erandai secondspeehibyeliink 1vheeguehaga ol 1lhe disc by
a di stance Qr{e Qut 331{09,&[4%nc s. and wherein the third | eg nmenbér
protrudes fromthe center §1 3% h& DG r 1BO&E n§PSur PHEETt 0¥ BHe Ssur f ace of
the di sc by resfiesttanoelyf thetveensabbade lof ethé i dtbcabd abaliistance
[err]inches. ¢ it 8N6 1 ear face claiml17. wherein the air
bearing surface fof s a lan}ﬂe%'qférgcgt%éﬁgé og%ESCﬁ’[léﬂl]]r%% g‘ﬁﬁ‘Bgﬁout 100
[err]rad w FFotmpidar framithel ais beeringeswifade wh shemMsiukrEadee ofi sc is at
rest. the disc by a distance of between about 1 pinch and

about 3 pinches.

20. The air bearing surface of claim 19, wherein

the air bearing surface forms an angle of between about

50 prad and about 100 urad with a plane parallel to the

surface of the disc while the disc is at rest.
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