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SLI DER HAVI Y@ 9BBRIFONATED SI DE RA LS W TH TRAPCT/NSYHADIES
Curs BACKGROUND OF THE | NVENTI ON The present
invention relates to disc drive 5 storage systems and, nore particularly,
to a disc head sI I der havi ng rails w tlh trailing edge cuts.

Disc drives of the "Wnchester" type are well known I n the industry.

Storage of di g tal - SPLIHER o HAVIMNGT TERMTRATEN STRECHELLE 000 i

“data tracks. The discs w LTR?%%EN’GSE!]!?GE? gqpps whi ch causes
aces

the discs to spin and the sur e discs to pass under
respective hydrodynanmic (e.gB THE sliders. The

- sliders carry transducer s,uhi Sge;éw’ces Ahﬂf&{ ”PéiQEeéotémafs@ddrlve

- between the raifdisackead wlidewsng Bl

- et s st desa

information fromthe disc n actuat or nechani sm noves the
sliders fr@n stotageksystemsciknderwooret parsdcidead ol theé HiRS

control of eleciyoqple lgé\;ﬁl!%t{'é{ll;hﬁlaﬁt E%B@.ﬂ.l’ﬁ%cwﬁérﬂuts i ncl udes a

track accessing arm an spension for each I nthal assenb

The suspension i ncl udes aDJ-%‘étodrlvesb%%n‘F}é‘hd V&lﬁ?%ﬁ}:er Th¥PF 3t® S
provides a prelaskn 1n fmé:elﬂaueerirqrceswhedmm tiowand oilte dl.SCs

surf ace. The SI ti_gned .bet t

beamt o provi dec%a'ig%gb ]rtel'hta ﬁﬁ‘&f‘t"lz l[eng‘te n \%g’ gge g%ngfd‘&e %‘o pitch
and roll wale iﬂféﬁwaﬂgohhmtwmblmlwty of azrifrd;thbam scondgmtrifddata

| ncl udes an air LLng “rﬁ§9§ s ?reV%%&%ké&CSE £h§?ghafesﬂéﬂéfewhlch

There are gener%ﬁf? ?V\D ypes O ressure air
beari ng (PPAB) siuslessthaddiets- tgospn@a@radgtdxe me‘geﬁs/eof pEResdi&cs ajr

bearing (NPAB)¢, séhx'n@?é'xs reﬁ H@Agesh&ﬁ%dtﬂﬂrﬁ% loe. @asairpabéaﬁingal I's
extendi ng al ong tt‘tr)e Sl bearin with a cavit dam e din
Qg,*lders carry tgansducers w pl 9
i5 write information to and read information from the disc
surfaces. An actuator mechanism moves the sliders from
track to track across the surfaces of the discs under
control of electronic circuitry. The actuator mechanism
includes a track accessing arm and a suspension for each
20 head gimbal assembly. The suspension includes a load
beam and a gimbal. The load beam provides a preload
force which forces the slider toward the disc surface.
The gimbal is positioned between the slider and the load
beam to provide a resilient connection that allows the
25 slider to pitch and roll while following the topography
of the disc. The slider includes an air bearing surface
which faces the disc surface. _
There are generally two types of sliders,
positive pressure air bearing (PPAB) sliders and self-
30 loading or “"negative pressure" air bearing (NPAB)
sliders. An NPARBR slider typically has a pair of rails
extending along the sides of the bearing, with a cavity
dan_nl extending between the rails near the leading end of
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- 2- £y As the disc rotates, the surface of theg

drags air ungS ?% cavity dam by viscous friction exerte ’]E)IUSQ efogi sc’
surface. As the air passes over the cavity dam the air expands into a

"“cavity" between the 5 rails, which forns a partial vacuumin the cavity.
The partial vacuum draws the slider cl2ser to the disc surface and

counteracts p05|t|ve pressure devel oped al ong the rallg Qe avi t

i s open to at ndgphefiider. pAssshhe ﬁ%thé”oFﬁaﬁlsvnd:%ds‘d’F R OF d:g'f and

may also 10  igedeiderags eierudddd e %Vl&iyﬂminatbyt e sidcais iBYd crichn

of the slider to no i.ngl e recor he NPAB, surfaces ,have
many advant agesex%{l%?fgﬁyr%éé@ctﬁ 5!‘:% RS e FEhRIRTTRIDTL tt.hdeurl ng

spindle start wﬁaxamdysdtm the alowwexgumgls hiswro rsg "sutavr:fuwssloeameemvtehe

f
Compar ed o8 pRALHFucYali FhER b CRSPEIHT vabull W Ch AR e (5,

sliders are selpmntuabd viacuwampdraws "ﬂle%ldsﬂmldééid"ChW%é &sp| Fhat i BksC
because of the:Jn‘Il % ands‘c':gu g@rfa@t%e pok Bt § heS S ApPbheal iife1dpes

slider is 20 fromth I sc surface by rotating the actuator
nmechani sm unt i Ia-’(-%gsﬁsﬁ?eri@&ﬁ engdges GaYHRY WHi (@pen to| jhmospheric

suspensi on and phasshhe stiges dr0m il Mot the suifaee. af[aemaygdnlsuct i on
force prevents ‘an NPAB slide

romfoll,o t he nsion as_t
suspensi ot i dekPGhuds aoﬁepﬁﬁruﬁladidf’ﬁg Fas: an 13 s‘ﬁ} Jelﬁ’ar?%se?a
cl ose - pr oxbfi tlet eltiders piomountdi scsingte nget:bednagp hemd. NPAB

I Iy def h
oniy when & si GRMTERARE BRYSTERG; PAYAARAGEE” SUCh B requqid ERcd! SEKS

suspension.  Taedr¢hediagofvelioe i3y dwring wplm@leestaelteaeeﬁnd hehut
lastic Siraingoyf, .bAGn hearSUSPOS OaRd ahhoWBWhe sthiglarideyinbead

fromthe disc ce. I's cycle of suction force and strain rel ease

occurs verysrapfwyngeml% {t® tFhangeR iR ahFihubRe and VRIRGHMI 0RSis in
contact with theowmphead 8¢ PaEB slid@ers having no cavity dam.

However, NPAB sliders are seldom used in ramp

"}oad-unload" drive applications because of their high
suction force. In these applications, the slider is

20 unloaded from the disc surface by rotating the actuator
mechanism until the suspension engages a ramp which
lifts the suspension and thus the slider from the disc
surface. The high suction force prevents an NPAB slider

from following the suspension as the suspension rides up

25 on the unloading ramp. The slider remains in close
proximity to the spinning disc causing the ramp to
elastically deform the suspension. The NPAB suction
force breaks only when a significant elastic strain has
accumulated in the suspension. The release of the

30 suction force releases the elastic strain in the
suspension and allows the slider to unload from the disc
surface. This cycle of suction force and strain release
occurs very rapidly relative to the time in which the
suspension is in contact with the unloading ramp. The
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- 3- r WO-9B/3282%ase of elastic strain energy sets up Vi br @0Ivys97/02205
oscillations in the slider position coordinate that is normal to the
pl ane of the disc surface. These oscillations may be | arge
enough to cause the slider to 5 “slap” _ggai nst the disc surface, thereby
gener ati ng wear debris particles and possibly damagi ng the recording

head. rapi iﬁ@? LLEE cE’f(g?L rfeflk@w%%t% by e{r§braéo r| ng

unl oadi ng occur's event that force“exerte
def or ned suspen@‘-ﬁ@hllét%@@Ss#ﬁll rthteOs i elbm%btt@@h@oaa@tnehef bhag. lISn

this event, thenspghionto théor;S?Parié yokamahen ddhe stldfdRie i S sm&aeover
t he disc peri e atnosphere to fl ow

cavity bet \AeenO‘FﬁgEiiaHé°P§| P&y ?htl]é‘é'ﬁ? epeuge 8 °P€§|esttbﬁcéll eXpLo t he

slider passes osmap"tdt@alﬂsswhe dlszersumae:re, phessby geheda tieigweeart he
he ;sl i der t r ol

a S curtetrhe Btk Ead PRI elnging. (i€ rekBsAlRs O

unl oadi ng. Repebeadon of such contact causes wear on 20 the sI i der and

generates debris particle ;-B:Qf% 1:hP LYo ve a
| ow sucti on . force, |ﬁhere§E%%%%maA§bcab g
drive appI|cat|@H§lFEaHnNPAQ1§B|86F§rSAPPh§ heVﬁétstét the P&ﬂpéilﬁga

PPAB sl i defgar ef8pbeCORELELEBILP Y e C&é’féﬂmé’é sUHBNnSDER B 't R0k o
typically occurs as the a ed under slider, if i}he slider has

side rails wth°Ver<Rige h@aﬁPﬁ@lQHdgo %&t t FEnEPAFORVESta hAFr SWCESOH ons
near the ntddlefofcbh&ssbmd&@n'Whennnne(Blid&relduewﬁng ovekhehe disc

expansions is ma t han at o I.ned 0 the an

over a cavity démr%ggﬁ§NP ?‘?”drg?,tt%e' %ﬁt‘%ﬁ?ﬁ?f‘g k L i (g ti‘

used nore ef f ectavity: |betweennwth©adsudéoada%@ﬂ|(nmtbnsverﬁ céntaile PPAB
stiders —asdespggsschppever. hle EHQt'Qﬁ!ﬁ.QE?mgQEste@e bt OPnERY gisc be

| arge enough to result in an undesirabl
perimeter, pressurlzatlon.between.the side rails becomes

unbalanced, causing the slider to roll to one side. As

a result, the slider may contact the disc perimeter when

unloading. Repetition of such contact causes wear on
20 the slider and generates debris particles.

In contrast, PPABR sliders have a low suction
force, making them more applicable for ramp load-unload
drive applications than NPAB sliders. Although the side
rails in a PPAB slider are not connected by a cavity

25 dam, some air expansion typically occurs as the air is
dragged under slider, if the slider has side rails with
wide 1eading ends that transition to a narrow sections
near the middle of the slider. The suction force due to
these expansions is somewhat smaller than that obtained

30 with the expansion over a cavity dam in an NPAB slider,
which allows PPAB sliders to be used more effectively in
ramp load-unload applications. In certain PPAB sliders
designs, however, the suction drawn at the disc OD may
be -large enough to result in an undesirably low flying




-4 - hei ght at the disc OD and adverse effects on unl oadi ng
perforrranc%%o Sliders having "hour glass" shapegcdrfido$/oibay e
t gounl?eract t he '

been used reduction in flying height 5 at the disc OD by
reduci ng the effects of skew. An hour gl ass shaped rail has w de

| eading and trailing ends and a narrow wai st section. In a typical
3.0 inch disc drive, the skew angle #&-the disc ODis larger in

absol ute value than the skew_angl e at the disc ID. 10 Therefo]t hour
gl ass shaped reg¢ight eatl thei dipca9R ppe advergeyeffeachisn AP4rEHIc D

relative to theff¥iRgnce. heights at the disc ID and the disc M.
However, the fl.ying hei

dl e dia becones
significantly higher thaﬁ éfigfﬁehﬂﬂ’yegl %’%Wﬂ %37 Re %P@Besﬁré%@s HAYE i's
typically quarl&ééneﬁlsea tbecbwcbuapt vhiec reduct iios diaf i flgdires hébghD

Lo 09 Mo AL R e 86 3P r¥ucing RS LRRBUR Bl bKERY e dbEr

typi cal Cr Ol hi's nagnltude
degr ades ghassesmpledgrw flrsrride deadhagdpnéd wgaa&éngoen@ngnﬁg 20
field | osses i e t he prgpet gegordidyy dead and
the disc surfa%ewg}h%wr #aPsLCbEEEon' Nfl\?;R% 5 Tll-cl:EalI I\ITIlO\I

The di sc head @rives dihe hekgWesangle n\?ént‘i'—laﬁ disc F?PI utes 1398 del®body
with 'e?dl ng, 4pabhipe, vamisetRan mOekéwdea idemtedgre @ida sbider

center |ine extending fromthe | eading ggetothetrahlng
slider edy@. T-‘h?é‘?faﬁ&'sge&ﬁdg §?§eﬁh§Pﬁa ’F%ﬁ"#@ é\?’é‘ to 1RGFRRES; h The
sl i der body anﬂl?&ﬁ& imclgte ao ichel dbisc ODr aidladigee &p dlltGSlﬂknyagl

edge, a | eadi “gF ahls ed%e %“ddgsfcazﬂrﬂmé Eﬂergh'sceﬁlﬂf %mexiéf“tﬁed

second rai sed orm~ f1TrSt eari ng surfaces,
respectively, ﬁ,ﬂlychgt hlerxgba:t a@tptiher disa middls |[dimmeter {MpHcbeeapes A

[ﬁ'esffjrgfn;ﬁ{j %gghlgﬁt\:ﬁﬁ%ﬁyﬁhggﬁe&hghan at Sthdeli £entielarld B aRd §¢kween
15 OD. This is typically quantified as the "MD hump" which -

is defined as the MD flying height minus the average of

the ID and OD flying heights. A typical MD hump is over

0.3 microinches. An MD hump of this magnitude degrades

the recording performance at the disc MD due to fringing

20 field loéses in the air gap between the magnetic
recording head and the disc surface.

SUMMARY OF THE INVENTION

The disc head slider of the present invention

includes a slider body with leading, trailing, inside

25 and outside slider edges and a slider center line

extending from the leading slider edge to the trailing

slider edge. First and second raised side rails are

formed in the slider body and each include an inside

rail edge, an outside rail edge, a leading rail edge and

30 a trailing rail edge. The first and second raised side

' rails form first and second Dbearing surfaces,

respectively, which terminate prior to the trailing

slider edge. A raised center rail extends along the

slider center line and between the first and second
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-5- craised rails. First and second cavities are positioned bet ween
the rai sed WOB82129,j | and the first and second rai sed r ab¢EUSI702205
respectively. The first and second beari ng surfaces each include a

| eadi ng section, a waist 5 section, a leg section which extends fromthe
wai st section to the | eading section,_qand a trailing section whi ch
extends fromthe waist section to the trailing rail edge. The trailing

_sec]t i gn W degs rfariggﬁ he swai st Fa_rsltsgeltd %@d&mtﬁxﬂﬂm# airdd @@sriad'ﬂhorﬁftge and
includes a 1 not ch positione ong the jnsi rail.. edge e

narrows the trXESHRERLS &fide rﬁ?‘%&%rﬁaﬁ% aaﬁ‘fgttﬁbq’ flrsqgr%%isr?eqﬁr}dthe
notch is positiereskdal endlide eebpedtively.ai | THge. first and secomRl EF
DESCRI PTI ON OF, THE .DRAW NGS 15 : Fi gu ] I jew of a
disc drive  PERAHNT SPEJRGRR ASH ADGAVES ghieg%éééﬁn%e%‘gg%’gt Byt
useful . 5 sectionfFigurle® sechiphawhiaw ektendki doromatheg waist sij de
rail notches acgcordi N i ohN€ 238 aP8SEAt A\ Qb
Figure 3 is peF%%%%‘?%8%98§%%u?§%@ggﬁggéfgg°h' & 9]?Ustratfbﬁpof the slider
shown in Fi guraeipich extends from Fiherwaistamea:igmpwipr Ebgurteailing

distribution . jroides otnéherghiday sbewn onnwidewse Frdmmtthed wabst
Figure 6 is a perspective, conputer-geperated |, fiéel ust r.at,i oriug a slider
which | acks si ®&@FE9n nbPWREE, the trailing raglg & gndgjpclugles a
illustratqo prRKSEH e positibridd i kiidmy phef | heside theill iedgeshawhchn
Fi gure 6. Figure,9 is a graph_conparin he f ' 30
profiles of th&FFTYLF stkéﬂog?ﬁa?‘%l?ggﬁFg l??‘ é%agg’%.noq;cth' 1 AR I gur es
10 and 11 are pouwspditént, thepobéch is pgesheianed elbngt tie ortzide
sliders accor diztggifllégéggt ive embodi ments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 is a top plan view of a disc drive

data storage device in which the present invention is
useful.
Figure 2 is a plan view of a slider having
side rail notches according to one embodiment of the
20 present invention.
Figure 3 1is perspective, computer-generated
illustration of the slider shown in Figure 2.
Figures 4 and 5 show pressure distribution
profiles of the slider shown in Figures 2 and 3.
25 Figure 6 is a perspective, computer-generated
illustration of a slider which lacks side rail notches.
Figures 7 and 8 illustrate  pressure
distribution profiles of the slider shown in Figure 6.
Figure 9 is a graph comparing the fly height
30 profiles of the sliders shown in figures 2, 3 and 6.
Figures 10 and 11 are perspective, computer-
generated illustrations of sliders according alternative
embodiments of the present invention.



Figure 12 is a graph conparing the flying hei ght profiles of the
sliders sh poures 2, 3, 6, 10 and 11. 31is
a top pl an(%&,ﬁg\hﬁo;ti a slider 5 accordi ng to anot her alternat |P\/Ce1ﬁé%{())gfoﬁent
of the present invention. Figure 14 is perspective,
conput er - gener at ed il lustration of the slidér shown in Figure 13.
Figures 15 and 16 are top plan views of -HA-der 10 configurations that
were conpared to the slider configurations of the present
i nvention. Figgvee 127 i8 & g@upphi I9QrEamEmSgthRe F1¥ing
hei ght profilgg %htt. t}?réfif@é S5 RN 5N B der@UEBSWhO iaNEiguresld, 15 6,
Figure 18 is a p w of an NPAB sli der havi ng not ches accordlng to
the present inVerap@nll. DETAI LED DESCRI PTI ON OF THE PREFERRED
ENBOD' I\/gl\l‘l’S | Fig {lftgurleg 1ikS 22 pbpn plizaw vlea tcy:ﬁ)l aalsblléer
rive 10. Disc drive, 10 incl ude ahoum W t.h a to
cover 14-(%ect?%ﬁ%r§¥ngod“bo@§P ite%naFénSVeg%$ arlty Sc p
d,rivgI 10 furtllfefeééﬁtudﬁeeﬁtion di sc pack 16, whi ch is nmounted on a
spi ndl e notor (not : |l L8 egacé(e udes a
plurality of individual § c% apgcfn% nte r%‘t@g??%% about
a central axi s:.llEat;haersn gﬁr f—h@esﬂ}asieé&‘n shown éé’é(?dl%’f’fﬁj :h%ad gi mbal
assenbly (HGA) 20 which k§qures MBUMNEH § Gl %;ﬂpu&a ¥Qeler o€ogTLak At | ON
with the disc surface: Each HGA 20 i ncl udes nbal and. a sI i der
36. In the exaapfioskakAors Fithdte MexARACOTPAFEds( Lo Jg'b%rt 2428571 oad

beam f | exures 88nMgﬁBae&@nsnoththe presa¥ritacharitidnack accessing arns 24
of an actuator }aﬁugl nba,; and athgrla(f)%d %H‘Q‘ffﬁs Q:rl-f'etﬁ?t her

referred to as a suspens
The actuator sheiwghtnpkbfileslcifs thle tdfiddepse shown in Figures 15 and

16. :
15 Figure 18 is a plan view of an NPAB slider
having notches according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a plan view of a typical disc
drive 10. Disc drive 10 includes a housing with a base
20 12 and a top cover 14 (sections of top cover 14 are
removed for clarity) . Disc drive 10 further includes a

disc pack 16, which is mounted on a spindle motor (not
shown) by a disc clamp 18. Disc pack 16 includes a
plurality of individual discs which are mounted for co-

25 rotation about a central axis. Each disc surface has an
associated head gimbal assembly (HGA) 20 which is
mounted to disc drive 10 for communication with the disc
surface. Each HGA 20 includes a gimbal 34 and a slider
36. In the example shown in Figure 1, HGAs 20 are

30 supported by load beam flexures 22 which are in turn
attached to track accessing arms 24 of an actuator 26.
The gimbal and the load beam flexure are together
referred to as a suspension.
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known as a rotary noving coil actuator and includes a voi ce coil notor
(VCM, showwaqosiz2i2? |y at 28. Voice coil notor 28 rotat es POIVUSH7OR2086
with its attached 5 heads 20 about a pivot shaft 30 to position HGA 20
over a desired data track under the control of electronic

circuitry 33. HGA 20 travels along an arcu,?te path 32 bet ween a disc
i nner dianmeter (ID) 38 and a disc outer ~ ‘" dianmeter (OD) 39. 10

Disc drive 10 further includes i der,.load: . | oad.ra , en
;voice coil notor 28 rotat fée acgﬁ%kagt %lrmyg 19 ?ﬁggglesg gg,égﬁe‘%h’%\g 22
‘rides up ranp knowd gausi nmptEGY 2PVYing i ¢0idf acthatives sand acecbiiddsse 16.
Simlarly, upo t = UP; | CQ} ot at such
that flexure 22V$%§éescgg%myn(ry§(ré% 4@}&4) ! u%g?‘ﬁgkéﬁh§3gﬁé¥sg§%§oheg{rg\%gf t he
surface of disccabl motor 28 rotatEsguretuztend2$ sWbhhsliteeraBbarhed
greater g5 def@ihs ¥ £HohPChUSEFoRORAEE 26 é@e?ééﬁtkbﬁgfiéﬁcbbo(ﬁer

of the side rails, according to one enbadi nent of the 50 resent .

i nvention. The?nBesREedD FRGYetRack yDdes (1 contrple 9ff plerhrRPiRei ght
lolr_ozI i e3gC\rAﬁ'S|s éﬁﬁcﬁsé_tf:gceaog HGA dios ¢ rbfrelsFizlorey Zan Safc@h s pheyw ab |
sl i der i igure. . is rspecti.Vv c uter-generate
i|lustration o$b§$vﬁﬁp §681§§ innexr d%adggﬁer@#h3gaqﬁ%?%ggséfﬁﬁdPﬁgeédge
50, trailing diamseger520D3i 88.edges 54 and 56 and center |ine 58.

Slider 36 rther includeg.rai [ ' 0 : [1aL.S ent er
rail 64 an]f' transducer 66.El§?d§§ggiél gsgsakgﬁegaﬁggggﬁéfeapg]s'f‘??gnggag] ong
si de edges 54 awdlead 3AmpPr ddpect iNhER, veagef ofaidi ey | 7§ suprates 70

and 72, . rgsegstbyeby. t&epher aiatl of4abs poekhirened zkgng fb dam

center line 58 and supports transducer_ 66 adjacent to trailin eg e 52
for comuni cat i@ %?gf{lﬁe‘*%s%o to Liff f°$cfej.°f the surface of disc 16.
- 8- SimiShriler, Iponurdtrtiwis) udescanbodnt BRSSUE® rotatawi ties

80a and 80P5VWi§gt1?£ ogosjstig{llgg t%%ta\téeefllé:}?&l}grzz rides down xramp 40
until HGA 20 is positioned over the surface of disc '16.
Figures 2 and 3 show slider 36 in greater
detail, which includes notches in the trailing sections
of the side rails, according to one embodiment of the

20 present invention. The notches provide a slider with a
more flat flying height profile across the surface of
disc 16. Figure 2 is a plan view of slider 36 while
Figure 3 is a perspective, computer-generated
illustration of slider 36.

25 Slider 36 includes leading edge 50, trailing
edge 52, side edges 54 and 56 and center line 58.
Slider 36 further includes raised side rails 60 and 62,
raised center rail 64 and transducer 66. Side rails 60
and 62 are positioned along side edges 54 and 56,

30 respectively, and form air bearing surfaces 70 and 72,.
respectively. Center rail 64 is positioned along slider
center line 58 and supports transducer 66 adjacent to
trailing edge 52 for communicating with the disc
surface.




rail 64 and side rails 60 and 62, respectively. Cavities 80a aﬁd 80b'
are open tgy q@t atnmospheric 5 pressure at |eading edge Pperand7dizos

trailing edge Cavities 80a and 80b are formed by ion mlling,

chemi cal etchl ng or Reactive lon Etching (RIE), for exanple, wth a
singl e maski ng and etching iteration. A | apped | eadi ng taper 82 is
formed al ong | eadi ng edge 50 and 10 extdhds from | eading edge 50 to an
intersection 84 with rfaces Q.and

one enbodi ment, slider % @eﬁ r]':g’e":rtl u@??d@ln%l\ﬁr?tcrplﬁess‘ér?eng

of about 2. 00 gavities @t aid 80b whivhdahe gposiboionédcte nween neert sy

However, in othef 15 ., enbo |nen h ot uch as
t he si ze T - HiYe %?I d‘grlfvj\'n"eth a f%g%t flélff 1{%%9&5@9531?

mllineters archwitieshsoh hrﬁi nB0bi apecrapen to ambient atmesRRe¥if| 64
has a relativ e Cklyo d 9l dge Vs ge
trailing gszact ?é)yneé;%ﬁgo ltél?(ﬁ&é.g se%??gn%%%ﬁ}iig ﬁesﬁgatlgﬁ??al I %ongiant
wi dt h f r SFRY Rt R NGB ok aneafrrAgdsbyt 18R % 1¥Rgi | ?%@mlca

section 76 gragudhiNgi e reasasive wrd@&cflﬁ@i@ l(gagi)ng for exampueonwzﬁht owar d
trailing edge Fo Moo Passa RER atohing” 1EeXaffoR7UIN Aablly | g
62 ext end fromé@@ﬂnggte@@e 82 1i50foawedd aYand | hgag_algg &?%cﬁ@ eandnat e
Flies o rber vorendSaree™ BPdfing, Bok0sp B9 #d EfegpBeeiichton WEKF 1 o)
flies closest anrtlheaz.iu.sg eDrfagleisdd0 and 7% is a symetric slider which
allows either rail to bep, gne gE\BB&@&Eﬁ@ ag14 AR 086 of 8l hshysassiani ng
the disc surface to e used as an 'up facing” or a. 'down faci n%
di sc surface. slider, which has a length of about 2.00gmillimeters and gj 4e
rails 60 and 62 @aghni B Wowa rel 6bi MelYimetewsde Imdemrsem eRh2R0, a
eg secti osn 10§mbod1men¥:?s,ats.hvge¥- Qgrcrng hV\ala\IreStot eecrt Isolnzelso,4 S 2 %lhat Ively
size of a "30-series" slider with a length of 1.25
millimeters and a width of 1.0 millimeters.
Center rail 64 has a relatively narrow leading
section 74 and a relatively wide trailing section 76.
20 Leading section 74 has a substantially constant width
from leading edge 50 to trailing section 76. Trailing
section 76 gradually increases in width from leading
section 74 toward trailing edge 52 such that center rail
64 is wide enough at the trailing edge to hold
25 transducer 66.
Side rails 60 and 62 extend from leading edge -
50 toward trailing edge 52 and terminate prior to the
trailing edge. Side rail 60 is an "inner" rail which
flies closest to the disc ID and side rail 62 is an
30 "outer" rail which flies closest to the disc OD. Slider
36 is a symmetric slider which allows either rail to be
denominated as the outer rail by assigning the disc
surface to be used as an "up facing" or a "down facing"

disc surface.



. adj acent trailing rail
‘along the not ohidg5 leading SeE§g°§ect1|0<9ns P021@95|%I%C‘Fh‘?’lls ggzand%z

i angl e Y)@% gf{?éfge&ﬂﬂr&ﬂ ﬁélébe)ée%&%d 11‘@4 waha fq omamwbely

wide trailing section 106. Side rails 60 and 62 further 5 i ncl ude an

i nsi de edgayd®8321@8 out si de edge 110 and a trailing edge BIXIUSITIO8205i ng -
section 100 extends from | eadi ng edge 50 to |l eg section 102. Leg
section 102 extends from |l eading section 100 to waist section 104.
Trailing section 106 extends from wai st sgction 104 to 10 trailing rail
edge 112 and wi dens toward wai st section 106. However, trailing

section 106 has a notch é%gedr §Sééﬁg.m§%2aggeg iﬂé&ﬁgergl i«efgggvégg and

narrows the trail Section

section 104 t ction 100. |s ca ses |, g 508 and
out si de edges Vﬂ@et‘br%bhiﬁégg%e?%%\%?d‘- - Sydeyapd aﬂdné F fi§ | eg
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center |ine d|n ect et 1 a e
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conver ge tomrmadmhgr eldgaae '!0(8 ada &eg sedtiicgt B0l e 1'-»15& aﬂs@ﬂ@wlégl@@ct ion

Ilggl 32d t hene%’ége%és f% glge skjgr%:@&cjri %d W'ﬁgléecgée{hégol@% t he

cross |n ersect | de edges 1 di ver
fromcenter |iTfea$dingosgatdas ﬁ@%@é@qmsl(ﬁ}?%dﬂal“ €?6§§@§ ilaflel’:'?ect i on

84 a si izde @q‘%e [ £648e4a198 aeé Qu,trﬁl de
edges lloi(?heﬁegétgéﬁ gl %lqara S'U'tzo aged%?grdélﬁe@%% tg |Zadl n egggé
s 110

It has been dl%eévereﬂo‘t’ﬂ‘ﬁrvf tradildagggestion 1fiés BaR Aure
cross intersechbgitdéned aé!long aide anglia, edgéerndsy 2B 7addegests,

that th I h b I
e he ouL e it ohil HhdE! 0, PSRRIER eSS e s 63l ons

. tol erances. Sl sderidn adchgbrtiheatmedtdiy. first | apping a flat surface
| over m)st:l_%f the length qfed e 848" 188%f siadnedilardh nhd e3diangataper
82 al ong adi ng edge 50.

toward center rail 64 as they extend forward from waist
section 104 to leading section 100. This causes inside
edges 108 and outside edges 110 to converge toward
slider center line 58 along leg section 102 and causes
20 leg portion 102 to have an offset 114 toward center line
58 at leading section 100. Offset 114 can have a range
1 to 12 mils, for example, in a 50-series slider.
Inside edges 108 converge toward center line 58 at a
first angle 116 along leg section 102 and then at a
25 second angle 118 along leading section 100 as the inside
edges cross intersection 84. Outside edges 110 diverge
from center line 58 along leading section 100 and
crosses intersection 84 a similar angle as inside edges
108. Inside edges 108 and outside edges 110 then extend

30 parallel to center line 58 to leading edge 50.
It has beeh discovered that if inside edges
108 and outside edges 110 cross intersection 84 at an
acute angle, preferably 20-70 degrees, that the outer
rail flying height becomes less sensitive to variations



5 The air bearing surface features are then forned through

phot ol i t ho | sking and etchi ng techni ques. Fi nal |y, S
%@E 11268 PCTiUSI7IRMds! S

| apped onto e alr bearing surface by pressing the slider agal nst
spherical ly shaped | appi ng pl ate. The spherical shape of the | apping
plate 10 is then transferred onto the finished air bearing surf ace.
Variations in the stock renoval during t el - crown | appi ng process

results in a variation of the .l ocation.of the intersection 84 between

| eading tapor £9 che’lgracson ot infelarPRidn R E 50 SRPCHCRGIOR 15

ot herwi se havetsigpiahiceant clfidetrs36nishéabutieated byf fdrst lagpdhig a

Anot her advant age,_of _the shape of side L 0_and, 62 Ls .t hat
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the disc 20 tthgentliagiping oteagingt dragest s82 helongsilbadihmsedfel &9 .
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results i #Qa ?gggc??g%% r%ﬂ%sﬁ'fyl ngédf‘é elgﬁta{%’t tt e?n giosc n%ggﬂ&?ugtﬁanet er

(MD) by reduci RgotRéithognamhisensresking ofnd | RFcBENg  tRChndgHeses the

%ﬁ r_egglrdl 39 b&{nai@; |'| hyceﬁwhh%tsﬁnggg@ddéh%ot m@kaitrnlbtea&ingt _s?.t!r%d%dé” ve.
e m e di er i,ng he ) is | co nly ntifie

relative to th YinﬂE?séF& tébg si; E%gaﬁéFgﬁF (gggﬁfxégaﬁﬁhe%&ﬁﬁﬁd

di aneter flyi nJappinkepdhte(ODFhE dyhanicdD diuape qs)ﬁrta—r&?ﬁerppjwtyfa:pe;at@

MD Hunmp = H.- [(lDFH &+ ODE .The n.r ts a

devi at i onl‘g/?:t hig né laﬁPe trana:f%%é%gr ??t;:/? ngtl?%i g%’tnhlﬁlj%vegém ;‘L’lﬁ dga a%'ng

strai ght-1ine surffkgi.ng Vergatipnef iire tthe wetpckherdmpral ddameéhgr theyi ng

"hei ght and the r i r ' hei : s

-11- CQBW.A%mgagygﬁe%e %%g{t}%tésanlgnl ed Iea |ar$gmrnai ?f the

feature is thaloratarydeéethy interseetionoft krtvepn leadtpgLageni®dut 1.5

gnf at the di sgn@D, awp ChebFanhevesurfaddie TP awd 033 ,Ng wiaIdtOr ARG Of
slider 36 5T 8eherast'Bal 516ni8638E 2EFECRL S8VLAL SuE02 AN §1Y
height. _

Another advantage of the shape of side rails
60 and 62 is that by offsetting outside edges 110 of
rails 60 and 62 toward center 1line 58, the disc

20 tangential velocity intersects the outside edges of leg
sections 102 at -an angle. This "angled leading rail"
configuration results in a reduction of the flying
height at the disc middle diameter (MD) by reducing the
skew sensitivity of slider 36. This improves the

25 recording bit density on the middle data tracks in the
disc drive. The middle diameter. flying height (MDFH) is
commonly quantified relative to the inner diameter
flying height (IDFH) and the outer diameter £lying
height (ODFH) by an "MD hump" parameter, where:

30 MD Hump = MDFH - [(IDFH + ODFH) /2]

The MD hump reflects a deviation of the middle
diameter flying height from an ideal straight-line
flying height profile between the inner diameter flying
height and the outer diameter flying height.



side rails 60 and 62 caused by the offset of |eg sections 102 toward
center |i newo3s/32129 However, reducing the skew sensPCI{iS9y/02205
reducing the OD suction force tends to adversely 10 increase the flying
hei ght at the disc OD. The skew angle at the disc ODis typically

| arger than the skew angl e at the di Therefore, the angled

ljgaadi ng I rail feature tends to mcrea?g‘lthe flying height at the

isc D relative to the t ches
113 in trailing secti onsE\I‘é },%f}_h%%@iu?&gé %%ﬁ%}gﬁééé lggt(}rjftnegr gc%[ll\i?he
increase in flfeaturei glg that at wmreduess OB, redadistely 3lave suatigh o

inside rail g i fle [ AL &4 @] agRAbEKt Aaigy gail
edges 112 and exfend%?r (])a%ﬁ%:lg‘{/l?léejsglggabgng%oﬁo rdl sui IJeddige]?s 54
and 56, respectheerpmp ywleading|performappg; SEE ’Fo?lé 10 row from

a maxi mum i dt 4320t Bhe redﬁc‘éﬁdhbeﬁ?’éfabﬁﬂgtﬁ.@@m b.lﬁi 80b between

The lift force on trailing sections 106 is eq ressuye_al on
trailing secti 8Age108ailfes®sancthebar LR0Fedr RY | Lr%‘ se8 8ﬁ§p g u]|_' °

tCUt_t: ng trai : i Qgctlonzssgﬂtz Qitsvah® cdter nbindess113, the lift for ce at
railing rail edge 11 reases ultin r . ' k ght
: - ﬁ-f ex . Fﬁ§u01ngg Ll @ hQpe! senﬂ.%&kwtg}ﬂeﬁt

at the disc OD which cou i NCT ease
caused by theedsxk:emg’so the nSE"ISISuIC\tIltO}'I off orige artgilréiﬁ | &li P Yersely

features h N | ;
ﬁgw t A8 prg gg?ﬁg% %eieﬁ{t &€ Efﬁél Yisc OD. The sk&kgur es

4 and 5 s &sure di profiles of sli 36 t he
di sc I D and t heandilsc atDthe dl$<és%c?t$ v’é}’?lcai‘b;%s%&lré’eﬁeé:lk?nl a%&e‘iSOb

represent angle at the dlSC ID Therefore, 1Zhe anglielde mmism'ge on
| eadi ng sections 100 of side rajls and Gfgﬁ es ectlvell){%

pressure peaks¥Bdda I@RFumR-en s r’é’éfé'?ﬁaﬁen ral?l ng
sections 106 ofisc CﬁjdﬁelﬁiﬁeﬁﬂoaﬁdeGQlyﬂ.ngpheug\}m \at Ferh:ssinrsac pBRK 154 5

represent ist he pressure Ob?oécrﬂ%y%Sfﬁti:QQizgngf seti¥ns 106 of side
rails 62 and 60 counteract the increase in flying height
at the disc OD. Notches 113 are cut into inside rail
edges 108 of side rails 62 and 64 adjacent trailing rail
edges 112 and extend from cavities 80a and 80b toward
20 side edges 54 and 56, respectively. As a result,
trailing sections 106 narrow from a maximum width 132 to
a width 134 along notches 113.
The lift force on trailing sections 106 is
equal to the pressure along trailing sections 106 times
25 the area of trailing sections 106. By cutting trailing
sections 106 along notches 113, the 1lift force at
trailing rail edge 112 decreases, resulting in a lower
flying height at the disc OD which counter acts the
increase in flying height caused by the skew
30 insensitivity of the angled leading rail features and
the hour glass shape of the rails.
Figures 4 and 5 show the pressure distribution
profiles of slider 36 at the disc ID and the disc OD,
respectively. Pressure peaks 150a and 150b represent



rail 64. Pressure peaks 152a and 152b i ncl ude | ow pressure areas 156a
and 156b cgiy i ng to notches 113. The flying hei ght ppérnigdsosdesc | D
decr eases as e total lift force at trailing rail edges 112 decreases.
10 However, the flying height at the disc OD decreases nore t han t he
flying height at the disc ID. This phenonenon I s explained as follows.
The dual pressure peaks 152a and 15&2-are larger at the disc OD than at

the disc ID because of the greater tangential vel ocitg of the disc 15
at the di sc Gthe prgesuger AankfIding Gerbippy AdXIq% side FaLlsSyPlater

lift force. Thesefsr erekpRrRiOeIY € dritflpressutd pbgkkonspaecandr a@sabeas
156a and 156b due to notches 113 ilg gre%éga;i]gi[t t he giisé: %Otéﬁ%r% at the
di sc I D. The repreggnht thHe| DreafYES PEIET | N RGO TeSul ts in
20 reduced 4idé, randscenseaddd,y respaetritélyng Beegburet peak 1SHe disc
OD wi thout an appreciable drop in the fly] . | i | D.
The conbihat iBﬁBngFﬁgsngPShBE?S?ngaﬁrdl%%ggllnglsé%%%gﬁr’_gél |°t€=1§§?1§?’e‘% and
the edges of thAglsigle. raibse@SurecpeskisglbRe tapdr 15@berbrelvdm Jovan
acute angle th i s| L der , ' PEBf b fd0ss the
surface of th%:g%ig’ggr\?vi %hflegas_sgrieggfyaggdﬁicsle I\%;ﬁﬁérr%éé%aﬂﬂg greatly reduced
OD suction fottd.anBhe Elwinsg hedght at he qseildhdegraaiesiask s

Slider 36 is E?E&@f 942 3G oA tdc WAkl Vingetullf eageann 1boadarelaead di sc
drive applications_wth

kew angh@s.  However, the Elyigg hedSPE BoERSIiLTs Ji SSRGS JEAS atod
illustration ghan thed€lyliég Weieht atsithid atigo M¥).i ddhis phenomenon
the side raiiss PHEISHRES Aoriritftner e el Bresiird peaks AL 012
and 3 are usednidn1Bi2juraeres largemdat nthaedienaPhi ffan G &hef diahdBanme or
simlar 5 el goRAlSe of the greatef! 84h§8nfi8MdvR1iWS! U3 @@y essure
' 15 at the disc OD. A greater tangential velocity results
in a greater lift force. Therefore, the pressure lost
in the low pressure areas 156a and 156b due to notches
113 is greater at the disc OD than at the disc ID. The
relatively large pressure loss at the disc OD results in
20 reduced lift, and consequently a lower flying height at
the disc OD without an appreciable drop in the £flying
height at the disc ID.
The combination of the notches, the angled
leading rail feature and the edges of the side rails
25 crossing the taper intersection at an acute angle thus
gives slider 36 a low, flat flying profile across the
surface of the disc with a greatly reduced MD hump, a
greatly reduced OD suction force and a stable, 1low
flying height at the disc OD. Slider 36 is therefore
30 particularly useful for ramp load-unload disc drive
applications with small disc diameters and relatively
large skew angles.
"Figure 6 is a perspective, computer-generated
illustration of a slider 160 which is similar to slider



di storibution of slider 160 at the disc ID and at the di sc OD,
respectivelwo98P28sur e peaks 162a and 162b represent thePpPgTASYHIRION
| eadi ng sections 100 of side 10 rails 60 and 62, respectively. Pressure
peaks 164a and 164b represent the pressure on trailing sections 106 of
side rail 60 and 62, respectively. Pressyne peak 166 represents the
pressure on trailing section 76 of center rai.l 64. Pressure peaks 164a
and 164b are mygh pueat@bed5 ncdd hb&ediﬁsteaetshedmat ﬂrhet(ﬂljeSCti:‘@a.lWﬁigCh

results in a reater_fl in t e disc ur e
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res nor e  even pressure
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fly height profile. 7F gHae 8 '§1qu£§9{9 of thle phy %%'z%ht
profiles 25 of sliders %% 160 at the disc I\/De nd OD 1 E S

i nch di sc drivdistrieusyon, @§r ddldifler t heo tla&nstd'tﬁzeﬁh@‘ép D an@l 9Fn§1'1|‘fe| ght
of slider 160,846 bbne rle%%écﬁﬁr\ﬂéﬁﬁt tlr&essuré rpeaﬂucqrsmpaﬁayummel ght

of slider 36. Slider 160 has rise.n helg g Bﬁ]% 1%%§C | D
to the di sc 36FeRESIFNH. ééenpfﬁﬁﬁﬁfﬁegn lgaqy g3 ?ﬁ& n¥sa0Pno

hei ght frnem t heatliscsd Rind 6he hsoecDivbélynl yPHebdure pehaksoiléazesndii th
an MD hHunp of o oL {0 are
per spective, cjoér:%s%t%?p"@esegée'ﬁl%gaﬁé‘ass‘rlrﬁs??aﬁr%ﬁ%lgg gfg ?aLr é%ac%r g?]fng to
35 aIternaﬂ\ﬂidmbndlheﬁﬁsaﬂdtﬁ%.prespﬁctﬂweéMH(NPre$$Mre peak 166

- 14- gﬁé—genéé égé epk? 4 O? o ﬁﬂ%allﬁ% A8 WY Q:h: ehicer

posi ti oned alon ut s1 de I1.s” 60 and I'n Figure
11, slider 186rdkks ﬂ%tcH%@e%%%r%hﬂeibﬁ 164a ﬁﬁﬁcﬁsépeaﬁﬁsWPFGnGJQ%tGHQ

i nsi de edge 1Qf ofhsidesEabbsthen ak0 tiyl HbsiTD]) avhiehnekebesslih shown

'n Figures Zi%fLater flying height at the disc OD. Comparing Figure

8 to Figure 5, and comparing Figure 7 to Figure 4, the

addition of notches 113 significantly . decrease the

pressure peaks on trailing sections 106 at the disc OD

20 without significantly decreasing the pressure peaks at

the disc ID. This results in a more even pressure

profile between the disc ID and the disc OD, which
results in a flatter fly height profile.

Figure 9 is a graph of the fly height profiles

25 of sliders 36 and 160 at the disc ID, MD and OD in a 3.0

inch disc drive. Line 170 represents the transducer gap

flying height of slider 160, and line 172 represent the

transducer gap flying height of slider 36. Slider 160

has a rise in flying height from the disc ID to the disc

30 OD of 0.92 microinches. Slider 36 has rise in flying

height from the disc ID to the disc OD of only 0.04

microinches, with an MD hump of only 0.16 microinches.

Figures 10 and 11 are perspective, computer-

generated illustrations of sliders according to

35 alternative embodiments of the present invention. In



3, but are spaced upstreamof trailing rail edges 112, along traili nb

sections 30§ogs321ky this enbodiment, notches 188 and 19%-tflosiiiz20s
extend to or comunicate with trailing rail edges 112. 10

Figure 12 is a graph illustrating the transducer gap flying

hei ghts of sliders 36, 160, 178 and 186 at the disc ID, MD and OD.
Once again, lines 170 and 172 repreb®nt the flying heights of sliders
160 and 36, respectively. Line 200 represents flyin 5 helght
of slider 178F192Pfﬁe19®28|1éﬁ‘|eé’séﬂteshﬁ?enﬂtﬁhﬁg’s aﬁ’g&ﬂﬁl %sclj*f € 186.

Al three sl Iﬁ@é&t%nblaea%e@e@uts:,de ey 1100 v @ idles rlilley 60 smdn fly
hei ght fromt

disc IDto th I SC sco aredt i shown
in Figure 6. 6fn add tF’cﬁPr%l?'?je@i%%ein&% 1}%3 g\gleang ngg(g on
t he inside rawhichdgee, pbsieiansdnbleng 1n51desedga 10§ digjide fraod s he

disc 1D tg theodhng €D 88,1 ar CUTRHHS 13 ilowty S WERRAR, naighes on

t he out si show a sl ider
according to 25 b@zrtotahr@r Sﬂat@cham&'@r@mo@fn’éﬁﬂléﬁnghé‘aﬁﬂ-e%ﬁeﬁ mAehit i on.

Slider 210 in d r i ng e mbodinedge 216
and side edgegg%g@s gq'lrlg ge ggc%%nst ib% g%?er?% or% J gadl ‘%e dge 212
S

towards trail Flﬁéjcé’@@e 1§§4and 19°a138n@°§| %t%ﬂﬁe"s"% oAt e YRRyl y .
Side rails 30¢ya3Q idnd w22 t@ﬁég@tggpﬁ or to trailing edge 214. Side

rails 220 and 222 have narrow | eadi ng sections rel ive t eadi ng
sections1200 of the enbcfaJ%? 29 q‘?hoﬁw i fF uré%lk‘sgﬁﬁ% fnd

Addi tionally, t&iair!&ludéhﬂ das flying beitghtd ioe 2UBdend 36cedtédr, rhV8 226
with a wide 35 | t
a9 éﬁ 59%3(2)‘%@3@ ?.nd D. Once. gaztgz lln\e,\ﬁ

- 15- nar ?gw ce er sec i on rarlrng sectio
gradual |y i ncA§8send AR depuesantarduudeyizay haights tqfausflrﬂr@eléﬁg%6914 A

| eadi ng taper a%‘éao jé | pppgEctle1ly. glislera@dOra %)QEthQletﬂ'& eEtopi 24 2.
Leadi ng t aper forns, an |ntersectjon 242 Wi he alrheegingn

surfacesl5 helght of slider 178. Line 202 represents t ying
height of slider 186. All three sliders of the present

invention have a smaller rise in fly height from the

disc ID to the disc OD as compared to slider 160 shown

in Figure 6. 1In addition, sliders 36 and 186, which

20 have notches on the inside rails edges, have a smaller

rise in fly height from the disc ID to the disc OD as

compared to slider 178, which has notches on the outside

rail edges.

Figures 13 and 14 show a slider according to

25 another alternative embodiment of the present invention.
Slider 210 includes leading edge 212, trailing edge 214,
side edge 216 and side'edge 218. Side rails 220 and 222

extend from leading edge 212 towards trailing edge 214,

along side edges 216 and 218, respectively. Side rails

30 220 and 222 terminate prior to trailing edge 214. Side

rails 220 and 222 have narrow leading sections 224

relative to leading sections 100 of the embodiments

shown in Figures 2 and 3. Additionally, slider 210 has

a center rail 226 with a wide leading section 228 a
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crails 262 and

formed by side rails 220 and 222 and center rail 226. Side rails 220
and 222 hawoissspi® edges 244 and out si de edges 246. Redu®CTJOWB2286 dt h-
of | eadi ng sections 224 of side rails 220 and 222 and increasing the

wi dth of 10 |eading section 228 of center rail 226 reduces the

sensitivity of the flying height of slidgg.210 to altitude. 1In one
enbodi nent, the sensitivity of the flying hei ght was reduced by 40

percent at t Ngah3hy | Bengeralubds G 8801 o (41°c8a31iGR radatioe bo2s! i der
36 15 shown |n Figures_2 . This re uctlog in alt
o

sensitivity |N@Péﬁkéﬁ“%¢ﬁ?¥%¥l%5????§e§flPh§1 F tBrFVénsaucan234 at
envi ronnent s Q&djl&f?ﬂb@@é pLessupe 1eadings taipdr 40 is tapped, iwtioch are

typically pres ze u COoLEEesp ing {0 t 00 f,qet
altitude in oﬁéﬁdmﬁ % 2160 eleadlﬂ% TPV %gghel s ciﬂp’%r%ﬁ%?erl Stics of
t he sl | defcarned aﬂmimuessectlonenézowlmhrEhalamrcbﬂpaned surfacest he

sl ders shown £ guos38.A0L M0 80 FLANT $035an coslLicra260hge si de

ng sectlons 266 and
268 that 25 ts:adsunantstzazmmd)\aazmwmgn@é&a @:@geﬁ@%mnﬁgutsme

Trailing secti nd g - i 274
Trailing sectiofsd 9,800 REALEHE RAS WA 4P Peading! BatthBAscdza

urt her I ncl.udes a center all é??%va
has a rel ati vedfy side paidsy 228 r%‘i‘%h?z?eéﬂfind‘r’é’é%ﬁ?%f@?’é enyigt i ng
30 .sectij@n 2A%yH %’@@E@éﬂxy 2i2BCT @BSRSentidr Wirdlill t 226 reducdsi nheedge

274. 1 sl der 280 i.s |n1lar 260,
but side rail 55%‘6%1%?1}51534 ‘?ﬁcl% gﬁ e ra;éfl g%'rsegt | ons
282 and 284. Neitiwwudsli deIn 26ﬁen(e|mbod1ment V\o:ae/ 3ppgitivity of the

PCT/USST1 0220% s e gB! U8l 20 1)l SpdPeblie heaphinaisestigns o

t he angl ed ature In whic
out si de edges aidt hé reercenbnRsr gehe od&ﬁé Ahteplative to Sllder 35

15 shown in Figures 2 and 3. This reduction in altitude
sensitivity increases the reliability of the disc drive
in environments of low ambient pressure such as airline
cabins, which are typically pressurized to a value
corresponding to about 7,000 feet altitude in open air.

20 The f£lying height characteristics of the
sliders of the present invention were also compared to
the sliders shown in Figures 15 and 16. In Figure 15,
slider 260 has side rails 262 and 264 which have
relatively wide leading sections 266 and 268 that

25 transition to narrow trailing sections 270 and 272.
Trailing sections 270 and 272 .terminate prior to a
trailing edge 274 of slider 260. Slider 260 further
includes a center rail 276 which has a relatively
narrow, straight leading section 278 and a trailing

30 section 279 which gradually increases in width to
trailing edge 274.

In Figure 16, slider 280 is similar to slider
260, but side rails 262 and 264 include relatively wide
‘trailing sections 282 and 284. Neither slider 260 nor



rail 276 near |eading sections 266 and 268. Figure 17 is

graph of t@agdgipmducer gap flying height of sliders 26@cantko?gtrost
the disc ID, M and OD. Line 290 represents the flying hei ght of

sl i der 260, and line 292 represents the flying height of slider
280. Slider 260 draws about 3.0 gnf suctlon at the disc 10 OD of a typical
3.0" disc drive. The | arge suction -16 Torce dr aws sllder 260 cl oser to

the disc surface_ at the aD,, esult .an_un Lrably
ow f1ying SEERSFgRBSabasnaose0dn doe AL bHY: reeBaBReana” Sirr o
effects on untaidlls ngrpéidoriacangledh2eaddagt el r@e&ﬁurpads fwbiddd by
trailing sections 282 .and 284 of sl der e

flying helghtth%s ?ﬁ&ﬁ?%nﬁ Q?ﬁaof EH%QE?lby re3b0|ﬁg ES&S egkgg'ggkew
angle. Howeveail 274 skadelezglinmsectsions f2ehnang Bﬁgher f1yi ng hei ght
at 8%6 di sc MD thag :.F_{}.\rt&h %9' SEs | g Hhefd'éﬁe@ra%&&go gapinp for

e

slider i s_approxi mat n1cr0|nc as conpared to the VD

hunp of 0.16 fl¥ingnbpéghtoef slldgnSdéZrG%@nér 2680 3% sden S FRi

The slider ofahheonr eSﬂKelz"B'@rﬁéﬁéé&it@rﬂné £1yiny Qe dtee f @uisied | on
force at the disc CDf | oad- unl oa rive.a Ilcatﬁ Iﬁrl[sh but al so

tends to redugl. an t:l'uén?lggzﬁfﬂ???ﬁ% ﬁe‘?k&?‘u Y it hs @ T8 Me disc
OD, which allpes.fosliaee 26bidiaws abgaetd co reebdradicigion at dite idicgeased

| Ve ot LAOAR W, sl e PhoRie, Sivea n1e RLSE, Mdidn Pl

vi ew of no ches accordin resent
i nvention. |fiorce dEagsr eliéer526§e¢leeerl bel the mqesu‘éf-a%e@eﬁ dhe 62 and

center rail 64; o8l B, akHiCH M rgg&ﬁf@ninSQH“ﬁn8851rabl§|g%ﬁﬁ%ﬂ%iﬁg’3
and further includes a cavity dam extending fromside rail 62 to
side rail 64.hgight at the dlSC OD as shown by line 29Q,7; and adverse

Al though the greserk. Id}veah&@adh@s_é; BeeRformalesé [ | berhavi whdeefraregcind o
ELSLS;;ed enbOdligeri.:lormed by thg'\a{l 1ri§g|é§gt:|1gntsh88§r \M I284 Cfo%rl 'Zfethat
' 280 help increase the OD flying height, as shown by line
292, by reducing the effect of skew angle. However,
slider 280 has a significantly higher flying height at
the disc MD than at the disc ID or the disc OD. The MD
20 hump for slider 280 is approximately 0.32 microinches,
as compared to the MD hump of 0.16 microinches for
slider 36 of the present invention.
The slider of the present invention not only
provides a low suction force at the disc OD for ramp
25 load-unload drive applications, but also tends to reduce
the rise in flying height from the disc ID to the disc
OD, which allows for more efficient magnetic recording
and increased data storage capacity in a disc drive.
Figure 18 is a plan view of an NPAB slider
30 having notches according to the present invention. In
Figure 18, slider 300 includes side rails 60 and 62 and
center rail 64, similar to the embodiment shown in
Figures 2 and 3, and further includes a cavity dam 302
extending from side rail 62 to side rail 64.
\
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may be nade in formand detail without departing from5 the spirit and

scope of tReobsyanyi on. PET/RISY7/08265T | S
CLAIMED | S: 1. A di sc head slider conprising: | eadi ng,
trailing, inside and outside slider edges; a slider
center line extending fromthe .17- leading slider edge to the
trailing . slider edge; first and second raised rails,
each rail %hngtgg | peledepiai I3 ﬁﬂgﬁtl@@ has been
outside rail edge, a |leadin and a tr lllngsral

edge, and for@ﬂﬁyrled wit rQﬁQ%ﬁn%ﬁd tec@rrhREredg enPedinen

respectively, whikdrd efid TREQ Phi Bhetl Qrt will recognii@ that| tngngkider
edge; a raised _center

rail e gndl ng % £
slider center MaYhPanBaser wdef e Fndsgetal Je’ QERFE%%%%d Falsed
rails andscomwuéngﬁhﬁnt and scope of|QM@IﬁpwEnﬁ1dm, a wai st section and a

trailing section, wherein the |eading and trailing sections
of the raised center rail are each w der than the

wai st section of the raised center rail; a tapered surface forned
within the first and second raised rails and extending from
the |eading slider edge to an intersection with the
first and second beari ng surfaces; first and second
cavities positioned between the raised center rail and the
first and second raised rails, respectively and

extending fromthe | eading slider edge to the trailing slider
edge; :



\

wherein the first and ﬁ”f"nﬂ’l ised rails each further '

conpri ses di ng [ Jll H" -19

section, aw&a%s@%ﬁ?ect iorf, & e!igf I l whi ch é’??é‘f%%’“ ZP%m
h

t he wai st section of € respective first and second raised

rails to the | eading section of the respective first and
second raised rails and alrailing section which extends
fromthe wai st section of the respective first and second
raised rails CLAIMED IS: respective trailing rail edge of the

first and second raisedargike BBEd slider compridigin the trailing
sections of the .. first, and second,raised rails w dfyom
irter By’ Wack Tiald SEnafl 1ol BB LA

t he wai st sections of tfeS Fa rails
toward the trailing and outaildecdgadenf e¢dwes$irst and second

raised rails and each trailin ect,] . f: fhe 1St

second raised rails 2 s1ide? %%ﬁgFFse%lgeno?g eg@gﬁ- aEEFéZsﬁggﬁe of
~the inside and outside rai|l @&egdinghi shider edge to pniheow§refiding
respective trailing section gjjger edge; ©Of the first and second raised
rails at t he notch; and . erein the inside and
outside rail edges first and;FREPHE tAETEt HP ST derfdht &34 ne

for a distance along the | egcopphii¥inhg an inside patileeedges warst
seotions o the 11TSt oy conuie i PoRaaE, 4 SFekd gl a8d Uiyd c20ino
and a trailing rail edge, and forming
first and second bearing surfaces,
respectively, which terminate prior to
thé trailing slider edge;

a raised center rail extending along the
slider center line and between the first
and second raised rails;

first and second cavities positioned between
the raised center rail and the first and
second raised rails, respectively; and

wherein the first and second bearing surfaces

each comprise a leading section, a waist
section, a leg section which extends

from the waist section to the leading

section, and a trailing section which
extends from the. waist section to the
trailing rail edge, and wherein the
trailing section widens from the waist
section toward the trailing rail edge
and comprises a notch positioned along
the inside rail edge which narrows the
trailing section at the notch.
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i sc. munt cosmseie nou-IE A YA |Ll|li’ M ebout xcoamoranos”

axis; - %a rotary slider support structure
rotatably nmounted in the hou3|ng, and a slider supported over the disc
by the rotary slider support struciige and conprising: |eading

and trailing slider edges; a slider center |ine extending between the

\|Me1adlhng and tr% l'ing 3' ' gﬁé %E{%h rrééaséliaérswr@lﬁ@ngaw%re&rsaﬂmé ails
iC are di sposed about_fhe sli ent t er ng.nat rior to

the trailing notehjisr theyfissfy E%ﬁﬁ?psgailg'acﬁ"ﬁ‘benés ip & 3 e‘?#‘%al st

’ sepflons and ;ﬂ§éﬂ?thelfﬁ§gt Qﬁ@g&qrwh@war? the fihhetr sﬂddanxadge andai sed

rails narrow fromthe leadi a trailing cti f

and secondexFﬁ?aﬁdfrP&Ié%eihfa%#hp vERif Jeage gg@%%ﬁnge #ﬁ?q ét and

second raised railredge;, ambtwhepesnt theecictiaingirathei seiceand araised edge

| of the first angh rs% Lsqd, a dﬂéétloﬁm m N#heOVsecbAg éé@%}iygg

- sections of t he second s at the notch; a

¢ el ongat ed r ai sedwazdl hmecrple&@%nd%llderalqslﬂf gmd  eKtgBAs cERP®r thene
| and conpri E??ﬂ%@' Q%LIF ridd NOwiEa VBhet 1eadisRriadns eades ein the
P third raised rail rows_fromthe | eadjn gpd irallln

‘ The disc head slide c
notches in the trailing sections of the first and second

raised rails are spaced from the trailing rail edges in

aim 1 %hereln the

a direction toward the waist section.

4. The disc head slider of claim 3 wherein the

trailing sections have a maximum width at a first

location between the notches and the waist sections and
have the maximum width at a second location between the
notches and the trailing rail edges.

5. The disc head slider of claim 1 and further

comprising:

a tapered surface formed within the first and
second raised rails and extending from
the leading slider edge to an
intersection with the first and second
bearing surfaces; and

wherein the outside rail edges converge
toward the slider center line along the
leg section from the waist section to
the leading section and then diverge
from the slider center line along the
leading section.
6. The disc head slider of claim 5 wherein the
outside rail edges diverge along the leading section as
the outside edges pass the intersection.

_

THIS SHEET HAS BEEN This Sheet Has Been

Bl T




sections of the third rmm E“ ﬂﬂjﬂ‘l wai st section of the third
rai sed I’alh, 98,3212gnd wh H "Il' I“ ﬁ section of the poirrudoted265d
rail is wder than -21-

| eadi ng sections of the first and second raised rails,
respectively; and first and seggnd cavities positioned betmeen
the third raised rail and the first and second raised rails,
respectively,, and The disc ASAENGINJY Wt BeahRAdl el Fdpenedoe
to the trailing slider cF di sc head slider conprising:

a slider bodfmmnniS¥Qﬁhng, tralllng, |n5|de and out si de

sl i der edges; a & SpdEed maeéelfaﬁn@dt@ndhmﬁ Ehenfihet and
| eadi ng slider edge to the trail

r e;
first and second raised rail3%°° gcﬁaﬁéqd rails and ‘Sxery 9 sthg™an
inside rail edge, an the leadiapgde =diildearige,edge eadtag ranl edge

and a trailing rail edge and { pri
trailing slider edge; gég&g§£g§g cenh t?% Flé§¥é %ggg %ﬂg t he

sILder center line, between béaringssurfaces; and and second rai sed
rails, and conprising ynerein the i th@a@%yifﬁﬁﬁéé”boﬁwﬁﬁéétaiéﬁb'on and

a trailing section, wherein the raised center
rail narrows fromthe | eadi nghandeg section from the iwaisecEEERIOBF t he
ralfed cen}er tbathet QebBentpisHctsiant | oRioh tespeatsed
center rail:

the slider center line.

8. The disc head slider of claim 7 wherein:

the inside rail edges converge along the leg
at a first angle with respect to the
slider center 1line from the waist
section to the leading section and then
converge at a second angle, which is
greater than the first angle, along the

leading section as the inside rail edges
cross the intersection.

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

a tapered surface formed within the first and
second raised rails and extending from
the leading slider edge to an
intersection with the first and second
bearing surfaces; and

wherein the inside and outside rail edges
converge toward the slider center line
for a distance along the leg section,
between the waist section and the
leading section.
10. The disc head slider of claim 9 wherein the
leading section widens from the leg section toward a

/
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]::la:]tsfarapgl fvmguggv}mm\mm“mwm& reen second rai sed r%%ig{lgﬁgg%

respectively, and extendlng fromthe | eading slider edge
to the trailing slider edge; -22-
wherein the first and second raised rails; . each further
conpri ses a |eading section, a waist section, a leg
section first lochbieh %ﬁdﬂﬁﬁeﬁrﬁﬁbtEﬁdﬁﬂéﬁaﬁ@cﬁiaﬂhoﬁrom the

the respective, first and,second rai rails to the Ieadlng
section of tHetrst 1o82€180 tPéﬁ&&ii%ﬁ?*?Qs?aé%degggond rai sed
rails, and a ixailing sehei disshi@gad slider of claxmemdswthhQM| st

section of the ectlve f| t 0 d
to the respec?ﬁ?%e?r SePRE rraa}flsgla ubstarty lsf}&/nggrm% ?1% V{léaéﬁng
sections of tfmom the leadlngfslsdamuhdgzond Baipesi ¢t boh sadregeditie

narrower thantdfgflkﬁadbggtigﬁts' Y¥ g:fe rgf'j[rst and second' @a&%@z&:‘i‘%}ﬂsra' »

t he inside edges converge toward
slider cent erthahelﬁorf@r‘dalédamfe thengiotches, and widpns| §5omsddt ons,

from the Wa%ééltmn toward th%ecttfﬁ@wé EDeabicr éagand second rai sed
rails toward the | eadi ng sections of _.th it and second

raised rails,1dnd the The disc hea@rﬁﬂFﬂﬁ& fettdie ZoWhegRdn f58%¢  and

second rai sedléaahﬁng@@tibﬁmﬁ&@ Wi gonstant width seotm oflse of1édpe
first and second Lals toward the trailing rail edges

of cting EPr§P &f%ﬁﬁﬁﬁur?gisgg SFails: and a notch
positioned albhg each | Mhieddirsai lhead slider of edgemoﬂZtMQdﬁekn e

second raisedraised center rail has a leading section with a first
width, .a waist section with a second width and a
trailing section with a third width, and wherein the
first and third widths are greater than the second
width.
14. The disc head slider of claim 13 wherein the
raised center rail narrows adjacent the leg sections of
the first and second raised rails and widens adjacent
the notches in the first and second raised rails.
15. The disc head slider of claim 1 wherein the
first and second cavities comprises ambient cavities
which extend from the 1leading slider edge to the
trailing slider edge.
16. The disc head slider of claim 1 and further
comprising:

a raised cavity dam extending along the
leading slider edge from the first
raised side rail to the second raised
side rail.

17. A disc head slider comprising:

leading, trailing, inside and outside slider

edges;
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rails, which narrows th trailing section of the
first and y& 129 Illﬂilvm I‘"; I s at the notch. $CTUS97/02208€
e

di sc head of claim rek otch in the first raised rai
extends in a dlrectlon -23- fromthe
first cavity toward the inside sllder edge and extends fromthe trailing
rail edge toward the Ieadlng rail edge 6 the first raised rail, and

wherein the notch in the s d rg*;gg?£alilgéteggé? .Sg? g oQ_Q;on1the

second cavity toward thd o edge "and ex romthe tralllng
rail edge toward the Iead|ngleadhngdgslaﬁewheedeeonGOratb@d Frpilings.
The di sc head slider of Cla'gl?d Qd'@gwrun conpri si ng: a tapered
surface formed within the first and second raised rails
al ong the | eading first andg|gerenddg@ised. rails, TRah s&3dad

slider of claim3 and furthepopgMkiitif'd'an inside arhaperedgeyrfane
formed within the first and 1 egecond r.ai sed ralls al o t he

| eadi ng _ sl i dePutgdde Fai ge, a YRAGII (R nSWE rai |
edges of the first and aaﬂﬁaiammyifaibeédgyIsan@nfenmangong

the leg sections at a first angle wt pe sl i der
center line from % % % and second bearlgé %hﬂf&éégé

respectively, which terminate prior to
the trailing slider edge;

a raised center rail extending along the
slider center line and between the first
and second raised rails;

a tapered surface formed within the flrst and
second raised rails and extending from
the leading slider edge to an
intersection with the first and second

bearing surfaces;

first and second cavities positioned between
the raised center rail and the first and
second raised rails, respectively;

wherein the first and second bearing surfaces
each comprise a leading section, a waist
section, a leg section which extends
from the waist section to the leading
section, and a trailing section which
extends from the waist section to the
trailing rail edge, and wherein the
trailing section widens from the waist
section toward the trailing rail edge
and comprises a notch along the outside
rail edge which narrows the trailing
section at the notch; and
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the_maisf sections of tw second raised rails to
t he | eadi ngvo 98/32129 TI HHRI" nﬂ mlf" ,mle first and second rRECEES7/02205
rails and then converge at & second s angle, which is greater

{ than the first angl e. : The di sc head slider of
. claim3 wherein the | eading sections of-jjua'first and second raised rails
. have a constant width fromthe leg sections to the |eading rail edges of

~the first and second rajpe¢eidi | She inside and out51de rail edges
. -24- 8. The di sc head slider of claiim rein the raised, center

~rail narrows adjacent the Ie§QH¥ﬂF9ﬁu§?Wafﬂe %wﬁ A SEEBRE S 21D rails
and wi dens adj acent the nothdex ia tiethncd ahdngedd®l lLegsekataids,

between the waist section and the
leading section.
18. A disc drive aésembly comprising:

a housing;

a disc mounted in the housing for rotation
about a central axis;

a rotary slider support structure rotatably
mounted in the housing; and

a slider supported over the disc by the
rotary slider support structure and
comprising:

leading, trailing, inside and outside slider
edges;

a slider center 1line extending from the
leading slider edge to the trailing
slider edge;

first and second raised rails, each rail
comprising an inside rail edge, an
outside rail edge, a leading rail edge
and a trailing rail edge, and forming
first and second bearing surfaces,
respectively, which terminate priér to
the trailing slider edge;

a raised center rail extending along - the
slider center line and between the first
and second raised rails;

first and second cavities positioned between
the raised center rail and the first and
second raised rails, respectively; and

wherein the first and second bearing surfaces

each comprise a leading section, a waist
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-24-

section, a leg section which extends
from the waist section to the leading
gsection, and a trailing section which
extends from the waist section to the
trailing rail edge, and wherein the
trailing section widens from the waist
section toward the trailing rail edge
and comprises a notch along the inside
rail edge which narrows the trailing
section at the notch.
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