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FIELD OF THE INVENTION 5 T IMH{WMWMVWH on relatgs to data storage

systens. More specifically invention relates to an edge

cont act prooeys3en feature f orgedodoeler s of a data storage sPSTASI/BIRTKGROUND

OF THE I NVENTION 10 Disc drives are used to store digitally encoded

information. Sliders support transducer elenents for reading and/or witing

data to the disc surface. Sliders inciude an air bearing to fly above the

di sc surface via rotation of discs in a disc drive 15 for operation of the

t errenEEGEn@mw @Rmemﬁflpﬁmwg@ known t hat
|m9ﬂ8 H@M@E etic intera Ej #1’91 légf’ace and transducer

be achleve y reducrng t spaci'ng between the slider and the
di sc "d¢i5"ace. Wth 20 cl oser fIy| ng di stance betvveen the slider and the
disc surface, there is an g (]

slidergand disc surf ; t e ace can
darragest he di sc surfgglg g%g%gg %Wt%gggaggl?%ég Eagd%h sétfor?"ﬁé
suscepti bl 8Yebemgnt actMagre i @mlﬂmqerflme dhec Buesene dm\me}IIQi'ad and

unl oad operathess -tdN A ddgd Alconithcd dyRBELELE AP teaeusa!stm cor ner
edges of the sI i der axe susceptible to contact with the disc surface . For

contact st8ttdgxd ofop CatesStoraEs AYSERINs|iders axe parked on a | anding

zone of the disc surfaceBEK@RoUNDoggra-HEovaﬁNmi erati onal shock

i ntrodyced during shippi ng 59 or handl ing can .cause the slider.t aminto

the di gc surface or b&lsl CngEdYES ufTor U858 ntAovR® orel'/éj a%o@’é ~~
Cy V@iﬁ@ﬂéﬂQQZrﬂ@WﬂlﬂﬁQﬁiﬁQN? 82 idiprai csuppoertacttmnsﬂme:esult | n

S| 9“' ficang,hgad:di %?%&é&% Sla'n%?cﬁ: ARy o ’If% ?Stéo‘d%h e SyAEp edges due

to the fabrication proce g I"'der™con s or -, ans Tnto a disc

surface t Barifeggh orSlghhltﬁ eu@eéu@anadamgebtelaemdxgsd:csmlﬂac@bome .

techni que usedahiQcr edues LARRGE Jdidodyeede by 001 8 e e slider

and di sc surface is to "blend" the edges of ]h |der ody. AIthough

"bl endPng" EPEJuCESTAEARGE @§us§&ebthﬁP§fdf-‘&§€ 1elseerr§§n t helBdg®s of the

slider bodjaghétdicseyped facse drcond acttbeﬂaNemometqHa%c aﬁéfa@edand edges
of the air_bearing can_ al so darragggt he disc.surface. I ng he edges

.of the ai PPHEENYg FELREPSTISHDI BETYSRL thE aFirlSSea?Fﬁ aShr fAR2e geonetry
IS nore cotqua@sdu,@deso eldeeibsf Iqarhebghtac&ndmm?rfbyrr&rmhxmfng hehai r bearing
are very s i [ S c try,
manuf acturlgﬁg :éeategg%%q?%qf% Jg‘?en ng' P%? O%‘%ésg %%gfgg% covr’t%rol led to
limt2Pnfl Gé@@@rt & i 1G4 seange h@@weemfehmabeder ané whe déafing. The
present i nkeRirQa 2Q gl esseant NeRe ANE PITIRI dHON EBcANdoRELEES

advant ages_ over t he prior,art.
between the slider and disc surface. Contact between

the slider and disc surface can damage the disc surface
and can lead to data loss.

25 The slider is susceptible to contact or impact
with the disc surface during load and unload operations.
In particular, in a dynamic ramp load system, corner
edges of the slider are susceptible to contact with the
disc surface. For contact start and stop ("CSS") drive,

30 sliders are parked on a landing zone of the disc surface
prior to operation. Non-operational shock introduced
during shipping or handling can cause the slider to slam

into the disc surface or during “spin up" or "“spin down"



. SUMVMARY OF THE | NVENTI.QN The present invention relates to a sli Je? dUL 2003
supporting transducer lel’lenents in a disc drive. The' 25 slider includes an

edge prot ion feature for contact interface protection f |sC

i nt erface%‘éﬂ?/ﬁg;bESCRI PTION OF THE DRAWNGS FIG 1 is a pgh}&g@;ﬁ;@svi ew
of a disc drive. FIG 2 is a perspective view of an enbodi nent 30 of a
slider including an air bearing. FIG 3 is a cross-sectional view of a
portion of the slider taken along |lirn2-3--3 of FIG 2. 17 JUL 2003 WO
00/ 43992 PCT/ US99129877 -3 FIG 4 is an enbodi nent of a slider according to
t he preserdYRaméatinreraetianngandgespt bt tgdignifdnantefead-@isg is a
cross-secti@Rehcyi ew taken along S line 5--5 of FIG 4. FIG 6 is a

cross-sectional view taken along line 6--6 of FIG 4. FIG 7 is a detailed
illustration of a roBhde8TEdGETsdiadddes taiucE sherm ¢d98s §Y2 det ai | ed

illustratios ehearabynéadiefgpraddsare wWHeClUA M R@nt alc@lsdldrvel y snooth

t FIG 9 i | t t di t of | id ' ti
cdge F of CELRBR 1BERS GLLBF PREL AT B ohio LEOTH | TGOS ol g

Cross- sectdamagevikw faken salrdiagd.i n®OnE) tafchrliGued udeddGtal kdduasst rat es an
“alternate ' l.ider i qQr.atin ge, protect i features. 20
o 1 ARG S B b o O AR08 DAk F5id N8 1)

O0ss-Secti onal " view al ong
DETAI LED DESCRREE| AN CGFo THELRREFERFRED ENBEBI MENTh&| €lideri IHagyt.rates a

di sc drive ' udi ' Ssi ' 1%&% %%%enbl y 56.
Di scs 25 Sﬁﬁglrlgﬂégt aitalﬁlgﬂglﬁ%a c?ﬁ%%%i@éiﬁa viq?? ;i‘:‘i-ét%{rn e notor (not
shownd? f orbeBraerohheasdpesy s &hal sdiden deds antididdsuiaaml y 56
rotational ¥neHBROLEEwRRAASLIR) ADEcr BadEAge aRHAOLQWEK! WFD tdat a0 and from

dises 4. 08 355U ALy a%.sssoengaluxagl';encl:gge%ig_cbls(\).t%'l%a%%%bvq'liacleencdoilrlg"
the edges of the air bearing is more complex since the
air bearing surface geometry is more complex. Also, the
15 fly height and performance of the air bearing are very
sensitive to changes in air bearing surface geometry so
manufacturing variations in the "blending" process must
be controlled to limit influence to the fly height and
performance of the air “earing. The present invention
20 addresses these and other problems and offers advantages
over the prior art.
SUMMARY OF THE INVENTION
The present invention relates to a slider for
supporting transducer elements in a disc drive. The
25 slider includes an edge protection feature for contact
interface protection for head disc interface.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a disc drive.
FIG. 2 is a perspective view of an embodiment
30 of a slider including an air bearing.
FIG. 3 is a cross-sectional view of a portion
of the slider taken along line 3--3 of FIG. 2.



.30 motor (VCM 64 and a suspen5| on assenbly 66. As shown E- bl ock 62 "}yL 2003
trotationally coupled to cha$5| s 52. The E-block 62 incl udes a plurality of
actuator arnms 68 (only one shown in FIG 1). Suspension assenblies 66 are
coupl ed t oVOWY4382 uat or arns 68 to support heads 60 17 JBCTRISOB2987NO
00/4399Z 4  PCT/ US99/ 29877 relative to the disc surface. The actuator

bl ock rotates as illustrated by arrow 70 to nove heads 60 al ong an arcuate
path (in the particular enbodi mrent shdwn) for placenent relative to data
tracks of a disc 5 54 to read or wite data relative to the disc surface.
Movenent of the E-bl Gt 62 iis sonemboféveny vt)ia:eslciaidr mmmrdeme V\:hi chis

coupl ed togdriygeci p;,e élw At 18SC 4 %l‘ﬁ%l'n?l ‘gﬂ'og')é

Operation of t he spindle notor (not sho |ve 10
circui try. EEREGUTRS.| | ustrates head 60 which incl udes a slider 74 supporting

transducer el enents gordild ud ratabscheddt { &l Widw e xead aamﬂagw te
operations.  Tr ansduce % be i nductive type transducers,
5 Rk

magnet r esitdfiey @ 5 (f‘ptlcal transducers. As shown |n FIG 2, slider

74 includes a sli der Hrly e8(i§1&vm}g;s954§@@u@ae1dgﬁe82 t ek dil ailldn edge 84
- and opposeg .Si dgé_e_%ges %2%?88 An air bearing 90 extends fromand is

el evated a 1 de B(jl'to support the slider 20 above the disc
surface for read and R/WGIQ bpea adtmisled ni Ilhesteritddnnefita strowmdedii r beari ng

90 incl udeeea a{ @%ﬁgﬁ'ﬂf%or“ ng transducers 76 and raised side rails
94, 96. An er” surtC ace ‘the slider 74 is connected to suspension

as:senﬁloy 66 to supporBIGhé 25 asldataiked illawstaadiwn 0 apmunderhs. During

operati on, t I e due to
b ot on G Lo S s

surface ca&ﬁyr?df ‘head- di sc contact. The slider can al so cont act 30 the disc
surface during CSS a@hd;oagd igndnuaheesdneRey @hb@aimehleno@p@rﬂidmﬁl shocks

i nt roquced durin , shi &g orrhandltl n?lf ;%gtﬁl SO C ea sl i der_parked on

the disc s ¢ NRrarectif KEFt i RILERC ar e

fabri ast ed imVeammjre.r (not shown) and are 11 J U L 2003 W O 00143992 -5

PCT/ US991 29877 FIG. 10 is a cross-sectional view taken along
line 10 of FIG. 9.

FIG. 11 illustrates an alternate embodiment of

a slider incorporating edge protection features.

20 FIG. 12 is a cross-sectional view taken along
lines 12--12 of FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1. illustrates a disc drive 50 including

a chassis 52, discs 54, and actuator assembly 56. Discs

25 54 are rotationally coupled to chassis 52 via a spindle
motor (not shown) for rotation, as illustrated by arrow
58. Actuator assembly 56 rotationally supports heads 60
for reading and/or writing data to and from discs 54.
The actuator assembly includes E-block 62, voice coil

30 motor (VCM) 64 and a suspension assembly 66. As shown,
E-block 62 is rotationally coupled to chassis 52. The
E-block 62 includes a plurality of actuator arms 68
(only one shown in FIG. 1). Suspension assemblies 66

are coupled to the actuator arms 68 to support heads 60



. cut . fromthe wafer fox_assenbly in a disc drive. Cut edges and c13r7ne”£".02003

g

sliders 74 are sharp 4s illustrated in phanton11Q? in FIG 3 and can

i ncl ude rough edges or burrs. Contact between the sharp edges of the slider
74 5 and é"&i"@(@9 can damage the disc surface. To limt dg’lﬁ(j@mrfo head
- disc contact, edges 82, 84, 86,'88 of the slider can be rounded or

bl ended 104 as illustrated in FIG 3. The air bearing 90 is fornmed on the
slider 10 body 80 by material renovat4or deposition processes including ion
mlling, chemical etching, photolithography or other processes. The
fabricati oReprEL¥Es FOr Qﬂﬁcbe%Frggcéan prdgucacENatPTedkRCH 06

Head- di sc gebhaet Wd hiThaspriesdi iy esgeewldn aah hevedarmagarid heo di sc nedi a

surface. R%l}lvgdi ng of the edges qf the slider body 80 does not €Erot ect
contact bePweBH tH: BESFRRG And dPRe BarEAcy: aﬁouﬁﬂp‘ﬂgl’ﬁ D% he bearing
edges 94, Showndr €azeplaerunbatt teilng iommpiexddta dradtiesablt bedtsag Since
air bearing,surf Q LY anpl.ex. tai, ed,precisi iIs required
for ro%ndi %é lé‘e’a?‘%%é‘gg’égg’%%i aﬁggsi%ﬁ%ﬁgatfjr‘ﬂ?e %Cf 3}1 ea%%%e??%f%%énte of the
ai r beari njoxesensr pfsehei E-bdock & il i omstiol ldd bypuwdiag eebkess. FIG

4 i's a perapesti o vign of 25skhieh elP0354kaoer RaRaLlNg Rrenbadi ment of
an edge protection feature of the present invention for reducing head disc
i nterface damggeriMedldwmiaratast By Bépcka 72re Onerabiodenti el i ke parts

of slider LfdnsAe SHOMBri MnlkG sﬂewﬁki des b3Qol nebidesqan ! gxgyed rimcap
122 3Q extendi ng about a perineter of the slider body 80. As illustrated in

FI GS. 18- 6, CAFRUEEEYLE22 ext ends above the slider body 80 to an el evation

Slhi ghtly recesseg frmnld.gez a%xlmd éﬂQsS%{'eE@C%@ %iﬁ.ihalﬁ?sseabogioyegtggz
shown, rimgcap 1 i ncl udes. | eadi_n traili,ng a i . 4
17000 L 2803 SeET bR AL dg R o £ TEhe Rt 36 T34 1ubsBatad s oun i n
FI GS. 56, msicherapit2d liyicl ufes a readdedandt ervateesur bapeeat3bnwhi ch, as
shown in F 3y en b e 32 t he_rl 2 at the

sl i der bod?%‘&%défr%%n qlg%gr %B%\ﬁrpé—gie iv%f F ecaptﬁrég].saﬁggirgbunded

i nterfldce SEEONEEOYEIVSHIVE ded Zaamedio pltierl stressdusers.i dePsdi sc

contact. ThedweAdidorré! abli B idRd Si4le; Re98qRer b bidef bddP, 8b28, 129 of
rimcap 122 pr.ovide_a Ieadggéglé)zftrall n d side ed contact _interface.

s I ng. an I edge

The el evat PGV 309 @i Aadpng i ghtixabbirgvedae feaawly cpRPESEes 94, 96,
to pr?vi de sad@pretc@‘éh hs ism,e][sfeace zslirorauzab.;I rb@@ﬂihggg@dfgﬁ&ﬁwatshwgmsia_gai figgant1 c

I nterference w.t tepror nc a e tjon o t lL.r alr.l ng .

Al t hough it & r‘?’g’rﬂvq {Tﬁajlfsch*%{l%‘afggpé& i:‘anS‘iEH?r 2%,11815;,”?59 are

for ms_dioof aboont imwimnﬂm@rﬁateefpmvemad)_namdr woitei njptea'gdttﬁ.onspeci fi c
enbodi ment .anst&%‘@”emﬁ%iﬁéﬁ@éﬁwﬂ?ré??tﬁéaﬂ AP i dl&é‘é‘z%%%#ﬂe%% mul tiple
- hon contl nupus - Space 'pOI’tI ons al ong peril ter 'e ges ; (0] _t e slider
body 80. R4Aida921ZRresytEadi &AFANCUSERSs & G angt adiifed aislitaragdscess or

mask duringd absgcati gn @bddie airchearif@ge efF stsequarfest 074 orgation of
the air bearing 90 via knoOwn material de Osihtél on processes. Rounded 25
interface s""tﬁ"f‘?d:ii:%,0tE’arls‘b’?'ﬁ;p?%lﬁ‘?’&atat-z%‘s"gi}‘D cB&ni EQ BRRRGYhg t8Sd gri ndi ng
processes, ghiridrdorixddditard Wit &l bpengt@bnst her known process. Thus,
during a shock or contact event t,‘t.henritlr};ecag. 22 étend al ong .edges of the
slider body 80 to di StHHIH ERSGFRA AT st eS¢ 'an he3d %%nﬁéfc%rt ontact to
protect thelmdi Intsortheedisonsdafege due to vibration or shock.

The slider 74 can contact asperities in the disc surface

causing head-disc contact. The slider can also contact

30 the disc surface during CSS and load and unload

operations. Non-operational shocks introduced during

shipping or handling can also cause a slider parked on

the disc surface to contact the disc surface. Multiple

sliders are fabricated on a wafer (not shown) and are



. Because the rimcap 122 is _recessed fromthe air bearing , 90, r1Z1t'z!1!>'-1%g03
" "does .not significantly in(TUence the air bearing and(fly hei ght perfornmance
of the head 60 nor increase stiction between the slider and disc surface.

17 J U L XQ0V4RPD0/ 43992 PCTNS99/ 29877 Processes for fabPFEASPIRIETounded
interface surface 130 can provide a roughened surface structure as
illustrated in FIG 7. The roughened surface structure can scratch or

damage a disc nedia surface. As showsin 5 FIG 8, a snmooth outer |ayer 140
can be applied to rounded interface surface 130 to cover the rough surface
structure and frow dden veniet hfoondssémbbyelhaee Kigd abevelayefutl40 can be

a diamond Lbke capho0.pheaL e A Ay »d QY8" 140,020 badualald vely soft
layer 10 such as alufm na A203 or plastic for rncreased Tmpact energy
absor pt i oninFpaentem]dor| LosFiqt e3 amod heanewhodiidenrovgh £daigeoPr ot ect i on

feature fo t aCkqs fe&Ey Id ' kr ' edges
(i.e. rail rgugg% 96%20?%&5‘5& endi%gﬁt%iiéggﬁ&rgé?g%%,ﬁggﬁgfs?ﬁgég%er body

80. LiRe naRfers ®FSE hadpFrati aags |Ghet dhsed ssritgees wila biked to

i fl_egt i f 3{) La&ggg@r H;&eoi:os hiegar -1§Qsi:! b@ﬁ%é@_&?de'ﬁggﬁl &, | 84 égas éga@ Ihown,h
slider bo ncl udes an air arin vi_.ng si rai . In the
enbodinent%ﬁo §h8wn?gF§PFs §an 9§eexfgﬁﬁg?8 t RE pgiFﬂgF r Bhes®B6, 88 of
t he slider ikddgtiated iiderFIIHO 3 ncl udes a perinmeter rimcap 152 about the
perimeter of the slidgr. b R.m 152 i ncl udes rounded interface
surface 154 as previ gﬁ‘sﬁ y&g%({pggﬁﬁéagw%t%ﬁ ’rsesBS'c‘{“e o %I%eap&%z‘%f%

Porti éfs 156dy1580 obyr imatepiab2 rameviadr ned ideperyidliion tprdeesseyg edges of
rails 94, ins ELG 104l e enbqdi hown,,. 41l ap 152

i ncl udes |gg‘¢§'ﬁ1§‘§$¥’\gu i %Ek‘and i A por?ﬂ%@gﬁ, \f%f,&ﬁ%?{i?’lesa. Ri m
cap 152 caPhedc rAPRhowh Sbhatiskregessechi ngThadi depbeation

processes. pRjHRd fioH @hlea @’ vS Béﬁﬁﬁﬁlééncﬁﬁoaﬁcfeo%’Fi%q'pbb!déégwﬂoé_Oundi ng or
bl endi ng processes as previously explained, Thus descri rimcap 152

, as hed,
provi des aPEGt 4SS ncepkact ryith pharny Peagdsa \edges 43862 <gn

15 damage the disc media surface. Rounding of the edges of
the slider body 80 does not protect contact between the
bearing edges and disc surface. Rounding of the bearing
edges 94, 96 increases manufacturing complexity of the
air bearing since air bearing surface geometry is

20 complex. Detailed precision is required for rounding
bearing edges 94, 96 since fly height and performance of
the air bearing are very sensitive to variations in the
rounding process.

FIG. 4 is a perspective view of a slider 120

25 incorporating an embodiment of an edge protection
feature of the present invention for reducing head -
disc interface damage. Like numbers of slider 74 are
used to identify like parts of slider 120. As shown in
FIG. 4, slider 120 includes an elevated rim cap 122

30 extending about a perimeter of the slider body 80. As
illustrated in FIGS. 5-6, rim cap 122 extends above the
slider body 80 to an elevation slightly recessed from
the air bearing surfaces 94, 96. In the embodiment
shown, rim cap 122 includes leading, trailing and side



.. PCT/'US991 29877 edges of.the slider body and the air bearing for 1p?o\julri2@3
the disc surface. Slideri:180, shown in FIGS. 11-12, illustrates another -
enbodi ment_of an edge protection feature. Like 5 nunbers in the§q%r evi ous

FIGS. are WOMY2i dentify like parts in slider 180. As shoWn/US%288%7 180

i ncl udes rounded slider body edges |82. Edges are rounded by known roundi ng
or bl ending processes. Rounded edges distribute contact stress to provide a
contact interface 10 between slider bofly edges and a disc surface. In the
enbodi ment shown, slider includes rounded |eading, trailing and side edge
portions 18299¢gpOrEens1384, Ad28howMd8 sirder Bsdeh%nimlli%%- ri sed
corn?r C?pzsl?ﬁimiﬁﬂp ﬂ@?,%%&ﬁudé%uadﬁégﬁ&%ge£n539§aé§lé&ﬁ%a%ﬁﬂﬁ?d96£h198
are |locate orners o e er ho and are el evated ahgve the

sl i der bodngbc}lgo %sré‘?%%? Jrréc%lsée f Ambleadsd bEEYPPRGE RPEE o> exanpl e,
rails 94, 96§, the pimvede azkeat dilse shideactbody esd acendvdhappeat gni fi cant
affect to f i,ght. _characteristics of the alr bearing. ln the

enbodi n%nt é%“é?\ngl,cgct&&s‘l 13%, 194, cf§’6,12‘258 ar %pg(?él&%fafiorﬁq'bteerlf%?eer edges
of the slidewrbadg B30t prpvodiede sa lorenctontraer f siceegs dieectsoiddox the air

bearing 90 éi% gg@g’ggg.r ails 94, 96). Raised outer edges of corner caps
192, 194, 2 6, I'ncl ude a rounded surface structure 200 as
illustrated in FIG 1ZheTHeadimstletaktine 200 $5d¢ edasl pyrki@wh bl endi ng

or grinding;pgchabgues Fgr ﬂb§teﬂn%iwgc§9n&a§tﬁfyv%sé d mdd\gi ggrpodi ment
illustrated cags 19277194, 7196, 198 have a curved 30 outward face 202 (as
shown % FI &Faiiing,ard# e isfde rmert dinterfacsr sERRREERF1PBns of t he

slider bodyo80rimheapurner {aceliQhtpioHedesw GO asdasidfssuefstéd buti on

for head-di contact. In t, particul ar enbodjnent _shown, .caps., 192, 194,
106, 198 ar &%+ 19 160 PTRYHS \Ho WAoo DeTBEACT LE90| S55 HESEAS

sem ci r cul aedghapedvitniowppl isdamidiidammot ihterfedehoet haritieci the shape
shown. Corn : : can He brigate ' terial
renoval dur?%ﬁﬁg?ﬁaégéri %glérraé% grajtf%gglri c%fft)i (‘)-‘n%or laggn ggg*g?ggd%wbsequent
5 to fdPmat AdbRhonghhd i Fhpe@mbrpidtent aikhvowtraspdsi artimmockd4es. CQuter
protective @pgtriybal ogi £ql jh-ay chrag dmnidd n, n be
added to the roundg gjﬁages.%ﬁg}mﬁdjtﬁg %o(r?:lne‘r %’Eg%%&’%éﬁ' E%% 198 as
previ ously FRVEEEEGRedSi ROFI Eimgteth tohgpesd fdesemppedmenhe phrevdnt

invention rebat egahpla, Spetemetdy} iriel ¥dipng22 shindehchedy ®Q1bayiag an air
bearing 90 el evated above the sli el evated riim cap 122.

€ K |de?r1 body, 80 %gg) an_el
The rim cap’i A2t ¥ HPBURde FRHTRY B N PeRERGESHi §89F fpact 15
pr ot ecgPon. o8l ktHer sl8demdadiess @ ounded peri neter edges 184, 186, 188, 190

and raised corner cap$;}iP2.a 218§n.%38ﬁ£8%é3§@gdd{r§8 §org%@gti?fdthough a
particul ar bearlng surtace 1's shown, it shou e understood that alternate
bearing 20 ¥esPyas PFPIRSIseY BAGKahitiss i by kcaion |of telet 8iy
bearing, or subsequent to formation of the air bearing
90 via known material deposition processes. Rounded
25 interface surface 130 can be fabricated by mechanical
blending and grinding processes, chemical etching or ion
milling or other known process. Thus, during a shock or
contact event, the rim cap 122 extend along edges of the
slider body 80 to distribute contact stress during head
30 disc contact to protect the media surface from damage.
Because the rim cap 122 is recessed from the air bearing
90, rim cap 122 does not significantly influence the air
bearing and fly height performance of the head 60 nor
increase stiction between the slider and disc surface.



. particular bearing design. It is to be understood that even thou!;l? I\-UFHHZDQ3
characteristics and advantages of various enbodi ments™of the present

i nvention have been set forth in the foregoing description, together with

25 det ai | swofoosdpe2 st ructure and function of various enbodi penusowdosthe
invention, this disclosure is illustrative only, and changes may be made in
detail, especially in matters of structure and arrangenent of parts within
the principles of the present inventiign to 30 the full extent indicated by
the broad general neaning of the ternms in which the appended clains are

expressed. For exanplgoddisdiar beUlrabral-afBRS JBhAG Yitenanrddg on the
particul ar ag;%l ication while naintaining substantially the sane

functi onal GEnddl G8BPTIPYYde a Fopdhened syatapeodFrulobLre AP

PCT/ US99/ 2981 udureodddrsgapee agnd Ther kbughehb8 phiesecd stwedtiran. In
addi tion, alt ho%%?1

) et g‘e rgf erred_enbodi rre{gt descf__r(fit bed 8erei nis directed to
a magnet i ¢ “8'sEEAT ?35 BIRIRt AWt FC READr B 2aSR biStRRE ¥ 11 ed in
the artS t h&lG.he8 5 weasdogs outiche bapsenl4iOnven i ba epplhiedappied to

ot her syst i I.C i t i ti m t he
ccope and SorRded nfR BdeC Blurtate THD £8Py PR SO 'S

CLAI MED | SStruckustd dendompresidg: a sehaethbodyntaet udimerfaeadi ng edge,
a trailingeedgacand opageed siglecadoss aléméiamsna' hdge Rohpdnnaidi ng at

| east one raised bearing surface and at | east one recessed bearing surface,
the at | eaStltEFAFtH Y bV Gry L4R 1SRk hecpeKaila§ipdrgSef baded rai sed

beari ng r aiguztel fyahedmabavas,be 8t beastiengdrecansatheprimgasur f ace and
the rai sed beari n%é:{ ails jncluding raised perinmeter edges including raised

edge porti GRETEE SRR he | eading, trailing or side edges of the slider
body; and an el evat eFi@ading edjducapataenanbelareahiiddindmygoédge cap and

el evated o e ] n eadi railing_and osed side
edge surfaces o?p?%gggﬁlgggr C%%t‘?{?hgollreao‘%%%c# régkf’ﬁgagﬁd fg’%go%ed si de
edge caps @légfrediawiove ameadr beavingnedgesedsed. braiingd4urd@kce to form
a stepped IAGRIHRGR; bed 88het BRgRIC\R!, ehd &3¢l figa é;ﬂéf%@%@pposed side
edge caps and the at | east one fecessed bearing surface and the_ | eading)
trailing olidiey@VERfErs G tit’r?clﬂﬁﬁvﬁé"“@lé{/d-tlédlsgafﬁtﬁ@r gildAsrenveibosed

bet ween t heeofdseet tbaligedredgel PRE! p@REs O F td18 ded 360 pPELLSEESte@dges of
the el ongat.edﬁﬁ%?i %g rails and the | agi nglh éraili,n or, side edges of the
slider body™ acH - df° t h8S| 848WRy, SLHERET QAP SsPBe®tlge caps
havi ng a r dugedeichg nhavinage sduief acailbd 08g, adkengtin t ties eefibbdimdread- di sc

i npact, pr ot {.on eCty A es_ 0 i 0 t rai sed
peri rreztcgr e esrp’ofitatthgSr %téll ’seg %gcgg'?lgigéﬁ)aﬁé%ﬁiﬁé%%a%ﬁagg'c?gi m 1

wher ei n t hef ddmiad idrerbete &r f fdadier 1S incdgides, at parimragesdnd si de
edge caps exftenschy rom aahase ehet ?@r@ﬁ\&%e?agft eh@NsypBer puajage.of the
edge cap. 3., The slider, of. claim1l wherein the el evated edge caps are
f or med via%%qhﬁﬁﬁrﬁf%n%ﬂﬁ%ﬁges a rounded interface surface 154 as
previously explained with respect to rim cap 122.
25 Portions 156, 158 of rim cap 152 are formed integral
with bearing edges of rails 94, 96 as shown in FIG. 10.
In the embodiment shown, rim cap 152
includes leading, trailing and side edge portions 160,
162, 164, 166. Rim cap 152 can be formed by known
30 masking, etching and deposition processes. Rounded
interface surface 154 can be formed by known rounding or
blending processes as previously explained. Thus, as

described, rim cap 152 provides a contact interface for
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surfaces of the edge ga)s are fornmed via a mecham'l’cal, fon mlling or ‘
chem cal rounding process. 5. The slider of claim1 wherein a portion of at

| east oneWs» 00/43892] eadi ng, trailing or opposed side edge caPE€TAUSIY8Ted
integral with one of the elongated bearing rails. 6. The slider of claim1l
wherein the slider is coupled to an E-bl ock and assenbled in a disc drive.

7. The slider of claim1l wherein thegleading, trailing and opposed side

edge caps extend along an entire length of the leading, trailing and side
edges of tddgesdi d€r tiosly sl8dethebsbBiydesindf tHeai @il wheseiimat hEorounded

I nterface es of .t he.l eadin trailing and side edge caps includes an
outer | aye‘?y%gg%i%nrﬁ)nt&lel ?al%escc%r I%r?.ceg. A slider conprising: a slider body

including at | east dhddeai 380,behpiwnginuFi@se hhelat ifdaustvabesecessed
bear i ot . dy i | nded t :yi de i t
o2 LnY, S4ehate: UBLRG Badkol DALk p8 L0UPUgC salgReelo BEpH oo e

protection . y and oné rai sed bearing surface
i ncl udt ng MerPeBTridedhedgeeviang BiGPeasreonsedatoedidebEnélY dafsehaving a

hei ght ext@eptr&x{gndiRdelr a@d.he ak 18a8n ONg15aeessash bearingesgur f ace and
an elevated cap surface and_the at |east one _raised corner _cap, bei ng spaced

fromat | &R Bt1d%e PedNdedIsdgddr t REIERi ddie bERYRARD Picl udi ng a

rounded i ntesdceoeflgendebned] dnitd el ghdcexsen! amnbimde&! edaked cap
surface to grovi de i otection for t non-r s of the at

h d_ed
| east one ¢ ?E’éﬂb‘b%eag%?fgggg;?%%.sslﬁ? pﬁ%"’s‘f? def© lE!“(r‘}l g?‘ﬁgﬁ(ﬁﬁgﬁdi ng at

| eastld ourbeoween shider body edges and a disc surface. “In the
embodiment shown, slider includes rounded 1leading,
trailing and side edge portions 184, 186, 188, 190.
As shown, slider body 80 includes raised
corner caps 192, 194, 196, 198. Rounded corner caps
15 192, 194, 196, 198 are located at corners of the slider
body 80 and are elevated above the slider body 80 to a
height recessed from the air bearing 90 (for example,
rails 94, 96), to provide a head disc contact interface
without significant affect to f£ly height characteristics
20 of the air bearing. In the embodiment shown, caps 192,
194, 196, 198 are spaced from perimeter edges of the
slider body 80 to provide a contact interface protection
for the air bearing 90 (for example rails 94, 96).
Raised outer edges of corner caps 192, 194,
25 196, 198 include a rounded surface structure 200 as
illustrated in FIG. 12. The rounded surface 200 is
formed by known blending or grinding techniques for
distributing contact stress. In the embodiment
illustrated, caps 192, 194, 196, 198 have a curved
30 outward face 202 (as shown in FIG. 11) extending in
alignment with traverse edge portions of the slider body
80. The curved face 202 provides contact stress
distribution for head-disc contact. In the particular
embodiment shown, caps 192, 194, 196, 198 are
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edge .of the at |east one y sed corner cap extends from a base of the at

| east one raised corner cap along the height extent o6f the at |east one

rai sed corwiemnoe®p2to the el evated cap surface. 12. The sli eerusbopdsad m 9
wherein the at | east one corner cap includes a curved outward face. 13. The
slider of claim9 wherein the at |east one raised corner cap is

sem -circul ar shaped. 14. The slider.qpf claim9 wherein the slider body

i ncludes | eading) trailing and side edges and the rounded edges of the

slider bodyemxtepdudbhenghbped eadi Rpplicddidy padnstdeindaes @lo the slider
body. 15. Tge sl i der., of g%ain1gf%perein the slider_is coupled to an E-bl ock
and assenbF88 PReS1GiSc SBARPGe ShAE™ - ThE X Reer 3PS i 8Pm ¢ 9%her @b t he

rounded edyes ebnt be dJlalddrcaiedy dre thateetabyramehan dakingeaiani cal or
fon mllin [ r ogce The slider .of claim9 erein.the at

| east one ggéggggc@gﬁgrggaépé?ﬂ%‘f]%%e%r?a ro’%ﬁ%lbq é:f“eora‘ sé’l%r?ﬁil&-nlti ke carbon.
18. A 5lidbp fompatidngef atis¢iatier Heedyinmvihgia kemvmglegdgd,tipntrail i ng
edge and sj andn,l udi : L,east.. ope. 1A ari rface and
at | east ogggfgggggéd ggg?%%gggggfg%é?%aﬁgrdggfgg%ééggggtéfﬁ%gﬁﬂneans for
provi di ng €BARaR® GiReenGehlER tagdanon Seay behadfeddiagihe maunded and si de

edges of therghidsr 2bedy ranhLdasmedd! ¢dis afghcagha0ng gai ge hearing
surface..19. The sllde& of claim 18 wherein the dual edge protection neans
i ncl udes: previously illustrated in FIG. 8.

10 Thus as described, the present invention
relates to a slider 120 including a slider body 80
having an air bearing 90 elevated above the slider body
80 and an elevated rim cap 122. The rim cap includes a
rounded interface surface for head-disc impact

15 protection. Slider 180 includes rounded perimeter edges
184, 186, 188, 190 and raised corner caps 192, 194, 196,
198 for head disc contact.

Although a particular bearing surface 1is
shown, it should be understood that alternate bearing

20 designs may be used and application is not limited to a
particular bearing design. It is to be understood that
even though numerous characteristics and advantages of
various embodiments of the present invention have been
set forth in the foregoing description, together with

25 details of the structure and function of various
embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of
parts within the principles of the present invention to

30 the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.
For example, the particular elements may vary depending
on the ©particular application while maintaining
substantially the same functionality without departing
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body to provide inpact pﬂot ection for the slider bhody; and raised corner,
caps on the slider body spaced fromthe edges of the slider body and

el evat ed a4 at | east one recessed beari ng surface anpct/osdopdssg a
rounded interface surface to provide inpact protection for the at |east one
rai sed bearing surface. 20. The slider of claim 18 wherein the dual edge
protection neans includes an el evat ediedge cap extendi ng about a perineter

of the slider body. 21. The slider of claim1l wherein the el evated | eading

edge cap, thERMitRe &RRPe andase iopposel tidpredgatcapyeentigig algng an

entire edgeadditiwn) e t I ' ai l.ing, and side edges of the
sl i der body. 212.. Theoc?]oaiggg?&%f E?Faﬁ?ﬁ%{%@éréei %m‘?%cgl‘g??'ﬂefdeﬁﬂ% Acl udes

| eadi ng, trafiTHy Fdcsreeteddee andaghetlicadiag, driael bygtram] skde edges
i ncl ude r ownideld bed @@ ralcdad eANKONE | e f. the lLeading, trailing
and sige edges of tﬁg gli er bogy?hgg? %ﬁg%g@g%@ t%*e arg‘i ﬁ%f%gﬁei n an

el evation ge&tg%l’fl%stﬂ FBSJRTE Satti InVgnEbensicds ddyeapppsedstpecessed
from an el dwnsystgint, oflikee ah lgastcHneqs aks i ngsyLf.ace

ext endi ng @egégittiﬁekggﬁattgfl beari ng ra?l S. Z%b %q’s%%g‘({a’r %&%@P.{‘gi ng: a
slider body includichg a leadthgSE88E aNEr SPiTdG e tdnl ppssest si de

edges invention.



-and including a raised bearing surface el evated above a recessed baa?idyl. 2003
surface and the rai sed bearing surface including at | east one raised

bearing rail having an el ongated | ength di nensi on extendi ng between a

| eadi ng edge and a trailing edge of th? rai sed bearing rail and a width

di mensi on bet ween opposed sides of the }ai sed bearing rail and the |eading

and trailing edges of the raised bearing rail being aligned between the

| eadi ng &é&l&fﬂ%@%&of the slider body and 1 ?J UL 2003 -15the
rai sed bearing rail including a rai sed edge portion offset fromone of the
| eadi ng) k Aaslidengpraprisgigde edges of the slider body; and an el ongated edge
cap el evated above the, recesse earing.surface ta.forma stepped.interface
bet ween t he el evateaclsé%{iz)og%bncgwgn@ AdeFting sdesy abré%l}lf‘%ﬁg]%%?ch(?g&ﬁﬁ%s e edge
cap including an el evat edighdrdndOihe REHBT bbdY RICRRERH aP Bla¥e it rhigedr Béatipg

of fset edge portion of the raised bearing rail and the leading) trailing or
si de edges of the slidersudgelyanthdt leass anggecassqsl beacing drfacea theodinigasy one
interface surface al ong raislcgg trih of .t he gedge Cflq[) %5. fAdini der co r.li si ng:
a slider body including ASTERENg Suys exkndingaiqng clongated 1aied beaina fils; o
edges and including an elieveidesboraitbedt ey bitd récdiskd foehig) Surflack aindee
bearing surface el evated above a recessed bearing surface and the raised
bearing rail including dAised beagag &ils|inclyding miised perimwtes dgen dichilineraitedn a

| eadi ng edge and a trailj i . P rakd hdt h
di mensi on bet ween opposeégggipgggﬁsé?) %fts%%g? ?”é?’%%%q%‘gg’?‘fdﬁg’% Q?F]dg%ggﬁsﬁ%ﬂ\qhgadi ng
and trailing edges of tdiderboglerandearing rail being aligned between the

| eadi ng and trailing edges of the slider body; and an edge cap. el evated
above the recessed PedlfYaiRs Ladingcdeafap: velatpted Haligawedss samnend slevasdssed
fromthe el evated raise i i d Lneliu -}@Qe hei ght
extent and an el evat ed g) g&ga%&sgﬁéagﬂﬂaar%&te[@gg’ggg%@g n@rqc?d m%mgg
rounded interface surfacegbatrses of fte tirkegbbddexhe tdadiapdtritheg ahévappesdd edge

cap surface along a |len thereof. . A .A.Al.AL.AY.AH.A2 _AA.A
2 p A Al . AFH. A E g AY?89P9t ge caps elevated zﬂ)ove the ‘at least ome recessedA\Leari%g

(] Sy xon d_2U] cal cal ohma) calornl ¢ Akppld (bl (ahvea the erharlasalg) o°l o

aJca] ca] cal] ca]c*alUlc*a] calca] c™a] ca]c calUlca]c:a

uab" #####AAHSS * * > x| zupleigZdc apfiosa] sidt/eded cim] o] tha]at d¢estpoafacaised a] cal]

* . *al . -../01011

e o cpinehib A Rk ath e e Pyt 0o o

U ca] c(a] ca] ca] ca] cal] calidvated cap portions interposed between the offset raised edge

ay ca] ca] c*a] ca] ca] cal] ca] ca] c(a] ca) ca] ca] ca] ca] ca}ca _ .

BDG@HHHI G | | NJUJJ KM KKKL LRortiansoRisiNo@ees! peiRacpQeyses of theAlegpicd heatingiadla] ca) ca

b ta) ool QURBRRRE suser Lt R R RO BhAgM e el T ) 21

] ca] ca] ca] ca] ca] ca] ca] cahe ddadimbcaditing and oppssed cilkcrike cajschdvirg] & ahaakéa] caj c

aljcalcalcalcalcal Y[[]7" b raT-T| TTTTUMJUW_VWDWIWKZXXYIYRYY} xsni d_Z] c] ] ca

] ca] ca] ca] ca] ca] ca] ca] cdMEHMCaPRAIEa PR c&ﬁ%‘%@&aﬁ%a‘}e@&%a}@aﬂ%a] calc
! Pey L100FRE () - %1 14009 ) i a2 09

a) ezl cal cal ool cal of al cal R0 rPERR, Kt o O MNEA) i AR

F10%Kk& ()-*!19° perimeter edges of the raised bearing rails.

2. The slider of claim 1 wherein the rounded interface surfaces of the leading, trailing and

side edge caps extend from a base of the edge cap to an upper surface of the edge cap.

3. The slider of claim 1 wherein the elevated edge caps are formed via a masking process.
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6. The slider of claim 1 wherein the slider is coupled to an E-block and assembled in a disc

drive.

7. The slider of claim 1 wherein the leading, trailing and opposed side edge caps extend

along an entire length of the leading, trailing and side edges of the slider body.

8. The slider of claim 1 wherein the rounded interface surfaces of the leading, trailing and

side edge caps includes an outer layer of diamond-like carbon.

9. A slider comprising:

a slider body including at least one raised bearing surface and at least one
recessed bearing surface;

the slider body including rounded edges to provide impact protection for the
slider body and the at least one raised bearing surface including non-
rounded edges; and

at least one raised corner cap having a height extent extending from the at
least one recessed bearing surface and an elevated cap surface and
the at least one raised comer cap being spaced from at least one of
the rounded edges of the slider body and including a rounded
interface edge between the height extent and the elevated cap
surface to provide impact protection for the non-rounded edges of

the at least one raised bearing surface.

10. The slider of claim 9 including at least four corner caps.
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12. The slider of claim 9 wherein the at least one corner cap includes a curved outward face.
13. The slider of claim 9 wherein the at least one raised corner cap is semi-circular shaped.

14. The slider of claim 9 wherein the slider body includes leading, trailing and side edges
and the rounded edges of the slider body extend along the leading, trailing and side
edges of the slider body.

15. The slider of claim 9 wherein the slider is coupled to an E-block and assembled in a disc

drive.

16. The slider of claim 9 wherein the rounded edges of the slider body are formed by a

chemical, mechanical or ion milling rounding process.

17. The slider of claim 9 wherein the at least one raised corner cap includes an outer layer of

diamond-like carbon.

18. A slider comprising:

a slider body having a leading edge, a trailing edge and side edges and including
at least one raised bearing surface and at least one recessed bearing surface;
and

dual edge protection means for providing contact interface protection for the
leading, trailing and side edges of the slider body and edges of the at least

one raised bearing surface.

19. The slider of claim 18 wherein the dual edge protection means includes;
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and side edges of the slider body.

22. The slider of claim 9 wherein the slider body includes leading, trailing and side edges
and the leading, trailing and side edges include rounded edges along an entire edge

length of the leading, trailing and side edges of the slider body.

23. The slider of claim 1 wherein an elevation height of the leading, trailing and side edge
caps is recessed from an elevation height of the at least one raised bearing surface

extending along the elongated bearing rails.

24. A slider comprising:

a slider body including a leading edge, a trailing edge and opposed side edges
and including a raised bearing surface elevated above a recessed
bearing surface and the raised bearing surface including at least one
raised bearing rail having an elongated length dimension extending
between a leading edge and a trailing edge of the raised bearing rail
and a width dimension between opposed sides of the raised bearing
rail and the leading and trailing edges of the raised bearing rail being

aligned between the leading and trailing edge of the slider body and
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25. A slider comprising:

a slider body including a leading edge, a trailing edge and opposed side edges
and including an elevated raised bearing rail forming a raised bearing
surface elevated above a recessed bearing surface and the raised
bearing rail including an elongated length dimension extending
between a leading edge and a trailing edge of the raised bearing rail
and a width dimension between opposed sides of the raised bearing
rail and the leading and trailing edges of the raised bearing rail being
aligned between the leading and trailing edges of the slider body; and

an edge cap elevated above the recessed bearing surface and having a height
elevation recessed from the elevated raised bearing rail and the edge
cap including a height extent and an elevated edge cap surface and
the edge cap including a rounded interface surface between the
height extent and the elevated edge cap surface along a length

thereof.



