;\]1e3er[1"6XT=A Al R BEARI NG DESI GNS TO REDUCE EXTERNAL VAN DER WAALS AND
. ELECTROSTATI C FORCES Field of the Invention The present invention rel ates
generally to data storage devices, and nore particularly to disk drives of
the type including a slider having an air bearing surface. Background of
the Invention A principal part of any conputer systemis a data storage
device. A disk drive is a typical data storage device. A disk drive
generally includes at |east one disk of magnetic storage material nounted
on a notor shaft or spindle, an actuator that |ocates a read/wite head

radially over the disk, and circuitry that is used to rejmmm dat a
fromthe disk using the read/wite head. A disk drive ma mmmmlmm
controller that interfaces with the corrputér system whil e confs@dl i ng the
operation of the disk drive. The read/wite head is typically housed in a
"slider.” A slider has a |ower surface known as an air bearing- surface t hat
opposes the surface of a disk in use. An air bearing su ce typically
includes rails that extend generally tangential to the ME Wﬂ@ﬁ"”ﬁﬁw ecessed
portion | ocated between the rails. In operation, the r e disk
drags air between the rails creating an increase in pressuremwat pushes
upward on the slider forcing the read/ wite head away fromthe disk. At the
sanme tinme, air noving past the recessed portion causes a decrease in
pressure that counteracts the pressure effect of the rails. These pressures
equalize to so that the slider flies above the disk at a distance referred
to as the "fl yAIRBEARING DESIGN® TREDUGCE ®XTERNATS MAN DIERIWARIS ANDa
magneti c di sk depends directly UPORCTROSTATIEFORCES the read/wite head
of a disk drive. Gven the ever-present need to increase the storage
capacities of disk drives, there is thus a continuous desire to reduce fly
heights in order to achieve hi gher Eield ofithe|biwentiprs. However, as fly

hei ghts are reduc to achi ev her are nsities, extern f orces such
ho San der Vaal s AP eestiingertiof peeieh efetall b GHa slose deiconhoaieon

el ectrical |y pRgithladl #'t@'ﬁisﬁ‘aﬁlvé‘ssof RO iRGldifsd ﬁlde?hiﬁﬁ%ﬁﬁ aRpRhlifHnRfact. he
slider becorre significant. The presence of netal in the material that the
slider is constructed of, e.g., ceramc alum numtitani um carbide (AlTi O,

often contributes to the introdugti]on of!tEﬁs§ forces At fly heights of a
few nanoneters, such forces can he bal ance of
pressures created Apynlﬂﬁ'pﬁbﬁrt BE ALY Cdnputdr s?éiéin i€AYsth B@rdddQlevRIUIA 4B dAld s a
bearing to coll apse, and allowng the slider to cone into contact wth the

di sk. One appypiceat ﬂata(stqraghﬂﬂvwg t‘\hhsledrﬁ\mgesemﬂymiudﬁeatmloaem of magnetlc
el ectrostatic forces nd thus al ovvr

i ncrease the ‘iﬁ’ﬁgfﬁn%?mﬁﬁléouél oﬁeadpf“i‘?b ¥ reg:[d t!ﬁlga(ft%\gr %&Pﬂ“&‘%&a&ra "Héte

slider is noheﬁﬁﬂaéiall? b thér disia EandicEruisy rﬁaaeseuseArwreae And@PRItOasta fiotn the disgduce
the size of the trailing edge pads or rails on the air bearing surface.

However, bot Bsiog therresrﬂwalp@h@éc r%e@slr daive may alselinclnda@ conwolerdhati 1ategfhcesivathai r

bearing surf e, an s affect t r nce resulting air

beari ng. Theﬁlf e615 °’EJYW§SPE“QFP£§'§&’PF”§°%Bfﬁ‘ﬁéiésrf‘rderh&rres subst anti al

effort, and nust %G%W%%e@d Is¥HEaIRNEHed iftfa "EIRte O1 & sli@erdfliaq¥Rer Rkfagtd! €

steady state fly heights of only a few nanonmeters. Thus, the aforenentioned

appr oaches t knownasamgir bmngfsﬁef@czesth@thpg&see thecsurfaes efessdiskin ustu adbcarmg nal

consi derations to,the bea sur e desj and. const.r ir i ng
oot gner o 1 SRS BIGHD Bo/o0e TR RE et e BEL SRR Ml Rl ferg e |
atndt th ?r r eﬁeﬁeﬁfténn@éa&émm&ntth@m% r hprﬁﬁfdt{dﬁ; the RREEEY of RBARKI dP8izst diebetivERdY
state fly height profil

the rails creating an increase in pressure that pushes upward on the slider forcing the

read/write head away from the disk. At the same time, air moving past the recessed
portion causes a decrease in pressure that counteracts the pressure effect of the rails.
These pressures equalize to so that the slider flies above the disk at a distance referred to

as the "fly height."



Therefore, a significant need exists in the art for a slider having an air
bearing surface, having a reduced susceptibility to van der Waals and

el ectrostatic forces, and that operates at reduced fly heights wthout
appreciably affecting the steady state fly height profile of the slider or
the performance of the air bearing. -3 Summary of the Invention The

I nventi on addresses these and other problens associated with the prior art
by providing a disk drive, a slider for use therein, and a nmethod t hat

i ncorporate one or nore interior cavities within an air bearing surface of
a slider to reduce van der Waals and el ectrostatic forces between the
slider and a rotatable disk of recordable qfdia. I n one enbodi nent
consistent with the invention, the cavities“forma pattern of dianond
shaped columms in trailing edge .pad. .In.anot her epbqdi nent .consi st ent
with the present , B Agtiab stotags dbasil C%t%gﬂﬂww gw.sa@wﬁ# depeads estlydnap e

columms. lIrre ' ' i ratl I
into the int e?l?glr%fggygfatﬁg & egﬂ’%ﬁ%ﬁ aglg‘?[e't fe;/gépﬁ ee%t{e}s-B 183]5 H\?Z‘ﬁ&g}eérlh{;égﬁes
and el ect r ost gie storhgy capacitiesyofafidkadrives, theduchds wicoitiubuadesidette kaluce fly bkightze
profile of the surface. These and ot her, advantages and features, which
charact eri ze ihederfoaghieymhigheracyahdongitieh i n the cl ai ms annexed hereto and
formng a further e . ' t he
i nvention, and of ?%gvte‘é%Van aléeelgﬂg%e%%ljwfeegh g"e@%ﬁ%%%‘%ﬁ%@@‘%h%&@%%,
ref erence shofreesachmentder Wialsofoss,1@S intefaoleenlirTorcas thania byivwien
descriptive matter, in which there are described exenplary enbodi nents of
t he i nvent i on¢lectricallygeuisal pelseyles,and glestrostatic forcanpxagted Pndhaglidsnbesopeang

peoi £ cat | onoripat: AEPBREREEET el e TOREH A R B Rsobalbustiati e

gener al descr ¢qhmRbl@hinuhetitafvendatiae g\m@), ahkey BorAButtd® tHetiddaétion of these
description given bel ow, serve to explain the principles of the present

i nvention. FIfoure. Atifly heights ofissfewaranemetsrs, suchderceoerul posensially dissupditlhabadatice e
I ncor porating

of} pressures created by an air bearing surface, causing the resulting air bearing to
collapse, and allowing the slider to come into contact with the disk.

One approach to reducing the effects of van der Waals and electrostatic forces,
and thus allowing a reduction in fly height, is to increase the pitch of the air bearing, so
that the lower surface of the slider is not parallel with the disk surface. Another approach
is to reduce the size of the trailing edge pads or rails on the air bearing surface. However,
both of these approaches require modifying the profile of the air bearing surface, and thus
affect the performance of the resulting air bearing. The design of a suitable air bearing
surface requires substantial effort, and must accommodate a large number of factors to
achieve reliable steady state fly heights of only a few nanometers. Thus, the
aforementioned approaches to reducing the effects of external forces introduce additional
considerations to the air bearing surface design, and constrain air bearing designers in
their ability to manipulate the pressures created by the rails and the recessed portion on
the air bearing, thereby impacting the steady state fly height profile.

Therefore, a significant need exists in the art for a slider having an air bearing
surface, having a reduced susceptibility to van der Waals and electrostatic forces, and that
operates at reduced fly heights without appreciably affecting the steady state fly height

profile of the slider or the performance of the air bearing.



slider consistent with the present invention. FIGURE 2 is a functional side

" elevation view, not to scale, of the interface between the slider and disk

in the disk drive of Fig. 1. FIGURE 3 is a flow diagramillustrating steps
in formng a slider with one or nore internal cavities in a manner
consistent with the invention. FIGURE 4 is a perspective wirefrane view of
the slider air bearing surface showmn in Fig. 2. FIGUJRE 5 is a plan view of
the slider air bearing surface shown in Figs. 2 and 4. FIGURE 6 is a plan
view of an alternate air bearing surface to that of Figs. 4 and S. -5
Detail ed Description Referring to Fig. 1, a sectional view of an enbodi nent
10 of a disk drive incorporating features pg_the present invention is
shown. Disk drive 10 is a rotary disk drive“type using a magnetic di sk

media 12. The storage capacity of disk dri 1 ist. in part, determ ned by
the areal density of data stored OS—W@&%“ _ '&31—3—%3 Whgnetic media disk 12
Di sk drive 10 conprigesycatife idriGes thedelanttifd? préui&hs £Q06RAHRERTM AL figﬁalrgwl(

drive 10 are nounted. Housing 14 rnay include a bottom 16, sidewa

and a top (notpreiding p disk drivadd slider forhuwsathebdin,(and @ ri¢thod that insoghospoeEdormdorsi n
a slider 20 having an.air bearing surface 44 (see Figs, 2, 4 and 5) and

whi ch i's coupl@grigh@xiticaiathingn anbeasng shrfaceraf asyreras Tedicr yam defi Yaals apdy

pctuator 22 o Qi Sa i Bites BelolR bt MRGRe 1L oRRELABYEIm Ay of o 001

28 of a notor position read/wite hea redeterm ned track
on disk 12. The r eatlbne ¢rhisodiant codsivbehtwith feiiffantish, thatavided formiatpatteinof 12,
which is nounted on a rotating spindle 32 and driven by

, a_notor (npot
shown) . Act uatdéamopd sheged cobunng, i gitaging edge pach singmothsy gmbedigentconsistent withi ng
read/ wite he S " j i fhin shider
i s capabl e of %?eé%?eﬁgﬂ‘gﬁ"é% ﬁe?cﬁgltlggﬁéﬁl taagﬁ( g\ré\%{ éfcgrgns}%ﬁgégpfycégn%bs Ifrgs%ect?\%
el ectroni cs weFthekiesigh uied, by ieerpoldtingahe ¢avitidddntarthe inkdrive of ae air beafiipanifasd, t y
with the various conponents within disk drive 10 is available thro

connect or 34 &hcefieatsiod vawderpels andigfegtipstatig forses pay gfien borrduced wihat _20 ation
I'Ts shown (nalEei@Esr BepIslot B8 sBRE®] 205 ™ 0 sk drfve 101s i Il ustrat &d
in Fig. 2 in a confrhgyerant otHer hdvaintagesatidsfendifs, which @hard@erize the invention, are set

forth in the claims annexed hereto and forming a further part hereof. However, for a

better understanding of the invention, and of the advantages and objectives attained

through its use, reference should be made to the Drawings, and to the accompanying

descriptive matter, in which there are described exemplary embodiments of the invention.



is in operation, as indicated by the position of slider 20 being physically
* separate fromthe surface of disk 12 due to the air bearing fornmed by the
interaction of air bearing surface 44 with the surface of disk 12 as disk
12 is rotated in the direction indicated at reference nuneral 38. Slider 20
may be made of a multi-phase material. A multi-phase material refers to the
notion that there is nore than one conponent or phase of the material. One
suitable multi-phase material is ceramc alum numtitanium carbide

(Al 203-TiC). Slider 20 may -6 also be made of N -Fe, Mi-Zn, and N -Zn
ferrites, or calciumtitaniate. Air bearing surface 44 may be a

pl asma-sprayed material coating of hard matgrials such as A12Q3Ti Q2 and
Zr02. Insulation and gap nmaterials may be made from Si2, Si O and A1203.

O her suitable materials and fabrj ﬁtion processes W || be apparent to one
of ordinary skill in the art ha 1 @ﬂéﬁﬂﬁggﬁﬂﬂﬂ%ﬁinstant di scl osure.
Slider 20 has a | i . Whithlatd Bc 65868 n o ﬁﬁﬁk
| eadi ng edge 40 aﬁgﬂéagfﬁgggw@%géaﬁl fshg Iomef&?uﬁ?aceagg glr egéﬁﬁghﬁs
surface 44. Aspecifieation)iilmstrafeantbodinémcofiitie mvenfidrsandls togathee edthsegbnprat t i on
48, and pads 50a-e, Proximate trailing edge 42 and pads 50c-a is read/wite
head 52. |n semseriRipsa|ithemyentiongenabove agdtheletailed fessripden giyen bplows serve
slider 20 on di ] i i ating. In these enbodi nents,
3t DR S oF i pricul Blatith

di sk 12 may so i nclu bric at 54 to reduce friction between
the disk 12 and paﬂﬁlm-lﬁsaﬂﬂlu@ﬁ'ﬁtﬁm@ﬁb@dﬁdiﬁhﬁ%wo&"ddﬂﬂﬁﬂﬁﬂiﬂa&pﬁﬂaﬁﬁ%ﬁ t hat
does not rest on a disk may used. In operation and as illustrated, the
rotation 38 oflider egusistengwithdhepresent uyyertient ed by arrow 56, between the

rails 46 creating i i f A . pu -k On air
beari ng surface 441?@%0@'? ?3@?‘2’6&’%‘5@? %&??é\%’aélggdﬁ&\}ﬁ;gF‘Eeé?%qggghwtetép\ﬁg? from
di sk 12, as ibutiweaithe siider afid @isk i thediskadrble o8 ®ig. At the sanme tine, air 56
novi ng past the recessed portion 48 causes a decrease in pressure,

i ndi cated at ref erlBERBAe? Hpwaliegram itstiating staps indornipge sidetewith onger

pressure effect Q raj:ls . , as well as any

bi as t hat nayn§£‘é%%?fgﬁ%%§‘%@gﬁgﬁgﬁﬁgﬁg&ﬁﬁﬁgﬁ?%€§§%“§§'that the slider 20
flies above the digGUE atis ap&gsdctiteiwireframievipht ofdBe slider Bt behtgnsidrRidd shdwiat
as the sizes of rails 46, recessed portion 48, and pads 50a-e are adjusted

to further edddlisZe pressures 58 and 60, and thereby reduce the fly height

62 to achieve a hi (LY. i B far,ces
bet ween sl ider 20 %Wé Esa%l}ﬁ%%&gﬁtgggﬁde% g%%%rﬁjﬂaﬁi%é %cl'e?}\?\%%ﬁf%gygraggé ures
58, 60 created by RIGRIRE 6 6ked pldf viiw ofiadlicR@itesalr baeiag 4drfaceau Shaof Fipe. Abd
bearing to collapse, i.e., causing the slider 20 to cone into contact with
the disk 12. 5fwo of the principal forces are van der Waal s and

el ectrostatic forces. Such forces increase rapidly bel ow approximately 5
nanonet ers and may cause an air bearing to coll apse bel ow approxi mately
2 nanoneters since attractive forces tend to increase nore rapidly than
pressure 58. Van der Waals forces are internol ecular forces that interact
between el ectrically neutral nolecules. Electrostatic forces are

i nternol ecul ar forces that act between positively or negatively charged

nmol ecul es. The present invention reduces van der Waals and el ectrostatic
forces between slider 20 and disk 12 by including at | east one interior
cavity in the slider. Theoretically, the renoval of any material from
slider 20 reduces the effects of van der Waals and el ectrostatic forces
that attract the slider 20 to the disk 12; however, the renoval of material
fromthe exterior surface of the slider or the air bearing surface 44 may
affect the performance of the air bearing. Mreover, the renoval of
material fromthe exterior surface of the air bearing may create pockets or
ot her structures that allow debris, e.g, dust, lubricant 54, magnetic
material, etc., to collect, thereby reducing the etch depth, potentially

i ncreasing external forces, and ultinmately causing the air bearing to
col l apse. Such debris may al so protrude into a read/wite gap resulting in
undesirabl e interactions between a head and a disk. Furthernore, with the
formation of certain structures, debris can collect to the point where a
drop of debris will fall froma slider, depositing on a disk. Wen a
dropl et of debris is deposited on a disk, the next revolution of the disk
may cause the droplet of debris to inpact a slider. Wen this inpact
occurs, slider fly height will vary, i.e., oscillate, preventing reading
and witing to a disk.




However, formng a single large cavity can cause problens in certain

* circunstances. For exanple, should a single large cavity be forned and
debris were to collect lowering the etch depth, such a collection would

| i kely reduce fly height. However, where nmeasures are taken to ensure that
a debris would not collect, formng a single |large cavity may provide a
greater reduction in van der Waals and el ectrostatic forces attracting the
slider to the disk. Therefore, in light of the forgoing, it nay be

advant ageous to formnultiple cavities in a slider, still reducing van der
Waal s and el ectrostatic forces between the slider and the disk, while
reduci ng the opportunity for any one cavity_.to collect debris and 8
significantly inpact the performance of the air bearing. It will be

appreci ated, however, that while the_hereinafter, described enbodi nents are
shown with multiple interior cavitiemgh—ﬁgm,e ¢ n may al so be

i npl enented using g&f SFRNE. 4 HBbAD YicvPYE dnVenMddfmait] QUsive N the
enbodi ment il lustrat edﬁlwﬁ Fi %n 2, mﬁf)taﬁé’} e dﬂar?onﬁ% g-ﬁagelgq%gldgnn cvgvi ties
64 are advant agerposdtingffeatmesl of thetphesentriavéntion iseshgenp asloeve10 Bld deairy 3idk By
formng nultiple cavities internagl to the slider, there is |itt|le effect on
the perfor man88v&PPe RENg R magasetis disk medw 12y The storage caparaty of diskdgived§ is, in
perfornms as i ey i i eyl . :
Bopr eci abl y chiahBeiiiol o Tacdtett ol ofthl3gredin s TeGihtithL EBgRcHRedlRlnk
susceptibility2to debris by including nultiple cavities 64. Referring to

Fig. 3, a flowdi aﬁramj | lustrating a process for etching a slider with one
or nore internal cBiskdrive 18,camprises a haysing 14do sihighpthericompoperis phthe diskalrive

"blank slid ) ' | ' [ : h
tarting poi nfd Fmftafid HHiuetle A0y 0L, KBAGH IBBURCE, SAEbMREE o1 "2

read/ write hegdwniushreadwiitohaidise (geetig. J)is dibposedwithin DélideeReGaviAg ad aftl ank
slider, a slider material is chosen. A blank slider is selected in step 90.

Et chi ng pr ocekessiag surdacsiddpealies % 6 and aband whisk isicarpled praximategheand ef ander

et chi ng_ pr oco b2 R RUARPAE Roblor 27 hBESEL bl Roin 4P hidks i85 acsign

the magnetic gfapwoi& coil 286 mbick 80 e pekidd rRadlyritalidad 32iovet MpredbicAtined&rack
cl ose as possible to the surface of _a disk. Those skilled in the art wll

appreci at e t heft dislekgt Thersedivrite bpady? vithimpsliderdOdnterasts with fiskd2( which is
B o 95 ShovempuReL B p Katind indle 22 i Bsven ¥ mbil: i pRGT" Mol 2 M0y

bearing surf adleo prodidera sagpention toadN@bias, pasitiohidp 94/ weire lsadrsRapov@adikk i13. The
applied. In step 96, the slider is expose to ultraviolet (UV) light for a
desi red anoureadpriis hgad S3vathin glidgs 20ds eapable 9f readivgand gattingmataiojapd fiomey 100
shows the rer’rag/l?iz stili]é Ql@ctp %s%afkﬁ&wq {Bglﬂ(?se skfilel il Hx%taf@t]ﬁgcdi&l ebihec vit)t' he
formation of tTnternalcavities Th a slider nay require an oné or nore

maski ng st epswighthienarishd ehaipdnehtsivadiin itk dibe eOisewailable tiraghrionfessest iy be
used to formrecessed portions, such as recessed portion 48, during a -9
deep etch prd‘é‘ék’v‘s%by increasing the time an a photoresist applied to a

et 2 PP i TRl L PBa Gt
slider 20 and disk 12 as depicted in Fig. 1 is shown (note that Fig, 2 is not to scale).

Disk drive 10 is illustrated in Fig. 2 in a configuration that occurs when the drive
is in operation, as indicated by the position of slider 20 being physically separate from the
surface of disk 12 due to the air bearing formed by the interaction of air bearing surface
44 with the surface of disk 12 as disk 12 is rotated in the direction indicated at reference
numeral 38.

Slider 20 may be made of a multi-phase material. A multi-phase material refers to

the notion that there is more than one component or phase of the material. One suitable

multi-phase material is ceramic aluminum titanium carbide (Al,0,-TiC). Slider 20 may



Referring to Fig. 4, a perspective wirefrane view of air bearing surface 44
* of slider 20 shown in Fig. 2 and forned using the steps of Fig. 3 is
illustrated. The material slider 20 is constructed of is shown as
transparent, the lines of the drawi ng indicating the edges of the
structures on the air bearing surface, so as to further illustrate features
of the invention. Reference nuneral 52' indicates the approximate |ocation
of the gap of read/wite head 52 shown in Fig. 2. The present invention
reduces attractive forces between the slider 20 and di sk 12 by form ng
cavities using etching in the trailing edge pad 50e internal to the pad
50e, as shown at reference nuneral 64. Thqﬁ?avities 64 formed are a pattern
of diamond shaped | colums. Referring to Fg. S, a plan view of the air

bearing surface 44 of sljder 20 shown jn Figs. 1-2 and 4 is illustrated.
The material 39 bepmadeof - SMPT%EP%@Nb‘fznifm%Waé‘%umrt‘éﬂgﬂﬁf &g baaging 1 ¢ her

illustrate fegfyk ISR 1.0 il he
pattern of di amﬁgig%&ale%%cﬁe{w t %!ASI-Q%EH lg%%lnaé ol n gteorﬁglllu*dl ﬁr%fe{e]gfgééhf)}g%e%%g? Pad
50e is sel ect €D,jandZ0s. Erblationawd gapangtedald firyibe nidde fiohoSHEY] SIM add 94,0,2,

t hus having a significant inpact in reducing van der Waals and

el ect r ost at i cOfhsf switablennatsaalsiangd fabgicatipn precesses Wil e appyericp one of prginagy ghill o

pattern of cayigti 4 be d. usi di ti onal masking step
during sli _cler“"z%e ?‘i%‘?‘(‘%g?’?@o 9“6%%@56 %’Efaw@aa?%‘% ‘he art will also appreciate
that cavities my §RAdIR0 Hada MalRig dd9é 40 amba ahiliak edgy 42 Ontcrtaetiathe Rdding

50a-d, to further reduce forces that attract slider 20 to disk 12. Cavities
may al so be fedeedd and trailingsdge 42 Thalosfen pusface e aip beasingtsurfacett. i Hiv bearingot

gener i 1yt o TBPRPAE EleFFalher & RoetsBf B 4B it ok PRl e °3

slider to a d'ecangléhalpa@s S0csd i weadiwiitedidad 52 WirOdon@ endtiddirBeas, pags SO4-& & béO
of another slider 72 consistent with the invention. Slider 72 includes a

| eadi ng edge qenfigreddo sunpiort shigersd{hen disk 1Amwhen therdiskgis aot fofating7 dn thsapr i ses
rails and pad 78, ..80a-e.. .| njernmedi at eadj n d - traili.ng. edges 74,
76 and rails 9 dimeu S’?%?F g%gl_a&a.sgl ??%@ggég%"Fgﬁ“ghatéégo §‘\%&%h“g‘2“i ncl udes
a read/ wite gapedthd anRRALAHNAEPadd $02-@ T Whibb8inttaRda (draluntdivilier thht ddS
72 includes a pattern of chevron shaped colums 86 formed in pad 84e to
reduce the atmataestpne diskmaassused. g., van der Waals and el ectrostatic forces,
between slider 72 and a.disk, Those skilled in.th ti ) | reciat e, t hat
cavites could al so]%boé) e’f%‘?ﬂéﬂ“ f‘%ﬁ@%‘&%‘e‘gé‘&f gaélr?aﬁ tgro(%fl gslf(llgvaf%gsta?’)?e r?ffsﬁlgtr'e gby
reduce van degrrodsé, bettetnaheiil a6 icadatifig hvinefase irpredsineahdtpusiivg upsiatdsmthef
cavities, arranged in two-di nensional or three-dimensional patterns may be

used. Mor eovedr begripg santererd4or stiderdOnandcioveing read/ write BeadorZaWayfrema diski ideas

7
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is thus provi aving an alr bearing’sur uce

suscepti bi | i tportiéh ¥$0ardey a Yétidase ansteSuRS indisitedldt eefbreficeafumérhlbd0, opaiterheiingat
reduced fly heights w thout appreciably affecting the steady state fly

hei ght prof i | te semetentent thepressure affest ofcthe erilswdfic Shege pressurgs 58heth v wgll apary e

the 1 nvent | on s, e, L LIah 0t el e, AESE LPLLPRSliabd AIbAS I S

t hereof, and ave een descri n-considerable
detail, it isdislo28 ateddsite®fly heighod2.applicant to restrict or in any way
limt the scope of the appended clainms to such detail. Additional

advant ages and nodt hascheeh denngithat as sheizey ol 46, reeessetbpartign A8 and rads §0pee

t. It will b t t hat..pringcipl h £ o] i on. b
2opi i ed to priatrdbae b ARDeLARbuR AREHRS 38 B0 b BaR R Neah BURF BV BeislFds PV
not signifi Catetahmebwﬁrg#eﬁdryal ReraetdeRsity Gf dTBO EE attiacfive foleesbREGSENGHdNR d

typically be required he invention in its broader aspects is therefore

not |imted tandtdisk Eheanidisruptdbe halhuce bebynendeaprassutes S8ppherseted byithe shdetdiy
and illustrati,ve exanpl.es shown. a descri bed. .Accor.di ngl e t ma
o made 1 om ULEHOREFBINS 4 CHOIE HeEpering @ Fuffbrnacs pristie BF SR bt
applicants’ gepeliato doR¥RIMVitH ShE@RE Pt Two of dhk pHiRipal fordes aldRfh def Wahls fhddi Sk

drive conprising:
electrostatic forces. Such forces increase rapidly below approximately 5 nanometers and



(a)  a rotatabl e di sk of recordable nedia; and, (b) an actuator extending
- along a surface of the disk, the actuator including a slider nounted
proxi mate the end of the actuator, the slider including an air bearing
surface facing the surface of the disk, the slider having at |east one
interior cavity disposed therein to reduce van der Waals and el ectrostatic
forces that attract the slider to the disk. 2. The disk drive of claim1,
wherein the slider has multiple cavities. 3. The disk drive of claim 2,
wherein the slider includes a trailing edge pad and wherein the cavities
are formed in the trailing edge pad. 4. The disk drive of claim3, wherein
the cavities forma pattern of dianond shaped columms. 5. The disk drive of
claim 3, wherein the caV|t|es forma pattern of chevron shaped col urms 6.
The di sk drive of clalm% g ﬁfollder |nc* lLuralit ads
and wher ei n t W&y E45F A ag 8‘?’3’5481"9 R X/f %Sedgrs Sce sk
drive of clai fdes té{mqg,%cgegsggﬁéfagﬁﬂymﬁlp%%eggl | s and wherein the
cavities are formed in the rails The di sk drive of claim2, wherein the
slider includes r amed@rﬁHaqiaﬂxcesrade Mhﬂmimutahﬁ)rcﬁs\thatumsr@t betfwcmddcmoallyhe
ad capabl e of
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positively or negatively charged molecules.

The present invention reduces van der Waals and electrostatic forces between
slider 20 and disk 12 by including at least one interior cavity in the slider. Theoretically,
the removal of any material from slider 20 reduces the effects of van der Waals and
electrostatic forces that attract the slider 20 to the disk 12; however, the removal of
material from the exterior surface of the slider or the air bearing surface 44 may affect the
performance of the air bearing. Moreover, the removal of material from the exterior
surface of the air bearing may create pockets or other structures that allow debris, e.g,
dust, lubricant 54, magnetic material, etc., to collect, thereby reducing the etch depth,
potentially increasing external forces, and ultimately causing the air bearing to collapse.
Such debris may also protrude into a read/write gap resulting in undesirable interactions
between a head and a disk. Furthermore, with the formation of certain structures, debris
can collect to the point where a drop of debris will fall from a slider, depositing on a disk.
‘When a droplet of debris is deposited on a disk, the next revolution of the disk may cause
the droplet of debris to impact a slider. When this impact occurs, slider fly height will
vary, i.e., oscillate, preventing reading and writing to a disk.

However, forming a single large cavity can cause problems in certain
circumstances. For example, should a single large cavity be formed and debris were to
collect lowering the etch depth, such a collection would likely reduce fly height.
However, where measures are taken to ensure that a debris would not collect, forming a
single large cavity may provide a greater reduction in van der Waals and electrostatic
forces attracting the slider to the disk.

Therefore, in light of the forgoing, it may be advantageous to form multiple
cavities in a slider, still reducing van der Waals and electrostatic forces between the slider

and the disk, while reducing the opportunity for any one cavity to collect debris and



(a) an air bearing surface; and (b) at |east one interior cavity di sposed
within the slider to reduce van der Waals and el ectrostatic forces that
attract the slider to the disk. 10. The slider of claim9, wherein the
slider has multiple cavities. 11. The slider of claim 10, wherein the
slider includes a trailing edge pad and wherein the cavities are fornmed in
the trailing edge pad. 12. The slider of claim1ll, wherein the cavities
forma pattern of dianond shaped colums. 13. The slider of claim1l
wherein the cavities forma pattern of chevron shaped colums. 14. The
slider of claim 10, wherein the slider includes a plurality of pads and
wherein the cavities are fornmed in the pIurgllty of pads. 15. The slider of
claim 10, wherein the slider includes ralls and wherein the cavities are
formed in the rajls. 16. The disk drive cl.aim10, wherein the slider
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wherein formng at | east one internal cavity conprises formng multiple
interior cavisides jn the sI ider. 19. The nethod of claim 18, further
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| forming multiple cavities internal to the slider, there is little effect on the performance of
the air bearing, and in general, the air bearing performs as if the cavities 64 did not exist,
as the cavities 64 do not appreciably change the fly height profile. Moreover, slider 20
has reduced susceptibility to debris by including multiple cavities 64.

Referring to Fig. 3, a flow diagram illustrating a process for etching a slider with
one or more internal cavities and an air bearing surface is illustrated. A "blank slider," or
a slider without an air bearing surface, serves as the starting point for formation. A blank
slider often includes portions of a read/write head, such as magnetic gaps. In the course
of selecting a blank slider, a slider material is chosen. A blank slider is selected in step
90.

Etching processes are often used to remove material from the blank slider forming

| the air bearing surface and the internal cavities. Typically, etching processes that remove
material are used due to a desire to keep the magnetic gaps of a read/write head already
formed in the slider as close as possible to the surface of a disk, Those skilled in the art
will appreciate that reactive ion etching (RIE) and/or ion milling (IM) processes may also
be used to form an air bearing surface and cavities.

Step 92 shows the application of a photoresist to a slider to form an air bearing
surface and/or cavities. Next, in step 94, an overlay mask is applied. In step 96, the
slider is expose to ultraviolet (UV) light for a desired amount of time. Step 98 shows
etching the slider. Finally, step 100 shows the removal of the photoresist.

Thus, as illustrated in Fig. 3, the formation of internal cavities in a slider may
require an one or more masking steps during slider fabrication. Moreover, etching

processes may be used to form recessed portions, such as recessed portion 48, during a



conprises formng cavities in a pattern of dianond shaped colums. 21. The
nmet hod of claim 19, wherein formng nultiple cavities in one slider
conprises formng cavities in a pattern of chevron shaped col umms. 22. The
met hod of claim 18, further conprising formng a plurality of pads, wherein
formng nultiple cavities in one slider conprises formng cavities in the
plurality of pads. 23. The nmethod of claim 18, further conprising formng
rails, wherein formng nultiple cavities in one slider conprises form ng
cavities in the rails. 24. The nethod of claim 18, further conprising
formng rails and pads, wherein formng nultiple cavities in one slider
conprises formng cavities in the rails and the pads. .A5.Au l.A9u r. A . A
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deep etch process by increasing the time an a photoresist applied to a slider is exposed to
UV light. Those skilled in the art will appreciate that alternate processes may also be
used.
Referring to Fig. 4, a perspective wireframe view of air bearing surface 44 of
slider 20 shown in Fig. 2 and formed using the steps of Fig. 3 is illustrated. The material
. slider 20 is constructed of is shown as transparent, the lines of the drawing indicating the
edges of the structures on the air bearing surface, so as to further illustrate features of the
invention. Reference numeral 52 indicates the approximate location of the gap of
read/write head 52 shown in Fig. 2.
The present invention reduces attractive forces between the slider 20 and disk 12
by forming cavities using etching in the trailing edge pad 50¢ internal to the pad 50e, as
' shown at reference numeral 64. The cavities 64 formed are a pattern of diamond shaped
columns.
Referring to Fig. 5, a plan view of the air bearing surface 44 of slider 20 shown in
Figs. 1-2 and 4 is illustrated. The material slider 20 is constructed of is shown as
transparent to further illustrate features of the invention. Fig. 4 more fully illustrates the
pattern of diamond shaped cavities 64 formed in trailing edge pad 50e. Pad 50e is
| selected in this embodiment as pad 50e is the closest to disk 12, thus having a significant
impact in reducing van der Waals and electrostatic forces. Those skilled in the art will
appreciate that such a pattern of cavities 64 may be formed using an additional masking
step during slider 20 fabrication.
| Those skilled in the art will also appreciate that cavities may formed in other
portions of slider 20, such as pads 50a-d, to further reduce forces that attract slider 20 to
disk 12. Cavities may also be formed in rails 46. Therefore, the present invention is not
limited to forming cavities in trailing edge pad 50e, but rather, applies generally to
forming cavities in a slider to reduce forces that attract a slider to a disk.
Figure 6 shows a plan view of an air bearing surface 70 of another slider 72
consistent with the invention. Slider 72 includes a leading edge 74 and a trailing edge 76.

Air bearing surface 70 comprises rails and pad 78, 80a-e. Intermediate leading and
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pads 80a-d and/or rails 78 to further reduce van der Waals and electrostatic forces.
Practically any pattern of cavities, arranged in two-dimensional or three-dimensional
patterns may be used. Moreover, any manner of forming cavities, incorporating additive
and/or subtractive processes may be used.

By virtue of the foregoing there is thus provided a slider having an air bearing
surface, with reduced susceptibility to van der Waals and electrostatic forces, that
operates at reduced fly heights without appreciably affecting the steady state fly height
profile of the slider or the performance of the air bearing.

While the invention has been illustrated by the description of the embodiments
thereof, and while the embodiments have been described in considerable detail, it is not
the intention of applicant to restrict or in any way limit the scope of the appended claims
to such detail. Additional advantages and modification will readily appear to those
skilled in the art. It will be understood that principles of the present invention may be
applied to practically any existing air bearing design and would generally not significantly
impact fly height performance, i.e., no redesign would typically be required. The
invention in its broader aspects is therefore not limited to the specific details,
representative apparatus and method, and illustrative examples shown and described.
Accordingly, departure may be made from such details without departing from the spirit

or scope of applicants' general inventive concept.
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What is claimed is:
1. A disk drive comprising:
(a) arotatable disk of recordable media; and,
(b) an actuator extending along a surface of the disk, the actuator
including a slider mounted proximate the end of the actuator, the slider including
an air bearing surface facing the surface of the disk, the slider having at least one
interior cavity disposed therein to reduce van der Waals and electrostatic forces

that attract the slider to the disk.
2. The disk drive of claim 1, wherein the slider has multiple cavities.

3. The disk drive of claim 2, wherein the slider includes a trailing edge pad

and wherein the cavities are formed in the trailing edge pad.

4, The disk drive of claim 3, wherein the cavities form a pattern of diamond

shaped columns.

5. The disk drive of claim 3, wherein the cavities form a pattern of chevron

shaped columns.

6. The disk drive of claim 2, wherein the slider includes a plurality of pads

and wherein the cavities are formed in the plurality of pads.

7. The disk drive of claim 2, wherein the slider includes rails and wherein

the cavities are formed in the rails.

8. The disk drive of claim 2, wherein the slider includes rails and pads and

wherein the cavities are formed in the rails and the pads.
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9. A slider configured to house a head capable of interaction with a disk of
magnetic storage media, the slider comprising:
(a) an air bearing surface; and
(b) at least one interior cavity disposed within the slider to reduce van der

Waals and electrostatic forces that attract the slider to the disk.

10.  The slider of claim 9, wherein the slider has multiple cavities.

11.  The slider of claim 10, wherein the slider includes a trailing edge pad and

wherein the cavities are formed in the trailing edge pad.

12.  The slider of claim 11, wherein the cavities form a pattem of diamond

shaped columns.

13.  The slider of claim 11, wherein the cavities form a pattern of chevron

shaped columns.

14.  The slider of claim 10, wherein the slider includes a plurality of pads and

wherein the cavities are formed in the plurality of pads.

15. The slider of claim 10, wherein the slider includes rails and wherein the

cavities are formed in the rails.

| 16.  The disk drive of claim 10, wherein the slider includes rails and pads and

wherein the cavities are formed in the rails and the pads.



10:

10: #110% & ()-!110%&' ()-1110%:& ()-!!110%: & ()- P"P>PmPQQR{\ =dY: 010%& ()- 9
MLO%&' ()- !0& 10%=& ()-!& 109M&' ()- & 10%

A& () - & 1098’ () - RYRRRSOS_SaBdY: 0% : 10%&: () -

(110% () - % 10%r8: () $910%&' ()- Z10%m& ()- 10%r& ()- _SSS7T] TTTTTaSE70 10mm
10nm 10nm 7z

10%m®&’ () - 410%1& () - 2S10%r& () -/ 310%r&' () - - 10%1& () - TTi UV Wz[ 9SE70

1 91 1098B&' ()-109B& ()-!9"1109BB& ()-!9 110%& ()-!9 ! 10%& ()-

10988&' () - VEWN XX$YW&YWUGO70 10BB 10BB! 2! 1098B&' ()-! - f

109BB& ()-y! (! 1098B& ()-!# 109BB& ()-! 10%BRE ()- &Y' Y+YKYY" ZAZ[r S170!'s
10%m®&’ ()-'10%& ()-!1 10%a& ()-f10%m& ()t 0%7& () 10%8& () -

10BB[ [ X[ [[*\\ dB170ls 10! (! 10%m& () -%r10%m& () - #10%78

10%1&' () - 10%m& () -0 e methad qtmaruactusing a slider, comprlsmgthe steps of:

10! (! 10%mm& %r10%m& 4" 10% ., 10%m&
Nor Eral " Hea((ji) ng 13]c" (Zﬁg #%%%‘f arﬁ%eéﬁr(fgé %@%%ﬂg%%l ng 43] c"()
“Headi ng 53] c” "Headi n%)())‘)(%r%nghbl@ﬁbtﬂﬁeﬁﬁ&rﬁal cablwﬁitﬂesﬁ&lrd' " Headi ng 93] c"A

"Default Par agr aph Font
*V3t <[ EMQ&V] " bdf hj I nprtvxQ "=>?@ e" (- R5i 9s?$Cl PR STV&Y[\’\ABCDEFGHI JKLI\/NCPQ?

ST 75 e o o aut Sl R RN BB o

comprises forming multiple interior cavities in the slider.

L'II

19.  The method of claim 18, further comprising forming a trailing edge pad,
wherein forming at least one internal cavity comprises forming cavities in the trailing

edge pad.

20.  The method of claim 19, wherein forming multiple cavities in one slider

comprises forming cavities in a pattern of diamond shaped columns.

21.  The method of claim 19, wherein forming multiple cavities in one slider

comprises forming cavities in a pattern of chevron shaped columns.

22.  The method of claim 18, further comprising forming a plurality of pads,
wherein forming multiple cavities in one slider comprises forming cavities in the plurality

of pads.

23.  The method of claim 18, further comprising forming rails, wherein

forming multiple cavities in one slider comprises forming cavities in the rails.

24.  The method of claim 18, further comprising forming rails and pads,
wherein forming multiple cavities in one slider comprises forming cavities in the rails and

the pads.



