19 JUN 2006 1 *@00002* Al R BEARI NG DESI GNS TO REDUCE EXTERNAL VAN @%Rﬂwfﬁhﬁ
AND ELECTROSTATI C FORCES Field of the Invention The present invention

rel ates generally to data storage devices, and more particularly to disk
drives of the type including a slider haV|ng 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 3@ \Nm“?k
drive generally includes at |east one disk of magnetic stora “ m
nounted on a notor shaft or spindle, an actuator that |ocates rea ite
head radially over the disk, and circuitry that is used to read. anéléwrlte
data fromthe disk using the read/ wite he]ad A disk drive may al so
include a controller that interfaces with the conputer sys

controlling the operation of the disk drive. The read/vvrl tel‘ﬁwm‘ “ “m““mml
typically housed in a "slider." A slider has a | ower

air bearing surface that opposes the surface of a di sk |n use.

bearing surface typically. includes rails that extend generally tangentl al
to the disk, ‘and a recessed portion |ocated between the rails. In
operation, the rotation of the disk drags air between the rails creating
an increase in pressure that pushes upward on the slider forcing the

read/ wite head away fromthe disk. At the same tine, air noving past the
recessed portion causes a decrease in pressure that counteracts the
pressure ef f ecAIRIBEARING DESIGRS 3 RERHCH EXTERNALAANDER WhALS AND
slider flies above the disk at aELEFESTEROSTAIIEIFORCES as the "fly height."
19 JUN 2006 -2 The aerial storage density obtainable on a magnetic disk
depends directly upon the fly height of the read/wite head of a disk
drive. Gven the ever-present need Field ofthedagention. st or age capacities of

di sk drives, ther eIﬂeSprE&H?m@eﬁ%tﬂeﬁfég'ﬁén&gl?} {oedartepst&%.gé'ﬁgvifsx]as),' R R0 S

particularly to disk drives of the type including a slider having an air bearing surface.

Background of the Invention

A principal part of any computer system is a data storage device. A disk driveisa
typical data storage device. A disk drive generally includes at least one disk of magnetic
storage material mounted on a motor shaft or spindle, an actuator that locates a read/write
head radially over the disk, and circuitry that is used to read and write data from the disk
using the read/write head. A disk drive may also include a controller that interfaces with
the computer system while controlling the operation of the disk drive.

The read/write head is typically housed in a "slider." A slider has a lower surface
known as an air bearing surface that opposes the surface of a disk in use. An air bearing
surface typically includes rails that extend generally tangential to the disk, and a recessed .
portion located between the rails. In operation, the rotation of the disk drags air between
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."



in order to achieve higher aerial densities. However, as fly heighl§ JAN&00
reduced to achieve higher areal densities, external forces such as van der
Waal s forces, i.e., internolecular forces that act between electrically
neutral nolecules, and electrostatic forces exerted on the slider becone
Ssignificant. The presence of netal in the material that the slider is
constructed of, e.g., ceramc alumnumtitanium carbide (AMC), often
contributes to the introduction of these forces. At fly heights of a few
nanonet ers, such forces can potentially disrupt the balance of pressures
created by an air bearing surface, causing the resulting air bearing to
col | apse, and allowing the slider to cone irfto contact with the disk. One

approach to reducing the effects of van. der \Wal d t f
and thus all ow ng a%ilee%ﬁ]’é{ §1OTREF Aensity oRtH {e on %“’?‘5’?‘?% %‘a‘ieé’re{?‘ife lfﬁcﬁgﬁlgé’g

the air bearin t r f [ r
W ehthe ar ok By b gt Sr iR e %ﬂf@ﬁti@%ﬂoﬁéﬁﬂﬁf@& G108 Bie'cl Bl prfortt Aboifirefle
trailing edge fadfrape capicities@f diskelriats, theais thes s cortmaeus disive vereduch iy heights
these approaches require nodifying the yrofile of the air bearing surface,
a][\d t hus g}‘femtordﬁiéo B@N‘@rfﬁﬂfﬁéé%ﬁl REli%%esul ting air bearing. The design
of a suitable air SRS amt f t
accomodate a Iarggﬁnu%‘%g’ras%wli g%ﬂs &%q%ﬁl{cg&t evegreéfh %I%Iélds%;h%lg é%g%égﬂg fly

hei ghts of onl foraes bl SR80 et Basls f01ES i.cl, memaﬂeuummemedmpptmnhes to
reducing the effects. of external forces introduce additiopa

gon5| derati onseltr:]@rl@aile't;awalb@dﬂmgﬁ , 8t elgeteostpbisifgiges WCQBME? didsr Beson¥ear i ng
esigners in the |
g hikarls hé brtpdnRe SRR LS pldiof HEP MY s CBRAMCRN diT g,

rails and the Y& e al'r bearing, y I npacti ng

steady state flefahigiafithinthaftidiém chitgde{ATEC), aftei gmﬁmamﬁo theadraductsdrmilthese
the art for a slider having an air bearing surface, having, a reduc

suscept i bi | i t yforassy A fldeighizafe favqasometersositchdpices engrodentighy dlsﬁ‘éﬂt thc balance

ot o {1y hel grbrespst Freah ) o ateiiil < SREEIELAR, hodtafild dbidifhels bacy
bearing. 19 JUNIRARGad SHoWihg the sEdtiadicomeisto @bntabtewith @eetitk. i nvent i on

provide a disk drive, a slider for use
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.




therein, and a nethod that incorporate one or nore interior cavi t i b8 JUNt2B06n
an air bearl ng surface of a slider to reduce van der Waal s and
electrostatic forces between the slider ehd a rotatable disk of recordable
medi a. An aspect of the present invention provides a disk drive conprising:
(a) a rotatable disk of recordable nedia; and (b) an actuator extending
along a surface of the disk, the act SHBmArKC| ydi ng a slider nounted

proxi mate the endEf?lfboEl?%n?scBP‘ﬁ{eoﬁresérHEin%dtl@ﬁrprohﬂﬁ|éldlskgdﬁxﬂ: al Elideaot Mge
surface facing the sur of di sk, the slider having at |east one

i nterior catlietaindindpomettiod et dngerpasate otia ©& Maan inferionexitiss yrithin pe eirrhsstngi ¢
forces that ttr ct..th r t h t

chevron sha lg ?ar’srﬁd gt\c}lr%duce é’ar\rilg?rt@%alg ggilfﬁlg&g&ltéetamdfa Eldgeg b(ﬁ&ze\égftﬂ% ﬂg&el'g P{lger
wher ei n theasétatdere d‘m:SoﬂTHddrdaﬁlemdl\al ties, wherein the sli der i ncl udes a

trailing edge pad,and whergi.n the cavit th t | d
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to house a fi8adle RSt x%c&fdabletrﬁécﬁl@tdn@r(b)’\/hﬁ Ac@atdt SkteflinpRUIRL 4 surSicercighe
medi a, the sllder conprisin (a) an air_ bearing surface; and (b) at. ]|east

one i nt eri odiskathi agtualios s gp shdes mopates) praximate theread pd dhe agfuaier theaslider and
el ectrostat | Jd%cgggf air hl%&l’ll?é EJI’ ek fgugf?% e ﬂl‘f‘faco%]gf Eﬂ'éedlglﬁsthe gﬁg@r BVidg€Akast One

interior calitt isin |rs econd chevron sHape cavitlés, each
chevron s hapemtmrmrldaylty dxsbwtd nbertinrts tredusd ver clon iV dabsgand] decirgtatic forcoettaéx,

the second eappt e bt & FiCHE: T biTR PUP BERURE r SUE o APlpel SEERLAS ng"
the first caweitex fA¢in merea@ﬁ@eﬁge@ff thd eliddre sRtein mwesmd@maprmuithjﬁscmmm hod
of manufacturing a %

conprising the ste a form
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rails and atr&ﬁﬁg eageg fdge pad di sposed internediate the pair rails and
along a |l ongitudin centreline of the slider; and b& form ng at | east one
internal cavity |Anmher aspar ofiife @msentgadensiontievides gelidersonfigied to RAvfed

Vial s and ﬁéa%cé ?ﬁ%?}tg'ugexfa%&le ith qra]c{gjska&tﬁx e dlE Q&)r#e![ rﬂ@cﬁatt‘ﬂe ‘E‘hﬁiérsé&mtp‘ﬁ@ﬁlrge' n

thglnterna cav IS ose arranged suc at a stead atefly
hei ght pr of (d)anmir Hdaﬁng bmtﬂme arsd (sbl)lasteasttdnalixhtyﬁonnwftydmpesbdbwlthlhéhw slider tal

](c: g\r“t thyl nA? \r/]ge gerc{V aﬁ? gleétré'\,?atlc q’orccgéfjl {hag ?rraci:tztﬁe tslri}?er it(g] Yheenc}iisle rt1he a%&s?et

one interior cavity comprising first and second chevron shaped cavities, each chevron
shaped cavity including first and second legs joined at a vertex, wherein the first and
second cavities are nested such that the vertex of the second cavity is disposed
intermediate the first and second legs of the first cavity.

Another aspect of the present invention provides a method of manufacturing a
slider, comprising the steps of: (a) forming an air bearing surface on the slider, the air
bearing surface including a pair of rails and a trailing edge pad disposed intermediate the
pair of rails and along a longitudinal centreline of the slider; and (b) forming at least one
internal cavity in the trailing edge pad of the slider to reduce van der Waals and
electrostatic forces that attract the slider to a disk, wherein the internal cavity is disposed
and arranged such that a steady state fly height profile of the slider is substantially
unaffected by the internal cavity. |

Advantages and features, which characterize 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.

[RALIBE]04447.doc



cl ai rs annexed hereto and formng a further part hereof. However, f1o§ ﬁN
better understanding of the invention, and of the advantages and JUN 7006
objectives attained through its wuse, reference should be nade to the

Drawi ngs, and to the acconpanying descriptive matter, in which there are
descri bed exenpl ary enbodi nents of the invention. [R'LIBE]04447.doc 19 JUN
2006 -4 Brief Description of the Drawi ngs The acconpanyi ng draw ngs, which
are incorporated in and constitute part of this specification, illustrate
enbodi nents of the invention and, together with a general description of
the invention given above and the detailed description given bel ow, serve
to explain the principles of the present invention. FIGURE 1 is an
illustration of a sectional view.qf di sk, dri VE incorporating a slider
consistent with the present inv&i—‘ﬁ%ﬁﬂﬁ%@f—ﬁ—?—b—‘%‘v #ictional side

el evation view, notmt.o : | ' AGFehisK
in the disk drive o-JfﬁeF%cS&ﬂk&ylyfgCiJré{%ﬁl&k ’|n§ﬁgﬁ? {I%g\?vccglﬁgﬂgﬁfeg%nfalhlglﬁ{ﬂrtg??r% st glpl)lg
in formng a sdpecl@icativng Hlustiste embodiments oftthe imakntoenvand togefher witheangraeral
consistent with the invention. FIGURE 4 is perspective w refrage vi ew of
the slider airdepeintiongf s inyention gve abeye @?ﬁthe ﬂ?taﬁF&ﬁE"BU?%ngc& 510%™ SR of
the slider air ri . L% Elds:on2 and 4. FIGURE 6 is a plan
vi ew of an al ttglrgg}gltaierﬂgf?Hgégﬁgﬁgﬁlgmsg@téﬁ%’%ﬁ?ﬁét of Figs. 4 and 5. 19 JUN
2006 -5 Detail ed DeHGURE i ¢gnarRdlustration®ftacedtional digwaf sekidki drinad inoorporatiig an
enbodi ment 10 of a disk drive incorporating features of the present

i nvention is siidarconsistert with fhe preseptinyentipgngry di sk drive type using a
magnetic di sk medi Gukeip HH¢ ShAtAGER §ARRR o ied 6t t85dXE oFthd fterfae

between the slider and disk in the disk drive of Fig. 1.

FIGURE 3 is a flow diagram illustrating steps in forming a slider with one or
more internal cavities in a manner consistent with the invention.

FIGURE 4 is a perspective wireframe view of the slider air bearing surface shown
in Fig. 2.

FIGURE 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



part, determ ned by the areal density of data stored on the recordeUHszm
magnetic nedia disk 12. Disk drive 10 conprises a housing 14 to which other
conponents of the disk drive 10 are nounted. Housing 14 may include a
bottom 16, sidewalls 18, and a top (not shown). A read/wite head 52 (see
Fig. 2) is disposed wwthin a slider 20 having an air bearing surface 44
(see Figs. 2, 4 and 5) and which is coupled proxinmate the end of an
actuator 22 using a ginbal 24. Actuator 22 rotates about a pivot point 26
under the action of a voice coil 28 of a notor 30 to position read/wite
head 52 over a predeterm ned track on disksl?2. The read/wite head 52
within slider 20 interacts with disk 12, which is nounted on a rotating

spindle 32 and driven by a notor (notngllaﬂwpes%ﬁ@g“ﬂtor 22 may al so provide
a suspension | oad or bias, positioni Tlead 52 above disk 12.
The read/wite heagefetrig tdFig. 5|4 stetiondDvies afapahibediaient ¢adf agiskrdtiver i ting

data to and fromdisk 12 using el ectronics well known to those skilled in
the art. El ectincembratipgfeaturps,of the prgsen inveation s sboyn c Shigkohare L0 iniatmatary diski

drive 10 is avail abl e through connect or. I . redngat:o Fig.
2, a functionaf™§ e'éﬁ“é&/%\[rggﬂéi(ﬁ‘ﬁaf %‘Fé?ﬁz ?‘ﬁ?gtpfagggg%aéﬁ%ggﬁfsg ﬁi(rgllvegpiléc)ielfl 20
and di sk 12 aspgegitetified By Hicthreal defsi§t\iatasibRéror thetredodhbl@magndiRtmédia disk
scale). Disk drive 10 is 1llustrated’in Fig. 2 in a configuration that

occurs when thE.drive is in operation, as indicated by the position of

o der 20 o, 10 PR3kt AERBRALS GRS o A e Chplhitdgr e

air bearing forned eari ng sur

surface of di sk 4@ nitfntHdS HokingS 4'RAyInERIdé A bbiiem 46 BedwaR 18nahdatdpAnat
reference nuneral 38. Slider 50 may be made of a nulti-phase material. A

mul ti - phase mathewinhl Areddéwritethead SR dsaedtis. I ix disnosediwithin asslidsy 20 having amair
Cor o o al Ui RHTEE FUFFA A a0 o 2 ATSD3 e oo A b BRATD e IS B Sk ™ o
al so be nmade ofcnMior28 usy ZaAmbansh. N ctdstof 27 fotiteSabolf a HiFbCHif 26 tuadbr eeactidinr
bearing surface 44 may be a plasma-sprayed naterial coating of hard
mat eri al s suchofasvoigex®d-28 of a motor 30 to position read/write head 52 over a predetermined track
ondisk 12. The read/Wﬂte head 52 within slider 20 interacts with disk 12, which is
mounted on a rotating spindle 32 and dﬁven by a motor (not shown). Actuator 22 may
also provide a suspension load or bias, positioning read/write head 52 above disk 12. The
read/write head 52 within slider 20 is capable of reading and writing data to and from
disk 12 using electronics well known to those skilled in the art. Electrical connectivity
with the various components within disk drive 10 is available through connector 34 and
cable 36.
Referring to Fig. 2, a functional side elevation view of the interface between the
slider 20 and disk 12 as depicted in Fig. 1 is shown (note that Flg 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,O,-TiC). Slider 20 may



Ti2 and ZrQ2. Insulation and gap materials may be nade fron1SiC219§Uﬁz nd
Al12C3. (Qher suitable materials and fabrication processes will be appéw nt
to one of ordinary skill in the art having the benefit of the instant

di sclosure. Slider 20 has a | eading edge 40 and a trailing edge 42.
Internediate the | eading edge 40 and trailing edge 42 is a |l ower surface
or air bearing surface 44. Air bearing surface 44 includes rails 46, a
recessed portion 48, and pads 50a-e. Proximate trailing edge 42 and pads
50c-e is read/wite head 52. In sone enbodi nents, pads 50a-e may be
configured to support slider 20 on disk 12 when the disk is not rotating.
In these enbodinents, disk 12 may al so i ncl'ude a | ubricant shown at 54 to

duce fricti bet he disk 12 and.pads, 50a-e. .| 0.0t h mhodi.pent s,
¥ oad unl oad 81 etk e di s, a2 RtEd e EbisE, ATIRRHEET o
and as illustrgtees 44 By !bletaqatuisﬁﬁ-s%%ﬁa nfbtétal dFatilp 3 fardithatefif1D 6E&SLRLAJO LY

arrow 56, between the rails 46 creating an increase in pressure that pushes
upwar d on t he Tigl, and&sD;. ngswWatidicand gy nuteriils may bemadefidmf 35 $i), eadddihi t e

head 52 f di. 12, i pdi cated at fer | 58 t the .
care i ui rOBEr PGt pLlabEgL e siocks B AR do eng ohedineReSeil,
pressure, i ndliﬁqﬂé%&l.t ﬂ&vtj{lg{&%rbgggﬁ o’i*%@%ﬁhn@ﬂscld%ﬁl’wt eracting, to sone

extent, the pressure e the rails 46. These pressures 58, 60, as
wel | as any bias tSiater 2@ jiadeleaging iedgk 40/ansict tuziting edd2, 42e Jutrimediatedhsisadingt

th lid 20 fli bove th i sk 28 at desi.red fl i t 62, It h
boen found ¢ htdEad enb usipg 0es 44 i gvagnfet Seut beaor et ARbeping
S0a-e are ad] éﬁﬁfa@éjﬁ &ggfae% D8k 4§%&s§&1ﬁwfﬁ§§us,eﬁdﬁs%dsam-éolamanﬁate hansRy

reduce the fly heig o0 achieve a higher areal storage density on disk
12, attracti veedgone asd patsvidere is kéaddrrit2 Beadai Inisskne Ehbodimetits pags S@ahemay be

bal ance between the pressures 58, 60 created by the .slider .20 .ajr bearing

surface 44, caesfigyed F’Fésuci’ipﬁrtlﬁ]é‘i rizl%’_nt‘ﬁﬂ% Wgﬁb%‘? dfs.?(é? ?Ot(,ra[?gflﬁ'ghf h’gsesl i der

20 to come inhg, RRALAS aisk b Rsdlinkndl 2 ukiandholwiGe BA ki fddnsd frfpores are

van der Wals and. electrostatic fgorces. Such forces increase rapi dlg bel ow
3y

appr oxi mat el y tetweenahedisk 42 and pdds DaN. I0066er gmhedimentsseload/ualaadisbiderithe dogs

col | apse bel ow appr oxi el 2 panoneters since attractive
P not Pegt onag}is m%' useg.

In operation and as illustrated, the rotation 38 of disk 12 drags air, represented by
arrow 56, between the rails 46 creating an increase in pressure that pushes upward on the
air bearing surface 44 of slider 20, and forcing read/write head 52 away from disk 12, as
indicated at reference ,numeral 58. At the same time, air 56 moving past the recessed
portion 48 causes a decrease in pressure, indicated at reference numeral 60, counteracting,
to some extent, the pressure effect of the rails 46. These pressures 58, 60, as well as any
bias that may be applied by actuator 22, equalize to so that the slider 20 flies above the
disk 28 at a desired fly height 62.

It has been found that as the sizes of rails 46, recessed portion 48, and pads 50a-¢
are adjusted to further equalize pressures 58 and 60, and thereby reduce the fly height 62
to achieve a higher areal storage density on disk 12, attractive forces between slider 20

| and disk 12 can disrupt the balance between the pressures 58, 60 created by the slider 20
air bearing surface 44, causing the air bearing to collapse, i.e., causing the slider 20 to
come into contact with the disk 12. Two of the principal forces are van der Waals and

‘electrostatic forces. Such forces increase rapidly below approximately 5 nanometers and



forces tend to increase nore rapidly than pressure 58. Van der Wquszﬂmges
are internol ecular forces that interact between electrically neutT

nmol ecul es. Electrostatic forces are internol ecular forces that act between
positively or negatively charged nol 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 fromslider 20 reduces the effects of van der Wal s
and electrostatic 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

beari ng. Moreover, the r.enoval , of teri,al fromt terio f age .of
Che ait bear | msHyser bt BReigru e iRy o bOR e e kitter Pty B8l
e.g, dust, |uBfdecant t®thcrddBOmetd apidB) hh plessugé 68, to col lect, thereby
reduci ng the etch depth, potentla?Iy i ncreasi ng external forces, and

ul ti mately causi ng VdnedeaiWadbefardes gretioterobleaypigieforcestiuit irderlac i betwegn ed¢otmeally
protrude into a read/ wite gap resulting in undesirahle interactions

bet ween a headeHfsy melgeulgs. éﬁf&%@?‘ﬁlg‘?rﬁ?s WP e ecf‘[?l’ £ at()?"%lggt?“’teﬁl? n

structures, dﬁz%%ﬁi%elygﬁﬁeé%\@i%ﬁ%h ed hidgechknt where a drop of debris will
I der e go

fall froma s , posi ti on a disk. Wen a droplet of debris is
deposited on a di sKihetpnesemanventiou aéduceovanafer Wealstindlelevarpstatic $acestiebvetnopl et

W vary, i sea e B byebaiechiH SRaTHE SV I PRGNS dhanalcatl.
However, f Of My oYl Wity bl 63 dicF AR ThPLIRRLETS b eF Wdaflahd
ci rcunst ances. For exanple, should a single large cavity be formed and

debris were t e@lecaosthtcfordes it attiget the skider B0 die hitehlisks 1 howeva] theatmoval wbul d

i kely reduce fly_ height. However, re.peasures are taken tg. ensure that
a debris woul d#@ial & @EF?“CFBWW‘%‘@C V@&@ish@r@r%%b@gggtsv%ﬁy dPWL}rEe@t the
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slider to the erefore, inlight of the forgoing, it may be
advant ageous tsorficerafitiiadit beakiag neg\dr¢atepodkets ar sthiedgructwts thiat alkedvudébmy, &:gn der
tthe d_t.he disk V\qﬁile

SRR LE TR W T RN

2006 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 p.oint 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.causc 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 ate 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



-8 significantly inpact the performance of the air bearing. It MA||9ggVZWB
appreci ated, however, that while the hereinafter described enbodinents are
shown with multiple interior cavities, the invention may al so be

i mpl emented using as few as one interior cavity on a slider. Thus, in the
enbodinment illustrated in Fig. 2, nultiple dianond shaped columm cavities
64 are advantageously forned in the trailing edge pad 50e of slider 20. By
forming nultiple 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
appreci ably change the fly height profile. reover, slider 20 has reduced

susceptibi |1yl 0o lSA oY hdYekhdhBfke TS 4PhEHEY N A YpedSHEH B

Fig- 3, a flowdl ARG YR ST 0¢e8s S

one or nore Irthﬁrmle tﬁauéran@ﬁelaib@crw’edadmboaﬁﬂmmm%mmw&hhﬁulnbleuﬁteﬁai ed. A
"bl ank sllder “or a slider without an air bearing surface, serves as the

starting poi: ntcagities, flay maentiom may gabkimplemented osing as femcasnedntgtpr ¢avify oofa a
read/ wite heag such as magnetic gaps. In the course of selecting a blank
slider, a sl'id e material is chosen. A blank slider is selected in step 90.

Etching processes afigsghRebGHmb IGHRYSA iHTHE r2' ﬂiultﬂﬂl@ﬂiaﬁﬁbﬂd%ﬂi&i cDlunsier

formng the air bearing surface and the internal cavities. Typically,
et chi ng progesswsiet harerad nantageonsly orimeed mtlm tresling etige pad 50¢ deslider26.0Bikeep

t he magnetic S. read/wite head a .0 n th S|I er as
lose. as. poss TBang gnilinic St Henibfeptel b i shothsea S artft o hemet rbargyof)
appreci at e t hafe 4if8&ringCarlddn gBh&HY, 12 aéﬂeam%psl/f&fnsla@mﬁe kAvifi&s 4 &M not exist,
processes nay also be used to forman air bearing surface and caviti es.

Step 92 shows as He capities 64tdb ont @prwlqm}oclmgetmﬂyﬂw@tpmlﬂer Mogedver, slider 241 r
bearing surf nd/ or e 4, an.overlay mask is
applied. In s?’é‘f) egﬂcedtsl"}écepﬁbljii quege E&%B?E“‘ﬁ?ﬁ ‘E‘Pﬁlrplﬁ‘faé’ftgf%(‘ light for a
desired amount of RefBrinSlPRigdP asﬂwelage&mueﬁath@eaﬁbb&@ror eFdhE‘x?éi%de?Wﬂl
100 shows the renoval of the phot oresist. Thus, as illustrated 1n Fig. 3,

t he formati onooé of mperintimal awvitiescandian ar @Iaudgsurfm;y is illgsfritede Ariblenk sliderstmre

masking steps a%H(riérQ%thsolult 91? erur g‘aE)r{I{ng%}tlace ser'é'/gsra%q}{e sthrtl%tg%g{nt 90r 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



processes may be used to formrecessed portions, such as recessed pgrhwg@m
48, during a 19 JUN 2006 -9 deep etch process by increasing the tine’a
photoresist applied to a slider is exposed to UV light. Those skilled in
the art will appreciate that alternate processes may al so be used.
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 1is
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 a? to further illustrate features
of the invention. Reference nuneral 52 I cates the apprOX|nate | ocati on
of the gap of .read/wite head 52 inventio

reduces at t r acleD &P HTReESs PEMGEeaTng F?E\AQIPF alé'flpg%toffﬁﬁt %pp% a (gggféderfl FARCRE to
cavi ties usi ngyglit. "ohdse skilted ik ﬂie'Wll?#%%cmhﬁpﬁtehm&ﬁﬁ%ssémhﬁﬂs@BQ

50e, as shown at Treference nuneral e cavities 64 forned are a
pattern of di amedd shaped colums. Referring to Fi g 5, a plan view of the
air bearing surface_ 44 of r 20 shown i.n

illustrated. The meR&Fiag téh&l raE?fsP%ct‘é’Sﬁ'értefrﬁ‘E’ngFw ‘}lgge?ﬁé‘ﬁﬁ I§§°°44°f
transparent tqy lhwicﬂﬁ{ownhh eé ?f‘éﬁﬂédlﬁ @t sttei%omgemsunastmlfécg T}férﬂﬁéﬁal

fully illustrates t pat t I anond shaped cavities 64 forned
trailing edge slider Hbie comarhcdefiisshosel asdtapsparent,ithe Enesrdfdiok dmwungmdpatméﬂm

th | t to disk 12, th h f t
e Ol o sy S 08 B S0 o0t o A TPARL A LSS Pl
appreci at e th%ﬁ éifﬁ%ﬁsgee ch%ﬂmgf 153Vinhicg&?@ﬁedisgyoxaﬁa&%dmen H?tH&%IaEBf

addi ti onal I ng ring s ation. Those skilled in the
art will also. rBWWﬁfH]EHaéSQIBhdiwnavFigl 2s may for rred in other portions of

20 to disk |12, CaviARSeRGpENS TBUiceDAaE e oRSs PEvER: Pt diffol
e i i AL T o i g e
reduce forces shbwah anteferamte rmnehal ddr The cavitiesé4 formed are a pattern of diamond shaped
o 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 50¢ 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
P 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 béaring 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



Figure 6 shows a plan view of an air bearing surface 70 of another S'QQ@WZUB
72 consistent with the invention. Slider 72 includes a | eading edge 74 ang
a'trailing edge 76. Air bearing surface 70 conprises rails and pad 78,
80a-e. Internediate | eading and 19 JUN 2006 -10 trailing edges 74, 76 and
rails and pads 78, 80a-e is a recessed region 82. Slider 72 includes a
read/ wite gap 84 associated wwth a read/ wite head (not shown). Slider 72
i ncludes a pattern of chevron shaped colums 86 forned in pad 84e to
reduce the attractive forces, e.g., van der Waals and el ectrostatic forces,
between slider 72 and a disk. Those skillegyin the art will appreciate
that cavites could also be fornmed in pads 80a-d and/or rails 78 to further

reduce van derua\é@@' ?drg"é‘%‘s\igezi?%}édn {S%a?lgﬁg({i ﬁ%({sOIrSCQ"@a-e ig%&%éské"c?ﬁe%%n%@’ gidkf ¢ n of

cavities, arran r 't hree-di nensi ona patterns nmay be
used. Mor eoverinclafes aveadietitofap & dssagated withiaasad/ wricediqad (@dtishgwaydi ti ve

and/ or subtractive processes may be used. By virtue of the foregoing there
is thus provided a§1dieﬂ%¥ inedidcn g palteraiof chrveen sigpedsealwapeso farmed i prb4e to

susceptibility to van - I jCq f t r t
Feduced 1y narditedRoadRuIE RisE &k el MRRlsth 1et ROA TR ol horpRit e 72
hei ght  profi lgdafdiskhertwbe slalledin thbert vl hppretiarahnicatifes cauld disebd fogmedi | e
the invention has been illustrated by the descri g%i on of the enbodi nents

t hereof, and wails 80a-¢andpnisds 78 ke Buthsyredpessrpndiss Maalsamdiclecigptaticliaressi e
detail, it i t. he i ti f i X i i
- e s Sﬁg"é‘Fa‘ﬁ%%‘Y;Fpaa‘%‘q‘d"’fg“qvﬁ‘es’%h?egﬁgh“é’h%é‘ég‘ﬁ‘f‘l.a?kﬁ@‘h"%‘@ﬁ%ﬁéﬁm%y

limt the sco ppended cl ai’nms

advant ages angafigigi friagdkiueed. Wioteov g ey iamidp 88 forintng d¥ftiesSiktdrpefiting additive
art. It will be understood that principles of the present invention may be
appl i ed to pr aodiorsutitsaciys peociesser mgyRemsesear i ng desi gn and woul d general |y

not significantly Iﬂey(% gL 8Hh¥ fgr%i%%fqétkpe% {sgl{n.[spdg&elde | a Stider Rayi g%ﬁ{r%@a Id

typically be requi I'nve nini roader ~aspects®I's thererore

not limted tQuithe, #Racediced saicapttslity t6 e EFomias andeleqiatatit Ysrces) thavet hod,
and illustrative exanpl es shown and described. Accordingly arture may

be made from opetteset ednecd flx brghts withawt appserablyrattenting e staady gtg& 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 signiﬁcanﬂy
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.



or scope of applicants' general inventive concept. 19 JUN 2006 -111waNZlﬁ
claimed is: 1. A disk drive conprising: (a) a rotatable disk of recordab?e
nmedi a; and (b) an actuator extending alerd a surface of the disk, the
actuator including a slider nmounted proximate the end of the actuator, the
slider including an air bearing surface facing the surface of the disk,
the slider Nehatdgchimedisst one interior cavity disposed therein to reduce
van der Waals and electrostatic forces that attract the slider to the
disk, the interior cavity defining a chevron shaped colum having a vertex
facing a | eading Adtjsk dfivd dommisier, wherein the slider has multiple
cavities, wherein the slider includes a trailing edge pad and wherein the
cavities are fornmed in the trailing edge pad. 2. The disk drive of claim 1,
wherein the cavities in&glﬂd@ta@abwMﬁl&bfr@b’orﬁﬁb@@’iﬂdid;@ﬁd forming a pattern of
di anond shaped columms. 3. The disk drive of claim1, wherein the cavities
forma pattern of chevron shaped colums. 4. The disk drive of claiml,
wherein the slider inclydes, achhist axkdntiryl aRAES: 3BFaceVBER RiskNehe avtubioes
are formed in the plurali'ty of pads. 5. e drsk drive of claim1, wherein
the slider includesludiig sladed noatedipioximate bagnd pbteackiatosy the glides ingheding

rails. 6. The disk drive.of claim.] ' ' | ' nd
pads and wherein ap A bgg\l}}g[ ?ué};a%%?gé: ﬁ}gotﬁ@ngléf?%cr% oifﬁe @g%’ﬁgé %lild(}i: b ﬁ‘gﬁ%gtgg%iét ??QA
slider configur ediﬂtgidtwasﬁy dishesd thapabloaeddicei vahateadVaatnand tlecteosthitis iforkes
magnetic sto [ h [ i Sing: ' | ;
ang [ al \ LI BF; acg_z 4%%&I6§lla£t§th§ﬂdlggg%th%0m,Itﬁé E]rgério(rac?avﬂg daehglin%eaa{:fler\]/ onS's'Ha];)gge’
column having a vertex facing a leading edge of the slider, wherein the slider has

multiple cavities, wherein the slider includes a trailing edge pad and wherein the

cavities are formed in the trailing edge pad.

2. The disk drive of claim 1, wherein the cavities include a plurality of cavities

forming a pattern of diamond shaped columns.

3. The disk drive of claim 1, wherein the cavities form a pattern of chevron shaped
columns.
4. The disk drive of claim 1, wherein the slider includes a plurality of pads and

wherein the cavities are formed in the plurality of pads.

5. The disk drive of claim 1, wherein the slider includes rails and wherein the

cavities are formed in the rails.

6. The disk drive of claim 1, wherein the slider includes rails and pads and wherein

the cavities are formed in the rails and the pads.

7. 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

[RLIBE]04447 doc



-12 (b) at least one interior cavity disposed within the slider t o § JUNJ806
van der Waals and electrostatic forces that attract the slider to the
disk, the at least one interior cavity.q@nprising first and second chevron
shaped cavities, each chevron shaped cavity including first and second

| egs joined at a vertex, wherein the first and second cavities are nested
such that the vertex of (b)heleetcarednteaor cgvity disprssdaathin the didspin duce Kan
first and second |e f the first.cavity. lj: gler I fe .

wher e n the: o defSnNedls ehl SR E Bt inauuldigng slidéip ftho A1, et leasy
wherein the slideppd Ratristesvaytoogiprising fdgendactoadtheteneshaped havittesvicatles
are fornmed in the trailing edge pa&. 10.. The sl dgr of. cl &i m 96 V\hgvrh%g 0t he
cavities include ghayrarshaped cayitydagipding first gpelsergnd Jegspings &' ¥ Cti%aio
shaped col umms. 1{]1’16% 2l del6id SfvitidsakdmStediRR €hd? thd)Ger€xvofl the Sedond adity
pattern of chevron shape colums. 12. The slider of claim8, wherein the
slider includes aisplispoatd injermediptecthe frad ansheacendlegs REthefiFstGa8Y-are forned in
the plurality of pads. 13. The slider of claim8, wherein the slider
includes rails and wherein the cavities are fornmed in the rails. 14. The
di sk drive @f cl airhe S8lidenoéclrim 71 Whersini thesliden bhuiatdeast thir¢escagtitgspads and
wherein the cavities are fornmed in the rails and the pads. 15. A nethod of
manuf acturing a slider, conprising the steps of: (a) formng an air bearing
surface on ghe sl ipekliddr B¢ cRimh 8PRBEAeRDhS slideddcludoscl trdiimgedgepaid and fvhesiin s
and a trailing edge pad disposed internediate the pair of rails and al ong
a | ongitudi nal cefieraavitise affopmed g theygpilinggdeq A f ormi ng at | east one
internal cavity in the trailing edge pad of the slider to reduce van der
Waal s and electrostatic forces that attract the slider to at[R . )

-~ . LI QG 34407 de@hi9lidduNf20@6 9, wherein the cavities include a plurality of cavities forming

a pattern of diamond shaped columns.

11. The slider of claim 9, wherein the cavities form a pattern of chevron shaped
columns.
12. The slider of claim 8, wherein the slider includes a plurality of pads and wherein

the cavities are formed in the plurality of pads.

13. The slider of claim 8, wherein the slider includes rails and wherein the cavities

are formed in the rails.

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

the cavities are formed in the rails and the pads.
15. A method of manufacturing a slider, comprising the steps of:
(a) forming an air bearing surface on the slider, the air bearing surface
including a pair of rails and a trailing edge pad disposed intermediate the pair of

rails and along a longitudinal centreline of the slider; and

(b) forming at least one internal cavity in the trailing edge pad of the

slider to reduce van der Waals and electrostatic forces that attract the slider to a

{R LIBE]34447 dec



di sk, wherein the internal cavity is disposed and arranged such tﬂa?t-u%'fl 2006
steady state fly height profile of the slider is substantially unaffected
by the internal cavity. 16. The method ofi3¢l aim 15, wherein formng at

| east one internal cavity conprises formng multiple interior cavities in
the slider. 17. The nethod of claim 16, wherein the pair o ails are

\?thbst antial ly fr ediskyfwherein dreniaternsd ¢vityeis dispgsedrand WB%SL&?}“ té?tzi‘i %‘ﬁa%ff state
wherein form ng | ti.ple i td i i i f; i qvities
e pattern of ot kR R R R e BB e i
formng nultiple cavities in one slider conprises formng cavities in a

pattern of chevron shape olu .. 20. .The neth f cl.ai .

conpri sing 1&r ni nEh%mﬁﬁlﬁ’aaﬂcfiC{la}%’ 5’3’8_5?’“ \?\?{EP% ﬁtol%? %roﬁllgﬁgﬁe%#? ?Vﬁﬁfylejcr ¢ V|{5te P es
in one slider conp;ﬂnﬁfggnﬁmbmiﬂ&ﬁgaydvqﬁ@snnm dlider.pl urality of pads. 21. The
met hod of claim 16, wherein formng nmultiple cavities in the slider

conprises formng cavities in the rails. 22. The nmethod of claim 16,

further compyising,f ot no o8 bk #1 dkerdfn BRASair WSS hre sabdtarIIAEd BEe
P

cavities in“one s I'der conprises trormng cavities inthe rails and the
pads. [R . LI BF] O#édetraldaxcities.

18. The method of claim 17, wherein fonniﬁg multiple cavities in one slider

comprises forming cavities in a pattern of diamond shaped columns.

19. The method of claim 17, wherein forming multiple cavities in one slider

comprises forming cavities in a pattern of chevron shaped columns.

20. The method of claim 16, further comprising forming a plurality of pads, wherein
forming multiple cavities in one slider comprises forming cavities in the plurality
of pads.

21. The method of claim 16, wherein forming multiple cavities in the slider

comprises forming cavities in the rails.

22. The method of claim 16, further comprising forming a plurality of pads, wherein

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

the pads.

[RALIBE]04447.doc



