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-1- DI SC HEAD SLI DER HAVI NG SURFACE DI SCONTI NUI TI ES TO
M N M ZE FLY STI CTI ON BACKGROUND OF THE | NVENTI ON

The present invention relates to disc drive 5 data storage devices and,
nore parti cul woleg2tmé a di sc drive having a slider wth spcirasw/esds

di scontinuities for preventing mgration of disc lubrication or

cont am nant s to the air bearing surfaces. Di sc drives of
the "Wnchester"” type are well 10 known.i.n the industry. Such drives use
rigid discs coated with a nagneti zablle medi um for storage of digital

informaticon in a plurapyigo gﬁvﬁmﬁwmé tﬁec(Ft racks. The

di scs are nounted on a splnd e noto causes Iscs to spin and
the surfaces of DISCOMTINGITIESSs SONMINIMIZEt FLY hSTLCTDON

assenbl i es (HGAs). HGAs carr tL’msb%uF swite information to

and read information fr e SHrac uat or mechani sm
noves the head gi rrbal assﬂté)lpme&wtormtvleat:konorelatesatb disosdriiire

surfaces of 5t heggi % &é}ﬂi‘ée@ 29::::%' g;%&-‘:%hiaﬂ CebtLyajedhe

act uat or rrechanl sm | nc tra(; accessi ng_arm an suspensi on for
each head gfFbYe BRSNSy slid?ﬁewg pRwetane SHAR ‘E’é’én& itiepofar

f orce which urgpﬁeﬁdilﬁti‘t@du@tﬁbﬁbn&:ﬁdﬂbb)l&ﬁﬂhﬁlbheor conttaménantgace. 25
The head gi nb I Y]] hydrodynanmi c (e.g. self
generatic air) gearl ngﬁ? ]%:(Farmgc susigﬁcesl nbal . The ginbal is p05| tioned
bet ween t he suspensi (ﬂi%dlrﬂ-ﬁéss?fd&ﬂ {"Wiprheophery 'i'i&‘-’r Arenwell

connect i oniphat kabiWant kdes lindistiry. pi tauciandicivdd Bée whagi® dibekl owi ng
the 1opographyooQieg Wits aan%%netlzalﬁl ot fEALh \FelY stbPEgd JB ki gBRS1 Peen

I nt egrat ed wi t hf
information in a plurality of circular, concentric data

tracks. The discs are mounted on a spindle motor which
causes the discs to spin and the surfaces of the discs

15 to pass under respective head gimbal assemblies (HGAs). :
HGAg carry transducers which write information to and
read information from the disc surface. An actuator
mechanism moves the head gimbal assemblies from track to
track across the surfaces of the discs under control of

20 electronic circuitry. The actuator mechanism includes
a track accessing arm and a suspension for each head
gimbal assembly. The suspension provides a preload
force which urges the head gimbal assembly toward the
disc surface.

25 The head gimbal assembly includes a
hydrodynamic (e.g. self generatic air) bearing slider
and a gimbal. The gimbal is positioned between the
suspension and the sglider to provide a resilient
connection that allows the slider to pitch and roll

30 while following the topography of the disc.
Alternatively, the gimbal has been integrated within the
suspension.
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-2- A conventional catamaran slider includes a pair of
rai sed side rails which face the disc surface and formair bearing
surfaces. As the disc rotates, the di sc drags air under the slider
along the airwoee2iT§ 5 surfaces in a direction approxi nat elPgTsordobssl t-o
t he tangential velocity of the disc. As the air passes beneath the
side rails, skin friction on the air bearing surfaces causes the air
pressure between the disc and the ailpbearing surfaces to increase

which creates a 10 hydrodynamc lifting force that causes the slider to
lift and fly above the dizsc::&niréaeeonérhecatehmfsu;aer inc3uaesi @d by the

suspensi on count er%% %Qgsgxdgfggn?gifs whicﬂ Eaé nq: re':ﬁuﬁ ;I'he f%t%el oad

force and the h il force reac ®based
upon the 15 hyanddyma;mbspgmge@ aqefe SAs ddie éMCtmt@tpﬁ;sa.dt@fe

rotation of thed(i's&cdrégﬁehfir' ﬁﬁdéﬁgtﬁélélﬁdé:ﬂra{lhﬁfg the dilClP&dREny Cross

rail which t ends betmeen he cross

rail expand® cr 4RGeS 10 3 gﬂlﬁsﬁg?'%ﬂta%?]é%’o’d?%te&yepass ?‘%]’f X-‘Pcé:é‘et he

slider 20 cl otemgeotihd tedocitiyf @fethe disc. As thet piircglassegnetic
disc is coated \uehaaemm@ side rbﬂysr XD erh LUDER eﬁelalﬂlu‘emtuigo

reduci ng wear at sc interfage Wi | e of 't he
| ubri cant remai ﬁé‘rlgﬁﬁﬁﬁdcﬂ'}s?ﬁeggﬁr?‘:L%epﬁ?s?‘ﬁ'éa g?estd"eeé‘ sde 3% tion of -
t he | ubri cant re:m real xf rlmm.m tsaxrfacee to incuieheet whhchhershiteer asur f ace.

Wien the di 9?35 QEEEQ en@ows shae'eeaﬁség%ﬁa %ﬁ%a@ksceosurface

it has een ﬁﬁ £$ pr esen1 i nvention
that the coll ect]étftl BBiil tali‘?é’r?d§ od r%ﬂrefafﬁ? 3 eiprelopd fargs ng )
surfaces where shippliedl byctied suspension counteracts the hydrodynamic :

lifting force. The preload force and the hydrodynamic
lifting force reach an equilibrium based upon the
15 hydrodynamlc properties of the slider and the speed of.
rotation of the d:l.sc A self- load:Lng sl:.der further
includes a cross rail th.ch extends between the side

rails. Air __pass:mg over the cross rail expands creating
_ a subambient pressure area which forces the slider
'20 closer to the disc surface.

A typical magnetic disc is coated with a thin
layer of perfluoronated lubricant for reducing wear at
the head and disc interface. While most of the
lubricant remains bonded to the surface of the disc, a

25 small portion of the lubricant remains free and tends to
collect on the slider surface. When the disc stops
rotating and the slider rests on the disc surface, it
has been observed in the development of the present
invention that the collected lubricant tends to migrate

30 to the air bearing surfaces where the collected
Jubricant tends to pull the slider and the disc surface
together by the action of meniscus surface tension. The
force by which the slider and the disc surface are
pulled together is known as "stiction®. The stiction



| ubri cant- tends to pull the slider and the disc surface t oget her by

t he action of neniscus surface tension. The force by which the slider
and the disc surface are pul l ed together is known as "stiction". The
stiction WD 98/ 21716
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affects contact start and stop (CSS) performance of the slider and may
be hi gh enough to prevent the spindle notor fromrotating the disc.

One nethod of reducing the stiction and _§4 inproving CSS performance is to
lap a crown onto the air beari ng surface by pressing the slider against
a spheri cal Eﬁrasaaadekaapy nafﬁé@&@ cénea@wmhﬂt rah@agtsp (csspurface

However, mor o cBARFETRRES BF o h88, 4TEEE" Al mayr, ¥t A5 BobOR 8P,

SUMMARY OF THE pmmc»he spmdle motorTfzon| m@atmg tthe @d@sent invention
supports a ”anSdUCQDné)rQié't'ﬁBHe &P &édﬂi&r’m@ateﬂerw&ﬂﬁx magdgum

The slid | yd | | f or med h
Sl der body® andeRPTRE CRpRepasrarnce ¥ bl eR e revd oned gt o

| east one st agnhnarlﬂgovﬁurfacer eornpreesing atdedi stbder nagainst ferned on

the slider Bﬂé&‘iéﬂﬂl*%ﬁ&?&ﬂtl ﬁn Ake. th@c%aﬁearalﬁ Ry gl on:
to inhibit lubrication collec

nan f1ow region from
mgrating to t hEYERERgTRENFES Sotfddbdon K S]I‘ﬁ’qr éﬁﬁoa’eﬁv‘é’ﬁﬁ E?P@ sur f ace
di scontinuity slidemcandesheniisy. nﬂomewecesmese vmmplrettmscé.hmtd.ensbody.

r

Each recess g cantPay.gdgcyﬁélggycg_onsmeaesgyga as an el ongated trench
or a plurality of spaced depress , ] aot her enbodiment, the

surface discontinuity ed surface features on
t he slider body. EacThe ashetéxsmff &be beasemie mrertzdion supports

a transducer proximate to a lubricated recording medium.

The slider includes a slider body, at least one rail
- 15 formed on the slider body .and a fluid flow pattern . :

across the slider body with at least one stagnant f£low .

region. A surface discontinuity is formed on the slider: . .

body and is positioned within the stagnant flow region

to inhibit lubrication collected within the stagnant

20 flow region from migrating to the raised rail.

In one embodiment, the surface discontinuity
includes one or more recesses within the slider body. ..
Bach recess can have a variety of shapes, such as an
elongated trench or a plurality of spaced depressions.

25 In another embodiment, the surface discontinuity
includes one or more raised surface features on the
slider body. Each raised surface feature can have a
variety of shapes, such as an elongated ridge or a
plurality of spaced apart bumps.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top plan view of a disc drive
data storage device in which the present invention is
useful.



vari‘ety of shapes, such as an elongated ridge or a plurality of spaced

apart bunps. 30 BRI BF DESCRI PTI ON OF THE DRAW NGS

Figure 1 is a top plan view of a disc drive data storage device in

whi ch the present invention is usef ul.. WD 98/ 21716
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Is a perspective view of a head gi nbal assenbly supported by a | oad
beam f | exure. Figure 3 is an end view of the head gi-rbal
assenbly taken along line 3-3 of Figure 2. 5 Figure 4 is bottom
pl an view of slider which tends to collect droplets of disc |ubricant.

F: Igure 5s nﬁmeri cal rr})dleigﬁef theisl iq;lepefspecﬁiwnviewFi@r@Ffﬂle&ai cg .
illustrates the_streamlin 0 iyF i gure is a
di agram whi ch WT“%??r% Se%'&’sly sutpggtxg%guP&rg\t,\ﬁr’%%%%%amstf&eeﬁuﬁﬁdsed onto the

nurrer i cal nmodel showrigurerijuie anaeedrviey o6 the peadegimbal

i Pven]t ![ on. . as?emblyﬁ taféﬂt&l@:’i:ﬁi&nér gajr@gtrm’g.tmcr]é/,g,sect i onal tVi ews 15
o) al ternatli ve renc pnetries ccordin o, the .y esent,

Cnventi on. FITRT & 36 POCROBOPEE o &F &thisie, Wik

hat ched trench tenflsgteatébleathidrepletsupsr dhposkebicant. t he nuneri cal
model shown in Figure 5. RBflure 5 is - mifled4c@1l hdde10abf OEhE! @1 1WeeW Of a
o e Bl A % SR ARl dE e A o
sectional view afr flowa raised surface feature formed on slider .body
according 44 Figure 6 is a diagram which illustrates
rectangular trenches superimposed onto the numerical
model shown in Figure 5 according to the present -
invention.
Figures 7-9 are fragmentary, sectional views

15 - of alternative trench geometries according to the
present invention. -

'Figure ‘10 is a bottom plan view of a cross-
hatched trench configuration which is superimposed on
the numerical model shown in Figure 5. -

20 Figure 11 is bottom plan view of a slider
having a plurality of depressions which substantially
surround the side rails.

Figure 12 is a fragmentary, sectional view of
a raised surface feature formed on slider body according
25 to the present invention. '
Figure 13 is a fragmentary, sectional view of
a raised surface feature having a more rounded cross
section.
DETAILLED DESCRIPTIO P

30 Figure 1 is a plan view of a typical disc
drive 10. Disc drive 10 includes a housing with a base
12 and a top cover 14 (portions of top cover 14 are
removed for clarity). Disc drive 10 further includes a
disc pack 16, which is mounted on a spindle motor (not



25 ' to the present invention. Figure 13 is a fragnmentary,

sectional view of a raised surface feature having a nore rounded cross
secti on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 30

Figure 1 is a plan view of a typical disc drive 10. Disc drive 10

i ncl udes: a howewsi7é t h a base 12 and a top cover 14 (pectoswmodas top
cover 14 are renoved for clarity). Disc drive 10 further includes a

di sc pack 16, which is nounted on a spindle notor (not W0
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- 5- shown) by a disc clanmp 18. Disc pack 16 includes a plurality

of i ndivi-dual Obmw\lrwhaaaeseoum&ﬁﬁ fiar C(DJ.sc pafd)i alé oinéheads aacentral

axi s. Each d| sc_surf ciate i nmbal enbly (HGA) 20
Whi ch 15 AT, 080 1B viaudt MlEC SRR e e BRE e
surf ace. In thenr@c@nmreammnauqermngar axis. Hwhzdlaqr@urfac%hppomed by

arms 24 of g o e e s R e e
type knovvn.gs 1P %‘?‘%ttgr 95'%\71'?@' 66 itf%tc&&'f“b‘f‘ggﬁﬁl?ﬂc"f%ghﬁ éfsﬁ‘&e coi |
mot or (VCM), srmwfmerellrﬂ fhet ex8uplpishownoiin Fhgwre 23 HGAsr @Dadre
actuator 26 w t@u Qg;hefomaﬂéargofféﬁiﬂesa 22 witictPladdaih 8@xhO
positi on heads 2 over esired data , al an arcuate_path 32
under the cont rdftRf q_‘%t%l ﬁ'FEeE?:H!%I?W% °%E§E‘h H%&aﬁﬁ |ﬁgr udes a
gi nmbal 34 amhieaacstiua:tmr 3hown in Figure 1 #8 quff ¢he? typed Bnewnwasead
gi mbal assggbl v, Jhea apeabel aﬂﬁ:ttﬂtlor Ehﬁuiﬁcfudés 3 %&aeeeaiye v' ew
of head gi rrba asse I 20 su & | oad__ beam f ure 20
Fi gure 3 is an BRI fe ﬁ@ eﬁ%g,a S‘é’s@ﬁtﬁﬁr U°1°e dofY kot 26
rotates actuator 26 with its attached heads 20 about a.
pivot shaft 30 to position heads 20 over a desired data
track along an arcuate path 32 under the control of.
15 electronic circuitry 33. Each HGA 20 includes a gimbal::
.34 and a slider 36. '
Figures 2 and 3 show head gimbal assembly 20
in greater detail. PFigure 2 is a perspective view of
‘head gimbal assembly 20 supported by load beam flexure
20 22. Figure 3 is an end view of head gimbal assembly 20
taken along line 3-3 of Figure 2. Load beam 22 supplies
a preload force which urges head gimbal assembly 20
toward the disc surface. Assembly 20 includes a gimbal
34 and a slider 36. Gimbal 34 is positioned between
25 slider 36 and locad beam 22 to provide a resilient
connection that allows the slider to follow the
topography of the disc. 1In an alternative embodiment,.
gimbal 34 is integrated into load beam 22. Slider 36
is connected to gimbal 34 in a known manner, such as
30 with an adhesive. Gimbal 34 includes a dimple (not
shown) that is in point contact with slider 36. The
dimple provides a pivot about which slider 36 can pitch
and roll while following the topography of disc 16.



taken along line 3-3 of Figure 2. Load beam 22 supplies a preload force
whi ch urges head gi nbal assenbly 20 toward the disc surface. Assenbly
20 includes a ginbal 34 and a slider 36. Gnbal 34 is positioned
between 25 slider 36 and | oad beam 22 to provide a resilient

~connection thwooski7osns the slider to follow the t opogr apyr/as97/o8846 di SC.
"In an alternative enbodi nent, ginbal 34 is integrated into | oad beam
22. Slider 36 is connected to ginbal 34 in a known nmanner, such as 30
wi th an adhesi ve. G nbal 34 includes agdi npl e (not shown) that is in
poi nt contact with slider 36. The di npl e provi des a pivot about which
sl i der 36 can pitch sindleyoBé iddludelofixvwt amd Second ajidephsidsé di sc

16. 71
PCT/ US97/ 00346 Xp a%ﬁi( %15 genter rail 42 and transg.ucer 44, Transducgf der 36

i ncl udes first 4hdisemmtedidq 2| §railing gpd oFf canhexr ¥atd 42-and
transducer 44 ffaﬂm 44 1é4elacﬂmw&nq; teoupledito Npexdsl ©6 aenter

rail 42. | ect u Ied
bondi ng pad§ 48 é Ser 2 co%%%%a e&o Q éﬂud:&%%%w dua?tgl t
positions on thénéilﬁfé‘@l c#lfélwlﬁ-% on thﬁe?“ﬁﬁé@b@ﬁeé#-ﬁcslﬁdéﬁ 36.

Transducer 44 Caﬁeyrgséégi%eneacﬁ bbidef 1360 OTraERIAGESE 654 &iamven&maaet ic

head, for exa mber of condugctors ndln

depends upon t h# %?ﬁ’e fzb? CSHdJ%"’} e§°F386F§éﬁe Sgggiﬁg'g ar head
that is carriedesgmpléder T3@ number of condygtapse and sbepd Mn pﬁdﬁ vi ew of
slider 36 39 deﬁéﬁ&sfﬁ e m&b&eeoefcan&sctlcﬁss re%julci%a 26rhagea

and 56° e‘é??sfoaﬁ%tgsﬁ%m“%wﬁ%?gs gartled BPAPERRI0ET om ead ng edge

50 toward trailing edge- Figus® 4aiigé bethomaplam view iof iddexashbi a§ edge.

First and seen from the surface of disc 16. Slider 36 has a.
leading edge 50, a trailing edge 52 and first and second

15 side edges 54 and 56. First and second side rails 38
and 40 extend from leading edge 50 toward trailing edge.
52 and terminate prior to the trailing edge. First and -
second side rails 38 and 40 form bearing surfaces 57 and .

: 58, respectively. Bearing surfaces 57 and 58 have a

20 leading portion 59, a waist portion 60 and a trailing. .
portion 62. Waist portion 60 is narrower than leading-
and trailing portions 59 and 62. A center rail or:
njgland" 42 is positioned at trailing edge 52 and is-
centered along a longitudinal center line 63 of slider.

25 36. A subambient pressure cavity 64 is positioned
between first and second side rails 38 and 40. A cavity
dam 66 extends from first side rail 38 to second side
rail 40 and is recessed from bearing surfaces 57 and 58..

Figure 5 is a numerical model of slider 36

30 which illustrates the stream lines of air flow across
the surface of slider 36. As the disc rotates, the disc
drags air under slider 36 and along bearing surfaces 57
and 58 in a direction generally parallel to the
tangential wvelocity of the disc. Many of the current



second side rails 38 and 40 form bearing surfaces 57 and 58,

respectively. Bearing surfaces 57 and 58 have a 20 |eading portion 59, a

wai st portion 60 and a trailing portion 62. Waist portion 60 is

narrower than |eading and trailing portions 59 and 62. A center rail

or "i sl anwb9d21me positioned at trailing edge 52 and i s PCT/USS7/00346 ed-

along a longitudinal center line 63 of slider 25 36. A subanbi ent

pressure cavity 64 is positioned bet ween first and second side rails 38

and 40. A cavity dam 66 extends from-irst side rail 38 to second side

rail 40 and is recessed from bearing surfaces 57 and 58. .

::! gure ?'is af lnuﬁrerim&iﬁgdeéunﬁac@ idt?ifilﬁr&@iopbi Gevidlopstant egloke stream

ines of air e .

rotates, the di ggagﬁéef%?ar%gjéc}ﬂrgeu%r&gﬁ%l .G(Lglnﬁo(?ﬁ‘g’f'gn g’g‘%rslgj?ll%surfaces

57 and 58 bnvét§¢$e%‘t£ spsgERanare yeiherriatdon; oftakr Llow dangbsati al

\Ié‘(cail'l';)(L:JISE9¥/ 812) zgecd"viﬁy Mynorlf $Dhbads 36ERAs stagna}:ion Mﬂﬁﬁgbbﬂﬁjz, f
. . Sy r ring surface

configurations aéveﬁ% 26, 3qiggent %Tdaegngf‘f"g)ﬁ r'geagi%rn“si ﬂe‘ to%aﬁ?ow

subanbi ent pr esbypethesized thats thed adpsflevwnrontaing wiguordroplets | ow in

t he cavity pedifire Juirieicatdondwiticd0MEikely I £81 Dives /Ehe 7 dtream /4 and

76 adj acent side.rails 38 d 4Q [t s . othesized that .the air
(P ow contai ne. ni4Ras Ansd wateposity; b, e it FIF, DHRIIEIPT RERIOFo 1| bus
the stream bEntbeantiidexepodiace.in the air flow stagnation regions

of the slidgr surface. 10geferring baBRf G¥di Faghgek 40 FHHReth ofroplets
of | ubricant 78 and 79 are sgovvn redeposi t.ed on, the sl.ider .. surf ace
i £ IePo

wi thin the stagh4REFLIFRBL TR AWHI BRPS shted FRINF BHARSEiter the

di sc has stoppesurftaei withinl the stagnant flow regions. Experiments
have shown that after the disc has stopped rotating and
the slider has rested on the disc surface for an

15" extended period of time, the ~collected lubricant .
. migrates toward side rails 38 'and 40 and becomes:
entrained by capillary forces on the edges of the rails
at the air bearing surfaces. -The lubricant which
migrates to the side rails causes fly stiction to occur. - -
20 - In accordance with the present invention, slider 36 is
- provided with surface discontinuities adjacent the rails
and which trap the collected lubricant and inhibit the .
- lubricant from migrating toward the rails. The surface
discontinuities can include one or more recessed or
25 raised surface features which are positioned where air
flow stagnation regions are predicted to occur. The
surface discontinuities can be formed by any process,
such as ion milling, etching, laser treatment,
scratching or cutting, for example. In a preferred
30 embodiment, the surface discontinuities are integrated
- into an ion milling mask which forms the air bearing
features so that a separate process step is not required
to form the surface discontinuities.



the sslider has rested on the disc surface for an 15 extended period of

time, the collected |ubricant mgrates toward side rails 38 and 40
~and becones entrained by capillary forces on the edges of the rails

at the air bearing surfaces. The | ubricant which mgrates to the side
rail s causes woygsmariecti on to occur. 20 I n accordance w th pdTeUSIT/e03861t

I nvention, slider 36 is provided with surface discontinuities adjacent
the rails and which trap the collected |ubricant and inhibit the

| ubricant .frommgrating toward the railg. The surface di scontinuities

can i nclude one or nore recessed or 25 raised surface features which are
positioned where air Fiflow sg agmat horﬂ:tmamswhlienpria]ﬂﬁafhﬁes occur.

The = surf acs‘?.h&a%%"{ﬁéé&éi&ﬁ[% Qapaemgés@a cﬁﬁ Or iferical such as

ion mlling, etching, laser tr g-k for
exanpl e. . In dqsielf csheuwn 3bn Figugendnt, FARYs#etacONi Bevkieniaki es are
i nt egrated rddtiahglarOBréhche BOyasE, Vi1 aldl 86 NErd Forfed DRahaQ

features sqthal g, S603534e,PLLCGRoRAL Htdomaltbn BAYLLRY 70, 730 497 ™M Lhe

surface distont e
PCT/ US97/ 00346 and 76, respectively. In this embodjment, the trenchesigure 6

is a dlh agr am Wy ddﬂﬂi&iéﬂa}t%s ril:he s%ﬁbh&ﬁ@oﬂl s6§1GNSLI tTRS S:blélﬁéhéﬁ)osedl
onto the nunerica noge S vvn n ur. (6] ont a
rect angul ar t r HRGEEFaRTY B3Ve g 95Rh d%gr%ad:q' iﬁ&%g dyé%'% sl i der
36 within st agmsmmne@gmbéymaveza d?epth angh#idsh ¢>§sbeétmm®ns-l nthis
enbodi ment; g t herdd elgfitth and addptiPisd rahﬁ %ﬁé}ﬁzrﬁt&?a{d@m pagi ons. The

st pr of erabf’ﬁ%r%oﬁ ‘1l SHAE P, e resiaPieB,2eoien A | WhEh and
depth of each tphywivadepsratenties iofs the lydwiicasaont tbati 4s dfo the - -
stagnati on regigyyadddne

Modeled test results show that trenches 80,

15 82, 84 and 86 have little effect on the air bearing
flying performance of slider 36 since the trenches are.
positioned within the airflow stagnation regions. This:
suggests  that existing air - bearing surface
configurations can be wmodified to add the surface.

20 discontinuities of the present invention without.
requiring the air bearing surface to be changed to
accommodate the trenches. - The lubricant was
experimentally observed to form large droplets in the
trenches due to the surface tension of the lubricant.

25 After the disc stopped rotating and the slider remained
at rest on the disc surface for an extended period of
time, the droplets of lubricant remained trapped in the
trenches and did not migrate to the rails. It is
hypothesized that the droplets of lubricant had reached

30 their minimum potential energy by matching the trench
geometry.

Figure 7 is a fragmentary, sectional view of
slider 36 taken along lines 7--7 of Figure 6. Trench
82a has a rectangular cross section and is positioned



physi cal -properties of the lubrication that is to be col I ect ed.
Model ed test results show that trenches 80, 15 82, 84 and 86 have little

effect on the air bearing flying performance of slider 36 since the
trenches are positioned within the airflow stagnation regions. This
suggest s t v 98/21286i St i ng air beari ng surface C AUIYUR9TO08460 NS -
can be nodified to add the surface 20 discontinuities of the present

i nvention wthout requiring the air bearing surface to be changed to
acconmodate the trenches. The [lubrLicant was experinental ly
observed to formlarge droplets in the trenches due to the surface

t ensi on of the ddfjistdenant th@b trAfiléngt leeigdi s6f strafiped3s ot at Lulgr btht he
slider rennine 1t groeig 99?5§'§d%f€hdﬁfré’ﬂ%%3f ghaan ext ended period of
0

time, the dropl S I"ubr i can enal ne rapped in the trenches and
did not migrate to the r&lgyre 8|isja fragmepieeiespeciional view pbhpl ets of

| ubri ﬁant had repided 380whibRi 11 THtirEt@sPat Erénch gnakeprlingbts g t he
trenc

eo ry. R . Fi i fra ntary,msectional
viewof 9 Tigrnative enodineny phe brodefle LERIRNH Lpagion O o
has a rectangul2? hasogt cbiigum aide wWelposttoppagite to the tywdBBIP1716 .
PCT/ US97/ 00346 egge of rail 38 which allows lubritant drcfleicey tde

trailing edge of, rail_  38. Lybri cant dr ef_ 90 is.irapped wthin
trench 82a. circulate ‘ayay, from gide, ?ar’gg%gntleﬂ yt%% 2FeTdoR | ¥y of
slider 36 whi chartdwi9Br.atSixden waldntd0 preyepbediigraticm ofSlubricantat i ve

embodi ment; @f HGINASYY towsel! sfde F4ENTB. 92 has an oblique side

wal | 94 opposite to the trailing .., edge of rail 38 which allows
| ubricant droplet 96 to FL9urg r%ulﬁlf]e“%‘g@%}:qﬁ oRPOTHEY, a#t?%n?ﬁ"‘f?le

direction off trench geometry. In Figure 9, trench 102 has a radius
of curvature 104 which matches the contact angle of
lubricant droplet 106. Matching the contact angle

15 minimizes the potential energy of lubricant droplet 106.

-+ The trenches can'also have various other rectangular and
non-rectangular cross. sections. These cross sections
can be selected to optimize collection of particular
lubricants or collection of contaminants or debris.

20 Figure 10 is a bottom plan view of a cross-
hatched trench configuration in which the trenches are
arranged to form lattices 110, 112, 114 and 116. Each
lattice includes individual trenches extending in the
longitudinal and transverse directions within the body

25 of slider 118. In another alternative embodiment,
trenches 110, 112, 114 and 116 are the inverse of that
shown in Figure 10. In this embodiment, each trench or
surface discontinuity includes a square depression in
the surface of slider 118. The square depressions can

30 Dbe arranged to form lattices similar to that shown in
Figure 10 or can have a random spacing. The depressions
can alsc have other shapes, such as circular, oval or
cross shapes, for example. Figure 11 is bottom plan
view of a slider 120 having a plurality of depressions



arrow 98. Side wall 100 prevents mgration of lubricant 10 droplet 96
toward side rail 38. Figure 9 illustrates another
alternative trench geonetry. In Figure 9, trench 102 has a radius

of curvature 104 which nmatches the contact angle of | ubri cant dropl et
106. Mat chwogpskiraécont act angle 15 m nim zes the potenti rpCTEs®VOg360T -

| ubri cant droplet 106. The trenches can al so have various ot her
rectangul ar and non-rectangul ar cross sections. These cross sections
can be selected to optim ze collection_gfg_particular | ubricants or

coll ection of contam nants or debris. 20 Figure 10 is a bottom
plan view of ai@R0%hich subskwxfﬂledlyr gughoand iy aaioe 124 véndhdee

trenches are- o md rlﬁﬁ gdthgré Lfﬁ_%)ge 1]1__&]:%‘: %xaquq.nél@ Eac.h

lattice includ&® ™ uaI tudi nal and
transverse dir &be 6%1%# t Hionan qﬁ;wtzse e@PO@-Ww g1plural ity s her-

aLt?Ln?t ive e ImalFor croéléamhﬁﬁdlk&enhhgs éﬁfrwﬂdliﬂ& &f-ﬁhitdle i nverse
0 a n_Figure eac ch _Qr

surface di §cont| dﬁ?“ﬁ%l"ﬁﬂﬁs"ﬁ tﬁﬁ% eggtg éﬁ% hanv gu}‘f z%etﬁ’? ace of
slider 118. Theblspesr whichrwastthrthe al3Floye charantedisticprof |the i ces

simlar to thatgiglwn in Figure 10 or can have a random spacing. The
depr essi ons can al s have ot her such as circ

apes
cross shapes, for exanpl FFgﬁPeaf?EFE bBL SRR LY emb°‘{i'r“5ﬁtof°aga slider-
120 havi ng a plaeal prgseﬁtdeprmm:ons the surfacevmgsvkmtmantles .

PCT/ US97/ 46 J.nclude raised surface features “ok0- the slzﬁ%% Wagh :
substanti a urrou H%I ag rails 124, an ﬁi 8 m ze } he
possibility of H‘\?&relaga QFﬁ??ﬁ%“? oin the slidey; pody, , The #3489k i ve

enbodi nent, a purfalcet yfehtures peanal |igicladecr edongatededhorizmrtesl sur round - -

the rails. ridges, similar to the horizontal trenches shown in

Figure 6, cross-hatched ridges similar to the cross-

15 = hatched trenches shown in Figure 10 or individual bumps .
similar to the depressions. shown in Figure 11. Each .
ridge or bump can have a variety of cross sections such .
as rectangular, square, circular, oval or cross shaped,
for example. -

-20 Figure 12 is a fragmentary cross sectlonal
view of a rectangular ridge 130 formed adjacent the
trailing edge of a side rail 132 on slidex body 134.
Surface feature 130 is preferably raised from the body
of slider and recessed from side rail 132. Figure 13 is-

25 a fragmentary sectional view of a ridge 136 having a
more rounded cross section. In one embodiment, ridge
136 has side walls 138 with a radius of curvature that
is matched to the contact angle of the lubricant that is
to be collected.

30 ‘Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.



5 The depressions or t renches can al so have curvilinear shapes whi ch
match the air flow chara RIS m‘mm‘ slider. I n
yet an anot her alternati qwummm the present invention, the
surface discontinuities 1 ¢ n¢l ulle faised surface features on the slider
body iwotegarii®f depressions in the slider body. The PCH/EURI00346 -

surface features can include el ongated horizontal ridges, simlar to
t he horizontal trenches shown in Fi gure 6, cross-hatched ridges

simlar to the cross- 15 hatched trepghes sho o)

I ndi vi dual bunps simlar to the depressions shoW -r"@s_lﬂEEN"f ach

ridge or bunp gaRTheyecEAMED algk of cross secti @ns sUBEPLACEDas re tangul ar,
square, circular, ova r.qss shaped . f P

Figure 12 is alf'ragrre'nt %373&?8535%% PPBﬁgFmg a eg?éév&%?égpé%ﬁgﬁﬁﬁl ar ridge
130 fornmed adj acemflubrdcated recnnding wediuns thesplibdenqomprisings| i der
body 134. Sur f ace fgatéirige;sobbayprﬁﬁ_rr@ol % I dés@ihd r @addle aody

of slider and recessed fromside.rail” 132. Fiqure 13 is. o fragnentary
sectional view of a ridge 1364RHIRG Sége an‘;rr%?‘ea?‘bﬁn?fé?rb%%% ion. In
one enbodi nent, ridge 13thehdeasiitlg edbesta 3she trnid ingliedgesf
curvature that s Bt giieds 10 4 Gt UAE lacki@ee tole 19 dedbboagnt that
i's to be collected. 30 A%t houg$ tEe %egaent. Jnvention
has been descri bed wi tFFofERente P S €995 50 ERFodhRddriRg

workers skilled in the art weédge,etayingeathlieastaoonestagnantrdfilove made in

formand detail wthout depar{.‘%
i nvention. 1. A's

to a |ubricated recordi nij‘:rPé%ﬁW%thngiFg‘ggggi%kg&?‘gfiﬁlégn&jgcﬁrifo%ﬁ?Idrenrite
body having a | eadi ng edge, @ddwi landy edge and an axi s extending from
a surface discontinuity formed on the slider
body and positioned within the stagnant
- flow region ‘to inhibit lubrication

- collected - within the stagnant flow

. om the spirit and scope of the

region from migrating to the rail.

2. - -The slider of claim 1 wherein the surface
discontinuity comprises a recess within the slider body. -
3. The slider of claim 2 wherein the recess has
a width of 0.1 to 10 microns and a depth of 0.1 to 10
microns.

4. The slider of claim 2 wherein the recess has
a width of 1 to 2 microns and a depth of 1 to 2 microns.
5. The slider of claim 1 wherein the surface

discontinuity comprises a trench formed in the slider
body transverse to the axis.

6. The slider of claim 1 wherein the surface
discontinuity comﬁrises a plurality of parallel trenches
formed in the slider body transverse to the axis and
spaced from one another in a direction parallel to the
axis.
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the.l eading edge to the trailing edge; a fluid flow pattern across

1E ih(rastSI ieflg:lgg?gé ];;??eéhsallmﬂmm]muﬂmntﬁ Ejre?i lbl)gg and eclgeext endi ﬁg

general ly parallel to the aki ¢, wWwhefei®h the first rail has a bearing
surface edgewdednirs angl ed with respect to the axis and defroramsomoosie St-

- lubricant collection area which trails the hearing sufacesedge
.relative to the | eading and, trailing eddaHiQSHEEE HAS BEEN body and
whi ch has stagnant flow in t he fluid flow._ pattREﬂA@nd a first
| ubricant trap fornmed on the slider body and posttt+omedt—wW 1 hin the

first lubricantzcollecti qhearsidder idthi Blaim 1 wHedinCatheONsapEaset ed

rai o0 ! T el RBELbRE o paurRLERy | GP RIS WGy "
conprises a reom apnamaed ko £prwea bakkiced  The slider of claim?2

wherein the reC@SS has a piedtd) ifex). éftéléﬂmmlcrvﬂié&e&&hd ﬁxéieaﬁhfaéeo 1to
10 m crons. The S'llqgify()f claim?2 where of 1

to 2 nicrons an%l1 SRR 1© ‘?'?Prz‘qﬂscr%n?iuﬁal Q’ﬁ'hé’ slﬁ%"rea%fae?‘ﬁ?m 1

wherein the firdeprtagmicgent trap conprises a trench forned in the slider
body transversegto the axpe Sq,_derﬂyf sélﬁq{ PfwikdBein lpyhesein, toe first

| ubricant trap co ses a plyralit paral |l el .t nches fornged jn the
slider body tra‘m%ie aPaTE  Jept éﬂa 8 RS B5eRESALEY o SR the,
direction paraltallio the aX|s : The slider of cIa|m1 wherein the
first lubricant érap co f'aeg} u5f1I EiXiRf 1t LERGRES W sg{,g?géranged

toformalattlce . S|der [-ai m 1 V\herelntl;'[?flrst ubri cant
trap conprises @?ﬁ‘iﬂ%”r"c‘}yoflssﬁeganﬁéa'i? ow region.g - The
slider. of clai mB. wher ei Itheheshidenr| of ycmampacemea@am tlepr sasfacs

substantial ly sgf Loy e Idombridbh- a ectaftfuisly deknth.claiml
12. The slider of claim 1 wherein the surface
discontinuity comprises a curvilinear trench.
13. The slider of claim 1 wherein the surface
discontinuity comprises a trench having an obligue side
wall opposite to the raised rail. _
14. The slider of claim 1 wherein the surface
discontinuity comprises a depression having a radius of
curvature that is matched to the contact angle of the
collected lubricant.
15. The slider of claim 1 wherein the surface
discontinuity cowprises a raised surface feature formed
on the slider body.
16. The slider of claim 15 wherein the raised
surface feature comprises an elongated ridge extending
transverse to the axis.
17. The slider of claim 15 wherein the raised
surface feature is raised from the slider body and
recessed from the raised rail.
18. The slider of claim 15 wherein the raised
surface feature comprises a plurality of parallel,
elongated ridges formed in the slider body transverse to

e S
This Sheet Hag

TN



and further conprising: elongated raised rail formed on the
slider body and extendmﬂl “ ﬂﬁ@@g rallel to the axis, wherein the
second rail has a beari that. is angled with respect to the
axi s and defines a second I ubri cant col | ection area which trails the bearing
surface edguods2i7te second rail relative to the | eadi ng arRCTUSHTMO3AEG edges
of the slider body and which has stagnant fl oy pattern;

a second lubricant trap formed on the slider HoﬁﬂSaﬁﬂfEﬁdﬂﬁ BEENG within the
second | ubricant collection area; and.q3- d cavi REPAGEDext endli ng bet ween
the first and second raised rails and defi ning "Ppressure cavity
on t he ‘sl i dertHedyxishendi Bphb&dbfﬁbmngneslalhb&heredgﬁaa oalié*@tidaﬂ st and

second rai l S&ﬁﬂ‘%}ﬂﬁ Q__l rﬁleagg éecond | ubricant traps oppose one anot her
across the s I"ent pressure cavity, and wherein slider body is flat in

an area of tHe& subanbi Hdgexr of aglaim pabuberein fihsstraigpdecond
| ubri cant t raéiﬁrfacelieatﬁbé Sdngieiaedf aCi:Btlf&]ll %ferabea ShFedcé Ubri cant

trap conpri s recta ar nch The s | aim 1 wherein the
first |ubri c g’ﬂﬁk‘ ?8‘%8 Y ﬁé‘g’F°PP§ngﬁe 'The slider of’ :
claim1 wheream the fi Moe Islb;de@amf tch@moaﬂsrmweant rbém:hran'ese‘dng an

oblique side sptacPRRSithie Q:ohbeiaégsa pRaBLLi R bf Efdges Wagishider of
claim1 wherein the fif t l.ubr i cg_{l %‘:EJ{‘??Q- conprises a depression having a

radius of curdR FEFIEE | ? FRFR R contact angle of the collected
| ubricant. 1%1.The fi rﬁheofslaldmrmqf whtabhnlfhavbleredn |tls i cadgedr ap,

conprises a rfj,¥edes Headthof mpresta! HEP18Pal ey Sbf d8padldYapdf: = The .

slider of claim15 wherein the raised surface feature conprises an
el ongated ri R8¢t endi ng transverse to the axis. 17. The slider of claim
15 wherein tR2rai sed Tnef axlddegatall eclaim all§esvhiererint Hihes| ralbsedody and

recessed from¥gdd rt%tat'iﬁ'ésﬁgsré' fad:.us of curvature that matches ;
13 18. Th sl 1 der I.n surface feature
conpri'ses a pHf A9pet oP“ﬁiFaP%eT’he %‘H@ﬁ%‘éﬁ §é§ Bbrned in the slider
body transverz®. t o t heThe slidelr cphziadmfiandfarshetrheomprising ection
parallel to the axis. gijrgt and second raised elongated side rails
' extending between the leading edge and
the trailing edge, each side rail having
an inner edge, an outer edge, a leading
portion, a trailing portion and a waist
portion which is narrower than the
leading and trailing portions; and
wherein the stagnant £flow region and the
surface discontinuity are positioned
adjacent the inner rail edge of each
side rail along the waist portion.
24. The slider of claim 23 and further comprising
a raised cross rail extending between the 1leading
portions of the side rails.
25. ‘The slider of claim 1 wherein:

the slider further comprises first and second
raised elongated rail side rails which
extend from the leading edge toward the

Sheet Has Been Remlaced

HIIIII‘ VA




19 Th ' laim 15 wherein the raised surface feature conprises a
pl urali gm"ﬂ‘MiiMiuﬂﬂ" ace features which substantially surround the
first rdid=re 29. 0y s der of claim 15 wherein the raised surface feature
conprises a. plurality of ridgqs—whteih—ar fagged to forma lattice. 21,
The slider wiosshaith 15 wherei n-tﬁﬂsrﬂf‘?@iggg- ggg f eat ure PoTWSIBIBSIGA
plurality of spaced apart bunps. 2REPL sliddr of claim15 wherein the
rai sed surface feature has a radius of curvature that matches the contact
angl e of the collected lubricant. 23_,,The slider of claim1l and further

conpri si ng: a second elongated raised rail forned on the slider body
and extending gener aldnaipangl é8de tand ReraxhateWeick td kaesecond

rail has a bearing surface . d h ks angled with respect to the
axis and defines a second | tﬁﬁalgé‘ﬁg gggé’aé'%%l | ection area which trails the

bearing surface edge ofwhereigetbadsurface digcppbinuity compnises sadi ng and-

trailing edges of the slidergiheey sddeas ﬁls’t@ih%&hufﬂ:?\/\/ﬁdéittﬁ%ned fluid
fl ow pattern; vvhereinthefir%t and iIs

econd, . . r ai t end between the
| eadi ng edge and the traili MFEESE 5%8 grallm%a%qg%é\ﬂ%%‘)iﬁn%?'ﬁﬁ&r edge, an
outer edge, a leading porti cidea traili n@gnsbrtron second amshrfawei st
portion which is narrower thfnddaeihG2eiN0psafeidiid | Hethilen ORBe

wherein the bearing surface edges of the flést and sergﬁncl all g_that are
angl ed with respect tFaHangyrdog, andfhe,spcanshs Biter edges of
the first and2s. sekahigga dirive datspetorageysysoan wempini stingt:

Posi tioned on the slideg m,q;ong the wai st portions of the first and
second rails, respective sli,der of claim 23

) : 24. Th
and further conprising 3 FREREE ¥'$°8§§ REFRCRSA R TRE SEAF it he | eadi ng
portions. of the first aamd Yeasmindonai Qata2Btordadge disdemtttchedi ol and
further conprising : - a seqqfggh t i b Lo F PR, e slider
body and extendi ng general ly pafgkﬁgﬁét%%igag{)%?g%@%\#%ragi n tﬁ‘eag'g1 cond rail
has a bearing surface edge tPRESCE Wikhe WPRLCUARR 1AYETihe axis and
defines:a second | ubri cantactuateet assemisia atftiachetlr to| tshe heusing;

a disc head slider carried by the actuator
proximate to the recording surface and
comprising a slider body, first and
- gecond raised gide rails, at least one
stagnant flow region adjacent each
raised side rail and a plurality of
lubricant traps formed in the sglider
body within the stagnant flow region;
and

a transducer carried by the disc head slider.

27. A slider for supporting a transducer proximate
to a lubricated recording medium, the slider compriging:

a slider body;

at least one raised rail which forms a
bearing surface; and

surface feature means positioned on the
slider body for decreasing the potential
energy of lubrication collected on the
slider body from the recording medium

_—
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beadi ng. surface edge ii relative to the | eading and
trailing edges of th’am “l glmﬁﬂ l‘jmerei n the first and second rails
extend fromthe | ead «the trailing edge and termnate prior

to the trailing edge; and wherein the first lubricant trap is positioned
bet ween t he wo-esdi7teg edge and the first rail and the seconddraissTiedss trap
is positioned between the trailing edge and the second rail. 26. A disc
drive date storage system conprising: a housing; a spindl e notor attached
to the housing; at |east one data stor_a%_ disc attached to the spindle

nmot or and having a recording surface with a lubrication |ayer; an actuator
assenbly attached to the houghag; fér diintiibsaing! imliRfraadlcn edfbychde
actuator proxinmate to the recordin £ C Y] [ der body,
first and second raised si decP#fg,geéwlrcﬁ%q%ﬁdQgg'%(%ﬁdgﬁﬁg}rlg%%% traps,.
wherei n each of the first andaddeond raised side rails has an edge that
angl es away fromthe other of the first and second raised side rails and
defines a stagant flow region formng a lubricant collection area on the
slider body along the respective raised side rail, wherein the first and
second lubricant traps are positioned on thg<strder—bady within the

| ubricant collection areas along the first TS SHERD HAS BERN Fi de rails,
respectively; and a transducer carried by the di SRERiAgEDs! i def.

15 27. A slider for supporting a transducer p i | ubri cat ed
recordi ng nedium the slider conprising: a slider body; - at

| east one raised rail which forns a bearing surface; and surface
feature neans positioned on the slider body for decreasing the potenti al
energy of lubrication collected on the slider body fromthe recording

medi um and for inhibiting mgration of the collected |ubrication toward the
raised rail.

\
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