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REDUCI NG STI CTlI ON BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to a nmagnetic head-slider assenbly used in a
magnetic di sk apparatus for recording and reading back information on a
magneti c di sk. The head-slider assenblyl has inproved stiction erties.

2. Descr i pBBHESEMeSEARERo FRA NG CBRGEn (1 ORaRERYGENG oSTECBION
magnetic slider is shown in Fig. la. The slider (100) has a | eading surface
(101), a trailing surface (102), and an air bearing surface which resides
next to the di sk and has BAOREROINIC areauiEwvINvENZiIesent (103). As used
herein, the air bearing surface of a slider shall nmean the entire surface
of the slider which faces the disk during operation of the disk drive. The
air bearing surface usually has a upper portion (104) very close to the

di sk and a | oi/ver %éj_&moflgﬁé I%;gﬁg%nsectl onal view of the trailing edge
of the slider c. In sone sliders, the trailing
surface is n nal 19 t he alr bearjn ce. a I sone
cases, a S|ng:hesR 5?3553 Y%nﬁ%? QGEEE%%eg%ig %%g tigsﬁ% %c%léégghomn in
Fig. 1c efter contr 6 UL 2 f of the
air bearé}“c’nsge or as&sa% ajfrtll?axﬁ?go 8%%&%1%%@?%%%5??#@ E)%%cjgés%?r%'ﬁﬁét%g&l i ng
edge of the er .S, SHS ble to0 Y _

hydr ocarrbeadﬁg g?‘{l%]f sl%lﬁcr”f’ﬁg%% %%e? gxggg ?é ‘%DS i skﬂgr i l\glgglé'rﬁﬂgder
accunulat terjial can then | normal flying of the
slider, {ﬁﬁégifxpﬁ?uﬁ%££?%%dtﬁgigé Pn%m%é?ﬁggﬁsthe sensor and the disk.
Thi s i ncreased spacing can result in a high error rate when data is
“retrieved fron1the di sk. The spaC|ng can al so be reduced |eading to

accel erated m grate back into the

area of the T b” ks to rest on the disk

and thus increase the stlctlon forces ?t the air bearlfg surface durin
subsequent sﬂhﬁ?ﬂﬁv%$ tlopastructure a magnetic slfder 1is shown 1

Fig. la. The slider (100) has a leading surface (101), a

trailing surface (102), and an air bearing surface which resides
next to the disk and has a magnetic read/write element (103). As
used herein, the air bearing surface of a slider shall mean the
entire surface of the slider which faces the disk during
operation of the disk drive. The air bearing surface usually has
a upper portion (104) very close to the disk and a lower portion
(106). A cross-sectional view of the trailing edge of the slider
is shown in Figs. 1lb and lc. In some sliders, the trailing
surface is normal to the air bearing surface as shown in Fig 1b.
In some cases, a single step (105) is formed in the air bearing

surface as shown in Fig. lc in order to better contreol the
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Stiction results fromthe accunul ati on of |ubricant or hydrocar
contam nants on the trailing edges of sliders that are fl own OV2$BdM$Lg ZQDZ
prol onged periods of time. Wen the disk drive is turned off and the head
cones to rest on the disk, the liquid naterials can fl ow beneath the slider
causing the slider to stick to the disk2-This stiction force, if severe,
can prevert iRy GifsiEher Ghts PEANIRY Sdaids. s adt idRghpre, the FamvddcdF eover s
2000 ,un? of area on the air bearing surface, the effective stiction force
can be 4BT§FTSPhe force is reported here as grans equivalent. The force in
units of dynes can be obtained by nmultiplying by the acceleration of
gravity. Thi s Tpeopendiliydoreddieqifddneo Sddeigfullst SUSREPRePLfaitc ng edge of
the slider 2 6 ~ UL 2002 -3 generally is nore pronounced as the spacing
bet ween BREEUMU RGOS ioderl ubwd cald @insk hivdlrosguded. mpkegia lgi skrgmiovddan | |
have reduced spacing between the slider and the disk in order to increase
areal defperptipor offutiice dd6k g Vieequilhiengosemalaitgd Befsiriiads cahdhar der
will be in frequent contact with the disk. Accordingly, the propensity of
t he slidéntesfagceumiltit heanorimall flnimg ofaithiengladgs  woeneiraddgase for
future applications. Thus, the stiction is a problemnow and will be nore
pr onouncétcicgashad fher spactings belferesy) dbe seensie phdséhe davdnt | diitso
provide a novel slider structure which greatly mitigates these problens
W t h stiéprsrasedhépashijpac ceanamg saddraitaged ergerappieehery dmtiehd s
foll ow ng description. SUMVARY OF THE | NVENTI ON A general object of the
present Fatsieved ifyomo theodiigk.a Fhedspaghingh cgneaillsy bedacssicerle 1sditidn
forces associated with the material buildup on the trailing edge of the
slider. RececgergragednecaspectThef adramudeded onterdpd icenpadviod@d dradle der
for use in a disk drive apparatus, conprising: a support structure having a
| eadi ng Barkadaloa theaiatierg ofurthec @irak¢azdngi shedrceg vwoenf fbe $ddidey an
upper portion established by a rail, said support structure having a
pl ural i t goBesstepsenssr vad the disk and dhushdncreassethieon tattilke THncasnd
the trailing surface, said steps being recessed at |east two different
di st ancesdtf Ebm aR& bepeingostirdiacef dudngi rubsgduests gthaselr ApedFRdiivd o
anot her aspect of the invention there is provided a slider for use in a
di sk drive app&iatason eompritsi dgoma g pecimslpidrnr € thaweag cante&di ng
surface, a trailing surface, and an airbearing .

hydrocarbon contaminants on the trailing edges of sliders that

are flown over disks for prolonged periods of time. When the
disk drive is turned off and the head comes to rest on the disk,
the liquid materials can flow beneath the slider causing the
slider to stick to the disk. This stiction force, if severe, can
prevent the disk from starting again. As an example, if a liquid
covers 2000 um? of area on the air bearing surface, the effective
stiction force can be 40 gm. The force is reported here as grams
equivalent. The force in units of dynes can be obtained by
multiplying by the acceleration of gravity. This propensity of

liquids to accumulate on the trailing edge of the slider



surface havi ng an upper portion established by a pad, said suppgis L”JL ZU 2
structure having a plurality of steps formed on the pad at the intersection
of the pad and the trailing surface, said steps being recessed at |east two
different distances fromthe upper portion of the air bearing surface.
According to yet another aspect of the_gpvention there is provided A disk
drive apparatus, conprising: a magnetic disk; a motor connected to the

di sk; 2 6 UL 2002 -4 a der ha ng a Suppo trutu ncluding a
| eadi ng Sangralels raorﬁpa(?r}quagedsaartkea%cm& eavqesé%erﬁﬁggéh darasd filfh@ﬁlw. ng an
upper pOrctdRBg.CRLAR diSlEyd3Xvift i toun SR PadHP BONoct HAHILY S BY UK if

pl urallty of steps fornmed on the ral at ‘the“intersection of the rall and

t he trai lordg ts mcfeaseaareslajedsw, s fhtara'@asrgas es;pamga\tery h@htdenMesj ittef shident

Cuspensi ot CoAhGeRut Poadian ) Rk, i Titat BRHEReR Y STARAR T magnet c

recor di ngcQmnjie n‘i’dtéjﬁal a%e%ﬁmg%dfgewmncmeé hemumpPsplicaionshahifient i on
there is provided a drive "apparatus, conprising: a magnetic disk; a

nmot or comsheitined atpoolftlha nd}/Vsa(Ld vailldieindare pnmmungsdanﬁhm@m st ructure incl udi ng

a leading surf tra| ng surfac n_airbearin ac haV| an
oper port s on 1Saa A a6 s el P aiond® afiyidsr e B Rl s B5Tuu L
pluralityrah 1ﬁ@§te§ PesRstobRnisRa Rk tiak. DﬂférbBTe@trs%ﬁ@hﬂ%t%%s W‘l‘?b@ad and the
trailing surfac said steps being recessed at” | east two fferent
d|stance§pvﬁ@mﬁﬁmeﬂuﬂbﬁﬁwpaﬂbﬁUﬁﬂ@ﬁ the air bearing surface; and a
suspensi on connected to the slider which positions said slider for nmagnetic
recordi ng on the disk.

SUMMARY OF THE INVENTION

A general object of the present invention is to provide a slider which greatly reduces
the stiction forces associated with the material buildup on the trailing edge of the slider.

According to one aspect of the invention there is provided a slider for use in a disk
drive apparatus, comprising:

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a rail,

said support structure having a plurality of steps formed on the rail at the intersection
of the rail and the trailing surface, said steps being recessed at least two different distances
from the upper portion of the air bearing surface.

According to another aspect of the invention there is provided a slider for use in a
disk drive apparatus, comprising;

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a pad,

said support structure having a plurality of steps formed on the pad at the
intersection of the pad and the trailing surface, said steps being recessed at least two
different distances from the upper portion of the air bearing surface.

According to yet another aspect of the invention there is provided A disk drive
apparatus, comprising:

a magnetic disk;

a motor connected to the disk;



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 a is a perspective vi of
present conventional slider. Fig. Ibis a cross-sectional vi evxz\c,ﬁ ‘AUT 2002
conventional slider with no recessed step. Fig. 1 ¢ is a cross-sectional
view of a conventional slider with one recessed step. Fig. 2 is a
perspective view of the present inventign as instantiated on a side el ement
slider. Fig. 3 is a view of the present invention as instantiated on a
center elenment slider. Fig. 4 is a Cross- ect'heoraal ViFW of t.he tr?ilin

edge of a sli& 1dg%la%%a?m°&%%mef § preadmesuglage, 3 faiypgsutase; §t 5
I's an al rairB@zﬁTﬂg“ﬁlrﬁHé fi@&@diﬂg %W@Pext E&tiBﬁ &36GDlisHed N4 kAN s%é@p%ﬁestﬁgﬁ@ésed
steps do not extend across all of the trailing eddge of the slider. Figs. 6a

and 6b ahevingensluadityaofisteps firined oapharak atsthe myenspwioatdfithe rdibapt tedratiling

3" Shown "SGR U8 FHERDS0E FAs de MO P B A oL Pl der

W th sidend A béaringReradd; d8d has two side rails (201), one of which may be
shorter than the other. The two side rails formpart of the air bearing
surface. The resuhbamsiore cefegeiath tq 202 slifler Whisht politienssr saiheslidenifpi mepeadiie
(203) of _one..of thﬁa cﬁi de rails. The key feature of the present invention is
t he cont)ir?'ncé)lr(ihg%081J E\ S1prper step (205), recessed relative to the air

bearing surfaggcaiih@to geaaﬁotgaeadp@weaf fRCRERKbrS RR: (2BAvideling dikpearnvand
| ower steps are recessed to different depths relative to the air bearing

surface. IPpEIUSBCOMMKING t he recessed steps are at the intersection of the
air bearing syr %ﬁzdﬁﬂd the trailing edge of the slider. Another
enbodi ment of 't present invention where the read/wite elenent is |ocated

in the center aghotoheordlet@dénto the didkwn in Fig. 3. In Fig. 3, the air bearing
surface conprises a centrally |ocated pad (301) near the trailing edge. The
read/ wite el @ridider hayony a supnogcsirshire digfudinga leading, supface, ietrailing girfacengn

mul tiple a%@aqﬁlg( d0Bke Q{agirlgogx?tuﬁgeraﬁorjtigﬁ eisf%l%h%ﬁcﬁ)i Qad, 2afd sllgbogosqpucture

having a plurality of steps formed on the pad at the intersection of the pad and the trailing
surface, said steps being recessed at least two different distances from the upper portion of
the air bearing surface; and

a suspension connected to the slider which positions said slider for magnetic

recording on the disk.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la is a perspective view of a present conventional slider.

Fig. 1b is a cross-sectional view of a conventional slider with no recessed step.

Fig. 1c is a cross-sectional view of a conventional slider with one recessed step.

Fig. 2 is a perspective view of the present invention as instantiated on a side element
slider.

Fig. 3 is a view of the present invention as instantiated on a center element slider.

Fig. 4 is a cross-sectional view of the trailing edge of a slider showing the present

invention.



-60f the air bearing surface (301) and the trailing surface (309 T
present invention applies to both side el enent and center el erre?tsd‘e,mgr?ﬁﬂz

In all cases, it is inportant that the nultiple steps be fornmed at the
intersection of the trailing surface of_the slider and the portion of the
air bearing }u.rfa in proxinmty to theddisk. This réion of the air
bearing surfdcd i cal 18 tHe RS i1 € THEY Sert BorRi SFoF the air
bearing surface is farther fromthe disk and may al so have the nmultiple
oreps T OTHARO REISH Oke i GREARd PR (o 1T Tt oes 1211 ' 8t
cross-sectional, view along line A-A of the slider of Fig. 3 is shown in
Fig. 4. thfe Yddiiig 194 éhentPd 40199%%: suitably located in the air bearing
surface (402) near the trailing edge or surface of the slider (403). A

| over step (4045 -arkP FFeroRt¥E (HHH)S fle & fFOrhEd 3RPIHES t er sect i on
of the trailing surface (903) and the air bearing surface (402). In sone
cases WHEISO TR afinferths RIesied 1 He 9™ very cl ose spacing to the di sk,
it is desirable to avoid recessed steps in the imediate vicinity of the
read/ wite el enents. Accordingly, a second enbodi nent of the present
invention is shown in Fig. 5. A portion of the air bearing surface is shown
in Fig. 5 where th®BRAILED OFICRERRBEON (&) THE INEINTIEMNed in the i nmedi ate
proximty to the read/ wite elenent (504). Figs. 6a and 6b show t he present
i nventi on as Resfedkriimaa tagie i 2 r edorch rigs dilskwrd rd rv esmbidvi g e2 f cthe
recordi ng disk (602) 26 J UL 2002 is rotated by drive notor (604) with
hub (60®ressmtchineraticar sl inpldeentréd omot @lidehevidilsks cdhprasks. a
substrate, a magnetic |layer, an optional overcoat |ayer such as carbon, and
t ypi cal IMhea slulgdrc s |tawers sl hraisl . EH ) usrrepol § etthiesh 1Mate seibshonteri s
typically either alum num glass, or plastic. Sone disk drives are designed
such t h&harhdhs iatdrg16.10)Thonewe toldestaids thermipke weh the aiskoeriiRgi s
stopped. In other disk drives, the slider is |lifted off of the disk surface
when t heudifelcedr i Vithe sread fiedi tof feletent at2®r) iis prafatrerbl reathetthe he
surfaces of the slider and the disk are designed to have very | ow
roughnessraifiing isfigrivididgevlisonorotegigrsidequaing fHeguesy Heature of
continuous contact between the slider and the disk during normal operation.
A read/ Wwhiet @ nesarsduicere(s08) s flr madnoimatheon raf |§mgirerl oftep s(2@t,
(610). The slider has a trailing vertical surface (609), as shown in Fig.
6a. Thelesg$@d tiekatbiisa deerthes il oumptd sty fare miuetd vel 9@ 5§ e0Re enent
and a magnetoresistive read elenment. The slider (610) is connected to the
act uat oRMBI2)repeshsthsSttP al304) d aFhe (BRDT @itf al SiRpeHEtRh §636). The
suspensi on (616) provides a force which pushes the slider (610) toward the
sur f ace F6CasHed dcordi Heptrsk deoehs pekadsivends deyt ghigd kereiRg usielfape-
propensity of slider disk conbinations to exhibit stiction forces. This
test i nFoievd@Gatiit ity Ehe omes TR | NPy dr ot b o ¢ nint ehiebetor ofif aFAf ng
a slider and disk combi nati on. Subsequently, the area covered b 2 6
JUL~2Q-31r {5 Lt s G hyahd b ot dvdgt e fdfe et THee « €%-of this
measurenent is shown in Table 1. Table 1. Measurenents of areas of liquid
on sliders T@é’("tﬁ?@tﬁﬂf‘é‘f‘b%l@@ps‘ﬁ ot e RESE N s qubfention where the

um 103, 400203, 050318614171652none _ _ ,
read/write element is located in the center of the slider is

shown in Fig. 3. In Fig. 3, the air bearing surface comprises a
centrally located pad (301) near the trailing edge. The
read/write element (302) is located near the center of the

slider. The multiple steps (303) are located at the intersection



The data in Table 1 shows a very |arge reduction of the areazgi ILﬂyﬁmgy1
the air bearing surface of sliders which have two recessed s SJ e <

trailing edge conpared with the sliders with [ess than two. In order to
verify that the reduction of the quuidﬂsurface area also resulted in | ower
stiction,_a separate neasurenent was_na®le on sone slider and disk

conbi natd b ant bh We B Sdns BEFRRC L 30 ne Aite CBRVFFONHE SR EACFodA04d -
hydr ocar bon contam nants. The stiction forces were subsequently neasured.
The resulR® RFeseMpwANVAN AP e2PPLTEHI E02POMBasLiRNBREREDE 3RACERBASHor ces
fromone and two step sliders Nunber of steps ~ Stiction after one_hour
(grans) 1ehspenyxdesigns. 6Ig @lL 28092s. 92t 165 ThUBOr ERRL niha FprBestEp§iod et he
trailing edge of the sliders surprisingly result in approxi mately one order
of magnidtRies riegluterioeadi att hbesineeronctbPiesf SegekhplheNy RH&RACE of
techniques are available for fabricating the steps, Typically, reactive ion
etch t ecHis ilekder dwdutld pPortbeansfchhebeluskaasbngerdr hgeesiiBeessi ve,
recessed steps. These techniques can be applied to the air bearing surface
or fromRURKAIRLLY i e Cloefdtek. Al Teipappyelon pf the atpdpapsintt EPraR§car e
used to make the slider, a mechanical polishing process can be used to
gener at e satCakbbed Yhe WpPPehesyrépse - AnTegahpier cPohtherhahi EAP Pibcess is

| appi ng using a particle slurry. Commonly the bulk of the slider is nade
froma rR@ating|sunbace cbs ahtttherefron bhd dipbrandhpay selserhppethef
material such as alumna will be formed over the read/wite elenent as a
prot ect iMrel tinds steps farmed strubeuibtessapiionpptbhrihcetfailang
mechani cal polishing process to generate at | east one of the steps. Another
machi ni ipprageess whi ch can be used to generate precise steps is ultrasonic
machi ni ng. The di mensions of the steps used in denDnstratin%‘the pr esent
invention aréid¢restraeetionakiyiaw Thengppeneshed obsthesslidan ofsFam.
deep (a) and about 18 umlong (b). The |ower step was about 2 um deep (c)
and abot i® Whewhgi® d§ig M t i pFlee stepd/ VARE®I @l@h@nto(%liohsaﬁélﬁfﬁglléﬁi on

of accunul ated |iquids. o
located in the air bearing surface (402) near the trailing edge

or surface of the slider (403). A lower step (404) and upper
step (405) are shown formed at the intersection of the trailing
surface (403) and the air bearing surface (402).

In some cases where the slider is designed to be in very
close spacing to the disk, it is desirable to avoid recessed
steps in the immediate vicinity of the read/write elements.
Accordingly, a second embodiment of the present invention is
shown in Fig. 5. A portion of the air bearing surface is shown
in Fig. 5 where the multiple recessed steps are not formed in the
immediate proximity to the read/write element (504).

Figs. 6a and 6b show the present invention as used 1in a

magnetic recording disk drive. The magnetic recording disk (602)



2 6 J Ui. 2002 -10For the experinental sliders, both of the ste
fabricated with reactive ion etch procedures. Although this inveZﬁigﬁ[ﬂaQUUZ
been described with respect to specific enbodi nents, the details thereof
are not to be construed as Iimtations for it will be apparent that various
enbodi nents, changes, and nodifications7may be resorted to w thout
departi ngsf rotrethe bpi dirtivandoscopécPAer edthahubi {608) undbichodd ah&rcbedh
equi val ent enbodi ments are intended to be included within the scope of this
i nventi ohe the2df1geUmbt2002 ~“he WesEl apmpriseA sl bdestiateusa magaetiisk
drive apparatus, conprising: a support structure having a | eading surface,
a trailihgysuyfaneppandnan aivebearntngasearf avenhasi ngrhonupped pgpticenly a
established by a rail, said support structure having a plurality of steps
fornmed obubhecantl| layvekrheucht essecpeotilobrohelyatheand The suhstrage is
surface, said steps being recessed at least two different distances from
t he uppetypoctibnp efithbe ailumbeam|nglausfaoce. pPasBAisli deoméodimkedrmvasdi sk
drive apparatus, conprising;, a support structure having a | eading surface,
a trailiagesdebsgaesdandcantabtbeari pgideriate) havmag ao upperopothieodisk
established by a pad, said support structure having a plurality of steps
formed owhthethaddatkt Heivst essecbppadof Theophdraddlskhérivas| i bhesuifdee,
said steps being recessed at |east two different distances fromthe upper
portion 0§ Lhétadroli€abitnghsudfiakesudfadedivikndtheedappadatius, isobprhseidng:
a magnetic disk; a notor connected to the disk;

off. The latter is preferable when the surfaces of the slider

and the disk are designed to have very low roughness. This is
advantageous for designs requiring frequent or continuous contact
between the slider and the disk during normal operation.

A read/write transducer (608) is formed on the trailing end
of a slider (610). The slider has a trai;ing vertical surface
(609), as shown in Fig. 6a. The read/write transducer usually
comprises an inductive write element and a magnetoresistive read
element. The slider (610) is connected to the actuator (612) by
means of a rigid arm (614) and a suspension (616). The
suspension (616) provides a force which pushes the slider (610)
toward the surface of the recording disk (602).

A test was designed to evaluate the propensity of slider
disk combinations to exhibit stiction forces. This test involved
injecting a contaminating hydrocarbon in a chamber containing a

slider and disk combination. Subsequently, the area covered by



a slider having a support structure including a |leading surfa atrailing
surface, an airbearing surface including an upper portion estzﬁ sHAEiBQLa
rail, said support structure having a plurality of steps formed on the rail
at the intersection of the rail and the trailing surface, said steps being
recessed at |east two different distanceg-fromthe upper portion of the air
bear i ng W\ foRTE: 2R bl R IHENE? T ROPIERT P DU GHe sl TRfer SRS posi Eiohs
said slider for magnetic recording on the disk. 4. A disk drive apparatus,
conpr i sMFGSU SRHetit Hewn Jann”ﬁg%lfe cbnnected to the disk; a slider having
a support structure including a |eading surface, a trailing surface, an
ai rbearing surface having an upper portion established by a pad, said
support structure having a plurality of steps forned on the pad at the
i nt er sedtabdre &. t Mearurementheof rareanef Riguid vn s10gders 2 surface, said
steps being recessed at |east two different distances fromthe upper
portion|of the arestearing sufface;N@iBerdf stépPensi dn qggﬁgg}@d(sgl&rw&)
slider Wwhich posttions salid s{ider for rpgnetic reqordi g o3 L5F disk
050

CACA 3 AASTAAS A A A=ASANTA A
FRA\Y4\_, —_ ‘-: -G A = S, oA = = -!= A S €A = a]
ca] ca]ca_Ulc”ral ca?ca] cal calca] cal cal c’\alj cal] ca] callca] ca] 1504 f o

4 1 716

5 2 none

The data in Table 1 shows a very large reduction of the area of
liquid on the air bearing surface of sliders which have two
recessed steps on the trailing edge compared with the sliders
with less than two.

. In order to verify that the reduction of the liquid surface
area also resulted in lower stiction, a separate measurement was
made on some slider and disk combinations which were subjected to
the same environment of introduced hydrocarbon contaminants. The
stiction forces were subsequently measured. The results are

shown in Table 2.

Table 2. Measurements of stiction forces from one and two
step sliders

Number of steps ! Stiction after one hour (grams)
1 15
2 i. 07
2 | 1.5
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materials are used to make the slider, a mechanical polishing
process can be used to generate at least one of the steps. A2An
example of a mechanical process is lapping using a particle
slurry. Commonly the bulk of the slider is made from a
relatively hard ceramic material and a more thin softer layer of
material such as alumina will be formed over the read/write
element as a protective layer. This latter structure is more
appropriate for a mechanical polishing process to generate at
least one of the steps. Another machining process which can be
used to generate precise steps 1s ultrasonic machining.
The dimensions of the steps used in demonstrating the
present invention are illustrated in Fig 4. The upper step was
less than 0.5 um deep (a) and about 18 um long (b). The lower
step was about 2 um deep (c) and about 2 um long (d). Multiple

steps inhibit the formation and migration of accumulated liquids.
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surface having an upper portion established by a rail,
said support structure having a plurality of steps formed on the rail at the intersection
of the rail and the trailing surface, said steps being recessed at least two different distances

from the upper portion of the air bearing surface.

2. A slider for use in a disk drive apparatus, comprising;

a support structure having a leading surface, a trailing surface, and an airbearing
surface having an upper portion established by a pad,

said support structure having a plurality of steps formed on the pad at the
intersection of the pad and the trailing surface, said steps being recessed at least two

different distances from the upper portion of the air bearing surface.

3. A disk drive apparatus, comprising:

a magnetic disk;

a motor connected to the disk;

a slider having a support structure including a leading surface, a trailing surface, an
airbearing surface including an upper portion established by a rail, said support structure
having a plurality of steps formed on the rail at the intersection of the rail and the trailing
surface, said steps being recessed at least two different distances from the upper portion of
the air bearing surface; and

a suspension connected to the slider which positions said slider for magnetic

recording on the disk.

4. A disk drive apparatus, comprising:

a magnetic disk;

a motor connected to the disk;

a slider having a support structure including a leading surface, a trailing surface, an
airbearing surface having an upper portion established by a pad, said support structure

having a plurality of steps formed on the pad at the intersection of the pad and the trailing
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