‘DUAL ETCH STEP PAD Al R BEARI NG DESI GN W TH ... THREE
ETCH DEPTHS BACKGROUND OF THE | NVENTI-ONi"'
1. Field of the Invention This invention relates to air bearing
sliders for use in disk drives, and nmore particularly, to air bearing
sliders that are less sensitive to mask misalignnments.

Description of Related Art Conventi onal magnetic di sk drlves refer to
informati on storage devi ces that store data on at |east one rotatable
magnetic nedia (or d:y \él\%,%g gat g ﬁ@t BE&.{&\F% Conventional disk
drives include a spin Ie on ﬁg‘fé%@ ,‘%‘%s, tegl a spindle notor
that spins the di'sks when the drlve Is in operatlon one or nore

read/ wite heads that performthe actual reading and witing of data, a
second notor that positions the read/wite heads over the disks, and
controller circuitry that synchronizes read/wite activities and transfers
information to and fromthe conputer or data processing system A

read/ wite head may include a magnetic transducer (also referred to as a
read/wite transducer) for reading and witing data on
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1. FEield of the Invention

This invention relates to air bearing sliders for use in
disk drives, and more particularly, to air bearing sliders that
are less sensitive to mask misalignments.

2. Description of Related Art

Conventional magnetic disk drives refer to information
storage devices that store data on at least one rotatable
magnetic media (or disk) having concentric data tracks.
Conventional disk drives include a spindle on which the disks are
‘mounted, a spindle motor that spins the disks when the drive is
in operation, one or more read/write heads that perform the
actual reading and writing of data, a second motor that positions
the reéd/write heads .over the disks, and controller circuitry
that synchronizes read/write activities and transfers information
to and from the computer or data processing system. A
read/write head may include a magnetic transducer (also referred
to as a read/write transducer) for reading and writing data on

the various tracks. The read/write transducer is typically



t he. various tracks. The read/wite transducer is typically

2 nmounted or integrally formed on an air bearing slider. The air
bearing slider supports.the read/ wite transducer above the recording
medi a and adj acent to the data tracks during reading and witing
operations of the drive. I n magnetic recording technology, it is
continually desired to inprove the areal density at which information can
be recorded and reliably read. One factor that Iimts the recording
density of a magnetic disk drive is the distance between the read/wite

t ransducesuaned the imgrehillyMesimed Tt andasi wrring sitder. rahersed to as
t he "fIy hei ght" "of the air bearing slider. As the area density of the
magnet i cPRREIRY | SLidRy sapRATES NEe é'reafll/yrlﬁ'%l“gﬂ‘i’t@d&l:érrwer &8eso that the

oad] ! LScoLAIRIRST o as SASILGNIAN e HEED Wt atel e Lhll

emanatin 0S€ ons on e magne cB%r di ngly,

air bearkf§ wsit %p@&gtg&qgc&i lphed@skgaed to fI y the air bearing slider
as close as possible to the nmagnetic nmedi a while avoi di ng physical i npact

with the nmagnit inagnedis. recordir\mrhqnmomﬂoris: dsecknbimmaldyafleetted he fly

hei ght of an air bearin i der. For a the fly height of an
beagl ng %H’E@‘mees thvey é(’fg@?:l dengify 5&53%%? iNEArmat A0 AN BE ZPFYF oss

the disk, ¥ 28aY0! | GHE AAldhd EAGKSLInHES th dSordifg EhLappnCes 1N

|inear va omty of isk at differing radii between theinner- amater

(1 D) andofhe mgxfﬁt:\.dﬂ aiskedr{¥d)iswofthe distance between the read/write
transducer and the magnetic media. This distance is often _
referred to as the "fly height" of the air bearing slider. Aas
the area density of the magnetic media is increased, smaller fly
heights are required so that the read/write transducer can '
distinguish between the magnetic fields emanating from closely
spaced regions on the magnetic media. iAccordingly, air bearing
sliders are typically designed to fly the air bearing slider as
close as possible to the magnetic media while avoiding physical
impact with the magnetic media.

Various factors are known to affect the fly height of an air
bearing slider. For example, the fly height of an air bearing
slider is affected as the actuator arm is moved radiaily_across
the disk to access the varlous data tracks. This is due. to
differences in linear velocity of the disk at differing radii
between the inner-diameter (ID) and the duter-diametef ({OD) of
the disk. Additionally, an air bearing slider may experience
changes in fly height due to variatioﬁs in skew, roll, and crown

of the air bearing slider. The altitude sensitivity of an air



" the disk. Additionally, an air bearing slider may experience changes in
fly height due to variations in skew, roll, and crowm  of the air bearing
slider. The altitude sensitivity of an air

3 bearing slider may also affect the fly height. As the altitude

I ncreases, the fly height drops corresponding to the drop in atnospheric
pressure. Furthernore, variations in tBe physical characteristics of an
air bearing slider that results from nanufacturing tolerances may al so

af fect tMREFIpIneIHIRE Mayr aleq Afifiest the FHivsdrighthenfsobnsddkdttded to form
the vario ac, YSU terisLi ot the air

beari ng %ﬁ%ﬁi&%%g' éﬁ%l%?%e“%é%%ﬁlquﬁga?ééggﬁggpﬁg |ﬁ%d§§£i§?§§ %ggative
pressur e #tinfosphesit Niredsugder hPutthgrindde ctvedridepods ihotheghygiaat wo st ep

etching process, as shown in Figure 1. Figure 1 illustrates an air bearing

sl i der 10EPATAGERATLEELGH S Bnstit bedréng M iders Ehat drert ] §9™as a sl i der
body), a Jé%r{usf%c%:?ﬂé L%Jf@%ﬁn&@&'nl‘é? 0958 a2y Pfe .Sttlgrf)ﬂélf%ltqn Fef and a

“trailing ep regironm 1 a secon etch surface in g a negative
pressur e ¢&:ag@iple, 16Re nilvdlagnaent dicanbRg wied a6efdrckhdi vribaadi ng pads 130
and 131 and a trailing pad 132. The depth of each etch surface is neasured
from t he #iftacegeBay ipyuthacehetical chEpqtegisticeofibee air beaning | eadi ng
" step regi LAY and trailing step region 121 are fornmed by a first etch
and theretore referred to as the first etch surface. The first etch may be
a shal | ow et clonef paltitar®. dir BaaHiNGSs1Idwr licadi neyatiep pegisabe 120 has two

side rails that are ' :
bearing slider having two etch depths formed by a two step
etching process, as shown in Fiqure l. Figure 1 illustrates an
air bearing slider 100 having a support structure 140 (also
referred to as a slider body), a first etch surface including a
leading step region 120 and a trailing step region 121, a second
etch surface including a negative pressure region 150, and an air
bearing surface including leading pads 130 .and 131 and a trailing
pad 132. The depth of each etch surface is measured from the air
-bearing surface of air bearing slider 100.
| The leading step region 120 and trailing step region 121 are
formed by a first etch and therefore referred to as the first
etch surface. The first etch may be a shallow etch of about 0.11
microns. The leading step region 120 has two side rails that are
joined together at leading edge 141 of slider body 140 and extend
toward trailing edge 142 of slider body 140.
. The pocket defined by the two side rails of leading step

region 120 is referred to as negative pressure region 150 and is
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j oi ned together at |eading edge 141 of slider body 140 and extend toward
trailing edge 142 of slider body 140. The pocket defined by the two

~side rails of leading step region 120 is referred to as negative pressure

region 150 and is 4 fornmed by a
second etch. The second etch may be optimzed anywhere between 0.5 m crons
and 5.0 mcrons to mnimze the altitude sensitivity of air bearing slider
100. Typically, the second etch depth refers to the first etch depth plus
a delta FRAMFE S¥ch AN RECRr e FNGeFRFRIG §5Ch HERYs REOPREIEHERsUr f ace i s

actual |y SLAHRGIULLAG e 5! b 8o SR ELGN SheRPirfiongh  thi s

prior art approach reduces the altitude sensitivity of air bearing slider
100, it coasitwile sensiCeiviRgkofnsial bganbwl slseasitoovi t Tysicafllg) reteeari ng

slider 100 that may also affect the -flying height. Anot her prior art
appr oach SRENI, etfh dertihe Febeth ity thR otidss ot oh FAGPT t it deflehtaur f aces.

Fioures 228 IHSLEA 4id hDESCierdhER HPRHD AldoriPBEiN Gl s, ACCOT di ng

to Figures 2A-2B, t alr bearing s es four transverse pressure
contour #chR@llyadscRa? dardng teg&irse gdesecord padh2@fepsthealoyamds 222
are defined by a face 234 for creating a gasS bearing effect, a generally

U shaped YPE REPF oML APRERBFR diSHYCS cUIRs Rt ERiSH SRS S tHedf i i al ong
each sid é‘éi&%ﬁéé@i&érfﬁfbe. gé”’d@e%dn@tc%tc@%Tslg%g%glfﬁrﬁr%n@' ong | eadi ng

edge 238 form a converging conpression inlet s, the gas bearing
cont our OdenEAEipadieR23f iairdpéaried byidexo 1par ehdtcmapl anes acreet athdy two
di fferent
flying height.
Another prior art approach uses a three step etching process
to form three etch surfaces. Figures 2A-2B illustrate a three
etch depth air bearing slider. According to Figures 2A-2B, the
air bearing slider includes four transverse pressure contour
(TPC) pads 222 and a negative pressure pad 226. The TPC pads 222
are defined by a face 234 for creating a gas bearing effect, a
generally U-shaped TPC section 228 including a constant depth
-step bearing along each side edge 236 of face 234 and a constant
depth step along leading edge 238 forming a converging
compression inlet 232. Thus, the gas bearing contour of TPC pad
222 is defined by two parallei'ﬁlanes created by two different
etch steps with a slight off-set.
The negative pressure pad 226 is defined by a substantially
planar surface which contains a recess 240 open at the trailing

end 225. The negative pressure pad 226 may also include one or

more bearing faces 242 at a height approximately that of faces



i etch steps with a slight off-set. The negative pressure pad 226 is
defined by a substantially planar surface which contains a recess 240 open
at the trailing end 225. The negative pressure pad 226 nay al so include
one or nore bearing faces 242 at a height approximtely that of faces

5 234 and TPC pads 222 for creating asgas bearing effect. Recess 240 is
open along the trailing edge 241; that is, substantially anbient.

The anbi r e _reservaoir 230 defines a_cavit 44 _having a depth and
confi gur g?%o‘%mgj’?% &agﬁtg%zo gr?ﬁi ﬁf%ﬁf“gsﬁb%?saﬂef"&lmé Zﬁféar?fc'pr%%%tf’rse in the
cavity ddabngs ep&Rnboneftidi@radisig dayet hier,Mhar 841piRibk cpRERARE _
reservoir 230 includes a non-tapered (non-stepped, non-convex) inlet along
a | eadi ngmedget- 223 so as to inhibit the generation of gas bearing effects

created by coppl esnﬁJii%pltOfreisnslu%te ggssérvoi Qle%.ridg a%g% 44caVi ty 244

[ 1O r
creates an anbien pressure  reservoir 536?JcaV| ij% nus? %e et ched deep
enough t aagPfig’£ deP¥hi BNY JUESGUFLL1C B80F £i di@nlOtb hhfintalider design, the
etch steps used to formthe U shaped TPC section 228 and recess 240,
. al one opubaAtawkislnambsent pnesfure ddephenearjitvt durbrgnmeyement X4 theThus,
t he prioh%%%g qgﬂ n_shown in_Figures 2A- 2B r%gqugﬁérwe etch steps to
e’e S

formthe L 9o ATPIERE R ARBRRKEHIVRIE L] ucgi?as‘siagn i s that
an air begh-B8p&tdddghoRBatdpiellyr f6h-WohbeR) frleRCaBdlp £lUehi Ny RIKQRESS 1S
nore costly to manufacture than the sane slider if manufactured with a two
step et cRRAgSPragdes inhibit the generation of gas bearing effects

created by compression of inlet gas. '

In order to ensure cavity 244 creates an ambient pressure

reservoir 230, cavity 244 must be etched deep enough to ensure

ambient pressure. According to this slider design, the etch

steps used to form the U-shaped TPC section 228 and recess 240,

.alone or in combination, are not deep enough to form cavity 244.

Thus, the prior art design shown in Figures 2A-2B requires three-

etch steps to form the three etch surfaces. One drawback of this

-slider design is that an air bearing slider manufactured with a

three step etching process is more costly to manufacture than the

same slider if manufactured with a two step etching process.



6 SUMVARY OF THE | NVENTI ON It is desirable to
"provide an air bearing slider that namintains a relatively uniformflying
hei ght . It is also desirable to provide a three etch depth slider
that can be manufactured using a two step etching process.

Furthernore, it is desirable to provide an air bearing slider that is |ess
sensitive to the msalignnment of masks used to formthe air bearing
surface. An air bearing slider for supporting a transducer is

descri bed. The air bearing sgipderyi oglmgesyometdosier body having | eading
and trailing edges. Substantially aocI{¢acent to the |eading edge is a

| eadi ng step ridgii§ndasirakisstanereyide agjalcekhearing sR&deF £iNatng edge is a
trailing £3QJ gn e ' .alling step regions have a
g R R R

first etc p east Ing -an air bearing surface
Is formed on tie isl easlo dpsiirapleé ety @roande ai thees tetehedéptd Isilagepad havi ng
an air bearing surface is fornmed on the trailing step region. External
-to bot h Ehet|eadibrgmanifactaredngsinidep FeR)isdee eichimal BERIesSw0 | at er al

step regions Vi a secaond.etch depth., The atr hearin sl.ider also
i ncl udes a negr}g Iﬁt\?%r ?Ié%’sai%ei?e%?%"nrﬁ%g\ei}% pé:ot%%?er F"é Eﬁb%agﬁtnﬁ. The third

etch depthriderapardest 164 Rehbithe ftor She maRdl s@tnd 6t Glask@phbsa For one
enbodi ment, the third etch depth equals the sumof the first and second

et ch dept kg, form the gihdreardsgraerfdceat ures, and advant ages of the present

An air bearing slider for supporting a transducer is
described. The air bearing slider 'includes a slider body having
leading and trailing edges. Substantially adjacent to the
leading edge is a leading step region and substantially adjacent
to the trailing edge is a trailing step region. Both the leading
and trailing step regions have a first etch depth. At least one
leading pad having an air bearing surface is formed on the i
leading step region and at least one trailing pad having an air
bearing surface is formed on the trailing step region. External
-to both the leading and trailing step regions is at least two
lateral ‘step regions having a second etch depth. The air bearing
slider also includes a negative pressure region having a third
etch depth. The third etch depth is dependent on both the first
and second etch depths. For one embodiment, the third etch depth
equals the sum of the first and second etch depths.

Other desires, features, and advantages of the present

invention will be apparent from the accompanying drawings and

from the detailed description that follows below.



invention will be apparent fromthe acconpanying drawi ngs and fromthe
"detailed description that foll ows bel ow

7 BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention is illustrated by way of exanple and not limtation in the
figures of the acconpanying drawi ngs, ifn which |like references indicate
simlar elenent, and in which: Figure 1 illustrates a conventi onal
two etch dept h air bearing sli der haV| ng reduced altitude sensitivity;

Fi gures 2A-B il | ustrat e BRIEBNRES 2 T WHE IRAWINGSt h air bearing
slider;

ure ust ] n e Ioded Vi ew of adlsk drive
Sul tabi e for BPRGUTLTORE CRESRHEL % ﬁwﬁ?f‘w by waY ¢f qaupls pnd
i1lustrates onfiesbot MNknef sidigedi 6 R hBGbnpank¥RE  arawings i gir es SA-B
illustrates another enbodi ment of the air bearing sTider; Fi gures

6A-B i || vdticht éékeme@MGﬁﬁemdi@htewnmlnrb@eﬁmeng, shd dar whaghng an
i ncreased neg tive p{e gure 7 illustrates one
i

i on; . Figure
enbodi ment of THHECRI T HORPERGECL A AEPVIRNIPRRY (T PERD dRhherLBads.

Figure 8 riddris raif&exaﬁ%&hedré&ucfegrmmuaeti%{%at%%depth air -bearing
slider with a dual etch process.

Figures 2A-B illustrate a conventional three etch depth air
bearing slider; _

Figure 3 illustrates an exploded view of a disk drive
suitable for practicing the present inventidn;

Figures 4A~C illustrates one embodiment of the air. bearing
slider;

Figures 5A-B illustrates another embodiment of the air
bearing slider;

Figures 6A-B illustrates one embodiment of the air bearing
slider having an increased negative pressure region; |

Figure 7 illustrates one embodiment of the air bearing
-slider having trailing corner pads.

Figure 8 illustrates a method of forming a three etch depth

air bearing slider with a dual etch process.



8 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON For one
“enbodi nent, the air bearing slider is a negative pressure air bearing
slider having three etch depths. The three etch depths are used to reduce
or substantially elimnate the mask m salignnment sensitivity of the air
bearing slider along the lateral axis of an air bearing slider during
manuf acturing. By designing an air bea@ing slider that is |less sensitive
to mask msalignnents, mask m salignnents have a reduced effect on the
fly height of the air bepetamesl bels Aron ¥ _frirg amdveRaisaant age  for one
enbodi ment of the present invention is that the three etch depths may be
formed by perfor FPhPRE 8REPAisenk. Skhe) adrF doeardng sliderdsygqr Bedatiive st gt es

an expl oded wiw,0f A dbskedld %1399 han,gag xeimhuéspéhale abfe REFELENY

sliders of the present invention. The disk drive 300 1ncludes a housing
312 and a houdi Agpidey erediskdMipchedwadel er mdstabtially selimdinateel thet hin a

frame 316. Mounted within housing g&z I S ﬂﬁipindle ?haft 22. _ Rotatably
attached to “Ea_rfé‘ Eb?_ gpmephengdviviy gty értf:o‘?ea(’f' Bg Sl ‘31243_1‘1_’3& tBfe
embodi ment, git@hthi d:8leS 0824h Aie BLAAGREH1 IR S RLAHE nadlBickusdidy | Npg Spaced
apart relation. The disks 324 rotate on_ spindle shaft 322 which i S powered

by a notor (destigghoyv@n aiffeamingi ohidegr that tienlens eengiddseftmmagksks 324

by heads or etic transducers.(not shaoqwn) which are support by
ofiders SodRlaSuRsE, chast mpRLgTRenty | HAve, Fatalass ¢ 2HEP I e or

| oad springsei32Retdhe brakhe Ailra6besidd sT et § SIS £ BhtOAdwhtageb! ock or
conb 332. The E block or conb 332 is attached at one end of an actuator

- arm assenbl yE@3@ne Tepboddment wf fhenpresend|invention is that the three

etch depths may be formed by performing a dual etch step process.
Figure 3 illustrates an exploded view of a disk drive 300
that may include the air bearing sliders of the present
invention. The disk d;ivg 300 includes a housing 312 and a
i housing cover 314 which, after gssembly, I's mounted within a
frame 316. Mounted within housing 312 is a spindle shaft 322.
Rotatably attached to the spindle shaft 322 are a number of disks
-324. For one embodiment, eight disks 324 are attached to spindle
shaft 322 in a spaced apart relation. The disks 324 rotate on
spindle shaft 322 which is powered by a motor (not shown).
Information is written on or read from disks 324 by heads or
magnetic transducers (not shown) which are supported by sliders
326. The sliders 326 are typically attached to suspensions or
load springs 328 which are attached to separate arms 330 on an E
" block or comb 332. The E block or comb 332 is attached at one

end of an actuator arm assembly 336. The actuator arm assembly



9 336 is rotatably attached with the housing 312 on an actuator shaft
138. For alternative enbodi nents, various other disk drive designs may be
used. Vari ous enbodi ments of air bearing sliders having three etch
dept hs are shown in Figures 4-6. For the vdrious enbodi nents described
below, the first etch depth is a shallowgetch of approximately 0. 1 to 0.2
m crons; the second etch depth is within” the range of 0.5 mcrons and 5.0
mcrons; and the third etch depth is the sumof the first and the second
et ch dept hxi6 Eer rotwdtadlfaitte-hedbedi et Shoddiagf 3125 onaatl £aeandret ch dept hs
may vary fromthose described above-provided the third etch depth has a
speci fi c r8ft 53&hi FoRi fHEUMAtLVe sFrboRdmentSonvaead aEMthsiskedgive ¢ he
third etchydgaphl £apdeSutbe. sumof the first and second etch depths). By
formng the third etch depth in this nmanner, the air bearing slider of

t hese enbodi neMasigusqembediomnts af tavy deeping shidarsphaviyss thiegi el | cant
advant age manuf ag%g{rgi {1'? a three etch _depth air, bearing slider using a

S

f
two step ‘g%P&Hanf"prs FAIHEes 1 1P+t nFPT BECYAHOBEneTRAMBARYce  vari ous

aspects ofqdde1Bbd AL, Nthe 4198 e aBp¥hidsea dRIILAI ididokhe
manuf acturing costs of a two step etching _process. Al ternative
enbodi nent aprroxihatediyr Obdate g 2shigeons; othe [wecopt edeht déphhedsi withigy

i ncl ude nor.e than t%e etch surfa ovi ded X\t’%% a | east. one of the
etch surfachs *PRIF HnlaSpY T5e0s Eﬁ‘grbef'r?aﬁ%ﬂ"“gf ¢ E‘Fc%‘lhjsﬁdeﬁgcﬁsed to form
ot her et chyggthl 8566he shUSE tHE r@bét RGAr LW sebbhleletdASisptHzRY Bave the
advant ages :

alternative embodiments, the first and second etch depths may

vary from those described above provided the third etch depth has

a specific relationship with the first and second etch depths

{e.g., the third etch depth equals the sum of the first and

second etch depths). By forming the third etch depth in this

manner, the .air bearing slider of these embodiments require only

a two step etching process.. A significant advantage of

manufacturing a three etch depth air bearing slider using.a two

.step etching process is that the third etch depth may enhance

various-aspects of the air bearing slider design while

maintaining the hanufacturing costs of a two step etching

process.

Alternative embodiments of the air bearing sliders of the

present invention may include more than three etch surfaces

provided that at. least one of the etch surfaces is formed by the

‘combination of two etch steps used to form other etch surfaces.

Thus, the air bearing slider design may have the advantages



associ ated with increasing the nunber of etch surfaces wi thout incurring
the additional cost of another etch step. For exanple, one enbodi nent may
i nclude an air bearing slider having four etch surfaces but only requires
a three step etching process. FiguLes 4A-C illustrate one enbodi nent
of a present air bearing slider of the present invention. Figure 4Bis a
top view of the air bearing slider 40d0having a slider body 440 with a

| eadi ng edge 441, a trailing edge 442 and two side edges 443 and 444. The
air beari ngssbefitteddGth NGlckdasiddirkae MinbRrsSof s suf fideedwiyhoatt WO st ep
etching process. The three etch surfaces have etch depths wth respect to
the air bedPFRE-EG ttheeadditional\Gogt(ph PROSher Rk 8B°P-a FPF ¥Xa@PeAr sur f ace

(having thgpef i AL i Ludes, adheed 40 d
ra 1 hg oD e e D b A e R

second et clsudéptdy butcbnerehaivysala shrge segpostcMbd mrdted62; a third etch
surface (having_the third etch depth% I ncl udes a negative pressure region

450 and side regtBHEs48A-GAdlustrate out i FRPILBIRF 2402 BERFePhe L 1 beari ng

surface i ngbldesy | H3dbPGf Qﬂ@spfé%n%”ﬂm/’e%}___iéﬂg Filghadbk | {019 sPA% P31 ekaCH |
etched surface is etched wth respect to"the air "bearing surface and is

subst ant i alolfythé sdar bearing sThded dadi nayisigep skigieanbd®) 4d0dwithaial i ng step
" region 4211ar§ nf(L)ﬁr’({’;ed Y th% fi r%t e chéggd are thgg}%fore geferred to as
the first 'ERAHPEFECA L TR SERMMOWPEFT 40200 TRy SR PIORS it AR

444. The air bearing slider 400 includes three etch surfaces
formed by a two step etching process. The three etch surfaces
have etch depths with respect to the air bearing surface.

According to Figure 4B, a first etch surface (having the
first etch depth) includes a leading step region 420 and trailing
step regions 421 and 422; a second etch surface (having the
second etch depth) includes lateral step regions 461 and 462; a
third etch surface (having the third etch depth) includes a
negative pressure region 450 and side regions 451 and 452 of
.slider body 440; and the air bearing surface includes leading
pads 430 and 431 and a trailing pad 432. Each etched surface is
etched with respect to the air bearing surface and is
subspantially planar.

The leading step region 420 and trailing step region 421 are
formed by the first etch and are therefore referred to as the
first etch surface. The shallow first etch may vary in depth
depending on the file environment and the slider size. The

leading step region 420 may have two side rails 410 and 411 that



depending on the file environnent and the slider size. The |[|eading step
region 420 may have two side rails 410 and 411 that join
~together at |eading edge 441 of the slider body 440 by cross rail 412 and
extend toward trailing edge 442 of slider body 440. The corners of |eading
step region 420 may have substantially,, squared corners, substantially
rounded corners, or a conbination of rounded and squared corners. For the
enbodi ment shown in Figure 4B, |eading pads 430 and. 431 are di sposed on
the first JXH&hterthereat olsnednpyedasadithpistbp siiderceodi2@40 by cropge

trailing steprgoh Ol Sheliy LURIEANAA0 LG AdEACAD! ok 051 idle bERCI%.209°

trailing pa trarling step regio I's substantia acent to
t he traili rnhecdgenafs bfaléadigigpatep 423g4io\GQROr day Qlaye sutatanfgayiad 432 i s
di sposed on the first etch surface forned by trailing step regions 421 and

422, SPTEACWREEA! MeiREtaR bR oIS ASRF SRS 431 hEoPLpation
subst ant i aldgy HRrEGNIMLAESNRARC EALAL e 3 TRE GudueHelE bR %y di Stance

within the outer side edges of l|eading step region 420. The trailing pad
432 has t hefiguragbhallesiine redewhi30 mnHi 4Ak erdBiisphsedreh et difstgur e 4B,

trailing pad 432 has a _neck region that _narrows the width of the |eading
edge of traﬁtlclhnﬁuﬁg"(fe4§?”§?f’clx?y { PRALngnRRA &Pﬁg e #38-trailing edge of

trailing pad 43ghé Se,ifiBihg KRPUPEGLMA ﬁ@gli%esgﬁst%ttiiglﬁf ddigcoadiggim fly
hei ght tol erance between the elenent (i.e. the transducer) fly height and

t he m ni muhef Leadigigyletdgefofitrabbindg pgd sti2dend 40RilFng sHeperegian ¢22

embodi ment s, LOESNARS 00 ASAILNY ANdnl Al 08y PR 38%rA32: 0P bad
432. Accordingly, trailing pad 432 is disposed on the first etch
surface formed by trailing step regions 421 and 422.

For one embodiment, leading pads 430 and 431 have a

substantially rectanqular shape and are formed a predetermined
distance within the outer side edges of leading step region 420.
The trailing pad 432 has the octagonal shape shown in Figure 4B.
According to Figure 4B, trailing pad 432 has a neck region'that
.narrows the width of the leading edge of trailing pad 432 such
that the width of the trailing edge of trailing pad 432 is small
enough to reduce or optimize the minimum f£ly height tolerance
between the element (i.e. the transducer) £fly height and the
minimum fly height of air bearing slider 400. For alternative
embodiments, the shape of leading and trailing pads 430-432 may
vary, and the number of leading and trailing pads 430-432 may
vary. For example, alternative embodiments may have one leading

pad and two trailing pads, or alternatively, two leading pads and



~ vary, and the nunber of leading and trailing pads 430-432 nay vary. For
exanpl e, alternative enbodi nents may have one |leading pad and two trailing
pads, or alternatively, tw |eading pads and

12 two trailing pads. Furthernore, the | eading pads may be forned

adj acent to the outer side edges of the L%jeadi ng step region 420.

Cenerally, the geonetry of the pads are“tesigned to optimze the mninmum
fly height and the mininumfly height distribution. The air bearing
slider 400tedsoraiidhgdesdsa pauttidrmoztertitle lsa®ing egionmy H6lf@andkad62. For
alternative enbodinents, an air bearing slider may include two or nore

pairs of |agdrcantstapthe Qtensside,edgpg afnithai HRAK NG HIEP FRIESDYF2Q - 4B,

lateral st gpneSinh3CeRe AlbrRdy 402 takepit ak8MdAlgh¥a & apeBhidd thiae outer
side wedges of trailing pad 432. The lateral step surfaces 461 and 462 nmay

ext end onl pinimtwfilydheightc @anflr te misiomu lyshefiahtddéstmiputiond | i ng pad 432
or may extend | the way to si e S_.443 ang 444 of sli der. body 440.
For conventiona heaf"?rb%%%/ﬁ’w §#‘f‘§eerr 3,98_t$1e5°s€8‘5 Y& So?_?%e?édfaﬁeé:@gon
surroundi nge&p HY1868Nk61 AnldNes PAFowha Dlerhn@E v oAbl men 8T AR GhigUT f ace
provi des the conpression necessary to build “sufficient pressure on the pad
to enabl e bearing sddder mepwsiingbpde ityof o5 mowe paiusnaf kateriadi g¥rP above t he

O o o DSLIBHE, HhE cAEUIBhIAGH: WISP oo i 00! URhe Sl m e he
convent i onghrfadesdasli igd Asi2daré , sunlaeant 2 1908k faceaeded ankobitdN&ide
edges of trailing pad 432. The lateral step surfaces 461 and 462
may extend only a short distance from the outer side edges of
trailing pad 432 or may extend all the way to side edges 443 and
444 of slider body 440.
For conventional air bearing sliders, the étepped or tapered
region surrounding or adjacent to the pads which form the air
- bearing surface provides the compression necessary to build
sufficient pressure on the pad to enable the air bearing slider
.to fly the minimum f£ly height above the disk. Furthermore, the
geometry_of the pads are designed to optimize the performance of
the ailr bearing slider (i.e., flying height). For many
conventional air bearing sliders, when the masks used to form the
trailing pad are misaligned during the various etching steps, the
fly height of the air bearing slider may be adversely affected.
The embodiment shown in Fiqure 4B reduces the sensitivity of
air bearing slider 400 to mask misalignments by providing lateral

step regions 461 and 462. The lateral step regions 461 and 462,



~trailing pad are misaligned during the various etching steps, the fly
hei ght of the air bearing slider nmay be adversely affected. The
enbodi ment shown in Figure 4B reduces the sensitivity of air bearing
slider 400 to nmask m salignnents by providing |ateral step regions 461 and
462. The lateral step regions 461 and 46%,
13 adj acent to the outer side edges of “trailing pad 432, provide a
deeper step surface at the sides of trailing pad 432 than the step forned
by trailing&tasentel? oA PEtEF ife edgel 9§ BErjd oy pad 431 | PEPYIE4E a32.
Thus, trailj .85 A il LDG: .St e8I 4 and not
| at eral st e%é%ggﬁgﬁgéi%tgﬁgﬁg 2%24,%f g?désr ?))rfegg%rlll? t?g%.ﬁ%\cggarnd%%& y, when
t he si de edggesp Gorinbe by airailgng sreg A3PodedRhtad sbaeldaaingredpet heé non nal
(or design) values due to the msalignnment of nmasks during the_ various
etching ot SpRRLlingBad 432. ThySy (rAtAiae bt 455, Ades | JpliePE feait ing
bearing slidgy 4Q%on!d20! BRE N darelai %Eﬁb SdHBnk e OR%4Pd2 2Rd-462 are

e

used to mnimze the effect associated with sideway mask m salignnents
(i.e., maskerasaidigatbons akoordingdyl swhemakhe)disieopdged iodethddopiddhy .

For alterative enbqodinents, the lateral st'epsurface re ot required to
‘be adj acentP? 4aPPY D EGRGHRAT %ﬁf’mn‘éﬂ? ngm%‘oél"f i%ﬁ5 @™an F‘ed'g‘ﬁ sl i der

body 440 ext&rdtadl mifal £fdicRd Sf Gihsks’ 86Hi0Q 4RO vaRdohs aitchiflg Htpst €gi on 421
and 422. Additionally, alternative enbodi nents may include nore than two
| at er al st epheresdsf very Yidtde, impagt omithe &y Neight of aiThbeaxiaket defi ned
by side I’a_i slIs:l.d4e:li‘04g{)l§I 4]2"n1 o%LeLev?‘odzidgg fé[.teetz):'al step regions 461 and 462 are
used to minimize the effect associated with sideway mask
misalignments (i.e., mask misalignments along the lateral axis of
slider body 440).
For alterative embodiments, tﬁe lateral step surfaces are -
not required to be adjacent to trailing pad 432, but may be
positioned anywhere on slider body 440 external to leading step
region 420 and trailing step region 421 and 422. Additionally,
.alternative embodiments may include more than two lateral step
surfaces (e.g., four, six, etc.).
The pocket defined by side rails 410 and 411 of leading step
region 420 is referred to as the negative pressure region 450 and
is formed by the combination of the first and second etching
steps. The side regions 451 and 452 of slider body 440 are also
formed by the combination of the first and second etching steps.

"Thus, for one embodiment, negative pressure region 450 and side

regions 451 and 452 of slider body 440 have a depth equal to the



'reglon 420 is referred to as the negative pressure region 450 and IS
formed by the conbination of the first and second etching steps. The side
regi ons 451 and 452 of slider body 440 are al so formed by the conbi nation

of the first and second etching steps. Thus, for one enbodi nent, negative
pressure region 450 and side regi ons 43} and 452 of slider body 440 have
a depth equal to the 14. sum

of the first and second etch depths. This depth is referred to as the

t hird etchsdepefi.the firstFiagxglr eedbhd kekdstdepths. a Thinskeptbcis qrederyvedw of air
bearing sl.ider 41 # e 8 .tThe | eadi ng pads 430 and 431 forman air
beari ng suFPace cross ¢ 3?3? | eading step region 420 form the first

etch surface havidiget hg {fiiSkr&tdd) adepdds-sasth cadevidwegicOasr 42aring 452 of
slider body 440 forms the third etch surface having the third etch depth.
Fi gure 4C BRLEESY riledt al end8lsed@iheohenrdipgepdt 43P ranse 4L nfPrmsppdakr 400 at

[ine 402, The LiothLag-pad. 432 LR A1 Laa HRALLD A LRGE Lakeral step

surfaces 4 secon ace S|de regrons 451
and 452 of taki fiefsthedyn sﬂﬂ&aﬁ:erﬁﬂ\iﬂi\g thd rfdret cétcswémxe and sideFi gures 5A-B
illustrate another enbodinent of the air "bedring slider. Figure 5B is a

top view ofedhon r45Beard My ZsPf dekidesobrdyadtfgiarms| FhR EhABAEEEhy with a
. | eadi ng edggr?Af‘ElFerh%VgégIHJlth&g §4ge%tqlnd two side edges 543 and 544. The

air bearing s so includes three etch surfaces formed by a two
step et ching. priopees4c Badusetratesd asuréseeectimiat hetbwMot hatre Heeeing 0
slider 400 at line 402. The trailing pad 432 forms an air
bearing surface, lateral step surfaces 461 and 462 form . the
second etch surface, and side regions 451 and 452 of slider body
440 form the third etch surface.
Figures 5A-B illustrate another embodimenﬁ of the air
bearing slider. Figqure 5B is a top view of an}air bearing slider
500 having a slider body 540 with a leading edge 541, a trailing
edge 542, and two side edges 543 and 544. The air bearing slider
.500 also includes three etch surfaces formed by a two step
etching.process. Each etched surface is etched with respect to
the air bearing surface and is substantially planar.
According to Fiqure 5B, a first etch surface (having the
first etch depth) includes a leading step region 520 and a
trailing ‘step region 521; a second etch surface (having the
second etch depth) includes lateral step regions 561 and 562; a
third etch surface (having the third etch depth) includes a

negative pressure region 550 and side regions 551 and 552; and



"the air bearing surface and is substantially planar. According to
Figure 5B, a first etch surface (having the first etch depth) includes a

| eadi ng step region 520 and a trailing step region 521; a second etch
surface (having the second etch depth) includes |ateral step regions 561
and 562; a third etch surface (having the third etch depth) includes a
negati ve pressure region 550 and side rgbions 551 and 552; and

15 the air bearing surfaces includes |eading pads 530 and 531 and
trailing pabe58d bearing Buefheesliingledep 1e&@imy psdd 8wy ahavEs 1 wadsi de rail s
510 and 511 that %oin t oget her at | eadi ng edge 541 of slider body 540 by
cross rail B K PARt ¥ toward trailing edge 542 of slider body 540.

Al though the COMeh8a@ingd %@hngeg%.toﬂpsf@gliathMt% &1 4C PRI Al Isf of gpgded,
alternative enbodi nrents may have substantially squared corners. For the

enbodi nent S¢howhat jokn gagethBr 4teddnding pddes B3I0ofirnl iset body diMepbged on
the first etch surfa of . | eadi step.su ce 520. The_corners_of the
trailing sfFep®® F@dﬁoﬁ%ﬁ%ﬁf‘&%’é&%"f’ﬁr‘?rtéFHﬁt? 83@% %EZ"Qr%“r%ﬁnB_@ﬁyt 0
avoid or pegdlcenitheuyh kald ek odard@ng sddpereddn 6apsesk by disk

dinging by the air bearing slider during lroad/unload. For alternative
enbodi nent gene¥ad Iyr zpunday c slhernatdve temboflirgntst may hawgi swbBAhtiallnot be

e ot BoRiRLA. " B8 6 SRR e RN s 1
pads 530 and 531 are disposed on the first etch surface of
leading step surface 520. The corners of the trailing step
region 521 adjacent to trailing edge 542 are rounded to avoid or
reduce the likelihood of damage to the disk caused by disk
dinging by the air bearing slider during load/unlocad. For
alternative embodiments, the tfailing corners of trailing step
region 521 may not be rounded.’

The trailing step region 521 is substantially adjacent to
all sides‘of trailing pad 532. In other words, trailing pad 532

.1s disposed on the first etch surface of trailing step region
521.

Although leading pads 530 and 531 are substantially
rectangular in shape, alternativ% embodiments may be designed to
have a different shape. Furthermore, the number of leading and
trailing pads may vary in alternative embodiments. Similar to
trailing pad 432 shown in Figure 4B, trailing pad 532 also
includes a neck region such that the width of trailing pad 532 at

its leading edge is larger than the width of trailing pad 532 at



" is di'sposed on the first etch surface of trailing step region 521.

Al t hough | eadi ng pads 530 and 531 are substantially rectangular in shape,
alternative enbodi nents may be designed to have a different shape.
Furthernore, the nunmber of leading and trailing pads may vary in
alternative enbodinents. Simlar to trailing pad 432 shown in Figure 4B,
trailing pad 532 also includes a neck ré@ion such that the w dth of
trailing pad 532 at its leading edge is larger than the width of trailing
pad 532 at its trailing edge. The width at the trailing edge bf traildnyrailing

edge. The wdth-at the trailing edge of trailing gad 532 is optimzed to
achi eve t hePifl APhutf RFLIREFRshtor aFieyRcEhe mlnlmumrﬁ Y| hgight) tYSEBNERr f aces

561 and 562 arewﬁgbﬁé@a&maéé% sQEA5RNE61 QnlaNgs D UEr siitlsd@netnas of | eading
pads 530 and 531, respectively. For one enbodinent, the length of |ateral

step surfaoxtincet tendhcOuted ehde adddyeg ethdeeding @aﬂat@roahnd)rSBaut er side
edge of | eadi ds, 530_and 531 d t he teral _step regions
561 and 562"'7715% gg‘f"é]ﬁ’d ako¥ e §""]§‘? egﬁgég 5&?’9}%&’9 52453 F%8er body
540, respecdirMak¥s FHA ahBcs@RQdbR® 108 M ehflidd JHESABor | @ftakal step
regi ons 561 and 562 are w de enough such-that the angle [err] forned

bet ween t hesisist edgedifedeadingpada|530seap 5r3ég| ard the 1widid gszlmat he outer
21 tor natt ves B BBa HBnCEL 99 SEAGREY LEPPIC 88y TG FobLid RAReD U, 83fer t han
9 degrees.s44llog angHer boay 15405, réspiceavent. tsozt Reel élwasﬁeﬁtarm% of the
second depth divided by the wdth of the correifondlng | at er al
in Figure 5B, lateral step regions 561 and 562 are wide enough
such that the angle © formed between the outer edges of lateral
step regions 561 and 562 and the outer side edges of leading pads
531 and 530'is approximately 9 degrees. For alternative
embodiments, fhe-angle 6 may be less than or greater than 9
degrees. The angle © is,equivalent to the inverse tangent of the
second depth divided by the width of the corresponding lateral
step region 6 = Tan? @Eﬂ&ﬂﬂg§5 The angle;e is shown in Figure
. BA. |
Fijure S5A illustrates a cross-sectional view of air bearing
slider 500 ét line 501. The leading pads 530 and 531 form an air
bearing surface, cross rail 512 of leading step region 520 forms
the first etch surface having the first etch depth, latéral side
regions 561 and 562 form the seébnd.etch surface having second
etch depth, and side regions 551 and 552 of slider boqy 540 form
"the third etch surface having the third etch depth.

Because leading pads 530 and 531 are formed substantially



step'region [err] = Tan[err] [err] The angle [err] is shown in Figure 5A.
‘Figure 5A illustrates a cross-sectional view of air bearing slider 500 at
line 501. The | eading pads 530 and 531 forman air bearing surface, cross
rail 512 of |eading step region 520 forns the first etch surface having
the first etch depth, lateral side regions 561 and 562 formthe second
etch surface having second etch depth, Y¥nd side regions 551 and 552 of
slider body 540 form the third etch surface having the third etch depth.
Because | eadijagepads 3836 amtrS3ldaraidesr obdendibsd atepasinface 520, the

17 adjacent. to the oyter side edges of |eading step surface 520, the fly
nei ght of a3 BEMPTn @t ArBdasa0e Y e A0 EATRS ERPERTA SEFoCTI Yut er
edges of | egfli BaLLAGugadloANGaadiy PRis"950 RIRCESL ke Abd Predi¥bih the outer
edges of |eading step region 520. is situation may occur if the nasks

used to forahilgeadi wikhpsls B8@r addesIL ieadingt sten gagdoprS@fer | Jhid ong t he

| ateral axis of_ .slider bod 4 alsqg referred_to asosjdewa

m sal i gnmerff)tUatRR "4y, °S%'é’?’/i1%ggﬁés“l‘a§sn ssﬁ%‘\a/\(n{ﬁ ﬁonfﬁmggfaéégﬁ Pé‘éﬁcn%‘;"k t he

sensi ti Vit Yanddk3l herdlinotbepignea proskany5llorid thé demryalaidisnosal i gnment s.
Accordingly, the overall fly height performanrce of air bearing sliders 500
havi ng | at efididest bory S¢Pofdlsms refprresh 20| as sigevaie daskh visadignprnty)i-ng

oo A R BB Bt B oo r B BRI
the air beast ie 8ix drRarfAY 1adeRJ560 Toi dbdewagdiadiddinaliynmehesdi ng edge
641, a Accordingly, thé overall fly height performance of air bearing
.sliders 500 having lateral step regions 561 and 562 is improved
over air bearing sliders without such lateral step regions.
Figures 6A-B illustrate another embodiment of the air
bearing slider. Figure 6B is a top view of the air bearing
i slider 600 having a slider body 640 with a leading edge 641, a
trailing edge 642, and two side edges 643 and 644. The air
bearing slider 600 also includes three etch surfaces formed by a
.two step etching process. Each etched surface is etched with
respect.to the air bearing surface and is substantially planar.
According to Figure 6B, a first etch surface (having the
first depth) includes a leading step region 620 and a trailing
step region 621; a second etch surface (having the second depth)
includes -lateral step regions 661, 662, 663, and 664; a third
etch surface (having the third depth) includes a negative
‘pPressure region 650 And side regions 651 and 652; and the air

bearing surface includes leading pads 530 and 531 and trailing



trailing edge 642, and two side edges 643 and 644. The air

600 al so includes three etch surfaces formed by a two step etching

process. Each etched surface is etched with
surface and is substantially planar.

etch surface (having the first depth) includes a | eading step region

and a trai

and side regions 651 and 652; and the air

bearing slider

respect.to the air bearing
According to Figure 6B, a first

620

ing step region 621; a secdfd etch surface (having the second
depth) includes-lateral step regions 661, 662, 663, and 664; a third
surface (haphageithe third depth) includes a negative pressure region

pads 530 and 53fm§h&eﬁﬁéﬂ9isﬁ§p region 620 may have two side rails 610 and

pad 632.

611 that join together at

etch
650

bearing surface includes |eading

18

AN - . . 10 arg
611 d8 ;.%@ﬂl&gie%hsp Jteg.ég&.r%i%do yssﬁflf‘égrélg%e%' H6a gabsbﬁ an

eadi ng edge dy 64

y Cross

rail 612 andress ersdlt 6harahd eaténdgoeaig 421 ofg edgestd2def tlzod)iddd. The

corners of

rounded for
di sposed on
- trailing st

| eadi ng step region 620 are, substantially squared but my
bafy cf et | FBe CAHBEEF fiind6ading, 8CPR FRAIGRHTR

shb@tax{tiiraiﬁgeécﬁﬁréﬂrk‘;lﬁzcﬁlanbé 30hddh HoPai€HindRife0.
ep region 5z

1 and trailing pad 532-are simlar to the rear

be

80 and 631 are

The

structure skohedinensgurtheBeanihavbhis 30 bed Gflseye shidponed 1ant kbe det ai |

her e.
may vary in

he, | eadi ds 630 and 631 bstanti al | t angul
U R e T

The trailing step region 521 and trailing pad 532 are
similar to the rear structure shown in Figufe 5B and will not be
discussed in further detail here. _

Thg leading pads 630 and 631 are substantially rectangular
but may vary in shape for alternative embodiments. For the
embodiment shown in Figure 6B, negative pressure region 650
extends into pockeﬁ region 651 formed between lateral side
regions 663 and 664 and cross rail 612. .Accordingly, negative

pressure region 650 shown in Fiqure 6B is generally largér than

.negative pressure region 550 shown in Figure 5B. The pocket

region 651 may improve the altitude sensitivity of air bearing
slider 600 by increasing the area of negative pressure region 650
and hence the minimum f£lying height of air bearing slider 600.
The lateral step surfaces 661 apd 662 are substantially
adjacent -to the outer side edges of leading pads 631 and 630,

respectively, and lateral step regions 663 and 664 are

'substantially adjacent to the inner side edges of leading pads

631 and 630, respectively. For this embodiment, the length of

but



enbodi ment shown in Figure 6B, negative pressure region 650 extends into
pocket region 651 formed between |ateral side regions 663 and 664 and
cross rail 612. Accordingly, negative pressure region 650 shown in Figure
6B is generally larger than negative pressure region 550 shown in Figure
5B. The pocket region 651 nmay inprove tg§ altitude sensitivity of air
bearing slider 600 by increasing the ar of negative pressure regi on 650
and hence the mininmum flying height of air bearing slider 600. The
lateral stepatrnaflagtep 6&hians GH26a¢ cexg@gbdt aldngakhy erddrackentathoof he out er

si de edges of |.eading pads 631 and 630, . S tively, .and |l ateral _step
regi ons 6639%% "€GHa‘gsF esagqsﬁ’fb%t%’r?t'i a?’l’?/w&&j{:)gceﬁga%%rﬁﬁétfﬁnﬁergls?flﬁeé%Jdges of
| eadi ng padgnd G¥k ARY H3Rnd! &SRt h¥edite Eaged ks amdb@diknBntsiitibe | engt h of
19 | ateral step regions 661-664 extend along the entire | ength of

| eadi ng padeed3P48nd HBG1aTheo \lihgt pmgdimgpirgliowst & FigyreniBodeternmtd 662

may extend i 6 6 j b imlar to
the enbodi n%%tg g’? &nslnlé n&E’l gg(?ge%gBéé?MF a?éo‘gqhe%ur:gg‘{hgﬁsQgglaqégg %52 are

wi de enoughretitdil bbekedhahanglted eageés dfolavskdicbvee reghiensdear apages of

- lateral stegqregi ons 661 and 662 and the “outer side edges of |eading pads

531 and 530°5§% angh5Re xuherefide edggs f Iepding Pads ity @8dePifodPrents, the
cangle ferrl, 19.§t£§§§ hﬁgfe%f 9%8@taqrte£§§ﬁhv% Qﬁg&&hﬁéml nepy Qﬁ%uﬁf
| at eral step Teglons and 664 may extend through the entire ~pocket
regi on 651. 6 Byaypmweviesnghanoopajreated thaned alegseep. rEhgi whdth lie enbodi nent
shown in Fif&ﬂéiéngggg élgqgﬁg é?%nggérééiakay extend through the entire
pocket region 651. By providing two pairs of lateral step
regions, the embodiment shown in Figure 6B has a more symmetrical
design than the embodiment shown in Figure 5B, which typically
reduces the amount of roll of the_air bearing slider.
Furthermore, the sensitivity of air bearing slider 600 to sideway
mask misalignments is also reduced.
Figure 7 illustrates the top view of another embodiment of
.the air bearing slider. The air bearing- slider 700 is similar to
air bearing slider 400 with the exéeption of the rounded corners
480 and 481 at the leading edge of leading step region 420 and
the addition of two trailing corner regions 470 and 471. The
trailing corner regions 470 and 471 have a substantially planar
surface at a first etch depth. For one embodiment, the first
etch surface, which includes leading step region 420 and trailing

corner regions 470 and 471, are etched by ion milling.

Furthermore, the second etch surface, which includes lateral step



~design than the enbodi nent shown in Figure 5B, which typically reduces the
amount of roll of the air bearing slider. Furthernore, the sensitivity of
air bearing slider 600 to sideway mask m salignnments is al so reduced.
Figure 7 illustrates the top view of another enbodi nent of the air bearing
slider. The air bearing slider 700 is simlar to air bearing slider 400
with the exception of the rounded corners® 480 and 481 at the |eadi ng edge
of | eading step region 420 and the addition of two trailing corner regions

470 and 47lgedlit@s §6RidddN@e8Or N1 k88D DY AddLtARE Aokl RaMend amdbshantial |y
planar- surface at a first etch depth. For one enbodinent, the first etch
surface, whihiird peelydurfaegdi welady épclusdgsoreIatd vanRrassHER | FRFLOR0fA R

regions 470, 0Ll e @ heCkEN DY s Ol bl oy FLS WRIBESes oG SeoONd

etch surface, Ich 1hcludeS | atera

20 regi onsordmilang 461, raaetibteched déychirgct iTypicariygt ehe ngecond &he third
etch surface, which includes negative pressure region 450 and side regions
451 and 452thigde ebER HRtFAsFes hECIMEIOPRAG3GR1ITR 1oPoRETHING] RYvefd TPBERET ve i on

etehing.  TYRIGAEY enddGrRCeRRdl Aty Ll dalle Ol oSl AGRSni LMY Pinigact | ve

~-ion etchi'ng have a rougher ~surface than the-first etch surface forned by
ion mllingehellredatitdly sebath \wminfasaouf bthe ufifstecettdh sheféce stloagch surface
along wth the rounded corners 480 and nd_thhe rognded outer corners

1l a
of the trai"r"itr"gtBSrﬁ%‘f“dreélgFBW‘?Fﬁ4330"%’7%%&%}‘% P F PRI UGS caused by
contact beta&%%&rghgfC£H€1QE§i£&n§IE%rﬁéf-ﬂ%%@Sﬁ’H@O and 471 may minimize

-damage caused by contact between the corners of the air bearing
slider 700 and the disk (i.e., disk dinging) that occurs during
the loading or unloading of -air bearing slider 700.

Typically, the slider body of the variocus embodiments
described above is formed of a conventional ceramic mixture of
titanium carbide (TiC) and alumina (Al,0,). Although the air
bearing sliders of the present invention are generally processed
in rows and then cut into individual sliders, the method of

. forming the various etch surfaces will be described only with
respect-to a single slider.

Figure 8 is a flow chart that describes one method for a two
step etching process used to form the three etch surfaces for the
embodiments shown in Figures 4-7. At step B0l, the air bearing
slider is formed by depositing a first photoresist layer on the
slider body. The photoresist layer may be a Riston brand of poly
'methylmethacralate {PMMA). During step 802, the first layer of

photoresist is then exposed through a first mask that defines a



slider 700 and the disk (i.e., disk dinging) that occurs during the

| oadi ng or unl oading of air bearing slider 700. Typically, the slider
body of the various enbodi nents described above is forned of a
conventional ceramc mxture of titaniumcarbide (TiC and alum na
(Alferr]err]). Although the air bearing sliders of the present invention
are generally processed in rows and thereicut into individual sliders, the
met hod of formng the various etch surfaces will be described only with

respect-t0 3a%itBgh Cco¥lre@Bbnding to EhIWe§idh itd BefdidWeGhadd ibst H@scribes
one nethod for a two step etching process used to formthe three etch

surfaces forthiprd deptihedi nEex Lheheweodimepts) ghoyn4iy Figureg dp7g0ihe t he air
bearing sligder. .is fornmed by depositing.a.first photaoresist |ayer on.the

S der_boay “SFRES RS Sepitn FHCPhe s sBuld itee BB TR Sieo B echla

met hyl net haaihal 2t es€ RMYEh, &AM ithe SéRti00rdsBard ideglioh aymy tAé sidaot or esi st
I s then exposed through a first mask that defines a

21 pattern negiees pRlitAgbe o>tiahedr B SHiTd ds@tht cl@get BRe fhiikst and third
dept hs. For qthr&%og%% %8&? an;%‘gB?%é%FthQ%ﬁg &h_éZ%ierts?_emaé)?,aql %\:_tsetr%p'ir egion

-and the trail'ing step regio e et I rst dep and T he
negative premguwed éedihensinderd bedgi tiat eepps@asths deadihe amidcbesilting t hird
depth. Once the first. photoresist |layer is exposed through the first mask,
a pattern i StepoFaetPisy the Regagdye RIGFSRFTegkPos &84t HRe Sd4Ri FRP19RE -

trailing stgpqr egidiis rbhfol8RLhYS RCRER bf WeHdrvfiW Jtlfied @8 4601 ONS.
reactive ion etching or chemical etching) td the desired depth
(i.e., the first etch depth), as shown in step 803. Thus, steps
801-803 form the first etch surface and a portion of the third
etch surface.

Steps 804-806 describe the steps for forming the second etch
surface and a portion of the third etch surface. The third etch
surface is completely formed by the combination of steps 801-806.
At step 804, the air bearing slider is formed by depositing a
.second photoresist layer on the slider body. Next, at step 805,
the second layer of photoresist is then exposed through a second
mask that defines a pattern corresponding to the region to be
etched the second and third depths. For the embodiments shown in
Figures 4-7, the lateral step regions are to be etched the second
depths, and the negative pressure region and the side regions are
to be etched the third depth. Once the second photo:esist layer
is exposed through the second mask, a pattern is formed on the

slider body that exposes the lateral step regions, the negative



~ This exposed region is then ion nilled or otherwise etched (e.g., reactive
ion etching or chem cal etching) to the desired depth (i.e., the first
etch depth), as shown in step 803. Thus, steps 801-803 formthe first etch
surface and a portion of the third etch surface. St eps 804- 806
describe the steps for formng the second etch surface and a portion of
the third etch surface. The third etch %urface is conpletely forned by the
conbi nati on of steps 801-806. At step 804, the air bearing slider is

formed by depossurengedionseandkh2helas asigibnd Ay @hiOrexpbeeds dedesn biady. Next,
at step 805, the second |ayer of photoresist is then exposed through a

second mask"¢hderdRiHifds or e fe cRfihed phdir ngreasti e 08gPEFIING be
etehed the secanm;anfl ddniflo ol Mo A1-bRGHROM BN &0 RABNY bech O €5
e efched t e

4-7, the lateral step regions are to e second pt hs, and the

negati ve préssune aggilmwnand dtep s8bd6e regions are to be etched the third

depth. Once the _second photoresist |ayer is exposed throu%h the second
S°§H"§vfé’|"' b

mask, a patternPstRoAEEIBHY HE bHlfy PR ERPEPCRe | ateral step

regi ons, thgedl848bi%eith reference to specific exemplary embodiments 22
pressure region, and the side regions. This_exposed region is then ion

m |l ed on othmresitse Et clidd, (lowpvery che tavidentothet ctamigus owodd fibrr tdans
et chi ng) toa!'g echdesi red dggth# .tg. t he ?ec ng egch dllpt hl as shown in
step 806. PRITHIFoPBJBIHy “ABERTT FEFRTRT EARATMPENtTBh A%s been
descri bed vhitdhde®l 85HGE okOsSHARL bkl EnePRERERA ¥ neeadh BN e rihbergol . |t
will, however, be evident that various nodifications
the appended claims. For example, the present invention is not
limited to negative pressure air bearing slider designs, slider
designs having a substantially U-shaped leading step surface with
two-side rails and a cross rail, and slider designs with two
leading pads and one trailing pad. Furthermore, the front (or
leading end) structure of the embodiments may be combined with
various other rear (or trailing end) structures. For example the
front structure of the air bearing slider 600 may be combined
-with the rear structure of the air bearing slider 400 to form an
alternative embodiment. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than a

restrictive sense.



and 6hanges may be made thereto without departing fromthe broader spirit
or scope of the present invention as defined in the appended clains. For

exanple, the present invention is not limted to negative pressure air
bearing slider designs, slider designs having a substantially U shaped
| eadi ng step surface with two-side rails d a cross rail, and slider

designs with two |eading pads and one trailing pa ﬂm he front
(or leading end) structure of the enbodinments may(mum:u mmm N
various other rear (or trailing end) structures. For eXanpl €' tife *front
structure of the air bearing slider 6GGATMY be conmbined wth the rear

structure of the air bearing slider 400 to forman alternative enbodi nent.
The specification and drawi ngs are, accordingly, to be regarded in an

illustrative rat i'lel‘ ”ﬂaglg bé’a%;lﬁls?lt d%@ §c?tn§gpportin a transducer
23 1.2 A"arr béari ng

slider for suwppeisimyg a transducer, conpr|5|ng an air bearing
surface formed by at |east one | eadin ﬁgm% and at | east one trailing pad,

a slider body ha¥® iyt RepELM SY=E¥R & b1 aF | 193§ e e2ding P3d) eading

step regi on Subst a3l l)Xe a,gyaqggg,% dd;the | eading edge of the slider body,
the | eading step region having a first etch depth, at |east one of the

| eadi ng pads f oraewlicert hedy having a leading edge and a trailing edge;

a leading step region substantially adjacent to the leading
edge of the slider body, the leading step region having a first
etch depth, at least one of the leading pads formed on the
leading step region;

a trailing step region substantially adjacent to the
trailing edge of the slider body, the trailing step region having
the first etch depth, at least one of the trailing pads formed on
the trailing step region;

at least two lateral step regions external to both the
-trailing and leading step regions and having a second etch depth;
and

é negative pressure region having a third etch depth,
wherein the third etch depth is dependent on the first and second

etch depths.

2. The air bearing slider of claim 1, wherein the third

etch depth equals the sum of the first and second etch depths.



léadrng step region; a trailing step region substantially adjacent to
the trailing edge of the slider body, the trailing step region having the

first etch depth, at |east one of the trailing p trailing
step region; at least two lateral step reglaﬁml Mm tleOth t he
trailing and | eading step regi ons and thlng a secon etc and

a negative pressure region having a thi “d etch dept h mhereln the third

etch depth is dependent on the first and second etch depths. 2.

The air bearing sl i defe QfirCh@afing sMWRICLR tNB i IeherBifeaapbh @gual s the
sum 6f the first and second etch depths.

24 3latemad agtep regipng & isybstaftiglhy mdiacemtertei Arefththbe t he

| ateral ste i.on S ubst i all acent_. one of the lateral side
edges of thie) {el% di n’gsijd%)r cfr 8 7 ?nruglf pg de‘g’ o tral?(?ng'l%e air bearing slider

of claim3, wherein a first lateral step region is substantially adjacent
to a first outer side edge of a first trailing Ead and a second | ateral

step region is %ubsThhtdixl Psaridigasdiden 8f cltifioAd ‘Bipreinst féreétige of the

first tlﬁallié%bﬂgidstep,region is substantially adjacent to a first outer"
side edge of a first trailing pad"an& a second lateral step
region is substantially adjacent to a second outer side edge of

the first trailing pad.

5. The air bearing slider of claim 4, further comprising

two trailing corner regions having the first etch depth.

6. The air bearing slider of claim 5, wherein the two

trailing &orner regions have rbunded outer corners.

7. The air bearing slider of claim 4, wherein a first and
.second leading pad each provide a substantially rectangular air
bearing ‘surface, and are positioned equidistant within the outer

side edges of the leading step region.

8. The air bearing slider of claim 7, wherein the leading

step region has at least two substantially squared corners.



5.- The air bearing slider of claim4, further conprising two trailing
corner regions having the first etch depth. Lr beari

e a ng
slider of claim5, wherein the two trailing corner ﬁﬂﬂ HW!“&H&[‘ :"ﬂlhded
outer corners. 7. The air bearing slider of iy il a
first and second |eading pad each provide a substantially rectangular air

bearing surface, and are positioned e@bidistant wwthin the outer side
edges of the leading step region. 8. The air bearing slider of
claim 7, wherein9the Theadingeastiep siagieonchadain 4,evlsdretinotisulfdranti al ly

squared corners . . ) 25 9. - The
a?lrJ bear i ngq:szi"ﬁlaé?g P PEPYHES RRPETATOPRE FFr RE2T1PP AYERGE p&FYpr ovi des an

oct agonal aiwn&gaﬁiMﬁuafm,tramdinqmFsé e endifgsendalitid ipad geges of
the first trailing pad are substantially adjacent to the trailing step

regi on. substagtiafidy atjadnodr bagthd theligl eted megiompherein the trailing
step surface has at | east two substantially squared corners. 11.
The air bearing slider of claim3, wherein a first l|ateral step regionis
substanti al |y adpacenthet aiabating Siider eflgaanh %9 Hhdrsinl eadithgipash and a

second lateral step region is_substantially éd'{ acent to an outer side edge
of a second qgdeppEFace has at least two substantially squared corners.

11. The air bearing slider of claim 3, wherein a first
lateral step region is substantially adjacent to an outer side
edge of a first leading pad and a second lateral step region is
substantially adjacent to an outer side edge of a second leading

pad.

12, Thé air bearing slider of claim 11, wherein the first
and second leading pads each provide a substantially rectangular
air bearing surface, and.wherein the outer side edges of the

.first and second leading pads are substantially adjacent to the

outer side edges of the leading step region.

13. The air bearing slider of claim 12, wherein the leading

step region has at least two substantially rounded corners.



' dad ’ 12. The air bearing slider of claim21l, wherein the first
and second | eadi ng pads each provide a substantially rectanﬂular air

bearing surface, and wherein the outer side edgeimlmuﬁm“ u MI nd second
| eadi ng pads are substantially adjacent to the f the

| eadi ng step region. 13. The air bearing <1iderof"claim 12,
wherein the | eading step region has até | east two substantially rounded
corners. 26 14. The air

bearing slider ak&.clmiemaid bashergidliaaghoicibe 11, whtrand eaerose dnat er al
step regions has a width such that the angle [err] neasured between the

outer side EgFésand aasend tadezpl sytap reelfingndagia Wlﬂégp‘éﬁ‘th t8athiegheyj r
bear i ng Sudg A8 boRdRL 84 r?] esﬂuér?er ont&e seiggeédégf ter d rl%tteggf' stegond

| eadi ng pads Ts greater degr ees. e arr earlng slider
of cl ai m llregtivesewitha rbspsit tor thd Iaﬂg Mipgow:r:Weanomcag@nahe air
bearing surface, and wherein_all side quﬁf of the first trailin ad are

subst ant i al P4FeXdF iR RA9EE Phdher BHTSthgrd (ARG ope gl eeiing pads is,gre air

bearing sligdgln of a&dRle®. 15, further conprising two trailing corner regions
having the first etch depth. -

- .

15. The air bearing slider of claim 11, wherein a first
trailing pad provides an octagonal air bearing surface, and
wherein all side edges of the first trailing pad are

substantially adjacent to the trailing step region.

16. The air bearing slider of claim 15, further comprising
two trailing corner regions having the first etch depth.
17. The air bearing slider of claim 16, wherein the two

trailing corner regions have rounded outer corners.

18: The air bearing slider of claim 15, wherein the
trailing step region has at least two substantially rounded

corners.



" 17. The air beafing slider of claim 16, V\,herein the two trailing-corner

regi ons have rounded outer corners. ml der of
claim 15, wherein the trailing step region has aﬂ“mugllmm)“mu anti aI I y
rounded corners.

The air bearing slider of claimS3, v\/nere57 a first lateral step regi on |s
substantially adjacent to an outer side “edge of a first |eading pad and a
second lateral step region is substantially adjacent to an inner side edge
of the first |eadi.ngrheadr Beddlingdsipdeat aF Sifm Beghnresnbst@Arttal |y

adj acent to_an outer side edge of a seeond |eading pad and a fourth
lateral step?®q%@di SRR RSNt 1SPPSERHAGEY IP2GAT rirfe ANsPHEE ALY of t he

second | eadidld J12d £irst 1eaaffy palCardti b DEAALaBlidlelse8h oAb 4D,
wherein the first and second Ieadlng pads each provide a substantlally

rect angul arsulstangéallyngdjacéastc o amdinnker eide tekge ouff dthesfUstedgadingf t he
“first and second | eading pads are substantjally adjacent to the outer side
V’H‘?m"ear’;té

edges of t NBPPeddt TS tareralithrPahtd e ® 254§E Ot AR first and

second Ieadmgeﬂoadaeaé@ges%saeducbahlyeadadgagc@dwtanaoatmrmnﬁte%a.des@;ges of
the | eading step region. The air~ bearing slider of claim 20,
wher ei n t heré¢giad ﬁgbstantially adjacent to an inner side edge of the second

leading pad.

20. The air bearing slider of claim 19, wherein the first
and second leading pads each provide a substantially rectangular
air bearing surface, and wherein thé outer side edges of the
first and second leading pads are substantially adjacent to the
outer side edges of the leading step region and the inner side
edges of the first and second leading pads are substantially

adjacent to the inner side edges of the leading step region.

21. The air bearing slider of claim 20, wherein the leading

step surface has at least two substantially rounded corners.

22. The air bearing slider of claim 19, wherein the first
and third lateral step regions have a width such that the angle ©
measured ‘between the outer side edges of the lateral step regions
with respect to the air bearing surface formed at the outer edges

‘'of the first and second leading pads is greater than 9 degrees.



: stfep'surface has at | east two substantially rounded corners. 22.
The air bearing slider of claim19, wherein the first and third | ateral

step regions have a width such that the angle [err en the
outer side edges of the lateral step regions V\nthllmﬂmﬁﬂﬂﬂlmgm
bearing surface formed at the outer edgg§ of the frrst an ®Secon Ieadlng
pads is greater than 9 degrees.

23. The air bearing slider of claim19, wherein a first trailing pad
provi des a substamti &hleyabctiagenay @iikdebest chgim sar, f@oxeiand fixetei n

| eadi ng and trallln%1ed es of the first trallln% Rad are substantlally

adj acent t o HRAIPRNAFERY S prefitifantially oc AT PPAYHS | ng sl der

of claim 23,5u§:§5é@erarﬁoaﬂéfe§1mgea&% Taﬁ&'dﬂaﬂﬂx&_ffeﬁ@és regicaassiand ng the
first etch depth. 25. The air bearing slider of claim?24, wherein

the two tr&ireihing adenre eyitshenhinid yr sdindedt i &hecloraiding step 26.
The air bearing slider of claim?23, wherein a fifth l|ateral step region
and a sixth¥® g?% step region are substantially adjacent to the out er
si de edges of theflrst trailing pad. :

24. The air bearing. slider of claim 23, further comprising

two trailing corner regions having the first etch depth.

25. The air bearing slider of claim 24, wherein the two

trailing corner regions have rounded outer corners.

26. The air bearing slider of claim 23, wherein a fifth
lateral step region and a sixth lateral step region are
substantially adjacent to the outer side edges of the first

trailing pad.

27. The air bearing slider of claim 26, wherein the
trailing step region has at least two substantially squared

corners.

28. The air bearing slider of claim 19, wherein a first
trailing pad provides an octagonal air bearing surface, and
wherein all side edges of the first trailing pad are

substantially adjacent to the trailing step region.



" 2%. The air bearing slider of claim26, wherein the trailing step region
has at |east two substantially squared corners. r/ ’Mgﬁ . ' '

bearing slider of claim19, wherein a first traili ﬂlr’mngﬁjm

octagonal air bearing surface, and wherein all side eddestofnt st

trailing pad are substantially adjacent.,fo the trailing step region.

29 29. The air bearing slider of claim28, wherein the trailing

step region has at |east two substantially rounded corners. 30.
The air bearing %]+ d&heotix bspring siidreiaf chein 28di viprednephtegi on has two

si de. rail s kob0ethd QUBENELo M BaETASSRA luoShhakant LAy Adhgegnt Lo the

| eadi ng edge and extending toward the trailing e the slider body.
31. A datacetrmemge device, conprising: a storage nediumincluding a
plurality of tracks; a slider for supporting a transducer over the
plurality of tracks, the slider further conprising: an air
bearing surface §or mefebyiAtheheand A08et @2ULNGim RAdwROL i theafdadRg
trailing pad, a slider body having a | eading edge and a trailing
edge; step region has two side rails joined together by a cross rail-

substantially adjacent to the leading edge and extending toward

the trailing edge of the slider body.

31. A data storage device, comprising:

a storage medium including a plurality of tracks;

a slider for supporting a transducer over the plurality of
tracks, the slider further comprising:

an air bearing surface formed by at least one 1éading
pad and at least one trailing pad;

a slider body having a leading edge and a trailing
edge;

a leading step region substantially adjacent to the
leading. edge of the slider body, the leading step region having a
first etch depth, at least one of the leading pads formed on the
leading step region;

a trailing step region substantially adjacent to the
trailing-edge of the slider body, the trailing step region having
the. first etch depth, at least one of the trailing pads formed on
-the trailing step surface; -

at least two lateral step regions external to both the



’ a;"«l'ea'di ng step region substantially adjacent to the |eading edge of the

slider body, the |eading step region having a firs {m‘“aﬂ“l east
one of the | eading pads forned on the |eading step“mm | m“ a
trailing step region substantially adjacent to the twraclihg 'tddge of the
slider body, the trailing step region having the-first etch depth, at

| east one of the trailing pads fornmed oBd the trailing step surface;

at least two lateral step regions external to both the

30 trailinfraddrpeant d§ading stegi segionfdapdiavgng a khied &tCh ¢,  and
a negative pressure region having a third etch depth, wherein the third
etch depth 1s dependent on the first and second etch depths; a

not or, coupl ed to the regetige predbung degionvhaviiggtdiehisd criapedemtch ,um
relative to the slider; and an actuator assenbly_connected to the
sl'ider body"¥sFeifothihFrirfeeh 48PER R dﬁgﬁ’é‘{eé’ltl O (PEN SR S BPY TR ve to
the directiotn @bpénd;rack on the storage nedi um so the transducer nay
access different regions on the storage nmedi um 32. The data
storage devi ce ef metai,me8uplethdicekhe tdterage repdigne fogepevingqihés the sum of

the first agtgorsé%(éolggdi%tmcge ae itvrt]as to the slidex; and

an actuator assembly connected to the slider body for moving
the slider body generally transversely relative to the direction
of a track on the storage medium so the transducer may access

different regions on the storage medium.

32. The data storage device of claim 31, wherein the third

etch depth equals the sum of the first and second etch depths.

33. The data storage device of claim 31, wherein each of
the lateral step regions is substantially adjacent to one of the

.lateral side edges of the leading or trailing pads.

34. The data storage device of claim 33, wherein a first
lateral step region is substantially adjacent to a first outer
side edge of a first trailing pad and a second lateral step
region is substantially adjacent to a second outer side edge of

the first trailing pad.



i 33 *The data storage device of claim31, wherein each of the lateral step

regions is substantially adjacent to one of the Lﬁmmw ] of the
| eading or trailing pads. 34. The data stor ﬂ, E’ ﬁmai m 33,
wherein a first lateral step region is substantially ‘djtacéntsto~a first

outer side edge of a first trailing pad gnd a second | ateral step region
is substantially adjacent to a second outer side edge of the first
trailing pad. 31 35. The
data storage devidée dfhecldaktm Soraghedevireqof ialatim 3ndwberwind al ébdlitng pad

each provide a substantially rectangular air beari rfac and are
positi oned eftfl EFS?%%[S‘G %[tﬁgnp?cﬁee ACH RV b sé’%ﬁ%as"r{g‘fﬁr erelcgg st ep
regi on. air bdfrirdd&uddhde St4dagee dWsi€Lorftfd eh@idDsBdnt Witheh nedhe fir st
trailing pad provides an octagonal air bearing surface, and wherein
| eadi ng and & Fige fges of e LPRALHY £F8R |599d°Dad are substantially
adj acent to the trailing step region. 37. The data storage device
of claim33, wherein a first Jlateral step region is substantially adjacent
to an outer side3dsedgsmeddatalstadagecasking padland 3 ,Sehendin aherglrsst ep
region is substantially adjacent to an oufer side edge of a second | eading
pad. trailing pad provides an octagondl dlr bearing surface, and

wherein leading and trailing edges of the first trailing pad are

substantially adjacent to the trailing step region.

37. The data storage device of claim 33, wherein a first
lateral step region is substantially adjacent to an outer side
edge of a first leading pad and a second lateral step region is
substantially adjacent to an outer side edge of a second leading

pad. i

38. The data storage device of claim 37, wherein the first
.and second leading pads each provide a substantially rectangulaxr
air bearing surface, and wherein the outer side edges of the
first and second leading pads are substantially adjacent to the

outer side edges of the leading step region.

39.  The data storage device of claim 37, wherein a first
trailing pad provides an octagonal air bearing surface, and
"wherein all side edges of the first trailing pad are

substantially adjacent to the trailing step region.



”3§,*The data storage device of claim37, wherein the first and second
| @adi ng pads each provide a substantially rectangular air bearing surface;

and wherein the outer side edges of the first ﬁu“ﬂﬂliug pads are
substantially adjacent to the outer side edges\ mm(“ tep region.
39. The data storage device of claim37, wherein-a ¢irst™ tfailing pad

provi des an octagonal air bearing surfacde, and wherein all side edges of
the first trailing pad are substantially adjacent to the trailing step
regi on. 40. The data storage device of claim 337 wherein 4(0firElte data

storage device of claim33, wherein a first |ateral step region is
subst ant i al |\REEEPACERP FEILPN dift spbatansiablyy@ddrcentt £p AN PUEEE f98ad and a

second | at erglyeSHePa AN aaingUP2d Aty 2! dotorf] AGRRh: L& b ENG! 551 de edge
of the first l'eading pad, a thi'rd lateral step region substantially

adj acent to substentinlly dédizcged 06 an Jeoencsildeaeldqry ofathefdrat flmadtihg

| ateral step eqgi on, suhstantially adj.acent to an ..nner. side edge of the
second Ieacﬁaﬁ{j gaﬁl.urd ateral4f.tegh’éeddzgf’as‘&s(gfﬁg’eal&é’v?%%acéaf'tCT'Qai 40,

wherein the ditest 518G dRCOPG |s2BEADA RISy §RANaM QVicdertth SHBSIANGkAL! Y
rectangular air bearing surface, and wher€&i n~the outer side edges of the

first and setawignl eshiitegtpaty addaserntstantn dinngr sfjdecedde tof the sesohér side
edges of thelela%al(rj‘gngadstep region and the inner side

41. The data storage device of claim 40, wherein the first
and second leading pads each provide a substantially rectanqular
air bearing surface, and wherein the outer side edges of the
first and second leading pads are substantially adjacent to the
outer side edges of the leading step region and.the inner side
edges of the first and second leading pads are substantially

adjacent to the inner side edges of the leading step region.

42. The data storage device of claim 40, wherein a first
trailing pad provides a substantially octagonal air bearing
surface, and wherein leading and trailing edges of the first
trailing pad are substantially adjacent to the trailing step

surface.



~ed'ges of the first and second | eadi ng pads are Subst ant i aI I y adj acent to
the inner side edges of the |eading step r
storage device of claim40, wherein a fi rst tral I,“’Ellﬂﬂ ﬂm 'L
substantially octagonal air bearing surface, and nd
trailing edges of the first trailing pad are substanti a ly a jacent to the
trailing step surface. 33
43. The data storage device of claim42, wherein a fifth lateral step
. region and a si xtA-| dther dhtstspoaggi cmv:a:eeofsu}asmam,l ghbyeiadjpacefth t 0 t he
outer side eldaq__era stg_ehe first trailin
P region and a sxx ateral step region are
substantially adjacent to the outer side edges of the first

trailing pad.



