; e3evs$: H>6t TNWs DI SC DRI VE SLI DER HAVI NG TEXTURED PADS FI ELD OF THE
| NVENTI ON The present inventiaon | ates to disc storage systens for 5
storing iwborsEson. mu&u“%mmw&ﬁarl y, the present invenbcoushet@ses to an
i nproved disc drive s that i ncludes pads having a contact
surface that reduces stictdgomar*and dynamic friction between the slider and a
surface of a disc. BACKGROUND OF THE INVENTION 1 o Disc drives of the
"W nchester"” and optical types are well known in the industry. Such drives

use rigid discs, i ' j fym for storage of
digital informati %ﬁ&iﬁ!ﬁ%ﬁfﬂ%ﬂéﬁéﬁg@?wrhﬁﬁwdat a tracks. The
di scs are nounted on a spindle notor, which causes the discs to spin and
-the surfaces of the discs tommmive hydr odynam c (e.g.
air) bearing disc head slide&s= transducers, which wite
information to and reaﬂ\' E)fr%e?@ti}\%ntfiiﬁ’%tatb% %j%scsb’trofr?%e% stk uat or
-mechani sm noves the slidefrs tromtrac -toltrac across e &I Sc surfaces of
the discs U’L‘i&’in%%fﬁubﬁ@ﬂ Rid26 tgaeidlardp, the idéddtinvdiiforafdiatas @ afechani sm
i ncl udes an actuator armand a suspension assenbly. The slider is coupled
to the suspednsprovedsdiserialrivet blidargtesign ithibaireluddst padsriavingl hecadagensi on
provides a load force to the slider, which forces the slider toward the disc
surface. Thesusfacghatirgdperpesticiopand dignasnicfreon Ratvweenrthestidenandipsc 25
surface. As thchdi c fotates, the disc drags air under the slider and al ong
the bearing SHAGOEASC direction approxi mately parallel to the tangential
velocity of the disc. AxndRERHY REAENTIOR Pearing surface of
the slider, air comressm%mﬁ%iﬁwm ses the air pressure
WO 02/ 33598 PCT/ USI | | / Bibcived OftheetWihdiRsii's andnebiidad tppay aregwellr f ace of
the slider to increase, which creates a hydrodynamc lifting force that
count er act s krevh dathefindustryrohchedidees useaigitlidises, whidhi dre caatdd'Witlya i n cl ose
proximty to the di surface,and enabl e the transduci ng head carried by
the sl i der (AERRtZsPIR PSSR (T SioRase f sligital ISnatan, My iRl AR At achnent
to the suspensi . I t i | . ile
follow ng t h@%@%@é‘?@%ﬁ?%?g{ah%%ssgﬁe %E%%rgs&‘g 8&9’??1(}’(}} ggg’é{dﬂ J(e:I }Téa(,:m%t or age
capaci ty havghlic®tedu@ed BWedissd tH8pinfdnd Nl itateABAtEBRENRS palsSEndedr f aces.
Unfortunately, the to devel opnent of ultra-low flying sliders is inpaired
by a pheronerespedtivel ldtirodyhamic (Sgcairpbearsng dissehkaoly slideas.i Thé sliderson and
vi scous sheer forces_which cause the slider to stick_ to the disc surface

after peri odesrey trapsdugesss, vehich Write ifopeatiRne e and reyd dnferaghian feomot or

provi ded thatttﬁ?ffi C'Qﬁgt torque can be produced. However, the slider and/or
the di sc can"§&¥SHEEYed when the slider is freed fromthe disc surface.

In addition, dynanic fahChéBtdRChBBRINEMACHHVES 1B fIRfeRs F¢nt RBcisld-der can
al so cause problens in the formof reduced nodulation on the read and wite

si gnal s pr oditadd absost Hhet dsossiréaes .of Ghet dists strater / costtay ¢fCESytranisc dri ves
operate with the slider 20 in contact with the disc surface during start
and st op2lopetitauitgyis Thiee actuséote hechamism f includes ansactugtost pPRarNdpaed to

mai ntain the beari.ng that,all.gws the slide%ﬁ fh . To alleviate.,stiction
or obl ems, - soiEPEREOR asEPf, othe PSR 8 Puples f.hY PRSI 280 Ear ¢ he
| nnerdi anet g, htar@nﬁdﬁé\d &a&ﬁﬂ@ﬁ@%?%usbéhﬁoﬁ%%ﬁﬁl&é §doh@$8iENo

asperities or textu on the disc surface.
the slider which forces the slider toward the disc surface.

The slider includes a bearing surface, which faces the disc

25  surface. As the disc rotates, the disc drags air under the slider and along
the bearing surface in a direction approximately paralle]l to the tangentiai
velocity of the disc. As the air passes beneath the bearing surface of the

slider, air compression along the airflow path causes the air pressure

AT

*159159+*



25 The texture acts to reduce the area of contact at the slider-disc
interface. Although this solution reduces the |ikelihood of disc drive
failure dwe ob@3cesW O 1!2/33('18 PCT/U S111 /21e32 -3 suctipgmushhedss2 i s al so
a reduction in the area of the disc surface that can be used for data
storage. Furthernore, the presence of the asperities on the nedia surface
can enhance the chance of slider-nedia contact during operation and thereby
sets the limt to the true attainment @ ultra-low 5 flying sliders.

Anot her net hod of alleviating problenms with suction and dynamc friction is
to include pads on the bearing surfaces of the slider. The pads act to
reduce the drebweet thedisscandithehbearingisurface off theslider to eeretse, metickse t he

-sucti dd ic fricti that i t d. Such 1
Cypl cal |y GREAES B nsieABHARS NDie Froh (ah Cumiciteisy DrRag Hrosm pads
I h . i J 1 G fricti I I b
Feliani ity Foes@@¥iakP Bl B Sh Abe PO ART I o s seBee BT Scae
whi ch requi reablie s %aﬂgd@e_sﬁgmhyca%ﬁeatﬂ(}, HheS it R @ffogﬁr %adRéﬁéA)-
b 15 wi t

Anot her net hod of alleviating suction problens associate CSS di sc
drives is diwritosgpdrationsl The Reitribaled\attachrdéhlt, thlthe whdpeisions agdnibly Kasamat su
et al. The Kasamatsu Patent nodifies the pads of a slider by etching the
cont act sur falwsthe slidesdapitch antd relbyvhilerfolewing dhe éypogapgymédhe ar ea

bet ween t he 0sJI i der and the disc surface. The etched pattern on the pad has
a depth that 7S less than the thickness of the pad. As the etched portion
20 of the pad wears, t ; t n . C t he

Bembhdl Yo hAelRd ARc #ggag@yé%;ﬁﬁ AR fed Yo

etched pattern deteriorates until Tt 1s conplet away'. ce the

et ched surf dewer sliclet flynabiphis bhd shosther ﬂ@dcssﬂrm&ﬁemﬂ@erthés the
padded slider described above. As a result, this method will dftimately

| ead t o Wuctdavelopmientyabmlivadowcllying slidesd és impairad ebyalaophenarhendn | ity
limts in 2s systens usjing ultra high aerial density, interfaces. W O
112/ 331 98 Pé?ﬁﬁéﬂ’i‘?‘%'réﬁf%gﬁ is/grused Ryt static g%ﬂiﬂ%bﬁff%mﬁ@%éh%@ forcen| ens
caused by s j I I d.or r |.pad/ unl oag disc drive.
Ranp | oad dﬁg%:dcglﬁa\ll}g% h{e)q %1?91%53 eSﬁ?ig(taCL %gee%lgé?mﬁ%i ?fger_tP&“" Srqg'nof]ﬁlésesl i der on
the disc surdréBnboartiBé Riefcdnié by ﬂ{eO%aﬂIMe%o&He Avided that spddied: above the
disc 5 surface and unl oaded fromthe disc surfacg. The ranp 1s generally
adapt ed to hotqliet hen He geodimed: Héowaege ke alidanandg ot \the cdist ahobat ed

adj acent the_outer dianeter of the disc., Prior to shutting the drive down,

d
the act Udt ordampagashivehen the slider e freedli Hgms the glisq pwitpeendngpdditiony f ace by
tati th i th 1. t li.d i | oaded, th
(rzliosg : ggal I g Sus_ %?,‘F@B‘gl %F?%%%Iﬁén%%i %Ogﬁ%g\@%gg?set I§)l Efrro‘lr‘ﬁi ft’tlg()]?claﬂlge oper gti ng
speed and t HgoBldNSirCRR fBfn DR ¥eddRmodhilasibA dn ﬂ\@’reécf'g?ﬁ%ﬂl%ts? dIEchani sm

del ays | oadi'ng the slider onto the disc surface unti e rotational

vel oci ty of produdedby tisatrhesiudess.f ul | operating speed. Although ranp |oad
disc drives appear to be a solution to nmany of the problens associated with
CSS drives, such as tHeontgcth#tart/stop (&°S8 dissadrives| opraniegwitbribe slidep | oad

di sc driyves .have_ their.drawbacks. . One problemthat is encountered in ranp
foad di 2SRk d Sl e RE hifef oSHEHANT RoPPEErAORs By i ng
ranp | oad o E ]Mg@ r I i i e th. 1. pder is
not suffici gﬁ%ﬁ/isﬁgisne .Q%tf)a%ﬁi @ﬁ%%é]rfagcs?’lelé%qg?\lé{em ?%b:ag@y&(aaﬁﬁg %lfa

possi bi | ity afowtaireglider ofey. diosdlleviate stiction problems, some CSS disc drives

provide a dedicated landing zone near the inner diameter of the disc by
generating, in a controlled fashion, asperities or texture, on the disc surface.
25  The texture acts to reduce the area of contact at the slider-disc interface.

Although this solution reduces the likelihood of disc drive failure due to



surface and/or the slider, which could result in data | oss and disc drive
failure. One partial solution to this is to provide a dedicated | oadi ng
zone at tweoeui®s di ameter of the disc surface where no deta/user/vessiten.
Unfortunately this solution decreases in the effective data storage area of
25 the drive and does not solve the problemof potential damage to the
slider. Ranp | oad disc drives can al so encounter problens with suction.
This can WO 112/33l 18 PCT/US111/2k3>~32 occur, for exanple, when power
to the disc drive is interrupted while the slider is flying over the disc
surface or when the suspension is knocked off the ranp. There exists a need
for an i npr osectial, $herdris alsosd redlerctide s dine Sreaiuftthe elisccarfxeithat cam band
-dynami c friction between the slider and the disc surface to provide

reliabl e opet&ed 6o drterstorages Furtbermors dhe presence of whe peparitiesien theduci ng

the likelihogd pf d e _caused by.contact between the sligde nd a disc
surface. SU é‘—ﬁ%&ﬁaﬂvﬁ%‘?’ﬁﬁ the fh%nc& 8§<§ Sl iCSPI%Cg ﬁFP&t ed to a
di sc drive sk : : L $G45S %nﬁ{bgﬁ ]}m%_ j der

i ncl udes a skp%giﬁlobgﬁ/dzﬁ%&é?rgg%ﬂ%%ﬁﬁﬁ he s?ﬁ er \53)3; elgjr}ail has a
bearing sgrf flgihg dlnlerd.aces a surface of a disc. A textured portion is

formed on the bearing surface of the rail. A pad is deposited on the
textured portion and operdhesmethoddfcdlevinting problems dyithrstictibniartd on, and

{ner ebet ween AYRRBUCHHbTORal INE LA, PR o dhe SR8 SusEmIoh oM par ont
det ai tea- desdrepRrbRtt el oAbl Bt bR PR b el RN 0, (o)

view of a di g&ditel the sEERSRAR] dyRheie SRR thAGis¥ncORhieRRBSuER BAdL Are _
accordance with enbodi nents of "the invention. FIG 2 is a boltom plan view

of the slipdetypicalfcfoonuanafediairtdnd-liee varbbn(PLENbUdforamaelgf DUGEpads/ent i on.

W O 112/ 33l 98 o
alone have been shown to lead to stiction and dynamic friction levels

above reliability limits in systems using ultra high areal density interfaces
which require the use of extremely smooth disc surfaces (e.g. Ra<3A).

Another method of alleviating stiction problems associated

15  with CSS disc drives is disclosed in U.S. Patent No. 5,991,118, which issued

to Kasamatsu et al. The Kasamatsu Patent modifies the pads of a slider by

etching the contact surface of the pads to thereby further reduce the contact

area between the slider and the disc surface. The etched pattern on the pad

has a depth that is less than the thickness of the pad. As the etched portion

20  of the pad wears, the texture formed on the contact surface by the etched

pattern deteriorates until it is completely worn away. Once the etched

surface is eliminated, the slider acts in the same manner as the padded

slider described above. As a result, this method will ultimately lead to

stiction and dynamic friction levels that are above reliability limits in

25  systems using ultra high aerial density interfaces.



-6 PCT/US111/21~32 FIG 3 is a magnified perspective view of a portion of a
textured portion and contact surface of a slider, in accordance with an
enbodi menyo®b/33d98 i nvention. FIG 4 is a flowhart ill ust patriusgi/z4set hod of
fabricating a 5 slider in accordance with an enbodi nent of the invention.
FIGS. 5.1 - 5.4 show partial cross-sectional views of a slider taken al ong
line 5-5 of FIG 2, in accordance with enbodi nents of the invention.

DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 10 FIG 1 is a top view of
a disc drive 100 in accordance with enbodi ments of the present invention.

Di sc drive 100 includes a magnetic disc 102 nounted for rotational novenent
about an axis 104 and Yitj \eewtlyr aethoddfee rathwing nmobknmwcausethebyconponent s
.of disc drive 100 are contained within a housing that includes base 106 and

a cover (nostistiemis to uss orampdpad er rampdprad/ wrlepd dise duivedtamp dpadrechani sm

108 ted .n .pl. at 10 d, pivotally seabl | at i to di 104
about axi o 155 diReSRuByRuE e Mo el ra (e RRE R IS 08 1< a

| inear act U%h%ﬁ%lfégtqsggg o fRAPABLIWHI dloaldd 68 1gKUAURR AR didd and

suspensi on asse is coupled to suspension assenbly 116

through 3 2@uefatdahe tinddddrelie@mithe badc stirfaowTHelraflfy is bhRedallypidaphedind rol |
as it rides on a bearing above surface 120 of disc 102. Slider 118 is

desi gned i n tadwdd dheshider by thesuspansitinand ds tygticallyr lohatedrasljaceahtheupports a
transducer to form a head for, readin nd witing informati on on disc 102.
Act uat or medrues dismeier o ﬂé?d‘é’ﬁf-g'g“‘?lbgor %l‘%ﬁ’@g §f“? éié‘t"efIPB"%l"é‘ﬁg"CB%aéﬂ’ét e path
122 between _an,inner 2s di tel niout.er di.amgter 12 di sc 102.
A cover 128 BEMARHRR prlodds e £y ing Sad oAl g A PR 8?°ta?€6?ﬁi2/ 33GL8
PCT/ USUI / 214325 X didhe o RNMHeQhh. Grit@ theShiad! i§ 1AARHOthd WSO RUIRMAPS t hrough
a suitable connection. Drive controller 130 can be nounted wthin disc
drive 100 orolstwatisdotaticrial eelrcityifsemdhe fell bPeratingr spegd amel thiei dvive dri ve
controller 130 receives position information indicating a_portion of disc

102 5 to be capdested dopm. At garitumithe pctugipr raechianism dplayp deading he

nfor i on LEem S BRSTALel el SAISSLERIPUSE, STl o snolber |
130 D1 O, o3P 1Sl gl Aok R a0 a0
turn, causesofitisteto fbBiytof the problems associated with CSS drives, such as the

15 need for a dedicated landing zone, ramp load disc drives have their
drawbacks.

One problem that is encountered in ramp load disc drives is
that the slider can contact the disc surface during ramp load operations
when the required air bearing beneath the slider is not sufficiently formed.

20 This contact is undesirable due to the possibility of damaging the disc
surface and/or the slider, which could result in data loss and disc drive
failure. One partial solution to this is to provide a dedicated loading zone
at the outer diameter of the disc surface where no data is written.
Unfortunately this solution decreases in the effective data storage area of

25  the drive and does not solve the problem of potential damage to the slider.

Ramp load disc drives can also encounter problems with stiction. This can



1 o nove radially over disc surface 120 al ong path 122. Once the transducer
is appropriately positioned, drive controller 130 then executes a desired
read or wWybhesswpgration. FIG 2 is a bottom plan view of aorasanmis of a
slider 118 in accordance with various enbodi rents of the invention. Slider
118 is 15 adapted to support a transducer 142 above a surface 120 of a disc
102 (FIG 1). Slider 118 generally includes a slider body 143, rails 148,
and bearing surfaces 146 forned on rail g5.148. Rails 148 extend between a

| eadi ng slider edge 150 and a trailing slider edge 152. Rails 148 are
preferably truncated prior to trailing edge 152 to mnimze the fly height
of transducer oddi2, fdRaixhipld) e potvedits BRE Aikcalidi isant@RipRt White gsed
-portion 154, which forns a sub anbient pressure cavity when slider 118 is
flyi ng above slidar isflyirgrever2be dgicistieface 58 welzen thesusperdion s lanadeteff r ai |
156 that suppqrts transducer 142 and includes a bearing surface 157. A
-recessed stepﬂﬁﬂﬂﬂﬂber 158 can be located at |eading edge 150 and has a

d h th i b d f 2 d I 154 d i
Surfaces 146, St ep 158 BRGNS NEBHIPE A0 BIFTBY e fivs SIS ARSEEH0 1 o
assist in for Eﬂa‘ﬂfiiﬁ%fes%&ﬁ&?%ﬂ@riag?@fﬁgﬁgﬁ %%ﬁﬂgég gg?li&gr%ﬁa?ﬂ%g—cﬁsc under

beari ng surfaces nter rai can SO In a step r taper)

160 to sini | aphfacsdl grovide deliablewpreitianweth @traddrhodiadibd Surfide whar i ng
surface 157. Slider 218 is intended to be one exanple of a suitable slider

desi gn wi t h whirthereredodingethe dikelihood of dasaage ¢awsed biycrontast Hetwsen slag) .
Accordi ngly, enbodi nents of the present invention can also be used with
sliders havi n%&%{@ngfa ﬁ%ﬁF?‘i’JﬁP@-rai |'s, for exanple. During operation, as

di sc 102 rotates, air (and/ @knd i 68 SnARdgged under the slider 118
and al ong bearing surfaces Iz _NR&! ) L ANVEN PR Secti on approxi mately
parallel 4@ the tangentiTpb predcdfiihvertforfisS@ird@ed td 20diRe drfiR diderRRases
beneat h bearing surfaces 146, air conpression along the air flow path
causes the ai solpeetimprobmswdizousied absue.MHeesliteg irnvaddeaslideg dyfacks 146
to increase, which creates a hydrodynamc |ifting force that counteracts a
| oad force pravpdéermgd endhe @&ﬁﬁ%d@é@gésbegrm@wmethatﬁame and
in close proximty t i sc, surface 120. .The bear.i is 15 typically formed
when the | angBireR oAt JGe R Rern i Ripketion ik bbri fsE R e 175,
reaches a mini ggﬁy t&éﬁ&ﬁtéﬂﬁ?ﬂn TSy ; j ughacity of
di sc 102, at fﬂgq$ cat?%n of glider %18, ngﬁgggﬁ?ﬁ%%q#%§£%§2#%ﬁn#8§
operati ona$ spigibn, sliyhdeiic fridionsand thelikéliood éfdathage fofHeatieled 30 thd sc
drive 100, shown in FIG 1, can be configured to operate 20 as either a
contact st ar t disssupfacedsy teicedaethergbetween. anp 1 oad disc drive. As a

contact start/ stop (CSS) disc driyve, sljder 11 ontacts t i sc surface
120 during start and st e%fpeﬁ’ﬁfi%ﬁgrvﬁ?é Fﬁealf‘gné%‘fﬁfit%ll W\?é‘i]‘gcg‘fcf%? t he
di sc is bel ow, i ni o] [ eq. he r -1 0a

configurati on?bgiﬁgg‘[orﬁviﬂ\}ghlg%reﬁinlc?ét}gévfg?rgﬁpg%é&%% ﬁﬁ%ﬁéu%?gb#ée support
mechanismto Z@rrbmcﬁj\gd@{aﬂéd&egﬁl}ﬂjorand unl oad slider 118 from disc
surface 120 during power-up and power-down operations. Here, when disc
drive 10020s to be WO BRIZEBRESCRIPTIONFAEIE BRAWIDISr ed down {where

the disc decelerates to n n-roat' n a,), _ct uat or nmechapi sm 108,
under the control of dri % ﬁlﬁrﬂf‘lﬂl"@r‘ggé, 1?‘&)@’3’(’%§"°§E&$§YF§?TB£%%%‘HJI y 116

i sc 305 at o B8 PAel Bl &BRERE BB Rl RARN IR, SPod ©

operational speed. Ranppi32 isa B%&ﬁ%léﬁ@ié& o YRP Sl derSHSReARIaREe With Such

that slider 118 is held above disc surface 120. Li kew se, when disc drive
100 i s power ethepgrictissembédinamndebethatingeritiovar d a ful | operating rotati onal
“velocity at which disc 102 has a tangential velocity at outer dianeter 126
that is larger than the m ni num operati onal speed.




1 o As the disc 102 is accelerating, drive controller 130 controls actuator
mechani sm 108 to rotate suspension 126 off ranp 132 and position slider 118
over di sowewrfiame 220. Referring again to FiG 2, slider pt8nsopbages a
plurality of pads 162 which are deposited on textured portions 163 of
bearing surfaces 15 146. Pads 162 include a contact surface 164 that
corresponds to the textured portion 163, on which they are deposited.
Contact surface 164 of pads 162 reduce -gifiction and dynamc friction

bet ween slider 118 and disc surface 120 to facilitate the use of
ultra-snooth disc surfaces 120 (e.g. discs having a roughness Ra<3
angstroms (A)), which &lGo® i adeagnifitd perspégtivienvieooé a2 popiiarxiofiid y t o
-disc 102, as is required in disc drives 100 having high areal density
recordi ngs. Mxtedbpartion apddeontact spfage;ofed shider, ragrrserdance witkein hood of
damage to discl; rfacg 0.ca%§$d by contact with slider 118 while slider
-118 flies i n“CIEEEGPLR MEVEY Wsc surface 120 and during ranp | oad

operations. As a resul tgigpads JLAdwak i@ﬁ%a&%g“@%ﬂdﬂ Sf%tﬁﬁgha 4 anmp | oad

di sc drives 100 utilizing ultra-snoot I SCS avi ng aredl” density
recordings. slid¥ inletSRlad8e with BCEMBodihdnt/ of(thé Bdehtion. 3 1S an extrene

cl ose up view, exenplary of an Atom c Force M croscopy (AFLVI) anal ysis of
a pad 162 formed on a Bd&bi hd -sud fshow padial crosasedicahviewd oha shidedi nent s
of the present, inventign. Unit | gng x- and y- axes 166 _and 168,

respect i vel y takenealoge, m%én%toéf@%(%u%acgorﬁaap@i%%ﬁmmnwnp? $en the z-
axis 170 are. eq\tig%norreters (nm /division. In one enbodi nent of the

i nvention, textured portion 163 includes a plurality of protuberances 166,
an exanpl e of WhHEGARIED PISERIPTIONORILLUSTRAPESE EREODIRMENTSPE Of
prot uberances 166 can be circular, rectangular, oval, or any other desired
shape. The di mensi ons @&IGpHds wbiepevieesofl 6Glidc drinad00hin asparciance bathveen

i ndi vi dual protuberances 166 can be adjusted as desired, but will be
limted base@mhbsshiments phtheipresent inventionaDissdiiee hYlinchidesiasmagaetic For

| e, t | 1jt b to f t ext d f
Toe Tha coniaioddRounted I8P RBdnA S RoTdnpibo an a0 pRE BB e
lith h I i t { Ui RS -of 11 to b
flor rrgg.rapa Ke% %@ﬁlﬂ%gﬁﬁ%m{"?n&t he “art Cgﬁ&glbggn regtﬁgdésg F%ngiprgt e gesiGr ed

textured por icontiddd@ithen aoasingahat inckides basd 106 411 866 eFi(hdt shgwat)ocesses.
I n one enbodi nent, protuberances 166 have a di aneter of approximately 1 u

m a pitdh oDispgrivgilfdalsojindudas an agimater me¢hpmismo fl0& pprutedrtn 2bgs&s0 nm
plafe 110 and pivotally moveable relative to disc 104 about axis 112. In an

alternative embodiment, actuator mechanism 108 is a linear actuator.
Actuator mechanism 108, includes actuator arm 114 and suspension
assembly 116. Slider 118 is coupled to suspension assembly 116 through a
20  gimbaled attachment that allows slider 118 to pitch and roll as it rides on a
bearing above surface 120 of disc 102. Slider 118 is designed in accordance
with the embodiments set forth herein and supports a transducer to form a
head for reading and writing information on disc 102. Actuator mechanism
108 is adapted to rotate slider 118 along arcuate path 122 between an inner
25  diameter 124 and an outer diameter 126 of disc 102. A cover 128 can cover

a portion of actuator mechanism 108.




20 Pads 162 are deposited on texture portion 163 of bearing surfaces 146.
Pads 162 are preferably forned of dianond-Ilike carbon {DLC) due to its
mechani cavoandsgpeni cal conpatibility with disc 102 and becauwsei/2ds3prevent s
di sc lubrication breakdown caused by interaction with the material formng
body 143 of slider 118. Pads 162 typically have a 25 cross-sectional area
of about 50 square u n2 to about 5,000 ,u n2 and a hei ght of approxinmtely
300 A. The height, width, and shape of -pads 162 WO 112/ 33@&8 PCT/ U S111
/2G32 -11 can be nade conpatible with needed cl earances for proper disc
drive operation. Pads 162 include a contact surface 1b4 that substantially
corresponds to the textlriee gmttdllen 183 omtwils chctiatdrs megesisned10\s a
-result, contact surface 164 includes a Iurallﬁé@of protuberances 166

whi ch 5 cor rébmﬁbquée G@F@@CWWBHB?G?%@J%F sande wounted Within por t i on

163. Thus, 66, .h | t t ub 166

o ot o RERETAES: MRS ISR oF g Tl Rl SoRBRLN BHRE o 165
dth I %ﬁ%) Résh

glnast | glst;1 |S(nE Q%C}S(ﬂ%c&%v\ﬁ:&ﬁﬁ 'S giéﬂéq upg}ﬂdi%‘ éﬁ?owl néf (Ehef at1onshi p:

= Q Htb %eaacéssw\@ﬁv&cémle@also&emmrmeqjdsm@f irfethatédrefliomyoung’ s
I\/bdul us of Elasticity, Hrepresents a hardness of the softer material,

[err] is the atnoopem’sm] froqn ar bogif cagnpiiter.eoh &logh agotherdsuitably centzolier. t he
cown as. o 1 GHGHAE04RE FORRERFIOTTRBODELE oAt Bl A0REOREE AR oRP Dy the
rattos for COIRY aaéffosac Fltel “mhdheayer 8. s PorHoh i CRRERF Mt 00V
S i Larly, Elmatiinsin 08 t oo sxhool isoin RknElaeids Qi 198 sont act
surface 164 and di sc surfa 120, respectively. It has been shown
experi menwal lmoenehdially wekedimm gurfadeaﬂ()tdilm@ﬁath 122. Once the transducer is
appropriately positioned, drive controller 130 then executes a desired read
or write operation.
FIG. 2 is a bottom plan view of an example of a slider 118 in
accordance with various embodiments of the invention. Slider 118 is
15 adapted to support a transducer 142 above a surface 120 of a disc 102 (FIG.
1). Slider 118 generally includes a slider body 143, rails 148, and bearing
surfaces 146 formed on rails 148. Rails 148 extend between a leading slider
edge 150 and a trailing slider edge 152. Rails 148 are preferably truncated
prior to trailing edge 152 to minimize the fly height of transducer 142. Rails
20 148 are disposed about a central recessed portion 154, which forms a sub-
ambient pressure cavity when slider 118 is flying above disc surface "120.
Slider 118 can also include a center rail 156 that supports transducer 142
and includes a bearing surface 157. A recessed step or taper 158 can be
located at leading edge 150 and has a depth that is between the depth of
25 recessed portion 154 and bearing surfaces 146. Step 158 begins the

compression of air under slider 140 to assist in forming the air bearing



smal ler the plasticity index [err] is, the snoother the surfaces are. Mire
specifically, when [err] < 0.6, there axe primarily elastic deformations of
t he cont agbings@sperities, and friction beconmes very hi gh pra/{seinds32
decreases to small values. For a [err] > 1.0, there are primarily plastic
deformations of the WO (12(33198 PCT/USII1/2(-t32 -12 contacting
asperities, and friction is usually low, but wear is unacceptably high.
When the plasticity index is in the rarfe of 0.6 < [err] <1.0, there are
both elastic and plastic deformations of the contacting asperities. The
typography of textured portion 163, and thus contact 5 surface 164, is
control | ed t@ndehbesrng S@é@ﬁ?%&@aC@Etebfraﬂ H6ptass alsei ingludedessteper t hus
friction and vveahﬂé velst are con 3%Pent with_ the attai phnent of

superior sli HHET e AFRITE Y pafian, of 78y 8l BerIng 9BdeHon of the
surface topogg : sﬁ%ceﬁ%nz_cnl{de?qlg&g &Etdrt%sﬁ)ee de bfarh lc{fac'\téugﬁagg the real

-area of contac area or act are

prescri bed 1sli>dé‘r0<ﬂ'és"1’$ﬁ v&ﬂewe&erﬁbémernaé bf tid Ip?é‘s%htﬁﬂvéiﬁi@nnﬁh geea of
contact will result Tn high stresses and thus pfastic deforrratlon of the
asperities, ubst dazoedingty emigdimentsoofvihe [preseat imtertiopl catdlw bedsdrat i on of
the asperities, but it may |ead to unacceptably high friction values. It is
preferable t Withesl idess having oslepsinultipje rallsefor example.hat i s approxi matel y

Ref er 1 ng now o Fi G, DRtRORergh onsasﬁ%i&éoﬁ%a%%% el o BT der 118
In accordancfeaﬁaggfeu a@&@mpfé ahd S10rn3Rak: é.J, 14%e%f%hn§§ﬁﬁ§ed FIG

4 is a flowchar ustratlngt egeneral steps us

fabricating gl hdifecids X &aﬂelﬁo%@&@@rﬂﬂﬂél lvélb@i@ly S dpearropal
cross-sectional views o |'i der 8 taken along |line 5-5 of FIG 2.
Initiallyg aAssthepmip@seabsmaibrbeauug suzfacess14; @i cetpressionsilonggthebody” 243

i ncl udes bear] surfaces 146 formed on.rails 148, 3as shown FIG 5.1. In
one. enbodi noRlt KR g Geses L g REBscT Byarectidios Sumiareioh B Bessingng
surfaces 146, ct t Is 25
preferably fo?ﬁnéc_cfi%%c&cgdt St eh&fégeg egx hy&d)&é'%aﬁgg Mﬁ%g&#%‘?ormd on
portions of be@iferttsa IdRLRYce fbﬁﬂecﬂ By lstispdbionn$16 hAMakdes Blifer P1g3. WO
02/ 331r98 PCT/ USI ) 1/ 26~32 -13 Texture portions 163 can be fornmed using any
sui t abl e et Agdabauec Andsirplubisel prdxdmityptry dismserfhes d20.e Thet beagingpisy and

ot her suitable nethods. Textured portions_ 163 generally include

pr ot uber ahce&yPicdly foxmednuben thetamgegtial vegar il%ta !Lffﬁsloéﬁfdms%pe of

pr ot uber ances 6 n_bhe.sel ected. 5 to provide the [ ast;city index
[err] Height ]i%%’ 1§§g§ﬁ%¢§ﬁl § c?reﬁ?ﬂ%k 1370 tsth’\‘/sal ?’bﬁ g‘f»"

Addi tional | Yt ﬁh%@&b&gy ef dPo‘ctlQ)E &%eh@éd%%%@s@ic@?@é 19!&5%&{&0 166
can al so be sel'ected to ovi de the desired plasticity index rr step
188 of the meihimunrpaptraticdalapeed apidet 1Hs dn combattwith diy duirfee 1263 as shown

in FIG 5.4. Pad 162 includes a to_contact surface 164, that corresponds to
textured portion 163 oplﬁmd’éﬁeﬂ)%shewfi@}"d@p&qaﬁ’e}éﬁ configured npperateont act

or ot aber Ahoce SEREE Sufed iy e ol FhsaRel ot avemitiond Beecti A  holy
have a hei gh ' s

al | ow cont actgCéﬂ%g%%ﬂfgﬁt@ggzd¥g%n§?n§§eﬁgggcgﬁ ag%g%thH%Ebearléen%ﬁ)gurface
146 as pr ot udetial 4066’ sty aperativons wiksithe tahgirtiad voloditpentheodist ke present
invention has a longer |life span than the Eads of the prior art, in which
the contact belomatke misimuir ﬂpelatiOUelpspeedn Ordletmnpdaadtonfagls‘atlonh surface

resulting inp |l ens. Wit tiction c friction, and amaglng cont act
between the évsccaﬁiveamlap €5 @ T3 %Q’?eorl er wﬁt%tﬁwwrtmf@

inventio re e il (248)
f ormed 02 t he&s a‘b%e(% ]f)l aAﬂt§2§1%§ {mi%e Pail ](ﬂ?ﬁ? %%E 1gQar| n surface
(146), whi chpoielr#iPand poWetdove BpbRkbHS. EHeﬂéowiHeﬁ'Hléclﬁﬁife 1008 to | ng
surface (146? of the rail (148) can include a 25 protective overcoat |ayer
(181). A pad (162) is deposited on the textured portion (163) of the
bearing surface {146). The pad (162) includes a contact WO 02/ 33l 98

PCT/ US111/2(-t32 -14 surface (164) that substantially conforns to the
textured portion (163) of the bearing surface (146) on which the pad (162)
is deposited. In one enbodinent, the textured portion (163) is forned in
accordance wth a plasticity index ([err]), which is based on Eq.1

di scussed above. 5 The textured portion (1b3) generally includes a
plurality of protuberances (166). The protuberances (166) of the textured
portion (163) are micro-textured having discrete 1-10 mcroneter features
in one enbodlnent and are nano- t extured havi ng dlscrete 100 999 manonet er

g -- - oy R T



to The pad (162) is preferably formed of dianond-1ike carbon (DLC). Slider
(118) can also include one or nore pads (162) which are not deposited on a
t ext ur ed Wwohbmss9s (163) of the bearing surface (246). As aprceasbinessd i der
(118) can include pads (162) having textured (164) and nontextured contact
surfaces. 15 I n another enbodi nent, a contact start/stop (CSS) disc drive
storage systemis fornmed using a slider (118) in accordance with

enbodi ments of the invention. In anoth& enbodinent, a ranp |oad disc drive
storage systemis forned using a slider (118) in accordance with

enbodi nents of the present invention. 20 Another aspect of the present

i nvention i spaveredt dowro (wheee Hbe discf dénelerates np & glondmtatirigl Stattpr use in

di dri t i 00). Th t i ncl ud t 180 f
025 . B e T S A v
earing sur , rfor i a texture
bortion (1657 petdaR ks 8 S eRBakebp 152 REOLR Pignell 10k BRtdte) ©

I final ) : j i ti
(163) whor etr e ratgefel siecoR did MO o OO SRR RS Lol BHIGH A7 L' O
contact sur frairéim{ukf4 ppetetionadr speedonRampo 18De i exdnfi@dedord | SilpHd®2) on

which it is deposited. In one enbodinent, the textured portion (163) is
forned i n acdGpensier & isuch phattslidex 1B nigekeld abpye , dishi sface ed on the

| at i hip . id b I, 1. It [ der st ood t hat
{hough numerdREvRaperaCite Ul paitesid HBedPe 00 arseapseiea BaMRENt o of
the invent | Qi aeiomabndiVeldiity b Wiich G1sF 485 Blls AS365da flochPICt el

with details of “tl ructure an unction of “various of the

i nvention, tdticuted SRinfsterF 824 thatlis bsbenthanahe thininring opeaitiinnl Bpsed’e made in
detail, 1o especially in matters of "strucutre and arrangenent of parts

wit hin tiee pAs rtbepdiss ¥R ishecqelarstimg, drivendontiollen 130ecéntrdls eadteatbri ndi cat ed

by the broad general ani n%éof the terns in which the_ appended clains are
expr essed. Aee‘é#aduﬁaﬂg’,% tadekade suspension 1 16off gampy B32\amql pogitiogritidert hat

changes may de.in. tar d detail without departing fromthe spirit
and scope ofﬂ%r?e%@‘ﬁc%%%t:% * WD 02/33198 -16 WHAT IS CLAIMED I S:

PCT/ US111/ 2C>>-432 1. ﬁéﬁ{-ﬂ’ﬁ?ﬁ 5iart0qqe;.izp Bd& P18 Y §esSh M1 gt em
conprising: a slider body; a rgi formed gn the slider bog{/ %aﬁng a raised
beari ng sur feads; 162 whichure depositedoon fextured pmrtibhe168ef bargirgusdréaes and a
pad deposited on the textured portion of the bearing surface. 2. The slider

of claim31, leePednleXiaciusdeasandrgysntipenlGddhabearsespondate thedanawedi th a
Plasticl ty T ndesn(les! Elhonafl el b2 REREHeO TS Sk 988 4t BacE 18RV R

reduce stiction and dynamic friction between slider 118 and disc surface

120 to facilitate the use of ultra-smooth disc surfaces 120 (e.g. discs having
a roughness Ra<3 angstroms (A)), which allow sliders 118 to fly in close
20 proximity to disc 102, as is required in disc drives 100 having high areal
density recordings. Additionally, pads 162 of slider 118 reduce’ the
likelihood of damage to disc surface 120 caused by contact with slider 118
while slider 118 flies in close proximity to disc surface 120 and during
ramp load operations. As a result, pads 162 are ideal for use in CSS and
25 ramp load disc drives 100 utilizing ultra-smooth discs 102 having high

areal density recordings.



where E represents a conbi ned Young's Mddul us of Elasticity, Hrepresents a
har dness of softer material, a is a root nean square of surface heights,
and R repy@9eRicos @ radi us of curvature of asperity sunmitect@soifisess! i der
of claim2, whereinin [err] is within a range of 0.6 < [err] < 1.0. 4. The
slider of claim1, wherein the textured portion includes a plurality of

prot uberances. 5. The slider of claim1, wherein the textured portion
includes a plurality of protuberances ggpch having a height, wherein a

hei ght ofthe pads is not greater than the height of the protuberances. 6.
The slider of claim1, wherein the textured portion is mcro textured

having discrete 1-10 uRIG.eafsureéxtréme Thseslp dieiv, xefiptary df, anMiesmicn t he
textured portion is nano textured having discrete 100-999 nanoneter

features. 8.Faiee Micraseppy(AEM)iamalysiswfer pach1éhtorpred érsa beariegisaiface

di anond- | i ke WO 02/ 336' 18, . car,bo DLC). .PCT/USQOL/ 2(~32 9. . The slider of
claim 1, incl4fihaccer ed@%ﬁ‘i‘b—ﬂﬁg\%nés -etPéﬁ‘Qe@;tgH’%‘(S‘PPi %ﬁltéﬁfqrﬁe air
bearing surfac ). .1 i 0 P RO j ecti over coat
| ayer of DL o%ng%rg S)e(éll“'reilﬁé %ﬁ# fl(aag’e%%)@et%h%elyw%%%1%8‘1%112%%{5%“’&art/stop

(CSS} disgc dphNssiGh QLRSE uis hEMd il%k%d%%trhg@g ?\%Hx%tc{f& gﬁgf%&ilv}slﬁz A ranp

| oad disc drive stdrage system i ncludi er o The

slider of clH wné embed@héntt be thadnvasio] eexure@npations 163 asdutibata
corresponds to the textured portion on which it i's deposited. 14. A nethod

of fabri cat i plyralityl ¢fdenottilparances 166, an example of vhitlo aegyshoys tie HIGednpri si ng
steps of: (a), providing a,slider body havi ngl a rail, the rail having a
t

bearing sur f &eecrosgrpectiong] shane efprotrherances 166 gag ke cireulssaertagsularf ace of
the rail; an C).depositli 2 ext ured rtion. . 15  .The net hod
of claim 14, gvv\%é;)&aﬁ t(idé‘&% gg?’?fencggg?é% E[g‘g 4]%?/%.1% e (%fﬁ%@%rag«%eg 1046 a
phot ol i t par ZRicke &c)(?é&?ﬁﬁehﬁééd ﬁﬁ?&iﬁﬁéﬁ?ﬁub&&ﬂ@&%@%&@éﬁ&ﬁ§éd # mlling
process, and a reactive ion etching proctess. 16. The nethod ‘of claim 14,

i ncludi ng a desiyed| )t ofilldeplisitet risasaed pabrothegpartioulae fabricatiopanethod of t he
bearing surface. 17. The nethod of claim 14, wherein the pad includes a

contact sur f Heéis usad. Feor examplel sonventional dithegraphp san ibsrised tadoan ait i s
SEP? Zicteeg]; :I'?e'xtu'ar‘egi ssuci'fa%{eil\é% fﬂa E:g Eistgyo%tc%gérfeper 1-ﬁbo,[zin‘r1] Qe;trd;&f r\’;\rE}:{eir((e)ans on a
interference lithography allows for discrete features on the order of 100 nm
15  to be formed. Other methods known in the art can also be used to form the
desired textured portion 1163, such as reactive ion etching and milling
processes. In one embodiment, protuberances 166 have a diameter of
approximately 1 x#m, a pitch of approximately 2 x#m, and a height of
approximately 50 nm.
20 Pads 162 are deposited on texture portion 163 of bearing
surfaces 146. Pads 162 are preferably formed of diamond-like carbon
(DLC) due to its mechanical and chemical compatibility with disc 102 and
because it prevents disc lubrication breakdown caused by interaction with
the material forming body 143 of slider 118. Pads 162 typically have a

25  cross-sectional area of about 50 square xm?2 to about 5000 x#m?2and a

height of approximately 300 A. The height, width, and shape of pads 162



WO 112/33198 a rotating disc, conprising: PCT/US111/2(n32 a slider for
carrying a transducing el enent proximte a surface of the disc; and a

t ext ur ed wod23eadRs for reduci ng suction and dynam c fri ctipen/ieinaen t he
slider and the surface of the disc. 19. The slider of claim 18, wherein the
textured pad neans is formed in accordance with a plasticity index ([err]),
which is based on the relationship: _E QH VR where E represents a conbi ned
Young's Mbdulus of Elasticity, H repredénts a hardness of softer material,
o is a root nean square of surface heights, and R represents a radius of
curvature of asperity sunmmits. 20. The slider of claim19, wherein in [err]
is within a ¢aemge mwade @mpgtihle [with megpded aeaxgnces Afor gmopen discadrivea” | A

RS ASS A dation Pads ™16 “ifdude @ cntadts Sidace 164 that substantially
corresponds to the textured portion 163 on which it is deposited. As a
result, contact surface 164 includes a plurality of protuberances 166’, which

5  correspond to the underlying protuberances 166 of textured portion 163.
Thus, protuberances 166" have similar dimensions to protuberances 166 of
textured portion 163.

In the preferred embodiment, textured portion 163, and thus
also contact surface 164, is formed in accordance with a plasticity index

10 (y), which is based upon the following relationship:

E

" % Eq.1
Where E represents a composite or equivalent Young’s Modulus of
Elasticity, H represents a hardness of the softer material, o is the root
mean square of surface heights, and R represents the radius of curvature of
15  asperity summits. The quantity o /R is generally known as a roughness

parameter. The value for E can be determined by the relationship:

Eq.2

Where v represents Poisson’s ratios for contact surface 164 of pads 162 (v1)
and disc surface 120 (v2). Similarly, E; and E; are the Young’s Modulus of
20  Elasticity for contact surface 164 and disc surface 120, respectively.

It has been shown experimentally and via modeling, that the
smaller the plasticity index (W) is, the smoother the surfaces are. More
specifically, when W < (.6, there are primarily elastic deformations of the
contacting asperities, and friction becomes very high as W decreases to

25  small values. For a W > 1.0, there are primarily plastic deformations of the
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1098& () - lead to unacceptably high friction values. It is preferable to maintain the

plasticity index (y) that is approximately 0.6, due the importance of
15  durability in the design of pads 162.

Referring now to FIGS. 4 and 51 - 54, a method of
fabricating slider 118 in accordance with an embodiment of the invention,
will be discussed. FIG. 4 is a flowchart illustrating the general steps used in
the method of fabricating slider 118 and FIGS. 5.1 - 54 are simplified

20 partial cross-sectional views of slider 118 taken along line 5-5 of FIG. 2.
Initially, at step 180, a slider body 143 is provided. The slider body 143
includes bearing surfaces 146 formed on rails 148, as shown in FIG. 5.1. In
one embodiment, a protective overcoat layer 181 is formed on bearing
surfaces 146, as shown in FIG. 5.2. Protective overcoat layer 181 is

25  preferably formed of DLC. At step 182, textured portions 163 are formed

on portions of bearing surfaces 146 of rails 148, as shown in FIG. 53.
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Texture portions can be formed using any suitable method, such as
photolithography, interference lithography and other suitable methods.
Textured portions 163 generally include protuberances 166, each having a
height 183. The height 183 and shape of protuberances 166 can be selected

5 to provide the desired plasticity index (¥). Height 183 is generally
measured from peak 184 to valley 185. Additionally, the spacing or pitch
186 between adjacent protuberances 166 can also be selected to provide the
desired plasticity index (W). At step 188 of the method, pads 162 are
deposited on textured portions 163 as shown in FIG. 5.4. Pad 162 includes a
10  contact surface 164, that corresponds to textured portion 163 on which pad
162 is deposited. As a result, contact surface 164 includes a plurality of
protuberances 166°, which correspond to protuberances 166 of textured
portion 163. Protuberances 166" preferably have a height that is less than
the height 183 of protuberances 166, to allow contact surface 164 to be
15 maintained at least to bearing surface 146 as protuberances 166’ wear. As a
result, this embodiment of the present invention has a longer life span than
the pads of the prior art, in which the contact surface has a limited depth
and can be worn to a smooth surface resulting in problems with stiction,
dynamic friction, and damaging contact between the slider and disc

20  surface 120.

In summary, the present invention relates to a slider (118)
that includes at least one rail (148) formed on the slider body (143). The rail
(148) includes a bearing surface (146), which includes at least one textured
portion (163). The bearing surface (146) of the rail (148) can include a

25  protective overcoat layer (181). A pad (162) is deposited on the textured

portion (163) of the bearing surface (146). The pad (162) includes a contact
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1075 10oral (R GhebN Gy 9B Wb ol () ok debdited Ty PRevee () -
109 () - Fernbd@ifert) wle Yod @daCp&dtion (183 i fornféd #P4ccordance with a
plasticity index (), which is based on Eq. 1 discussed above.

5 The textured portion (163) generally includes a plurality of
protuberances (166). The protuberances (166) of the textured portion (163)
are micro-textured having discrete 1-10 micrometer features in one
embodiment and are nano-textured having discrete 100-999 nanometer
features in another embodiment.

10 The pad (162) is preferably formed of diamond-like carbon
(DLQ). Slider (118) can also include one or more pads (162) which are not
deposited on a textured portion (163) of the bearing surface (146). As a
result, slider (118) can include pads (162) having textured (164) and non-
textured contact surfaces.

15 In another embodiment, a contact start/stop (CSS) disc drive
storage system is formed using a slider (118) in accordance with
embodiments of the invention. In another embodiment, a ramp load disc
drive storage system is formed using a slider (118) in accordance with
embodiments of the present invention.

20 Another aspect of the present invention is directed to a
method of fabricating a slider (118) for use in a disc drive storage system
(100). The method includes a step (180) of providing a slider body (143)
having a rail (148), the rail (148) having a bearing surface (146). Next, a step
(182) is performed in which a textured portion (163) is formed on the

25  bearing surface (146) of the rail (148). In a final step (188), a pad (162) is
deposited on the textured portion (163) whereby pad (162) includes a
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which it is deposited. In one embodiment, the textured portion (163) is
formed in accordance with a plasticity index (y), which is based on the
relationship provided above in Eq. 1.

It is to be understood that even though numerous
characteristics and advantages of various embodiments of the invention
have been set forth in the foregoing description, together with details of the
structure and function of various embodiments of the invention, this
disclosure is illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of parts within the
principles of the present invention to the full extent indicated by the broad
general meaning of the terms in which the appended claims are expressed.
Accordingly, workers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit and scope of the

invention.
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a rail formed on the slider body having a raised bearing surface;

a textured portion formed on the bearing surface; and

a pad deposited on the textured portion of the bearing surface.
2. The slider of claim 1, wherein the textured portion is formed in
accordance with a plasticity index (y), which is based on the

relationship:

where E represents a combined Young’'s Modulus of Elasticity, H
represents a hardness of softer material, o is a root mean square of
surface heights, and R represents a radius of curvature of asperity
summits.

3. The slider of claim 2, wherein in y is within a range of 0.6 < y <
1.0.

4. The slider of claim 1, wherein the textured portion includes a
plurality of protuberances.

5. The slider of claim 1, wherein the textured portion includes a
plurality of protuberances each having a height, wherein a height of"the
pads is not greater than the height of the protuberances.

6. The slider of claim 1, wherein the textured portion is micro-
textured having discrete 1-10 um features.

7. The slider of claim 1, wherein the textured portion is nano-
textured having discrete 100-999 nanometer features.

8. The slider of claim 1, wherein the pad is formed of diamond-like
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10.  The slider of claim 1, including a protective overcoat layer of DLC
on the bearing surface of the rails.
11. A contact start/stop (CSS) disc drive storage system including the
slider of claim 1.
12. A ramp load disc drive storage system including the slider of
. claim 1.
13.  The slider of claim 1, wherein the pad includes a contact surface
that corresponds to the textured portion on which it is deposited.
14. A method of fabricating a slider for use in a disc drive storage
system, comprising steps of:
(@) providing a slider body having a rail, the rail having a
bearing surface;
(b)  forming a textured portion on the bearing surface of the
rail; and
(©)  depositing a pad on the textured portion.
15.  The method of claim 14, wherein the forming step (b) involves at
least one of a photolithographic process, an interference lithographic
process, a milling process, and a reactive ion etching process.
16.  The method of claim 14, including a step (d) of depositing a pad
on a non-textured portion of the bearing surface.
17.  The method of claim 14, wherein the pad includes a contact
surface that corresponds to the textured portion on which it is deposited.

18. A disc drive storage system for storing information on a surface of
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a textured pad means for reducing stiction and dynamic friction
between the slider and the surface of the disc.
19.  The slider of claim 18, wherein the textured pad means is formed
in accordance with a plasticity index (), which is based on the
relationship:

vy E O
HYR

where E represents a combined Young’s Modulus of Elasticity, H

represents a hardness of softer material, 0 is a root mean square of
" surface heights, and R represents a radius of curvature of asperity

summits.

20.  The slider of claim 19, wherein in y is within a range of 0.6 <y <

1.0.



