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(54) Title: DISC DRIVE SLIDER HAVING TEXTURED PADS

(57) Abstract: A disc drive slider (118)
includes a slider body (143) and a rail (148)
formed on the slider body. The rail includes
a bearing surface (146) which faces a surface
(120) of a disc (102). A textured portion
(163) is formed on the bearing surface of
the rail. Pads (162) are deposited on the

textured portions. The pads operate to reduce
stiction, dynamic friction, and the likelihood
of damage to the slider or the surface of the
disc due to contact therebetween.

[err] Abstract: A flismiMR 2005



includes a slider body (143) and a rail (148) forned on the slider gdqx
The rail includes a bearing surface (146) which faces a surface 1 R)fZUUS
a disc (102). A textured portion (163) is formed on the bearing surface

oper a6 | ot-oduoo it eli onEERATE608 R0, . IMAAMANEIY PRSI ARG "

damage to the slider or the surface of the di sc due to contact

t her ebet wef@riwo-letter codey and okl pbrPigys, rifife B2G@B8698 PCT/ USOL/ 26432 DI SC DRI VE

SLI DER mﬂwejﬁgjdgggpj}’jﬂmﬁﬂww@% | NVENTI ON The present invention
relates to disc storage systens for 5 storing information. Mre
particularly, the present invention relates to an inproved disc drive
slider design that includes pads having a contact surface that reduces
stiction and dynamic friction between the slider and a surface of a disc.
BACKGROUND OF THE | NVENTION 10 Di sc drives of the "Wnchester"” and opti cal
types are well known in the industry. Such drives use rigid discs, which
are coated with a magnetizable nediumfor storage of digital information
inaplurality of




circular, concentric data tracks. The discs are nounted on a spin

not or V\/m ch causes the discs to spin and the surfaces of the di sc135t MAR 2005
pass under 15 respective hydrodynam c (e.g. air) bearing disc head
sliders. ThV&I¥R®Bs carry transducers, which wite infroTrosti®es:2t o and
read information from the disc surfaces. An actuator mnmechani sm noves the
sliders fromtrack-to- track across the disc surfaces of the discs under
control of electronic 20 circuitry. The actuator nmechani smincludes an
actuator arm and a suspension assenbly. The slider is coupled to the
suspensi on assenbly DISODRIVE SEIDER KAVINGAIENXFURED HXDSUSpensi on
provides a load force to the slider which forces the slider toward the
di sc surface. The slider inclyud ar| ng surface, which faces the disc
25 surface. As the disc rotats EIRVENUON v under the slider and
along the bearing surf | ral | to the
tangential velocity of qgﬁeﬂrsﬁeg%weﬁﬁ&kga%@%?s{ggg%% esg$}1 ﬁgll beari ng
surface of fhestoghg ddormaiion. Monppartisilanly, shepgsdrt dnvintibh eslatpatdarcauses t he

air pressure 15 NAR 5 02/33698 P /U 1/,26432 . -2 between the disc
and the bearin gﬁ??’?%%gsc *Qfehéléf PeR (1Rt ng%?sBa ViRg acgopticthes g

hydr odynani ¢ Isdﬁace&‘a&eécﬁﬁeéémﬁowmmaﬁ[aﬁﬁémchbﬁbéménﬁ{érsﬁaeﬁd}féla causes the
slider to lift and "fly" in close proximty to the disc surface and

enabl e the traf&fsephydisead carried by the slider to performread and 5
wite operations. The gi n@r%gmm%@%mpenm on assenbly
allows the slider to pitc gt he typography of the
di sc. Demands for incre@isddrives of shotWiehedd cintyoptiaaletypadare ovell

known in the industry. Such drives use rigid discs, which are coated with a

magnetizable medium for storage of digital information in a plurality of
circular, concentric data tracks. The discs are mounted on a spindle motor,
which causes the discs to spin and the surfaces of the discs to pass under
15 respective hydrodynamic (e.g. air) bearing disc head sliders. The sliders
carry transducers, which write information to and read information from
the disc surfaces.
An actuator mechanism moves the sliders from track-to-
track across the disc surfaces of the discs under control of electronic
20 circuitry. The actuator mechanism includes an actuator arm and a
suspension assembly. The slider is coupled to the suspension assembly
through a gimbaled attachment. The suspension provides a load force to
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 parallel to the tangential
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



| ower slider fly heights and snoother disc surfaces. Unfortunately, the 1
o devel opment of ultra-low flying sliders is inpaired by a phenomenbly Mag 2005

call ed stic%hggm”é%iction is caused by static friction and vi scous sheer
forces which cause the slider to stick to the disc sur P&S&S¥2662 peri ods
of non-use. Stiction can be overcone by the spindle notor provided that
sufficient torque can be produced. However, the slider and/or the disc
can be 15 danmaged when the slider is fpeed fromthe disc surface. In
addition, dynamc friction between the disc surface and the slider can
al so cause prgblens in the formof reduced nodul ati on on the read and

wite signals P§EeR thegdisg and,thethearingistace of theralider tosineretses wihjrh( CSS) di sc
drives oper at eqpp t m’ ﬁ&g 20 i with th isc surface during
start and stopc%%%gf]gt%%ﬂ en %H%rfgehiggqtggu t?ﬁaﬁtf‘éﬁ??oﬁasfgmfe(ﬁ“&tional
speed to mai nteduses the slideato Lify amth 4fly” il daseprdxiiaing td We dise Qufthos-anfo al | evi at e
stiction problens, sone S.disc drive provj de a dedi cated | andi ng zone
near the inner® n%(ljﬁ@}eeqarg&u?ﬂ%%?‘ge byehe sliderrig, parferm wadtand | ed

fashi on, asperwkitesp@hatidr®X THE SimBiled Bac The tgxture acts
to reduce the area Ic))f cont act_%g%n the sl | eflt-g#{sl%a%iﬁPg%?ogc%sem%t hough this
sol ution reductiovibe|slider torpiish apd il swhile followifigatHelbypogtuphyt of e MAR 2005

WO 02/ 33698 P%p801/26432 -3 stiction, there is also a reduction in the
area of the disc surface that can be used for data storage. Furthernore,

the presence of the aspBeinahés foinkieaseddist sofugt f@pAIGRRNRANGE t he
chance of slidll%r-me l.a co t_alc1t during ~operation and thereby sets the
it to the (10mer sider prehtsand grproathes disesurfages, JInfbitdmately, #eot her

method of a4 | eqdvaldphtenP 'of RAIBATR WAl theSIaEh ' 18 InBifeq by a phenomenon
called stiction. Stiction is caused by static friction and viscous sheer forces
which cause the slider to stick to the disc surface after periods of non-use.
Stiction can be overcome by the spindle motor provided that sufficient
torque can be produced. However, the slider and/ or the disc can be
15 damaged when the slider is freed from the disc surface. In addition,
dynamic friction between the disc surface and the slider can also cause
problems in the form of reduced modulation on the read and write signals
produced by the transducers.
Contact start/stop (CSS) disc drives operate with the slider
20 in contact with the disc surface during start and stop operations when
there is insufficient disc rotational speed to maintain the bearing that
allows the slider to fly. To alleviate 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



dynam c friction is to include pads on the bearing surfaces of the slider.
The pads act to reduce the area of contact with the disc surface ahc5 MAR 2005
t her eby uee the stiction and dynamic friction that is encountered

Such pads ar %@3?9§/p| cally forned of dianond-1ike car boRCTsQy26432
Unfortunately, DLC pads al one have been shown to lead to stiction and
dynamc friction levels above reliability limts in systens using ultra
high areal density interfaces which regguire the use of extrenely snooth
disc surfaces (e.g. Ra<3A). Another method of alleviating stiction

probl ens associated 15 with CSS disc drives is disclosed in U S. Patent

No. 5,991, 118, siifticahthersisalto atredwciionim theiarest ofsthe dEb eulfaeahaican bPat ent

nodifies the p sl der et chi the contact surface of the pads
to thereby fur ?ﬁéd ?Jrec?u%gtof%g ‘?%H}%‘Pfef ﬁ‘etqiiBeriﬂeﬁtﬁl’ér thand the

di sc surface. Theliebeliad @Al &R thd E@an@@%f sh&ér—rﬁecﬂ?l%ﬂ gnhvg I ess than
the thickness of the pad. As the etched portion 20 o e pa ar t he
texture formed PRatiAR aB@rfh%F@P}’ &eip fthag: Bmifytot the tatecatinmertaf ardina-ttet er | or at es
until it is sconp g,%tsghgrsworn away. Once the etched surface is elimnated,
the slider acts”im the same manner as the padded slider described above.

As a result, this nethodAnathdr memommmhmp foblents With stigtic ndly nam c
frlctlonlevelsthat eabove r‘g%e I|t I|mt5|n 25 systens using

ultra high aeriSyPangs Bripdnd #%SWC@P%@BS}MGI‘
PCT/ US01/ 26432 Tﬁ@bad@db@idl@ﬂué@%h@&@aﬁp&n gﬁ%n Oacf%%!ﬂgc gt ve by

stiction is to use a ranp load or ranp anp | oad
di sc drives el |1'?F11¥¢8ﬂ@ﬁlﬁ@n@&ﬂmh‘aﬁﬂcnglﬂmtimacduhtdrémswhﬁﬁsaw the disc

surface by [ s Ioad ve the disc 5

surface and}bﬁn%‘gﬁng%#m% C{‘§t{)‘i&\é\&§c§ﬁ§ e%&a(lﬂ%h @Ygﬁﬁérf’&ﬁ? y adapt ed

to hold the sl iatbme hayetHeen showsnsilemnl anstidtdntand @ fﬁa.lrﬂi Ieaphervasl acent the
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.



outer diameter of the disc. Prior to shutting the drive down, the aﬁ tor
mechani sm unl oads the flying slider fromthe disc surface by rotatt 5 AR 2005
suspensi on 8 %)'{;g ranp. Once the slider is unloaded, the disc is allowed
to to slowi P34t i onal velocity fromthe full operat PEEUSHE6H2 and t he
drive can be shut down. At start up, the actuator mnmechani sm del ays

| oading the slider onto the disc surface until the rotational velocity of
the disc reaches the full operating speed. Al though ranp |oad disc drives
appear to be a solution to many of the problens associated with CSS

drives, such as the 15 need for a dedicated | anding zone, ranp | oad disc
drives have thelr dram)é%tcl@éwﬂ@]en@thgﬂ)lfemrBMng sprdoimnmrmaseeldbyn ranp | oad

di sc drives |s an con the sur rlng ranp

| oad operati ons! }es'r'fgt egkgergﬁi?agcf’rﬁupp F?@a%a ige. 4‘?@‘% i s not
sufficiently fdisoréves2dinfhite theodedCof hasmgrtdewka%@smé@ ohQhé GfSCDOSSI bility
of damagi ng the gl sc surface and/or the slider, which could result in

data | oss and Hfage By 15i8g o mmp, ffom whichdhe slider isloaded arovedhe diss is to
provi de a dgdi PadbiazRs Lapet er .of .the.disc
surface V\/ngdrse Sﬁ‘gfag%%ﬂa |sbwf1ttenﬂleq%% uﬁl F‘gpt%eé‘e?gp'&fl?% ddecreases
in the effectitodolhthe dﬁerhg&mpemion%dt:hw;ﬂdaﬂl @odated dipReént@e sol ve the
probl em of pot e | gad di sc drives can al so
encount er probcf“g W%’?gﬁﬁ 409‘5 fgagg dowm, thpagatynsos

PCT/ US01/ 26432medhafifeitinlodddth€R yaﬂglsﬁder\ﬁb%ﬂ{é su} cehkyv‘ di’éftﬁ%tﬂ Live is

interrupted while the slider Iy|n over I SC “sur or when the
suspension is pRRIRIoN Qg thetl'ﬁép-r(am? . lsemlqadsd,ahmélsdlsfaﬂowad i mproved

disc drive;slig@eiowl s kitional velocity from the full operating speed and the drive
can be shut down. At start up, the actuator mechanism delays loading the
slider onto the disc surface until the rotational velocity of the disc reaches
the full operating speed. Although ramp load disc drives appear to be a
solution to many of 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



5 that reduces stiction and dynamc friction between the slider and the
disc surface to provide reliable operation with ultra-snooth disc qu5f 2005

while furt

t he inderQEL
i nvention is di
di scussed above
the slider body
disc. A texture

a di sc surface. SUMMARY OF THE | NVENTI ORC

cing the likelihood of danage caused_by contact bet
0(:7!;3?6%1' ﬁ’ls"f’ﬁ%“br esent

rected to a disc drive slider that solves the problens
. The slider includes a slider body and a rail forned on
. The rail has a bearinggsurface that faces a surface of a

d portion is forned on the bearing surface of the

pad is deposited on the textured portion and operates to reduce 15
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WNGS FIG 1 is a top view of a disc drive storage
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PCT/ US01/ 26432 sfdee @ pidvide reliabbegspebatin wie 6IRAGHO6E His€¥uBledwhAd t i ON of a
nd cont a%{_l ﬁ#r,facg f a slider, in accordance with an
H’Ealeﬁ\‘f’é"r‘)ﬂﬂng he jikelihogd p: dwm@#by fonitact beiardendghes net hod

Slider and a disc surface.
SUMMARY OF THE INVENTION
The present invention is directed to a disc drive slider that

solves the problems discussed above. The slider includes a slider body and

- arail formed on the slider body. The rail has a bearing surface that faces a

15

20

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 operates to reduce
stiction, dynamic friction, and the likelihood of damage to the slider or the
disc surface due to contact therebetween.

These and other features and benefits would become
apparent with a careful review of the following drawings and the
corresponding detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a top view of a disc drive storage system depicting
an optional ramp in accordance with embodiments of the invention.

FIG. 2 is a bottom plan view of the slider in accordance with

the various embodiments of the invention.



5 slider in accordance with an enbodi ment of the invention. FIGS. 1 -

5.4 show partial cross-sectional views of a slider taken along | |hé MAR 2005
of FIG 2, wé:“%{‘? dance wi th enbodi ments of the invention. DETAILED

DESCRI PTI ON STRATI VE EMBODI MENTS 10 FIG 1 is a PEFUNMRH3BHf a di sc
drive 100 in accordance with enbodi ments of the present invention. D sc
drive 100 includes a magnetic disc 102 nounted for rotational novenent
about an axis 104 and driven by a spipgle notor (not shown). The

conponents of disc drive 100 are contained within a housing that includes
base 106 and a cover (not shown). 15 Disc drive 100 al so includes an

act uat or nmechani sm 108 ABGnBdd atmagmbaéeperspbraive vi& ofred ppitioatefld y noveabl e

relative to di ternati ve enmbqdi ment,

act uat or macha?u Sm géd%’% ?%lcﬂ%tg %aﬁ%Pgﬁ.Sﬁd%cﬂ%éf"é’F anse Mtk an 108,

i ncl udes act uabﬁtbodmmaﬂthameau&penm on assenbl y 116. Slider 118 is
coupl ed to suspension assenbly 116 through a 20 gi nbal ed attachnent that
allows slider 118 to pi & 4dtiadomchars ﬂﬂ‘ﬁ“‘ﬁ%s rogthed of Gbricatingabove

surface 120 sof orté&é daﬁlzéﬂﬁﬁaﬁéﬁbb ggwéﬂ' Accor dance wth the

enbodi nment s set erern and suppor s ransc er to forma head for
reading and writing inf &ﬂ@&tSbnEémhdwqmrﬁﬂZrosﬁ@éeﬂ&MthMaﬂlﬁlﬁi 108 is

adapted to rotate sl | der. arcuate path 122 between 'an inner 25
di aneter 124 aﬁ% %g ﬁéﬁ@f 2y i1y agrprdfnes. withembodigents of e can cover
a portion of aqﬁmﬁ@ﬁ rrechanl sm 108. 15 MAR 2005 WO 02/ 33698

PCT/ USO1/ 26432 -7 Drive control I er 130 control s act uator mechani sm 108
throughaswtablE 1302 31 it WYl JENBunt ed within

10 FIG. 1 is a top view of a disc drive 100 in accordance with

Fl

embodiments of the present invention. Disc drive 100 includes a magnetic
disc 102 mounted for rotational movement about an axis 104 and driven by
a spindle motor (not shown). The components of disc drive 100 are
contained within a housing that includes base 106 and a cover (not shown).
15 Disc drive 100 also includes an actuator mechanism 108 mounted to a base
plafé 110 and pivotally moveable relative to disc 104 about axis 112. In an
alternative embodiment, actuator mechanism 108 is a linear actuator.
Actuator mechanfsm 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.



disc drive 100 or |ocated outside of disc drive 100. .During operation,
drive <controller 130 receives position information indicating a doﬁtMAﬁ 2005
of disc 102 13§ accessed. Drive controller 130 receives the position
information from an operator, froma host conputer, or PFFYMZ6Bt her
suitable controller. Based on the position information, drive controller
130 provides a position signal to actuator nmechanism 108. The position
signal causes actuator nmechanism 108 trn pivot about axis 112. This; in
turn, causes slider 118 to to nove radially over disc surface 120 al ong
path 122. Once the transducer is _appropriately positioned, drive
controller 130 then exech¥®s coniyeller, rcenfgols oactyatpr emegheniatmi 368 FIG 2 is

a bottom pl an vhRWeAh s . Of ' i N, accordance with

vari ous enbodi ment gﬂgfsa?ﬁgé(%en o?'b]%f}v%o:‘nggper]ll%@cﬂbe]f‘guﬁégﬁlé'ﬂnto support
a transducer 14Hscabrived08 oslocdted eutdide obﬂisﬁdﬂ%éﬁOlDﬁriiégbﬁara n, devé der 118
general ly i ncl ude%%]? %(? der, bod;él%l)43, rail s 148, and bearin surfaces 146
formed on raj | £OR%@Uer ) yeceivepposifion miomnatiop indicating agonéonsofidikerl02 edge 150
and a trail isng t6 bk dedesR IBrivOontBidr! . ed prior
to trailing edge 152 to ?nprrti m ze thgg?lil%&ﬁggi%ﬁ?%%?sérﬁg%s uggrqxco 2. Rails
20 148 are di spBsereraipt from achast computes @ froan poothensuitdble comtiolier. f or N5 a

sub- anbi ent pr Vi de Jider 118 i i ng, above di sc surface
120, "9 der " PRaR bl MAGheRoh e cprirdiie 14k odidee S pagton <
transducer 142 signallté mctuatde nechhgani 108, MT@ﬁﬁoﬂ% chRES asfigkopt €P Or
taper 158 can be at _ | eadi ng eg%ze 50 and "has a depth that is

| gcat . 50
bet ween t he deﬁ’f‘??hé?‘s’?tﬁl% e Bsbabays axis 4R This, iy ecansen glideril8¢es 146.

Forming the i 1 pear ey LR e RGPS e bR s

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. Stép 158 begins the

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



under bearing surfaces 146. Center rail 156 can also include a SteQ‘SPMAKZNH
taper) 160 to simlarly assist in the formation of an air bearing under

beari ng sur&&ggmigz. Slider 118 is intended to be one exanple of a

suitable sl dertdesign with which enbodi ments of the pPEYEMI2643%ent i on

may be 5 used. Accordingly, enbodinents of the present invention can also

be used wth sliders having one or multiple rails, for exanple. During
operation, as disc 102 rotates, air (amgd/or a lubricant) is dragged under
the slider 118 and al ong bearing surfaces 146 of slider 118 in a

direction approximately parallel to the tangential velocity of disc 102. i
o As the air p%@%ﬁbmma%éﬁﬁﬂgefﬁﬁﬁ% cansalsqy inclugtergp steg (oon  al ong

the air flow eémﬁlgﬁy kds > RE n disc surface 120 and
bearing surfacés 1%2%1?0 i ncr e%ggels,t%v\ﬁglﬁ&cr ea%‘ggs\feaén ﬁggl?egﬁ%éﬁaﬁr lifting
force that coberrimgmutfaced57.08kiddrdl8 is intendédivbelne eNanplRof @Builabfe and causes

slider 118 fly.above, and in.close proximty to disc surface 120. The

bearing is 15 %@%F%ﬁflg? V’flg} ﬁ@‘l‘fi‘\/\?ﬁlﬁ’ bFé’ﬁ_é‘%enPﬁeé?nt\}’éY%‘é‘PlﬂbejS sc 102,

at the | ocasi onisdal Acsrdigly, dihBodii@ARNE hedprileht VEMRRRGAIBBLsgPeed  Thus,
a elo S

when the tangential veloCity of disc 10Z, at cation o | der 118,
is less than tWéthsliders having pae entmultiple reile fot exarhplder 118 is in contact with

di sc surface 120. Disc ' . sho Lo F 1, ,cC be, canfigured to
operate 20 as either agc'%n é%?‘ggf ratsﬁnésfggbr(‘)@%a’m@?mﬂ?@n&?m)a ranp | oad
di sc drive. Asisdraggedtunder the slider 318nd A5 bediifig skbfdcue146%k biflRr 17818 contact s
the disc surfagce"12 during start and stop operations when the

0.
tangential vel Bt fiyecsionapproxiragtely parallel tofhe tangantial velecigpedisa WRal speed.
For the ranp | ag¢he ' QiR | ' 100 r 132 or
ot her suitable .supp%i?%%ggcﬁéa{{nig@rﬁetaghéguﬁg%ﬂgf %ggér’ﬁ%egggi?@ngghrgd) unl oad
slider 118 fr onf fldivspatls crsesthe bii(prersuierigtwerpnwiisc-supfac20padbe
oper at " ons. He&xﬁfacxﬁ"’fi% t%' i%grezgsre,' %%iciiocgea'tess a;[ Ryc?r%d%:?am% lﬁft%%OPorce that

counteracts a load force provided by suspension 116 and causes slider 118

fly above and in close proximity to disc surface 120. The bearing is

15 typically formed when the tangential velocity of disc 102, at the location of

slider 118, reaches a minimum operational speed. Thus, when the

tangential velocity of disc 102, at the location of slider 118, is less than the
minimum operational speed, slider 118 is in contact with disc surface 120.

Disc drive 100, shown in FIG. 1, can be configured to operate

20  aseither a contact start/stop (CSS) disc drive or a ramp load disc drive. As

a contact start/stop (CSS) disc drive, slider 118 contacts the disc surface™120

during start and stop operations when the tangential velocity of the disc is

below the minimum operational speed. For the ramp load configuration,

disc drive 100 includes a ramp 132 or other suitable support mechanism to

25 load slider 118 onto, and unload slider 118 from, disc surface 120 during

power-up and power-down operations. Here, when disc drive 100 is to be



WO 02/ 33698 PCT/ USO01/ 26432 powered down (where the disc decelerates to a
non-rotating state), actuator nechani sm 108, under the control off &r MAR 2005
controller &%ﬁf rotates suspension assenbly 116 to engage ranp 132 at

outer diane 23388 before the tangential speed of di scPEDYSUREBHe

| ocation of slider 118 drops below the 5 m ni num operational speed. Ranp

132 is configured to support suspension 116 such that slider 118 is held
above disc surface 120. Likew se, wheg. disc drive 100 is powered up, disc
102 accelerates toward a full operating rotational velocity at which disc
102 has a tangential velocity at outer dianmeter 126 that is larger than
the m ni num opRVEered Hown {wbgre e disc tdecelerates 02 nen-sutatitigeiate)ng, drive

control |l er 130,40, L.ﬁmﬂfé o] chanis 8 to rofate suspension 116
of f ranp 132 and pOSII?ltIOI’l }Snl ’eﬁr‘nd%"'&???fn?ﬁl Ves‘l‘,?i“?rﬁﬁf‘é@%(}?f%f erring

again to FI G sispaisictemssehilfly nmwtwlg@%ea:ambqszhi 6Me10&ian@fég§2619% phi ch are
deposited on t@)é%ured_agortio S. 163 of bhearing surfaces 15 1 % Pads 162

i ncl ude a cont%EtAneatal speed of disp 102 at Hhelecsiiomefslider X1 dropsielovethepor t i on
163, on whigh i 151% bit t 13Ul .164 .0f pads 162 reduce
ull opchitidnal Sheed en @ i%ﬂ’%r “ﬁ%ﬁg 4 i% LEPPHce 120 to

stiction and dynam ¢ friction betwe
facilitate theSuggensigh 116 suchs thedtdlideli 318 $a1hellc @bovk2 Qist sulfaceli19¢S having a

roughness Ra<3;. rans {A lch allqw sl jders 118 to fly in close 20
pr og imty to ?ﬁggwﬁ%f%?séﬁgﬁvg IPBBWP?‘?gd‘Ps‘é’S‘EimZ\Pé%eleL‘%S teaxardg - hi gh
areal densi twuﬂepafadhgg&aﬁcﬁﬁﬂ&éldﬁ%%{{vﬁicha%@&oﬂﬁ%aqgn%éniﬁgﬁfegc;cﬁ? reduce’

e y contac

the |likelihood of damage to disc Surface 120 caus W th
slider 118 whtioute|qigpaster 126 thatjis largey tharothe minbwimi dpgrdtionalispeedsur f ace 120

and duringjo r agP gheo gk ratj . .resul t Z.Siqj 162 .are ideal for use
in CSS and 25 ramp | oa igcécg%i%\ee 1%8}%%1 triogf‘lﬁ FORERIS 26WAIT i scs 102
havi ng hi gh anechanideniiBity rotetecuspengion 116 off ramp 132 and position slider

118 over disc surface 120.

Referring again to FIG. 2, slider 118 includes 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 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.



1 5 MAR 2005 WD 02/ 33698 PCT/ USO01/ 26432 -10 FIG 3 is an extrene cl ose up
view, exenplary of an Atomc Force M croscopy (AFM anal ysis of ahj)ﬁ M&R2 2005
formed on ayhfaiidg surface 146, in accordance with enbodi ments of

present invention. Units along x- and y- axes 166 and PEEUSH@&SRctively,

are 20 mcroneters (,un 5 /division, while units in the z- axis 170 are

100 nanoneters (nm /division. 1|n one enbodinent of the invention,

textured portion 163 includes a pluralpty of protuberances 166, an

exanpl e of which are shown in FIG 3. The cross-sectional shape of
protuberances 166 can be circul ar, rectangular, oval, or any other

desi red shape. The di ned ¥ chis a@f“ﬂ‘?@?@b@? up@w,manpla:;amhmnﬁ@am ng

e 111 ted" base i aneratBs (AR Snchils ¢l baddiel Fatre Ghderiig sietass. ued. For
exanpl e, conveﬂﬁﬁ,uncdcoﬂdahémmthpﬂnbodmfen%fu&qﬁeéeﬁtin%ﬁﬁo%U'hﬁ.é(&lH d surface

166 that consists f di SC;@% i&a u mfeatures, whereas Interference
l'i t hogr aphy al I’(O\ﬁigl for‘a"ﬁ’fl e&‘é fespestively, (ase 20y migrometers00(4m) 15 to be

formed. Qther nghggs 4 be S ormthe
desired text ured port i on yﬂgéﬁstﬁg %és r@%@bi’a{‘ g?i’i“&gdlgﬁﬁ’nm I 1ing
processes. | n &menerdpdebidiraerit, ofp&etmmtmace&hizéﬁ petén q&d&llﬁdmﬁae“srahOf f
approxi mat el y h o r oxi mat el m and a height o
appr oxi nat el y %BBH% 0?58’%@%%?62 %W@Yﬁr@é howm én Br.8i on 163 of
bearing surf ac@he &bb-sebasil dib eefgrom&wc 6% B AL lalipnd: | 1 ke

cal conpa

carbon (DLC) due to its nechanic and c tth disc

102 and becauS¥ali er gnyeothet desitied shapdhr Ehadlmsmne@kqhmnberme%&y

It ggler:gﬁ[ ;OﬂayEEQd tﬁe%a&ﬁé %Men u?cﬁwdu% pbr8 %ﬁg’esol% %a!u{ e ad]&s]ieBd asPads 162
desired, but will be limited based upon the particular fabrication method

that is used. For example, conventional lithography can be used to form a
textured surface 166 that consists of discrete 1-10 xm features, whereas
interference lithography allows for discrete features on the order of 100 nm

15 tobe formed. Other methods known in the art can also be used to form the
desired textured portion s163, such as reactive ion etching and milling
processes. In one embodiment, protuberances 166 have a diameter of
approximately 1 um, a pitch of approximately 2 4m, 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 um?2 to about 5000 xm?2 and a

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



25 cross-sectional area of about 50 square p n2 to about 5,000 u nma and a
hei ght of approximately 300 A. The height, w dth, and shape of paqz gqggﬁzmﬁ
MAR 2005 28%@@8 PCT/ USO01/ 26432 -11 can be nade conpati ble w th neede

cl earances for proper disc drive operation. Pads 162 i REVUM2¢43%ont act
surface 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-fi-correspond to the underlying

pr ot uberances 166 of textured portion 163. Thus, protuberances 166" have

simlar dinensions to protuberances 166 of textured portion 163. In the
preferred embo ade sompatiple pith inspdedgclearansgs forupropar disc shiiveact surf ace

164, is formedyhdafnc o | a | Gl i ndex. .10 ichis
based upon theo o?tlﬁgl\?vi rﬁgﬁaﬁﬁgh?gﬁﬁﬂ:g@i&#ﬁmﬁ s}li’il—tﬁ{m%ere B
represents a cearmspénds torthe dentwatl gprirtiofo 168gos witidhuit us deposited.asé iaci ty, H

represents a hardness of the fter. mterial, o ig the root' nean square

of surface hei’&ﬁ&gfoﬁtﬁﬁs %@g%ﬁf@?ﬁﬁg"%f’{ﬁmﬁ’- P00y whish 15

asperity susmi édirespdifl M@Hﬂd)érl%né?rbt%b&@:%& abd ¥ déizsmq tifn &ﬁg{ghness
e he relati :

paraneter. The value for E can eterm ned by t onship: 1 = (1 -
V3 2) + (1 - VPhus proteberarestf6’ hawgypimbandimensions do protilsramen6s ofat | os f or

contact surfacg, 104 ﬁérﬁgﬁlg&,’. 162 (vi)
In the preferred embodiment, textured portion 163, and thus
also contact surface 164, is formed in accordance with a plasticity index
10 (), which is based upon the following relationship:
= ;f-‘ -z 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 curvatufe 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:
1_Q-y2 +1-v,2
E E\ E,
Where v represents Poisson’s ratios for contact surface 164 of pads 162 (v1)
and disc surface 120 (v2). Similarly, E1 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 < 0.6, there are primarily elastic deformations of the

Eq.2

contacting asperities, and friction becomes very high as ¥ decreases to
25  small values. For a ¥ > 1.0, there are primarily plastic deformations of the



and disc surface 120 (v2). Simlarly, Ei and E2 are the Young' s Mdul us of

20 Elasticity for contact surface 164 and di sc surface 120, respectr\ﬁalMAR 2005
It has been experinmentally and via nodeling, that the smaller the
plasticity @Q’gé\%ﬁl\) is, the snoother the surfaces are. PHP&126432
specifically, when W< 0.6, there are primarily elastic deformations of

the contacting asperities, and friction becones very high as Wdecreases

to 25 smal |l values. For a W> 1.0, thegyg are primarily plastic .

deformati ons of the 15 MAR 2005 WO 02/ 33698 PCT/ US01/ 26432 -12 contacting
asperities, and friction is usually low, but wear is unacceptably high.

When the pl ast CoRtasHng @gpstities, and fripftonria pgrallyflow, Butwda iscdnpce e are

both el astic aggyp i JTRE .Of e _contact | sperities. The
t ypogr aphy of téxXtur eh%%?%%@ﬁhéé&%ﬁﬁ@%ﬁ@gc ﬁk@c% {}pgl.@ﬁg&aée 164, is
controlled to boﬁﬂe&sﬁcmdiplaéﬁe&téforﬁiaﬂmﬁftﬁef@nﬁb&ﬁgas%@' efitless Ndex, and thus
friction and wear Ievelﬁb"tahat are consistent with the attai nnent of

superior slider-disc i nt'OFfERErRIYas textyed portionel6dpprd thyst comtacht i on of
the surface tgReaeanl)Ys &Mrold &Pddh] ol L @t atio of
‘the real area of cont aspt to the r%ﬁrﬁﬁﬁg;&é%?égaﬂg?éﬁgg%?ﬁ&xs&%% esult, for
a prescribed 16né#msddetioprandsveas Jevelsitavaretonsisient withlthe attaironéral  ar ea of

contact wll r lf in, hj.gh stresses d. thus pl astic .defor i on of the
asperities, mgﬁéeéxgr 5ﬂ%%'rds}5% ’ﬂfse(j{ﬁcer iniaBﬁ‘ PP“B?TQF‘EFH‘&’@“HF%?H ‘gﬁéﬁef or mat i on
of the asperi t segace bopogidpHyecdn beRamtiel dut WMEGRRIAPIVhE kpd diithSdapn Vval ues.
It is preferable to maintain the plasticity index (in) that is

appr oxi mat el y €8 of goptact ke thepesinalreen oficontad:. Aarapsult foy ajpresctibediesi gn of
pads 162. Rgfepsi : . : hog_of. .fabricating
slider 118 in acc%‘?ggér%é\(é&%@ﬁ%ﬁoéﬁ%ﬁ%ﬁ%%ﬁé%ﬁ%ﬁﬁ?@tm

high stresses and thus plastic deformation of the asperities, whereas a very

-—

high ratio will guarantee plastic deformation of the asperities, but it may

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 5.1 - 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.



will be discussed. FIG 4 is a flowhart illustrating the general steps

used in the method of fabricating slider 118 and FIGS. 5.1 - 5.4 ar§ MAR 2005
sinplified 093%65,; al cross-sectional views of slider 118 taken along |ine
'5-5 of FIG 2. Tnitially, at step 180, a slider body 1XSTP&018¢48%i ded. The
slider body"143 includes bearing surfaces 146 fornmed on rails 148, as

shown in FIG 5.1. In one enbodinent, a protective overcoat |ayer 181 is
formed on bearing surfaces 146, as shiBan in PIG 5.2. Protective overcoat

| ayer 181 is 25 preferably forned of DLC. At step 182, textured portions

163 are forne n_poriio of hearing,surfaces 1 of rails, 148, as shown
in FIG 5. 3. ?T?&l\fﬁlfc’f%% ‘@?ﬁ’% d yengagy S8% %Té‘mﬂse portions
163 can be f or pslolithofapRy)Yintdifetehbé GthBRAPRG, ardl6theP SuitdbOhidtddBoar aphy,

interference |1thography ‘and other_suitablé nmethods. Textured portions

163 general | y Todwgd@opians 163 ganseelly indgde pratwberancemifbacachdaving 2183. The
hei ght 183 and Ol be sel.ected 5.,tp .provide the
desired pl asti I&‘lﬁg@ﬁ ?%Sfél}( i q%%{&%g&?éprégﬁﬁaﬂ?s?égﬁ%gﬁ%e&%flr om peak
184 to val | gy ®8providilithe alesirddy pldstieitys pradek NGP)0 EHanglitCiB3 k8Berkedlyeen

adj acent protuberanc ?r 166?% Q&al sgq be iel ted to provide the desired
plasticity i nd’&?.a’(“‘?‘f A B 31 é‘BV. eytlf H?f@,nylp@ﬂﬁi‘mg & Bitchgeposi t ed
on textured po‘[ﬂé‘&ﬂ@ee}@'ﬁg’&g% 8iBerafices 168 cai-aﬁobegge&é@to'ﬁ&%igg% ato

contact surface 164, tha responds to textured porti on whi ch pad
162 is deposi t depiredplasticiiy ihdex (BntAtcsters 18§ af thel trtttiode paded62rarel ural ity of

pr ot uberances 166’ i ch, cotrespo to,protu S Q qf .textured

portion 163. P ?R%E%%'%Emiégw B?Ser%graﬁ ?'Iﬁﬁsgé?}ﬁg?%%&’{‘ﬁ‘é i85 | ess than

the hei ght 1883caritadp5@¥fate 264k Tort&pondrodN@ed HBRIOATES BH Whikpalif4 to be
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
ﬁe 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



15 maintained at | east to bearing surface 146 as protuberances 166" wear.

As a result, this enbodinent of the present invention has a | onger 1I ig-f@AR 200
span t han %%28?6 of the prior art, in which the contact surface ha 5
limted depth and can be worn to a smooth surface resuPETHYP2¢43Dr obl ens

with stiction, dynamc friction, and damagi ng contact between the slider

and disc 20 surface 120. In summary, the present invention relates to a
slider (118) that includes at |least gne rail (148) formed on the slider

body (143). The rail (148) includes a bearing surface (146), which

I ncludes at leasf o textured portion (163). The bearing surface (146)
of the rail (1SA’5§C%@§4WP6|SW@B§BC%¢W ¢ thedextyxed pontion AN of theg1) . A pad
(162) is deposid,&f t : [ 3 f the.bearing surface
(146). The. pad (o, iriany (MBY ol St ¥ R, EA)ly BenbsiBy, $Es8”. 71

PCT/ US01/ 2643 Znshodiment, fe6éxtutdthportioh{168his folringd darkeordandeovithha t ext ur ed

ortion (163 f the, bearing. surfac 46)..on whi ch the pad.(162) is
Seposi te((j. I 31 @?@Cﬂﬁﬁﬁgﬁ&%}‘fﬂmﬁﬁ@s‘f 9(‘%%9‘225’_’%##6@‘(9163) is formed in
accordance sMth a pl astheiekdn ré@g@fﬁoﬁ\@@) gﬁﬁ@yﬂccﬁgizgﬁ%ﬁ@é% di scussed

above. 5 The textured portion (1 e ity of

3 ener
pr ot uber ances R@B%’)‘ztanmdléﬁ)&h@u@o@%mgsce@mﬁ) ofcthe tiéduted plovticnd(16)r t i on ( 163)
rbodi ment - andier Bieaiied BT fitreRy 10 RAPRRIS s Ga i e o1

enbodi nent and aré nano-texture
features in anahbwiimentas amnhancligxtiied Rathd d62etd 300299 gardileyerf Or Med of

di amond-1i ke carbon (DLC). Slider (118) can al so include one or nore pads
(162) which ar atyzgs in anothér embodiment.
10 The pad (162) is preferably formed of diamond-like carbon

(DLCQ). 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



deposited on a textured portion (163) of the bearing surface (146).

“result, slider (118) can include pads (162) having textured (164) hrﬁj MARnZ[]US
t ext ur ed cog;oao%sééjrfaces 15 I n anot her enbodi nent, a contact start/stop
(CSS) disc drive storage systemis fornmed using a sl i dBFT/PS0186432
accordance with enbodi ments of the invention. |In another enbodinent, a

ranp | oad disc drive storage systemis fornmed using a slider (118) in
accordance with enbodinents of the prgsent invention. 20 Another aspect

of the present invention is directed to a nethod of fabricating a slider
(118) for use in a disc drjve storage S%stem (100). The nethod includes a

step (180) of FRTBAG Furges (68) thet cpmespopds; i thehmtmgd gortionl (16248) , the rail
(148) havi ng awg,mr (146 erfornmed in
whi ch a texture ofrt?lg(c)l%ﬂﬁt )ehlc;sn%f%?bw Eeﬁ@'r%a(e ’IQ(?B (iq;’bjfsace (146)
of the rail (1£tﬂjned|m aacdriamde miﬂep dsliti)y indlep 4g), Wideh is BasedleR@sd t €d on the
textured porti wher.e ad 162) includes a 1 5 MAR 2005 WO

02/ 33698 PCT/ Ué‘gﬁt;o?gﬁ%fm‘ﬂge‘g%bﬂ% %Grface (164) that corresponds to the
textured postion (162) g sy of indefidd@P9i! Shen | BofRE SORAGLITENT. he

ance wt pl'asticity

textured portion (163) is formed in accor |ndex
(W), which is eharaderitics pnd advardages of ivariows embattichenlswfehe inventionl. 5 It i s

to be understo t numer ous . char a terj tic d advant ages
of various enbo Q%S&g?&ﬁg?‘?%%g SCIpHoR, 1908 fif"fF’i"rP? t he
f or egoi ng descsmmtm@nand Q@l&ﬂ:?ﬁﬁrof\/\vérfbud@:ﬁbddﬁnéﬁts tdﬁethe%ﬁéiﬁbh”ﬁusa”d

function of varijous enbodi nents of the invention, this di sclosure is
i1 lustrative offisglosussdiscHpgyvenaglypandeghenges mayabe made in detal,

10 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

15 invention.



10 especially in matters of structure and arrangenent of parts within the
principles of the present invention to the full extent indicated by 5hHAR 2005
broad general neaning of the terns ¥ which the appended cl ai ns are
expressed. Accordingly, workers skilled in the art will recognize that
changes ;@quﬁ C@@ﬂ{ior m and detail w thout departing fromthe spirit
and sco ntion. -16 WHAT IS CLAIMED IS: 1. A slider for
use in a disc drive storage system conprising: a slider body; a rail
fornmed on the slider body having a raised bearing surface;, a textured
porti on ¥ &k sliser s usein ardise drive yonagesystennwdmprigiag: deposi t ed on the textured
portion of tHeslidlembedyy surface and having a contact surface that
corresponds taratlfermeshanthe dligen bbdyhavidba Mifed B Ingsurfbbe sl i der of claim 1,
wherein the tetexureipoptst fomed &n tHerbzeang surfeeamdance with a plasticity
index (4'), vihpadhiepssikdsadheRxiui&l poRtiét bORS Béa‘?ing?gulzfa& ddd haWin@ avhere E

r epr eserdofitadt e AcofR4PShd td/BdUbHErelfpofilgaSt | C1ty, H represents a

hardness of softer material, a is a root nean square of surface heights,
and R represents a radius of curvature of asperity sunmts. 3. The slider

of cl ai werein in.4' is.within arange.of 0.6 <4 < 1. 0. 4. The
sl i der orar%?:‘f"\gﬁ rpf %HBr‘eYVHefFH‘e%? E%E?%aoragv 5 fjaﬂn?cﬁlﬂ agprdanceyith @l ity of
pr ot uberplastiely iflex THy vellictdisrbasdd anl thé meldtionghipr ei n t he textured portion

includes a plurality of protuberance}ie h having a height, wherein a
hei ght of the pads is not greaterytha t\ﬁ
H\R

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

of softer material, ¢ 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 ¥ is within a range of 0.6 <W < 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 carbon (DLC).

9. The slider of claim 1, including a pad deposited on a non-textured portion of the air
bearing surface.
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hei ght of the protuberances. 6. The slider of claim1, wherein the ;5 AR 203
textured portion is mcro- textured having discrete 1- 10 um features. 'M 202
The slider of claim1, wherein the tektured portion is nano- textured

having discrete 100-999 nanoneter features. 8. The slider of claim 1,

wherein the pad is formed of dianond-1ike carbon (DLC). 9. The slider of
claim1, including a pad deposited on a non-texturefl gorti on of the air

bearin ac -17. 10. The slider of claim1, including a protective

over cogtﬁ}l'J Eﬁﬁ OEE]@IBH"E’H@dB’ée?fRTH@CUWWm%t leyentdd ®L:Gph the bearind cont act
start/ st¥paecddhe gilsc drive storage system including the slider of clai m

1. 12. Aranp load disc drive storage systemincluding the slider of claim

1. 13. A nethod of fabricating a slider for use in a disc drive storage
system ldo#pongichgart/stop€SS] dis¢ aivedstonapélsyageng Sl i der body having a rail,

t he rai linclhadivip g skideeafdlaieh pur f ace; (b) formng a textured portion on the
bearing surface of the rail; and (c) depositing a pad on the textured
portion, the a pad having a contact surface that corresponds to the

texture rt.i - 0 f claim \é\({]}er i.n. the formng step (b)
i nvol veglzg% ljl;aié@g?adé‘?ligc o$ aﬁg%g%g'gﬁn% WS@'#H’&I]‘}E%SI 68@%1?_,’“ ém_ interference
| it hographic process, a mlling process, and a reactive ion etching

process. .15, Tg;lei[;?t od of claim13, including a step (d) of depositing a

pad on alfnd}]rfr{e ricadng 3 diflesforiuse inyediss Avessiptage system, comprising
steps of:

(a) 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
(c) depositing a pad on the textured portion, the pad
having a contact surface that corresponds to the textured portion.

14. The method of claim 13, 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.

15. The method of claim 13, including a step (d) of depositing a pad on a non-textured
portion of the bearing surface.

16. A disc drive storage system for storing information on a surface of a rotating disc,
comprising:

a slider for carrying a transducing element proximate a surface of the disc;

a textured portion formed on a bearing surface of the slider; and

a pad deposited on the textured portion and having a textured contact surface

means for reducing stiction and dynamic friction between the pad and the surface of the
disc.

17. The slider of claim 16, wherein the textured pad means is formed in accordance with
a plasticity index (W), which is based on the relationship:

\pzﬂ\/E
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16. A disc drive storage systemfor storing information on a surface of a
rotating disc, conprising: a slider for carrying a transduci ng ellefreMAR 2005
proxi mate a surface of the di sc; a tBxtured portion fornmed on a bearing
surface of the sI ider; and a pad deposited on the textured portion and

h
R
claim 16 h% %%SPP&F’GGHW andacecheighthend Rrepresetyardisgith  a
pl ast i C|°t“§vqt‘|‘f8 aipﬁF‘}YSWE% is based on the relationship: T _Erfa H
-18 1 5 MAR 2005 where E represents a conbi ned Young's Mbdul us of
Elasticity, Hrepresents a hardness of softer material, a is a root nean
squar e ofg. $H £ oP &l iU curvature of
asperity summts. ° aaﬂ%z %@%gﬁgflggﬁg}%?ng%ﬁe&ﬁgpgﬁi}104V is wthin a
range of 0.6 < L < 1.0.





