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DISC DRIVE SLIDER HAVING TEXTURED PADS

FIELD OF THE INVENTION

The present invention relates to disc storage systems for
storing information. More particularly, tl;le present invention relates to an
improved 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 INVENTION

Disc drives of the “Winchester” and optical types are well
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
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
circuitty. 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
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
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Demands for increased disc storage capacity have led to

lower slider fly heights and smoother disc surfaces. Unfortunately, the

10 development of ultra-low flying sliders is impaired 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



track across the disc surfaces of the discs under control of electronic

20 circuitry. The actuator mechanismincludes an actuator arm and 115 MAR 2005
suspensi on senbl The slider is coupled to the suspension assenbly

t hrough a gi %F@@ attachment. The suspensi on provi des XCIFaY/2642ce to

the slider which forces the slider toward the disc surface. The slider

I ncl udes a bearing surface, which faces the disc 25 surface. As the disc
rotates, the disc drags air under the giider and along the bearing

surface in a direction approximtely parallel to the tangential velocity

of the disc. As the air passes beneath the bearing surface of the slider,
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on the read and, wit 1f q
above reliab ﬂg fmits 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.
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the slider and. the disc 3,urfa e. The etched pattern on the pad
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
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formed. 20 This cqonfact is undesirable due to the possibilit damagi ng

the disc surfa tned on the sliderdeady. s vail he abeaningsswirface thatifeces 4 oss and

disc drive 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
15  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.

20 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.



failure. One partial solution to this is to provide a dedicated | oadi ng
zone at the outer diameter of the disc surface where no data is wii§ MAR 2005
Unf ortunat e 0%}3%% sol ution decreases in the effective data storage area
of 25 the driv Y does not solve the probl em of potenPCHUSHAsEYe to the
slider. Ranp load disc drives can also encounter problenms wth stiction.
This can 15 MAR 2005 WO 02/ 33698 PCT/ USO01/ 26432 -5 occur, for exanple,
when power to the disc drive is interrypted while the slider is flying
over the disc surface or when the suspension is knocked off the ranp.
There exists a need for an inproved disc drive slider design 5 that
reduces stiction and dyddGi 8 if @ maguified gevepective dews | df deportiogl éfhe di sc
surface to proyj eliable operation.with ultra;snmooth disc surfaces

whi | e further%"g'%ﬁéiﬂr?ég?rh@n iCQ’éﬁaﬁ%ﬁ‘c%Ppae? Breuééﬁfé’é%rﬁ?“ﬂﬁ‘n%ct bet ween
the slider andmbodintént 6fitheasRnti&MVARY OF THE | NVENTI ON 10 The present
invention is directed tqQ _a disc drive slider that solves the problens

di scussed above. The sl i¥lgr 4iiha|flowchary illysfrating b avsthochdf fabricating 4 or med on
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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.



FIG 2 is a bottomplan view of the slider in accordance with the various
enbodi ments of the invention. 1 5 MAR 2005 WO 02/ 33698 PCT/ US01/ 26452MA[§ 2005

FIG 3is a | fied perspective view of a portion of a_ textured portion
and contact surface of a slider, in accordance with an PERBEH6BHt of the
invention. FIG 4 is a flowhart illustrating a nethod of fabricating a 5

slider in accordance with an enbodi ment of the invention. FIGS. 5.1 - 5.4
show partial cross-sectional views of &.slider taken along Iine 5-5 of
FIG 2, in accordance with enbodi nents of the invention. DETAILED
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actuator mechanism 108 is a |linear actuator. ctuat or nechani sSm 108,

i ncl udes act uat@®r oRgraton frpna achost soraputen or frous enbther &diGbleStintieiler] 18 i s

coupl ed to sus ' 6.t hrough | mbal ed att achnent that
al |l ows slider %@%‘(’épg‘?ﬁ%ﬁ@%‘% hoﬁ’s‘%"gc?faﬂﬁégr gwrb OVIGes RiPRYHIIB oV e
surface 120 of sirat td Geuafk imieharkd® 108, URS ppeash isinal eQls8ARGRato t N t he
enbodi nents set fﬁrt,h herei n, and supports a transducer to forma head for

readi ng and wri® B R Pivehakamt axis 412 This, inciumntconsenslideril8te 108 is

adapted to f¢ot ghsveshiidf iRk ; Wee &N 1 nner 25

di aneter 124 and an out%? iamgter e?ggu%g&&@g 'éégcegﬁéovegui% ®can cover
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



a portion of actuator mechanism 108. 15 MAR 2005 WD 02/ 33698 15 MAK 2005
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t hrough a sw&%&}gk& connection. Drive controller 130 can be nmounted within
disc drive 1*f ocat ed outside of disc drive 100. DuPCRYSYEEBAL i on,

drive controller 130 receives position information indicating a portion

of disc 102 5 to be accessed. Drive controller 130 receives the position
information from an operator, from a lgst conputer, or from anot her

suitable controller. Based on the position information, drive controller

130 provides agg&sitiqn signal to_actuator nmechani sm 108. The position

si gnal causes HFesring FurAces; 140, Cenden wilplS6otancalen includesa step (ofThi s, i n
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and a trailing slider edge. ils 14 r ref er abl uncated prior
to trailing edge 152 toﬂ%@lﬁ%ﬁ%ﬁ%{eﬂsflfgﬁ?\%ogﬁ 'W?ﬁ?ﬂgﬂ{‘:‘i’ﬁfmhz. Rai | s
20 148 are di sisairagged umder the slider 1238 andAGEERArAL bilitRBs 14555 siwhek 18 for s a

sub- anbi ent pressure, cavity,when slider 118 iS flying above disc surface

"1 20. Slider Fusdgeghionapproxipatelypagaliebio the tangential yelorityef disasiddr t s

transducer 1342 As@Rdail BadsHIBsh chh%aﬁh' e . ; eg step or
taper 158 can be Iocgt esd at eI eadl ngé]gud’gégglg%’ %%gzxﬁlg?s%&glg%ﬁﬁﬁﬁat S
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St 158 begi ' ' | i d }40 I st i
fo??ri g thgg;inr %gsr }%gt%plkgr%%ef) Whit c%cleartesuang)%:oayﬁan%{: ing o?ceat%gtl st.1n
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



15 MAR 2005 WD 02/ 33698 PCT/ US01/ 26432 -8 under bearing surfaces 146.

Center rail 156 can also include a step (or taper) 160 to siml ar]lﬁ MAR 2005
assist in t@z) formati on of an air bearing under bearing surface 157.

Slider 118 M"Y ®M%hded to be one exanple of a suitable PETU8MR64ABsi gn with
whi ch enbodi nents of the present invention may be 5 used. Accordingly,
enbodi nents of the present invention can also be used wth sliders having
one or nultiple rails, for exanple. Dugjng operation, as disc 102 rotat.es,
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vel ocity ofp t hgs Qe Qs I 1 ik um rational eed. For the ranp
| oad configuration, gﬁgﬂogbﬁr%é‘?w%éﬁ‘ﬁgg%gar g#’r@c %hﬁgradb‘ﬁ?ér suitabl e
support necharthedhanism?B8|to actate| susignsibA 816 6ff @ampr1d2 WAl Pasttish sier 118 from

di sc surface duri.n 0 -up and power-down operations. Here, when
disc drive 10(1}2‘.98" n sl dunBoade 2005

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.



WO 02/ 33698 PCT/ USO01/ 26432 powered down (where the disc decelerates to a
non-rotating state), actuator nechani sm 108, under the control of dﬂﬁ\MﬂR 2005
controller %ﬁgn/%ggates suspensi on assenbly 116 to engage ranE 132 at

outer dianeter 126 before the tangential speed of discPrOPSHUP?e

| 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, wheggdi sc drive 100 is powered up, disc
102 accelerates toward a full operating rotational velocity at which disc
102 has a tangential velocity at outer diameter 126 that is larger than

t he mi ni mum oper at i onal Figebis anpytrame clpse dp yiew, @RetmplagcofdreAminiing, dri ve

controller 130 . ' 8 tq rot,ate suspension 116
oo 1 o 130 angreeniiosecd MRS bl FENA YA Ted fitrf] oy R n SRS o1 11 ng
again to FIG 246 9l aaderdandBwitheibodimentsf dieyredent BivenAdOniSAoMpi ch are

deposited on textured portions 1 of bearing surfaces 15 146.” Pads 162
i ncl ude a cont é‘étangt}f”f% ]fgﬁf""tdhié%' CEFRCEIESH cfge 120 fssometgasur (@ampor t i on

163, on whigh ; | Cont-aat face 164 of ds, 162 reduce
stiction ang dgﬁgﬁlﬁiﬁkﬁg%ﬁbﬁ feen @nygjfbbmo%%tﬂrsé@ﬁ%ﬁ’rs@ce 120 to
f aci Ihi tate thelmwednhddhnmtsﬁoﬂmﬁmnﬁéﬁﬁnswﬁtiﬁegspo}ﬁ&x (13 anfhli’degcas hiavi ngzoa
roughness Ra<3_angstrons , | allow sliders 118 to in close
proximty to dPg‘Eg’i%ﬁ??Pﬁ‘é‘gﬁ%gﬂcéﬁﬁﬁfé’aeWn oF whishass shan ipbIGg. - hi gh
areal densi ty The@essebtishal A3k bf PidatHeYanc c&@geaia:uga%,'rg%%?l 8 reduce’

the |ikelihood of damage to disc surface 1 cause ‘Wth
slider 118 whPY¥ @1 anyeethen desitedshape The dimensions of pyottiberstices 16411 f ace 120

and durin ra ' 1 resul t 162 are ideal for use
in CSS ang 35 ?fg%hﬁfs%ggﬂgﬁg@egﬁﬁ ‘?%E rﬁﬁﬂ%ﬁaﬂ‘%agé F0 be adigdediasi scs 102
having hi gh adesiteddiantsivillyber laninécibased updn She\PuRtANMSWRBdH 33605
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that is used. For example, conventional lithography can be used to form a

textured surface 166 that consists of discrete 1-10 Mm 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



FIG 3 is an extrene close up view, exenplary of an Atom c Force

M croscopy (AFM analysis of a pad 162 formed on a bearing surfacef 5UWAR 2005
in accordan&;% 2&&8 enbodi ments of the present invention. Units al ong

and y- axes "Te6 AnH 168, respectively, are 20 m cronet ePST/PSW2¢#2 5
/division, while units in the z- axis 170 are 100 nanoneters (nm

/division. In one enbodi ment of the invention, textured portion 163
includes a plurality of protuberancesy]l66, an exanpl e of which are shown

in FIG 3. The cross-sectional shape of protuberances 166 can be

circular, rect ang,;l ar,. oval, or any other desired shape. The dinensions

of prot uber ance® 4%E2dg @R tible with fepdedodearances ffordprppen disc siteuber ances
166 can be. ad) 5t SeacloR Fladilh cb Uk I leb 3586080 1

particul ar fabrication net IS use conventi onal
| i t hogr aphy cawrteépm;bdowheftmed pdmmrt mﬁaeoln suhidhait s H@ﬁosﬁtb@.tA@GHSI sts of

di te 1-10 f eat i nt ence | ithography allows for
i screte i eat it SetshiRH SRR il Gt piealky HoBE ARSIt VR et hods
known in the aédne@péh@{os@leh&deﬁmgtpeoﬁ@éraﬁeeb%6 ] {gs‘fﬁ bh"16s portion

163, such as reactive ion etching and mlling processeS. In one
embodi nent, pr B projvesances 6hhane simiaralimensionsfto prgipheraicantaiof 1 p m a

pitch of approe&g:gm and a height of approximately 50 nm 20
Pads 162 are deposfﬁécfhon ?Bmxture portion 163 of bearing surfaces 146.

Pads 162 are preferabl ymﬂk@&eﬁéddhbmmdnﬂ,iekﬁr&ﬁp&ﬁanlé@bﬁﬂ%e toits
nmechani cal and .chem cal mli)éal bili td)éavm th disc 102 and because it
prevents disc sy pandact sgfac lederrpeddn acerrlapge with @ plestigirind@ h  t he

material fqpm pg), WRIK ishdedd &Qﬁfﬂo%%repﬁgﬁhéﬂsz typically have a 25

cross-sectional area of abo 50 squar about 5,000 u ma and a
hei ght of approximately 300 A Tglg hei 9\7'5, wi dt h, and shaee of pads 162 15
MAR 2005 WO 02/ 33698 PCT/ US01/ 26432 5 an be made comdi bl e with needed
cl earances for proper disc drive

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



operation. Pads 162 include a contact surface 164 that substantiall
corresponds to the textured portion 163 on which it is deposited. A¥5EMAR 2005
resul t, con&@c /%ggface 164 includes a plurality of protuberances 166,

which 5 cor 38 to the underlying protuberances 166 8FTU¥LB2d portion
163. Thus, protuberances 166' have sim | ar dinensions to protuberances

166 of textured portion 163. In the preferred enbodi nent, textured

portion 163, and thus also contact sufj.ace 164, is fornmed in accordance
with a plasticity index 10 (tV), which is based upon the follow ng
relationship: T=E =Eq 1 H. FER Were B represents a conposite or

equi val ent Youﬁ@@%mwe@fmdénwm@m@aﬂyﬂbWe tosemtisunacteptabless of the

softer materia 0 t [{E?P r hts and R
represents thelhf hdw}%no £ Larggéé ure o @gﬂ & I0{§%iﬁﬁ§}@ é‘“’%]uantlty a
/R is generall joo&reia&ﬁcamiplasﬁm@ium&ﬁonﬂlﬁﬂ&fﬁbh&tﬁn ﬁbj?)eﬂﬂésue for E can be

determ ned by the relati Shl(? ]1'5’ él- V3 2) + - V2 2) EElL E2 Eq. 2
Where v represents Poi s tEPQERRR s © f??‘“’é%?ﬂ@nsmfa%@ﬂlwcwacpads 162

(vi) and d'sscsﬁt‘ﬂc%qsfls]f’)&mﬁ)ﬂgatoa%h@véﬁrclle%ﬁe a.lL%'z the ph Sty 1fgeroung’ s

“Mbdulus of 20 Elasticity for contact sur ISC’/surfrace 120,
respectivel y. rndHuws fti @@m&ﬂm@pbﬁhmmmmnmmlﬂ&amﬂﬁhm@f that the

smal l er the pl ICIt t her the surfaces are, Mre
specifically, e“°w* Cﬁ“ %‘ée ‘3‘?%{”35' ??ﬁ’r'tf‘ Q. LRtrEzaon A 8 | ons of
the contacti ngutise lgdguqmy c@ﬂ%efcéﬁriéﬂldﬁﬂm}i&%éﬁ%t 16hY rdtioddt thSrelf decr eases

to 25 small val ues there are primarily plastic

def or mat i ons oﬁ@%cwwﬂmh@%@@%cm&ﬁ@%@ fog 43mescribed

10 contact pressure, a low ratio of real to nominal area of contact will result in

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.



-12 contacting asperities, and friction is usually |l ow, but wear is
unacceptably high. Wien the plasticity index is in the range of 0.165<MAR 2005
<1.0, there@@”@pth el astic and plastic deformations of the contacting
‘asperities. The typography of textured portion 163, andPFHU®2¢3tact 5
surface 164, is controlled to achieve a desired value of the plasticity

I ndex, and thus friction and wear |l evels that are consistent with the
attai nment of superior slider-disc int®rface durability. Furthernore,

optim zation of the surface topography can be carried out with respect to
the ratio of the real _.ar of gontact.tq the nom.nal area of contact. As
a result, for o PPER eﬁf()cat‘}gtfﬁég’é‘fle‘iﬂlﬂ%ﬁf%,s“’éah%we r B3 eal to
nomi nal area ophdiGlithagraphy,| intdiRedicd litkbgrdphhardt 6@ 8t ndefliédis P! asti ¢
deformation of the asperities, whereas a'very high ratio wll guarantee
pl astic def or nb@terd gortions 143 genqrallyeincluge pratebenanges 166aekch davingecept abl y

high friction ' l.ntain e |l agtjgity index
(i ﬁ) that is a%% o%%?m ee|1§/e’¢ff§‘?ég%@%ﬁ%gﬁ%’cﬁp&aﬁ%ﬂ%&“ﬁ%ﬁﬁ?@i lity in
the design of wagsovide thdkafesited piasticity tmiek! @? H?elgﬂnglﬁ L ger@rfly ﬁ nmet hod
of fabricating'slid 118 | n_accordan ' an enbodi nent of 't he

i nvent i oln, :M M&Qﬂﬁ?&&ﬁﬁ A ]1‘%5 %Mdci‘F?myﬁa‘th SP*;'%?#B?fqhng t he
general steps ywARtléen ddiRen s Ba@eﬁﬁcéqbdeaa%isbpg@L&Q@&ﬁé{h@ﬁ@ FIGS. 5.1

- 5.4 are sinplified 20 partial cross-sectional views of Ider 118 taken
al ong |ine 5- Sdegired|mastizity indext (¥). AL, stept 188 ef tieBMetlmds paded6banty 143 is
provi ded. The glider,body:' 14 L.ncl.pydes ,bear. a .146 . f ormed on
rails 148, as é%%;ec}?‘n é%?‘ir.hoﬁ 8ﬁé‘°@m}8§?‘?§#,}’a‘§f wdesa e over coat
| ayer 181 i16 f euriimts@ifacoa64, ithd cozespbAds®® tddired PortNA6B oh WHRhpadd- 2.
Protective overcoat |ayer 181 is 25 prefer formed of DLC.” At step 182,

bl
textured porti Yifsisrieposited. Agrareegultoienisst ?quﬁ%}iéﬁ inghwdes aplamglityaefes 146 of
rails 148, as 3haNBbrddtef 66, whith chrrespdB 6400t PR-00438% tedtired

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



PCT/ USO1/ 26432 Texture portions 163 can be fornmed using any suitable

nmet hod, such as photolithography, interference |ithography and othqr @AR 200
sui tabl e negnﬁggmwsTextured portions 163 generally include Erotuberan e 5
166, each having a height 183. The height 183 and shap&CHPSBR#BUber ances

166 can be selected 5 to provide the desired plasticity index M Height

183 is generally neasured frompeak 184 to valley 185. Additionally, the
spacing or pitch 186 between adj acentj4pr ot uberances 166 can al so be

selected to provide the desired plasticity index ("). At step 188 of the

met hod, pads 162 arg_  .deposited on textured portions 163 as shown in FIG

5.4. Pad 162 ifieieerided)dhat subsizntialy canlormase thedextured portiosy (163 pbihes t o
textured port'warié 3¢ 1&?_&@(3‘,}?&16%14 aggﬁgﬁggesg 'f%@ﬁte&mﬁs'ﬁlet’ cont act

surface 164 includes a plurality o protu chcorrespond
t o pr ot uber ancasbatiiBentf thectexturestipontion t(168) isl fodmedPrin tackredane asitd 66"

preferably have a. height that.is .|ess than . the hejght 183 of

pr ot uber ances @g%{cﬂm%(W@ﬁhﬂ%eimﬁ%ﬂgasgwe@a%@ 15 mai nt ai ned at

| east to bearing surfaceneldbnd&l podib rRsH %?a’%'d“%@f‘fp#‘?‘é%a“r esul t,
i

this enbodi ment of the present invention a“l onger n than the

pads of the prprefubsrances;(#66MFhetprotuberances £166) eflhe dedtuted poatidn @#3)ed dept h

and can be worp to. rface resylting in proplens with sti.ction,
dynamic frict i%ﬁ,g%cg%'%a@n%%i%g]g@o%?%& gé@v\ggﬁo gexs*%f‘%‘?s Fhdisc 20
-surface 120. |embodimentyand bfe parpstexturedNaig didcietd 3002999t fardndehdrder ( 118)

t hat incl udes | east ope rail, (148) forned on the slider body (143). The

t

rail (148) i n@?‘&ﬁf’éé"%ﬂ d%’&ﬁnlt-ace (146), which includes at |east one

e R e e e e

the textured @8:Q)iDider (188))canalsp imchidenorieroy nsare fpade (162)46hich Rieengtad ( 162)

i ncludes a Conée%%gite]flS orllvg‘ 3&%81%3 ﬁ/ggﬁgnz /(1%%6&8 the JbAéaring 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



PCT/ US01/ 26432 surface (164) that substantially confornms to the textured
~portion (163) of the bearing surface (146) on which the pad (162)1i% MAR 2005
deposi t ed. Wb(ﬁ}a?s% enbodi ment, the textured portion (163) is forned in
accordance wth a  plasticity index (w), which is basedPEHUMY283}i scussed
above. 5 The textured portion (163) generally includes a plurality of

pr ot uberances (166). The protuberances (166) of the textured portion (163)
are mcro-textured having discrete 1-1¢s., microneter features in one

enbodi ment and are nano-textured having discrete 100-999 nanoneter

features in another enbodi nent. 10 The pad (162) is preferably forned of

di anond- | i ke cSPMeRh surfapec(164)thag cprrespepds i theatexturechpottibe @6R) @r nore pads

(162) which ar te s i (o) A d.portion, (163 t he bearing

surface (146).%&5%51: lgggﬁ?%thwgﬁ ee?“{‘%&%aﬁl% {r?é‘lluﬁ?fleg’ﬁlgﬁﬁ (fgf%fﬁ havi ng

textured (164) foxmedinmaccdrdatcereith aqﬂﬁsﬁeig{ Bidek $Qf; whidibis! bhs@oh gy

enbodi nent, a cegrgg‘géi star,é/(?toog( (CSS) disc drive storage systemis

formed using ar&qogehipPrevfied spoveinkqidnce with enbodi ments of the

invention. kn another empadi e ﬁd@ﬁfﬂgdl R4 Q{,ﬁ{: thﬁ{é%}yenﬁ%g,gsge system
[ ith enbadi

is formed using a slider (118) in accordance Wi iments of the
present i nvent Feasacteniptiog and advaniages tof vhriotscerpbadimentsi afviketriventisrs  di r ect ed

t t hod i catd ng. i der (118) .f ina.di ive st
Gystem (100)  Patsah SRR EnE onoine debtnieBioBSheniih e e | er Cbody
(143) having sutidide 4rid&inctioR €of’ vdrlous lehbodiA¥AtS bf Ahb GavdnEen, SiHid ace (146).

Next, a step (182) is performed in which a textured portion (163) is
formed on the disclpaye;isgillesrativeconlysend ghanges may| by msle in detilf i nal st ep

(162)" 1 mel ades Toro inaa88L o83yl Bhtdefitof PE bl igighne e 0 P2C

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.



contact surface (164) that corresponds to the textured portion (162) on
which it is deposited. In one enbodi nent, the textured portion (163 5i MAR 2005
formed in accordance with a pl astici‘t&ﬁindex (w), which is based on the
rel ati onship provided above in Eq. 1. 51t is to be understood that even

t hough PYS L& 2ristics and advant ages of various enbodi nents of
the inv *set forth in the foregoing description, together
with details of the structure and function of various enbodi nents of the

invention, this disclosure is illustrative only, and changes nay be made
in det ail- A lislepfqsaise i 3 Jis¢ drivasterage systeny icomptising: and arrangenent of parts
within the prsliderpodys of the present invention to the full extent

i ndi cated by a1ag foxmuesichn the sliden bodgehavimga pfisetibearigy sfabsy whi ch t he appended
clainms are expeessebortidiclonned o@the, bewBikairfacsidndl €d in the art will

recogni ze t hai padhirpeaed BathdRxtufdsoriith ghgbgd}glg@g{éfgéé an‘ﬁ‘l‘{'dgﬂl t, departing

f.rom { heoRRlof dufaddthab GRBp6Hds 18 fhe tétuiclYBRIdnON- ~ 10 WHAT AIMED | S 1.
A slider for use in a disc drive storage system conprising: a slider

body; a rail forned on the slider body having a raised bearing surface; a
texture rtd.on formed on the bearing surface; apd a pad deposited on the
t ext ure?' Eﬁ?ﬂ‘%ﬁ ogf:fapﬂg,gggﬂnr{ae &F‘F‘é‘gﬁmﬁiﬂ’ﬁl‘ U né‘cc‘g'émcéé’t’lﬂb%lrface t hat
cor r esp@iaiticitpinder (Ve xrhictend basad dnothe rel &idWdiRp2005 2. The slider of claim 1,
wherein the textured portion is forrre%i accordance with a plasticity
index (4'), which is based on theyr& '\gshi p: T _EO HRwere E
represents a conbi ned Young's Modul us BofV ¥l asticity, H represents a

har dnes svhept Egepiresentsratoenbindd Yourigs Modulod offlasticis| H repredentsll Kaa@siei ght s,

and R r effsefl@mhaterdal] @i aiodinean 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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curvature of asperity summts. 3. The slider of claim2, wherein in ¢ ﬁ
within a range of 0.6 < 4" < 1. 0. 4. The slider of claim1, wherein t5h AR 2.5
textured portion includes a plurali t'y17of prot uberances. 5. The slider of
claim1l1, wherein the textured portion includes a plurality of

pr ot uberances each having a height, wherein a height of the pads is not
greater than the height of the protuberances. 6. The slider of claiml1,
wherein ltdﬁ?},ht%' ur(fd]&&(;rtjo isS mcro- textured having discrete 1- 10 um

f eatures. 71¢ %@_F 1 gincluding i protegiie aiiercoahlayereftly@dn phertieating i s nano-

t ext ur eFUHACS gharailsr et e 100- 999 nanometer features. 8. The slider of
claim1, wherein the pad is fornmed of dianond-like carbon (DLC). 9. The

slider of claiml1, including a pad deposited on a non-textured portion of

the air llbéagontegt stant/f@pdCSSLdisd riveldii6ragé bydefm of claim 1, including a

pr ot ect iineludivig ticostidet Gy@4inPf. DLC on the bearing surface of the rails. 11.

A contact start/stop (CSS) disc drive storage system including the slider

of claiml1l. 12. Aranp |load disc drive storage systemincluding the slider

of cl ai Myl 0, ' ing.a slider for. use in a disc drive
st or agermszysAtrélr%p lé%dn@%%]%\eggtoégeg%é&ﬁ lzncglgﬁngﬁl)%gf%f ﬂg"lﬁ"‘%?i der body having a
rail, the rail having a bearing surface; (b) formng a textured portion
on the t;lari n% s%rf%é)e, of the rail; and (c) depositing a pad on the
texture of fabricatingia slider fry use Homdise drivasteragesystem, comprisingonds t o
the texttfiP&8@Fportion. 14. The method of claim 13, wherein the formng step
(b) invol ves (ax proziging asldepbody haying otail; thegaihphi ¢ process, an interference
| i t hogr aphi ¢ procdwesinga beatihg sugfape;ocess, and a
(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
H VR



reactive ion etching process. 15. The nethod of claim 13, including a step _
(d) of depositing a pad on a non-textured portion of the bearing lsﬁrMAReZ%Uf)
16. A disc drive storage system for stéri ng information on a surface of a
rotating disc, conprising: a slider for carrying a transduci ng el enent

pr oxi mat [ of the disc: , tur ortign fornmed on_a bearing
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fricti orfUDEANEShAMTBLHLRENTEIY t he surface of the disc. 17. The slider of
claim 16, wherein the textured pad neans is forned in accordance with a
plasticity index (4P), which is based on the relationship: T _Erfa H
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El asti ci{%?hﬁg?‘%é\rﬁgglgﬁ??’a éggﬁlgg‘gw%&%gg%@gfgogg{éé?ﬁ$ !Maa is a root nean
square of surface heights, and R represents a radius of curvature of
asperity sunmts. 18. The slider of claim17, wherein in 4Vis within a
range of 0.6 < L < 1.0.





