HARD DISK DRIVE SLIDER CROSS-REFERENCE TO RELATED APPLICATION [0001] The present
application claims priority to Singapore Patent Application No. 201101763-9, filed 09 March, 2011 and
Singapore Patent Application No. 201106758-4, filed 19 September, 2011. FIELD OF THE
INVENTION 100021 The present invention generally relates to hard disk drive systems, and more
particularly relates to sliders for hard disk drive systems with lubricant containment features.
BACKGROUND OF THE DISCLOSURE Q933 hra vergdidiskegtive, a slider attaches a magnetic
read/write sensor that reads and writes data on the disk to a suspension arm that moves the sensor to
a desired track on the disk. The slider is configured to maintain the head at a stable flying height above
the disk surface, creating a magnetic spacing as well as an air-bearing cushion resulting from the

NOE ro@tpidiskrndarrairdeaiagisurface (ABS) of the

compression of air flow gererseddicrwes
slider facing the rotating disk.
[0001] The present application claims priority to Singapore Patent Application No.
201101763-9, filed 09 March, 2011 and Singapore Patent Application No.

201106758-4, filed 19 September, 2011.

FIELD OF THE INVENTION
10002] The present invention generally relates to hard disk drive systems, and more
particularly relates to sliders for hard disk drive systems with lubricant containment

features.

BACKGROUND OF THE DISCLOSURE

[0603] In a hard disk drive, a slider attaches a magnetic read/write sensor that reads
and writes data on the disk to a suspension arm that moves the sensor to a desired
track on the disk. The slider is configured to maintain the head at a stable flying
height above the disk surface, creating a magnetic spacing as well as an air-bearing
cushion resulting from the compression of air flow generated between the rotating
disk and an air-bearing surface (ABS) of the slider facing the rotating disk.

[0004] The magnetic disk in the hard disk drive is where the magnetic data (bits) are
stored in a form of magnetized and non-magnetized bits. The bits are stored in a soft
magnetic material coated on the disk. On top of this magnetic material a very thin
protective layer of diamond-like carbon (DLC) and a top lubricant layer for reducing
friction and wear are provided. The DLC and lubricant layer protect the disk from

corrosion and also prevent catastrophic failure due to slider disk contact.
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[0004[ The magnetic disk in the hard disk drive is where the magnetic data (bits) are stored in a form

of magnetized and non-magnetized bits. The bits are stored in a soft magnetic material coated on the
disk. On top of this magnetic material a very thin protective layer of diamond-like carbon (DLC) and a
top lubricant layer for reducing friction and wear are provided. The DLC and lubricant layer protect the

disk from cquesspn aRdialpa RieveHcalatiEapkis talulridusHtolidagidiskeriiach JOR0R] As the

physical spacing between the slider and the disk is reduced to achieve smaller magnetic spacing, the

lubricant onstheidisk ssitacapnighatesdauthe-slides hedvsMastRlthislubricantdonsfrenhe leading

edge towards the trailing edge of the slider due to the air shear force imparted by the air flow from the

rotating diskvibhedpRrisanbassunmdatesahthe:tialingeedar abihaslider eanegiallyeatdhentrailing edge

face perpendicular to the air bearing surface. When the slider is unloaded or is nonoperational, the

accumulateghjgdrigantcan niKRieriRektaipeAB & stidagse e sRaNsetaeayiiatignalige other
attractive forces. The migrating lubricant may coat the ABS where the read/write sensor is located,

thereby proviging:aneffestivabs increases magnetic spacinawhepdheslidenis ipaded haek on the
rotating disk leading to a significant degradation in recording performance until the air shear force

pushes the fbsigani-ptfigiitha MBS subesenY\dthfiedaysHBagnetcapasingbaipg helowoho nm, a few

Angstroms of lubricant film on the ABS can lead to a measurable loss of magnetic sensitivity. 100061

The accumugéedibibe aap alsastiopedl afdhesstidemanddack paip the diskapsfagefabhisds commonly

known as disk drive performance degradation caused by lubricant pick-up. The lubricant droplet can

impact the skiggssiability-asitilies ovetitand-saveareslider Msiabiliveouldigaehioeataswophic head
crash. [0007] One solution that has been proposed to the lubricant pick-up problem is to retract the

magnetic hepel OB aigfenvhere-aiicumécrenital speadhisdfagiestimhanthinare disledrivgyis first
powered on, such as to an outermost side of the flying guarantee area of the hard disk. The lubricant

transferred fremdéiel diskderihepslider eamtiensbedenpuadd Haweyethi iakas adrrgdimagusually from
seconds to minutes) to shear the lubricant off the trailing end of the slider, and remaining lubricant can

again flow hack aaterhediisadHiace 10 wadesiahyrioarease the Megaptihspaking aasheegatively
affect the slider-disk interface.
the iubricant off of the ABS surface. With today’s magnetic spacing being below 10
nm, a few Angstroms of lubricant film on the ABS can lead to a measurable loss of
magnetic sensitivity.
[6066] The accumulated lube can also drop off of the slider and back onto the disk
surface. This is commonly known as disk drive performance degradation caused by
lubricant pick-up. The lubricant droplet can impact the slider stability ag it ﬂies over
it and severe slider instability could lead to catastrophic head crash.
[0007] One solution that has been proposed to the lubricant pick-up problem is to
retract the magnetic head to an area where circumferential speed is fastest when the
hard disk drive is first powered on, such as to an outermost side of the flying
guarantee area of the hard disk. The lubricant transferred from the disk to the slider

can then be removed. However, it takes a long time (usually from seconds to

minutes) to shear the lubricant off the trailing end of the slider, and remaining



10008] Thus, what is needed is a slider for a hard disk drive which eliminates the problems associated
with transferred lubricants. Furthei lore, other desirable features and characteristics will become
apparent from the subsequent detailed description and the appended claims, taken in conjunction with
the accompanying drawings and this background of the disclosure. SUMMARY [0009] According to

the Detailed Bassrptian, a:slidgTder tearinadatpdranand-weting dattantela hasebgiskis provided.
The slider includes an air bearing surface and one or more structures for forming lubricant reservoirs.

The air beafingsufagadrovides aaadiwite aansaraboyeithetaystace of the hard disk. And the one
or more structures for forming lubricant reservoirs are fluidically coupled to the air bearing surface to

prevent lubrigaggbuitdup theseen [0QLQ] in actaranece Witk angthesaspecthacharadiskideive system
is provided. The hard disk drive system includes a hard disk and at least one slider structure for

reading datgprmmandwriting data aaieihe-bandcisk:sTaRachdisk inclides eapleradifynetlayers, and
at least a topmost one of the plurality of layers comprises a lubricant layer. The at least one slider

structure inclyglebaacRepABgwir e aBdEnNer Mareil vebuegs dor dermingdesriganhreservoirs. The
air bearing surface includes a read/write sensor for reading and writing the data from/onto the hard

disk. The onpOfyh@I@StHigivEC Sfasimitheslybricant resenveirscydrichiare fddicatlyscauptad to the air
bearing surface to prevent lubricant buildup on the air bearing surface. BRIEF DESCRIPTION OF
THE DRAWHNGS (0] b} fielaetampanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views and which together with the detailed
description below are incorporated in and form part of the specification, serve to illustrate various
embodiments and to explain various principles and advantages in accordance with the present
invention. SUMMARY

100091 According to the Detailed Description, a slider for reading data from and

writing data onto a hard disk is provided. The slider includes an air bearing surface

and one or more structures for forming lubricant reservoirs. The air bearing surface

provides a read/write sensor above the surface of the hard disk. And the one or more

structures for forming iubricant reservoirs are fluidically coupled to the air bearing

surface to prevent fubricant buildup thereon

[0010] In accordance with another aspect, a hard disk drive system is provided. The

hard disk drive system includes a hard disk and at least one slider structure for reading

data from and writing data onto the hard disk. The hard disk includes a plurality of

layers, and at least a topmost one of the plurality of layers comprises a lubricant layer,

The at least one shider siructure includes an air bearing surface and one or more

structures for forming lubricant reservoirs. The air bearing surface includes a

read/write sensor for reading and writing the data from/onto the hard disk. The one or

more structures form the lubricant reservoirs which are fluidically coupled to the air

bearing surface to prevent lubricant buildup on the air bearing surface.



100121 FIG. 1, including FIGs. IA and 1B, illustrates a front, top, right perspective view of a slider in
accordance with the present embodiment,wherein FIG. A illustrates the slider during operation when
flying over a rotating hard disk and FIG. 1B illustrates the slider in a non-operational state at rest over
the hard disk. [0013] FIG. 2, including FIGs. 2A to 2F, illustrates a slider in accordance with the

present embodiment, wherewiicF: PAJURIRtER arear, T ttong lethprrspective of the slider and FIGs.
2B to 2F are planar cross-sectional end views of various embodiment of lubricant reservoirs formed by

structures ofpeutrpiling edeasipiace offibe slidehal@0id FlGradcinsluding HH63e: BAiteaRalllustrates
the slider of FIG. 2 in accordance with the present embodiment, wherein FIG. 3A illustrates a rear,

bottom, left perspestngief theislideeand:F Gs 3BJI0 IR areplanarosssectinial sigeews of
various embodiments of the structures forming the lubricant reservoirs on the trailing edge surface of

the slider. [Q0i115] tG dériliugtratasrabeitonaldaantefi nerispesive viewof amexeaplary émbodiment of
the slider of FIGs. 2 and 3 in accordance with the present embodiment. [0016] FIG. 5 is a planar

cross-sectigpatgidendewal ubritantmenisehin adhaiinehof ailioricaniiresefol phiacgosdance with
the present embodiment. 100171 FIG. 6 is a graph of lubricant height in a channel of a lubricant

reservoir as;aduaetion gfsaaniact-angle wilh tasyaehaiehannel.in accordance with the present
embodiment. [0018] FIG. 7 illustrates a bottom, rear, left perspective view of a slider depicting an air

bearing surfaga Bf theisliderwithithe Eietleatar padshalingrfeer chamnelsangia highsutface energy

metallic rail structure located at each channel in accordance with a further embodiment.
view of a slider in accordance with the present embodiment, wherein FIG. 1A
illustrates the slider during operation when flying over a rotating hard disk and FIG.
IB illustrates the slider in a non-operational state at rest over the hard disk.
[00313] FIG. 2, including FiGs. 2A to 2F, illustrates a slider in accordance with the
present embodiment, wherein FIG. 2A illustrates a rear, bottom, left perspective of the
slider and FIGs. 2B to 2F are planar cross-sectional end views of various embodiment
of lubricant reservoirs formed by structures on a trailing edge surface of the slider.
[0014] FIG. 3, including FiGs. 3A to 3D, illustrates the slider of FIG. 2 in
accordance with the present embodiment, wherein FIG. 3A illustrates a rear, bottom,
left perspective of the slider and FIGs. 3B to 3D are planar cross-sectional side views
of various embodiments of the structures forming the lubricant reservoirs on the
trailing edge surface of the slider.
10015] FIG. 4 illustrates a bottom, rear, left perspective view of an exemplary
embodiment of the slider of FIGs. 2 and 3 in accordance with the present embodiment.

[6016] FIG. 5 is a planar cross-sectional side view of lubricant menisci in a channel

of a lubricant reservoir in accordance with the present embodiment.



100191 FIG. 8 illustrates a bottom, rear, left perspective view of a slider depicting an air bearing
surface of the slider with the deflector pads having two channels and a high surface energy metallic
rail structure located at each channel in accordance with an alternate embodiment of the slider of FIG.
7. [0020] FIG. 9 illustrates a bottom, rear, left perspective view of a slider depicting an air bearing

surface of thegshgermithan additionat deapdrenchrdircentdhe:leadingedas: ofdhe leflegtor pads in

accordance with a second alternate embodiment of the slider of FIG. 7. [00211 FIG. 10 illustrates a

bottom, rearfyiRfiRerspestiveview ofaslider sieRietinganail beadpg suifaceiaf e shdambaving
additional high surface energy films patterned near the channel exits and the area near the deflector
pads in accergdaneawith a third alternate embodiment of the slider of FIG. 7. [00221 FIG. 11 illustrates
a bottom, rear, left perspective view of a slider depicting an air bearing surface of the slider and a

trailing edgeguigpcewittyalnatieracs highrsUrlaca angegypstinaiunedhereandaracgncdanea with a
fourth alternate embodiment of the slider of FIG. 7. [0023] FIG. 12 illustrates a top, front, left

perspectiveayiew 9 heagsiagkassamblwincerpaiatipg @ pidertinvaseardansamidh theipresent
embodiment. [0024] And FIG. 13 illustrates a top planar view of a hard disk drive system including the
head stack peseqbbyincaccordanctiwitikknctide located at each channel in accordance with

a further embodiment.

[6019] FIG. § illustrates a bottom, rear, left perspective view of a slider depicting an

air bearing surface of the slider with the deflector pads having two channels and a

high surface energy metallic rail structure located at each channel in accordance with

an alternate embodiment of the slider of FIG. 7.

[0620] FIG. 9 illustrates a bottom, rear, left perspective view of a slider depicting an

air bearing surface of the slider with an additional deep trench adjacent the leading

edge of the deflector pads in accordance with a second alternate embodiment of the

slider of FIG. 7.

[6021] FIG. 10 illustrates a bottom, rear, left perspective view of a slider depicting

an air bearing surface of the slider having additional high surface energy films

patterned near the channel exits and the area near the deflector pads in accordance

with a third alternate embodiment of the slider of FIG. 7.

{06221 FIG. 11 illustrates a bottom, rear, left perspective view of a slider depicting

an air bearing surface of the shider and a trailing edge surface with a patterned high

surface energy structure thereon in accordance with a fourth alternate embodiment of

the slider of FIG. 7.

[0623] FIG. 12 illustrates a top, front, left perspective view of a head-stack assembly

incorporating a slider in accordance with the present embodiment.



100251 Skilled artisans will appreciate that elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn to scale. For example, the dimensions of some of the
elements in the figures illustrating integrated circuit architecture may be exaggerated relative to other
elements to help to improve understanding of the present and alternate embodiments. DETAILED
DESCRIPTIGN 4100264 The followingtdeiailedsesarpiiorissmerely ixamplanatppadyseand is not
intended to limit the invention or the application and uses of the invention. Furthermore, there is no

intention to HeihempdiRYN3RY IRLRNLRIRSENIeddbIRIIecedimgdarkground of the invention or the
following detailed description. It is the intent of this invention to manage and control the lubricant

accumulatigneer p stide-pogysbyseliminpiingithe inapachehiranstay ed vy icantsia:theistider body by
channeling the lubricant to non-critical areas of the slider and containing it within lubricant reservoirs at
those non-citigal e asd (0934 Refering e Mi&sdbrincbdinadiesdAqand 18y diagipmsilo0 (FIG. 1A)
and 102 (FIG. 1B) illustrate front top, right perspective views of a slider 104 in accordance with the
present emhgdimanhs The diagram 40 dustatesithe slider-:04duwingapenatioatwhendlying over a
rotating hard disk 106. The diagram 102 illustrates the slider 104 in a non-operational state at rest over
the hard diskd3@c40028% T heseskilledindthelamwilldndesstangrihiat seme:hard dislpeiives have
reading and writing to soft magnetic layers from independently operated sliders on both sides of the
rotating hardrdisk:fmai:sireptificptiaarehdestipiinn ahtidipiesent embodiments, a slider operating over
only one side of the hard disk will be addressed. It is, however, understood that the problems
described herein and the present embodiments are equally applicable to sliders on either side of the
hard disk, or to sliders on both sides pffire HarhdskRSCRIPTION

[6026] The following detailed description is merely exemplary in nature and is not
intended to limit the imvention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the
preceding background of the invention or the following detailed description. It is the
intent of this invention to manage and control the lubricant accumulation on a slider
body by eliminating the impact of transferred lubricants to the slider body by
channeling the lubricant to non-critical areas of the slider and containing it within
lubricant reservoirs at those non-critical areas.

[0027] Referring to FIG. 1, including FIGs. 1A and 1B, diagrams 100 (FIG. 1A) and
102 (FIG. 1B) illustrate front fop, right perspective views of a slider 104 in
accordance with the present embodiment. The diagram 100 illustrates the slider 104
during operation when flying over a rotating hard disk 106. The diagram 102
illustrates the slider 104 in a non-operational state at rest over the hard disk 106.
[0028] Those skilled in the art will understand that some hard disk drives have
reading and writing to soft magnetic layers from independently operated sliders on
both sides of the rotating hard disk. For simplification of description of the present

embodiments, a slider operating over only one side of the hard disk will be addressed.
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[0029] In today's hard disk drives, the fly height of the slider 104 over the hard disk 106 is typically
below ten nanometers, and can be as low as two nanometers. The hard disk 106 includes a plurality of
layers, and a topmost one of the plurality of layers is a lubricant layer 108 having a thickness of
approximately twelve to fifteen nanometers. The lubricant layer 108 and an underlying very thin
protective |gyeg ofdirmenddike:easbantial @ adust:fictipnanswaaryile.aratectjesthe hard disk
106 from corrosion and slider disk contact. 100301 As the slider 104 flies over the rotating hard disk
106, an air bgaramastace ko acingihebrrddiskdobrecrivesihe dghrsanid 8sfros the hard disk
106 which migrates from the hard disk 106 surface to the slider 104. Most of this lubricant flows from
the leading gdgesblhiawairds thvatibng gdge surface 114 of the slider 104 due to the air shear force
imparted by the air flow (indicated by arrow 118) from the rotating hard disk 106. The lubricant
accumulategiatthe traitiagyeduerotiibe &lider, 104fespecialhyf atdRadeiling edgersufacelilis
perpendicular to the air bearing surface 110 as shown by the accumulated lubricant 120 in the diagram

100. 1003114 heminie:shideelddtis uninaded:or isnoaroperalional athevaceamietad. lubiiicant 120 can
migrate back to the air bearing surface 110 in response to gravitational or other attractive forces, as
shown in thggingiami182inthe snigratingiubocagisnayedal apodionof the @i baadng surface 110
where the read/write sensor is located, thereby providing an effectively increased magnetic spacing

when the slide&rd G4 isiloatied:bagk-ovey Haeinptatingchass diskdpoxThisdBags:iocatsigitiaant
degradation in recording perfoinmance until the air shear force pushes the lubricant off of the air

bearing surfagehitWVithhtotiaysnaneoyeet@srangammaghetitnspaainghia f@wtnigstiayes of lubricant
film on the air bearing surface 110 can lead to a measurable loss of magnetic sensitivity. [0032]

Retelling to filmodddiskdenrzO0 iDbCratdanedwiibthenpresenidmbetimnetit istlepistediifdG. 2
includes FIGs. 2A to 2F. FIG. 2A illustrates a rear, bottom, right perspective 202 of the slider 200.
FIGs. 2B to 2 @renplanartrnssdediangkierdiviews 204, 206, 208, 210, 212 of various embodiments
of channels 226 formed between structures 220 on a trailing edge surface 222 of the slider 200. [0033]
The slider 2@ 30¢Iudastiansid dreidring sucfaaeiR2d indhidingdadicad(grite aensend2sudiich operates in
a manner well known to those skilled in the art. The trailing edge surface 222 is a surface orthogonal
to and having @& &bare¢the dgedwiitk thésaiedeparingslutaica? 243 ikwrcketiradeticirs)a k8hekferably
include the channels 226 formed between structures 220 formed on the trailing edge surface 222.

migrates from the hard disk 106 surface to the slider 104. Most of this lubricant flows

from the leading edge 112 towards the trailing edge surface 114 of the slider 104 due

to the air shear force imparted by the air flow (indicated by arrow 118} from the

rotating hard disk 106. The lubricant accumulates at the trailing edge of the slider 104,

especially at the trailing edge surface 114 perpendicular to the air bearing surface 110

as shown by the accumulated lubricant 120 in the diagram 100.

[0031] When the slider 104 is unloaded or is non-operational, the accumulated

lubricant 120 can migrate back to the air bearing surface 110 in response to

gravitational or other attractive forces, as shown in the diagram 102. The migrating

lubricant may coat a portion of the air bearing surface 110 where the read/write sensor

is located, thereby providing an effectively increased magnetic spacing when the

slider 104 is loaded back over the rotating hard disk 106. This leads to a significant

degradation in recording performance until the air shear force pushes the lubricant off



[0034] Lubricant is channeled to and retained in the lubricant reservoirs 218 by capillary action and
surface tension. The structures 220 have predetermined outlines to form the lubricant reservoirs 218
having the channels 226 of one or more geometric shapes for the lubricant to enter the lubricant
reservoirs 218 by capillary action and the lubricant reservoirs 218 to maintain the lubricant therein by

surface tensipheRafBEIAEJQRIABAN YIEWE ROb 96 RQRn?di0rand st iR Sxemplangeamsiric shapes
for cross-sections of the channels 226 are depicted. The planar cross-sections are viewed from the

trailing edgessiskiase 232 R3S T NIanak i we201k (Fi3r2B) depisisiaaghanngl226-faving a

trapezoidal shape wherein a lubricant entry side has a longer length than a side opposite to and
parallel to theslubrigaps aninesige/ifhe planar view 206 (FIG. 2C) depicts a channel 226 having a
trapezoidal shape wherein a lubricant entry side has a smaller length than a side opposite to and

parallel to thedebricartenity sidad e planar vigwR08&0rie: 2Dy depictsrasehaanshdrbehaving an
entry portion having a rectangular shape and a remaining portion having a trapezoidal shape, the
trapezoidal shapg-eitheremaintngdee mimn: having B firsisidesadjoiningdhe@ntioperion aith a longer
length than a second side opposite to and parallel to the first side. The planar view 210 (FIG. 2E)

depicts a changel-226 hewinglansaaty2eortiprGhaying 2 Fapespifal shapecancnalremaining portion
having a rectangular shape, the trapezoidal shape of the entry portion having a lubricant entry side

with a smallgrdengt) then aiside Iopposite sasand patalielto dhelubrigamentonsiee bike:glanar view
212 (FIG. 2F) depicts a channel 226 having a rectangular shape with a lubricant entry side having a

substantiallytagialdepgthhitaasitie oppeasiiate-andper alleteidghedabricant entry side. [0036] Referring
to FIG. 3, the slider 200 in accordance with the present embodiment is depicted, wherein FIG. 3
includes FIGEnBA torBb shiler. 3&0illusiiaigsa rearoettomsuiight perspactiving02 efddresslicer 200.
FIGs. 3B to 3D planar cross-sectional side views 304, 306, 308 of various embodiments of the

structures 22 dormingwheclubfieants eservoirs &1&oh khedraiinghedgekslsfane B2 2:0f thaeslider 200.
The side views 304, 306, 308 are viewed from a side 310 of the slider 200. [0037] The planar view 304

(FIG. 3B) depiitisgcgiftictitfec2Z0 havinghafitepetaidatshapaivheraip a datahedidesofithie:structure
220 has a longer length than a top side opposite to and parallel to the bottom side. The planar view
306 (FIG. 3¢ depicls asslitcttie. 22Mbhavingadraperoidapstiapalwheraiiathatamsidedsas a smaller
length than a top side opposite to and parallel to the bottom side. And the planar view 308 (FIG. 3D)
depicts a stifagiiré Z26 fmvingauest2iyilan shapeh{003BhAskanbdsseanirom the foregoing

description of FIGs. 2 and 3, the channels

[0034] Lubricant is channeled to and retained in the lubricant reservoirs 218 by
capillary action and surface tension. The structures 220 have predetermined outlines
to form the lubricant reservoirs 218 having the channels 226 of one or more geometric
shapes for the lubricant to enter the lubricant reservoirs 218 by capiliary action and
the lubricant reservoirs 218 to maintain the lubricant therein by surface tension.
Referring to planar views 204, 206, 208, 210 and 212, exemplary geometric shapes
for cross-sections of the channels 226 are depicted. The planar cross-sections are
viewed from the trailing edge surface 222.

[6035] The planar view 204 (FIG. 2B) depicts a channel 226 having a trapezoidal
shape wherein a lubricant entry side has a longer length than a side opposite to and

parallel to the lubricant entry side. The planar view 206 (FIG. 2C) depicts a channel

226 having a trapezoidal shape wherein a lubricant entry side has a smaller length



226 and the structures 220 may have various shapes and sizes. Regardless of the shapes of the
channels 226 and the structures 220, the lubricant reservoirs 218 will function properly if the following
requirements are met: (1) The contact angle of the lubricant on a wall of the channel 226 must be
smaller than ninety degrees, and (2) the channels 226 should have enough volume for the expected

amount of trpasteriad bpdcantd083FhlklGl bshewmabaxemplagieesign plihe stigler2@o including
lubricant reservoirs 218 to explain how the channels 226 work to guide the lubricant to the lubricant

reservoirs 2k8@neiretaipithe-lwhrsaat 1heneifinbhanlubricamiiese neirss?d S-nehite.0aR.pE more
individual channels 226, each of the individual channels having a thickness D, a height H, and a width

W. The indivigual ehasninels 236iaie piefiesablyarthoganaliysisppsacrelalive tehhe: air hearing surface
224 of the slider 200, although other angles may be used. The lubricant reservoirs 218 preferably also

include a cagnesiing ebHicaugh ehanfeldidd-aidsighl hirbavethedeividiual:clhappelsxde. The
through channel 402 is preferably fluidically coupled to each of the individual channels 226. The width

of the sliderR0-sdcolR0404 dprariaperatingRare disk drive sisenThamldsansferred dylpmicant that
flows to the trailing edge surface 222 of the slider 200 will flow into the individual channels 226 due to
capillary pressusiepiigfercingieIFICs hadnianaeeigssosestionalside vigw-eldubsicgit menisci 500 in a
channel 226 of a lubricant reservoir 218 in accordance with the present embodiment is depicted. The
lubricant 502iathighsuitiels R2Gwilkfesxdheslabribapt, mboiseiRQ0:duetopapiiageastion. The

pressure Jump across the curved surface 504 is shown in Equation (1):
portion having a Tubricant entry side with a smaller length than a side opposite to and
paraliel to the lubricant entry side. The planar view 212 (FIG. 2F) depicts a channel
226 having a rectangular shape with a lubricant entry side having a substantially equal
length to a side opposite to and parallel to the lubricant entry side.
18036] Referring to FIG. 3, the siider 200 in accordance with the present
embodiment is depicted, wherein FIG. 3 includes FIGs. 3A to 3D. FIG. 3A illustrates
a rear, bottom, right perspective 302 of the slider 200. F1Gs. 3B to 3D planar cross-
sectional side views 304, 306, 308 of various embodiments of the structures 220
forming the lubricant reservoirs 218 on the trailing edge surface 222 of the slider 200.
The side views 304, 306, 308 are viewed from a side 310 of the slider 200,
10037F The planar view 304 (FIG. 3B) depicts a structure 220 having a trapezoidal
shape wherein a bottom side of the structure 220 has a longer length than a top side
opposite to and parallel o the bottom side. The planar view 306 (FIG. 3C) depicts a
structure 220 having a frapezoidal shape wherein a bottom side has a smaller length
than a top side opposite to and parallel to the bottom side. And the planar view 308
(FIG. 3D) depicts a structure 220 having a rectangular shape.
[0938] As can be seen from the foregoing description of FIGs. 2 and 3, the channels

226 and the structures 220 may have various shapes and sizes. Regardless of the



where 7 is surface tension of the lubricant 502, 0 is a contact angle 506 of the lubricant 30 with the
channel wall 508, and R is an effective radius of the channels 226, which can be expressed as shown
in Equation (2): (2) [0041] If one of the individual channels 226 becomes full, the lubricant 502 will
flow to other channels 226 via the through channel 402 until all the channels 226, including the through

channel 402hapesfult. thheicharnet 8264402 shaulg-thus berdesighadio Ravesisuffigientivolume for

the expected amount of transferred lubricant 502. For example, the total lubricant volume of a

standard 2.5 igkiwith R 0permpo gamRierthickghkiicant fiim isabayt 38106am3:amope wisk surface.

Assuming that twenty per cent of the lubricant 502 accumulates at the trailing edge surface 222 of the

slider 200 anghthakhthe slidar beipbtina31mme andwidinitmmntheehanpels3hd 402meed to be

about 3 gm thick (D) to store the transferred lubricant 502. [0042] The surface tension of an exemplary

hard disk driwgdubiicard, Zdali2800Q, atA0E isch2waNin this spesHicgsaithalo20Esii-g/ml. If a 3
gm thick channel 226 is put vertically in lubricant Zdo1-2500, FIG. 6 depicts a graph 600 showing the

height of theywbsigant pulled up by its capillary pressure on axis 602 as a function of its contact angle
on the channel wall 508 charted on axis 604. [0043] It is assumed that channel width W of each

channel 22Gge3nuciFiargershiansits-thigkness angds oeglectadiin theocalenlatigns:deientat a contact
angle of 80, it can be seen from graph 600 that the lubricant height as balanced by its capillary

pressure stitbgenchesalsow 45 MmnhokhismerasdnabifcheaharnehdRois plased:versically, it can
retain lubricant up to a height of 145 mm therein without lubricant leaking from a bottom opening of the
channel 226udherefoseronee Jubrigantdiowshe lubricant therein. The lubricant reservoirs 218

include one or more individual channels 226, each of the individual channels having a

thickness D, a height H, and a width W. The individual channels 226 are preferably

orthogonally disposed relative to the air bearing surface 224 of the slider 200,

although other angles may be used. The lubricant reservoirs 218 preferably also

inchude a connecting or through channel 402 of height h above the individual channels

226. The through channel 402 is preferably fluidically coupled to each of the

individual channels 226. The width of the slider 200 1s L.

[064¢] In an operating hard disk drive system, any transferred lubricant that flows to

the trailing edge surface 222 of the slider 200 will flow into the individual channels

226 due to capillary pressure. Referring to FIG. 5, a planar cross-sectional side view

of lubricant menisci 500 in a channel 226 of a lubricant reservoir 218 in accordance

with the present embodiment is depicted. The lubricant 502 in the channels 226 will

form the lubricant menisci 500 due to capillary action. The pressure jump across the

curved surface 504 is shown in Equation (1}

R (D)
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into the channels 226, 402, it will not flow back to the air bearing surface 224 and the disk to cause
read/write problems. 100441 FIG. 7 illustrates a bottom, rear, left perspective view of a slider 700 in
accordance with a further embodiment. The slider 700 includes an air bearing surface 724 having a
depression 728 formed therein and including deflector pads 730 for conducting the lubricant away from

a read/writexgeneof 72 éukhe deflsiciorqagls havaARSsohamnelsa/ 3ddeeneaddiessin andha high
surface energy metallic rail structure 734 formed on a trailing edge surface 722 of the slider 700, the
rail structuré‘g’l?@ﬁnito%gt%ﬂéf Ehaﬂ\%eé Wﬁﬁn%%ﬂﬂélﬂ FHe ?)‘éﬁifg%?fgﬁ ERU ‘?3%%83?1“&%%“ bearing

surface 724hy avpluradity bé skpiecasi #hesewhkiacgsdisiuding the deflecting pads 730. The deflecting
pads 730 are adjacent the ABS or lubricant channels 732 and form a portion of the depression 730

along an edge shared by the air bearing surface 724 and the trailing edge surface 722 having
structures 720 formed thereon. [0045] Eachdefléctor pad 730 forms two lubricant channels 732 with
adjacent deflector pads 730. In accord@"n&‘"e{)@ifhit}wis further embodiment, one lubricantghannel 732 is
formed between a center deflection pad 731 and each adjacent deflector pad 730 and another channel
is formed between the deflector pads 730 and a side surface 736, 738 of the depression 728. The

deflector pags480, #3J.bayertaRared sadingRwiase RbiasihailubgeantHewtowardsia channel
732 located away from the critical center of the air bearing surface 724 where the read/ write element

727 is usualiy {p¢ateth-{004blAdiacent axits fieruthe bricani ehannelsi’ 32 thediah sudace energy

rail structures 734 are employed to prevent the lubricant from flowing towards the center deflection pad

731 and alsg ¢, glp iNuckrdhenWRHERA Ryvayfsomithersbamagh 32 exit and Jawaidsdyyicant
reservoirs 718 formed by structures 720. In this further embodiment, the structures 720 are the

contact padg.Qfthe shdek elestifeal Gannegetiens: tie soBtacd RA/k%tObPARRsRads) RIgiasmed of high

surface energy material such as gold. Thus the rail structures 734 can be formed of the same high

surface enesgy matgrialand durisadhe paiterningehthe gold sontastipads digl hemstiugtyres 720) of
the slider 700. This patterning, is therefore, performed during the head wafer fabrication and not during

the slider progassing: s thaitikshystiads4 locatonahd sizgniust be-predetesinad;according to
an intended air bearing surface 724 design.
that twenty per cent of the lubricant 502 accumulates at the trailing edge surface 222
of the slider 200 and that the slider height is 0.3 mm and width 0.6 mm, the channels
226, 402 need to be about 3 pum thick (D) to store the transferred lubricant 502,
i#042] The surface tension of an exemplary hard disk drive hubricant, Zdol-2500, at
20°C is 22 mN/m. Its specific gravity at 20°C is 1.8 g/ml. If a 3 pm thick channel
226 is put vertically in lubricant Zdol-2500, FIG. 6 depicts a graph 600 showing the
height of the lubricant pulled up by its capillary pressure on axis 602 as a function of
its contact angle on the channel wall 508 charted on axis 604,
[0043] It is assumed that channel width W of each channel 226 is much larger than
its thickness D and is neglected in the calculations. Even at a contact angle of 80°, it
can be seen from graph 600 that the lubricant height as balanced by its capillary
pressure still reaches about 145 mm. This means that if the channel 226 is placed

vertically, it can retain lubricant up to a height of 145 mom therein without lubricant

leaking from a bottom opening of the channel 226. Therefore, once lubricant flows
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[0047] FIG. 8 depicts an alternate embodiment of the slider 700 where deflector pads 800 are shaped
to only form one channel 802 each together with the side surfaces 804, 806. As in the earlier
embodiment, leading edges of the deflector pads 800 are tapered to bias the lubricant flow to the side
and away from the read/write sensor 727. In a similar manner, high surface energy structure forms a
rail 808 whighdsiemplayets abtheiohannalidy axiksiackan/eritharsamenit petfona discassed
hereinabove in connection with FIG. 7. [0048] FIG. 9 illustrates a second alternate embodiment of the
slider 700 whigketndhssepmesianpr@ddntiudes trenches 900 adjacent to the leading edge of the
deflector pads 730. The trenches 900 have a depth greater than the depth of a remainder of the
depression i #ndraE forimestdndhe avhearingsutticeddctaidiract thefubradst tnywaids the
lubricant channels 732. The trenches 800 provide increased channel floor area (i.e., the area of the
floor of the gbandelsd 32tandihadieniteidhe-trienThesiBROY el ativiedosthe ABS stifocefddaerefore,
more high surface energy pattern can be provided to the channel floor area making it more difficult for
the lubricanttg flewitowagipitheicantes deteetiothaath 73k [R04OhE |G lR ifustratessa third
embodiment of the slider 700 where high surface energy film 1000 is patterned on the trailing edge
surface 722cadihceniakidiftermihedubritant shaatielst? 32naod Adjadant doécenteadelieetion pad 731.
High surface energy films 1000 (such as films made from gold) have a low contact angle and thus
allow the lubtieanilisspredsltiniy ah tthedraiking edgehswface Za2:gihedaviliconiactangle:coupled
with the other forces acting on the lubricant at the channel 732 exits (e.g. forces such as disjoint
pressure antBaifsheat forcejrallowssthe lubtican?2a bé heckert avaytfromitherloanraf e depression
728. Also, a thinly spread lubricant makes it more difficult for gravity to reflow the lubricant towards the
air bearing $ocfact A24cAnyBEbticantiEls tfhesiepressionafl8réafbfif2daiabenttheaenter deflection
pad 731 is also held in place by the patterned high surface energy film deployed adjacent thereto. Film
material, thiskirfess 7 patiern hegheasitksizasard paramatersitibhidiag the tefledtbogsuititHs &ind of
lubricant that needs to be managed. [0050] FIG. 11 illustrates a bottom, rear, left perspective view
1100 in accidatcentitkp g fouriti @kes naiecentbibdimBRt @f theishdecFOt elepidfingdicain earing
surface 724 and a trailing edge surface 722. The trailing edge surface includes a patterned high
surface enepgytstrucitite dd02suaiutitg joatienneddeighssud facehendr gyganatesials stratégiedlly located
on the trailing edge surface 722. In this embodiment, the patterned high surface energy structure 1102
includes rouhed pilang thbfcane farayed lavihestratingee dge surfadehz22AVhile round pillars are
depicted, the patterns could take any shape and size and still achieve the same purpose. The
meniscus foiekiBeptvizeh theflpitarspadd e obmneart witiadtiike drardhot3td prigventjthentubricant
from cascading back to the air bearing surface 724. The material, thickness, pattern shape and sizes
are parametirf§cttiat qadall be tubedtosdintte kindl diikibncant thabndmgsnto beenabaged. [0051]
Referring to FIG. 12, a top, front, left perspective view 1200 of a head-stack assembly 1202 in
accordanceokvitimth e 13t se nfoemisb dietrentis depicted dthecheadpstacld asseinbhci 28H4demitudes an
upper actuator arm 1204 and a lower actuator anti 1206. This configuration allows reading from and
writing to a tlwf<side ¢adisk fotating bbtweemtiebio pperaChsaiceathe H204camdpthis [Blemdctuator arm
1206. [0052] An upper slider 1208 and a lower slider 1210 are constructed with lubricant containment
structures seidk astabeicgitt résembits idaccomganégSwithhangedfettiergmiko diFte st discussed
hereinabove. The upper slider 1208 has the air bearing surface 224, 724 on the bottom side and the
lower slidert2gd@hbsdhe airbearindsurfactipfdar Xioontthetdp sidesetfatthedirdosaring surface is
facing the disk rotating between the upper slider 1208 and the lower slider 1210.

from the critical center of the air bearing surface 724 where the read/write element

727 1s usually located.

[0046] Adjacent exits from the lubricant channels 732, the high surface energy rail
structures 734 are employed to prevent the lubricant from flowing towards the center
deflection pad 731 and also to help “wick™ the lubricant away from the channel 732

exit and towards lubricant reservoirs 718 formed by structures 720. In this further
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[0053] The upper slider 1208 and the lower slider 1210 are each bonded to a suspension which is a
small arm for holding the slider 1208, 1210 in position above or beneath a disk. Each suspension and
slider 1208. 1210 combination are called a head-gimbal assembly 1212 and the head-gimbal
assemblies 1212 are attached to respective actuator arms 1204, 1206 which are stacked together to
form the heaghistack assemblyh2dd-ed hedteadestagk assemblyli203ristpropsilied anayaand below a
disk surface by an actuator (not shown) which pivots the head-stack assembly around a point 1214.

[0054] A top-plasatioiew TBOQ-ofiadiareieisk dseisysieimair deeadantewithiheprasentembodiment
is depicted in FIG. 13. A disk 1302 is located in a hard disk drive enclosure or housing 1304 and

rotates aroungh&eeriehl30dtbunles tha motar(nelshownkad he eat-atackiassandolig202 is
pivoted around the point 1214 by the actuator so that the slider 1208 can read or write at any point on

the disk 13G2dncthencosphinaton ahthadisk 1302 retatian andihedatuatasarpd2Q4 piating [0055]
As the air bearing surface 224, 724 flies across the rotating disk 1302 at mere nanometers away from
the top lubrigapnitlayer’obihe disk 13627 dobrichiat frammibe top Iuwbetan] layerrefdhawdisk 1302 migrates
to the slider 1208. The features of the present invention as described in more detail in accordance with

FIGs. 2 to Iisxbntaiea thehdaricaninghich dlows thwaliapehoatd g irailing ddgemnfdinecslider 1208 due
to the air shear force imparted by the air flow from the rotating disk 1302 so that the lubricant

accumulatedenithasicailing edge ab thé slided di20Biaah notsigrgtecack te:tldeaib&atifigesurface 224,
724 in response to gravitational or other attractive forces. The features of the present embodiments
thereby lessenfiess/of dagnetic sensitivity of the read/write head 227, 727 and, consequently, diminish
degradation of recording perfoonance of the hard disk drive system 1300. The containment of the
transferred [@b4TaNTGG ttedeailing dgecaidheslidedii2O8 afinimizeddisk @rivehperfdshanae
degradation caused by lubricant pick-up. [0056] Thus it can be seen that a slider 200, 700 for a hard
disk drive syatam(asrbekrrppiavideld Vaniclvedintinaties 302 qrdblepeshassatdiatedsiditliransterred
lubricants. Such slider 200, 700 in accordance with the various embodiments disclosed can provide
features su@i-asiisannels: 2R6 732y trarichis Q00 lantl stradiesest 200 1Z84:t3098d<120@ avhich guide
the transferred lubricant away from the air bearing surface 224, 724 and retains it within the lubricant
reservoirs 2d8eMihite lsevédrall exerapldlyve mbhbdimenishavebfrem pheseniadrin: theforédgding detailed
description of the invention, it should be appreciated that a vast number of variations exist, including
variations aite theimatesialsrahidiskhafes: usedto founihefvanous:strReturdscB 0 sitiplo k00, 1102.
[0057] It should further be appreciated that the exemplary embodiments are only examples, and are
not intendedttalignitthedc8N2, ayiplicalitye dimensiensuortion as discussed hereinabove in

connection with FIG. 7.

[0048] FIG. 9 illustraies a second alternate embodiment of the slider 700 wherein
the depression 728 includes trenches 900 adjacent to the leading edge of the deflector
pads 730. The trenches 900 have a depth greater than the depth of a remainder of the
depression 728 and are formed in the air bearing surface 724 to direct the lubricant
towards the lubricant channels 732, The trenches 800 provide increased channel floor
area (i.e., the area of the floor of the channels 732 and the floor of the trenches 800)
relative to the ABS surface. Therefore, more high surface energy pattern can be
provided to the channel floor area making it more difficult for the lubricant to flow

towards the center deflection pad 731.
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configuration of the invention in any way. Rather, the foregoing detailed description will provide those
skilled in the art with a convenient road map for implementing an exemplary embodiment of the
invention, it being understood that various changes may be made in the function and arrangement of
elements and method of fabrication described in an exemplary embodiment without departing from the
scope of thegigyantioncas] setifastadin therppensiedsiaims. (ELANMS \Whatis-elalgiesiisadaA slider for

reading data from and writing data onto a hard disk, the slider comprising: an air bearing surface

for providingmargadiwritesensateboedhersurfaiegofdpe haraedik? adjacent exits from the
lubricant channels 732 and adjacent the center deflection pad 731. High surface
energy films 1000 (such as films made from gold) have a low contact angle and thus
allow the lubricant to spread thinly on the trailing edge surface 722. The low contact
angle coupled with the other forces acting on the lubricant at the channel 732 exits
(e.g. forces such as disjoint pressure and air shear force) allows the lubricant to be
“wicked” away from the floor of the depression 728. Also, a thinly spread lubricant
makes it more difficult for gravity to reflow the lubricant towards the air bearing
surface 724. Any lubricant that is transferred to an area 1002 adjacent the center
deflection pad 731 is also held in place by the patterned high surface energy film
deployed adjacent thereto. Film material, thickness, pattern shape and sizes are
parameters that can be tuned to suit the kind of lubricant that needs to be managed.
[0050] FIG. 11 illustrates a bottom, rear, left perspective view 1100 in accordance
with a fourth alternate embodiment of the slider 700 depicting an air bearing surface
724 and a trailing edge surface 722. The trailing edge surface includes a patterned
high surface energy structure 1102 including patterned high surface energy materials
strategically located on the trailing edge surface 722. In this embodiment, the
patterned high surface energy structure 1102 includes round pillars that are arrayed on
the trailing edge surface 722. While round pillars are depicted, the patterns could take
any shape and size and still achieve the same purpose. The meniscus force between
the pillars and the Ilubricant will act like an anchor to prevent the lubricant from
cascading back to the air bearing surface 724. The matenal, thickness, pattern shape

and sizes are parameters that can all be tuned to suit the kind of lubricant that needs to

be managed.
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at least one surface orthogonal to and having a shared edge with the air bearing surface; and one
or more structures for forming lubricant reservoirs fluidically coupled to the air bearing surface to
prevent lubricant buildup thereon, wherein at least one of the one or more structures are formed on the
at least one surface orthogonal to the air bearing surface. 2. The slider in accordance with Claim |

wherein thejagfaast parRsudasercomprisas ralling:adaesputiaceview 20D slideuigiageordance
with either of Claims 1 or 2 wherein each of the one or more structures has a predetermined outline to

form the lubsigambieseryoiis ab-enaRciarengeRkmettieshapesiialdne; lubkiganidto ententhe lubricant
reservoirs by capillary action and the lubricant reservoirs to maintain the lubricant therein by surface

tension.  seld Bexshider ilmagcardiancewithfelainmawharein e ong arpiaie geemetig.shapes

include a trapezoidal shape having a lubricant entry side with a smaller length than a side opposite to

and paralleltpothetubyigantepifbsidBows reading from and writing to a two-sided disk rotating
between the upper actuator arm 1204 and the lower actuator arm 1206.
[0052] An upper slider 1208 and a lower slider 1210 are constructed with lubricant
containment structures such as lubricant reservoirs in accordance with any of the
embodiments discussed hereinabove. The upper slider 1208 has the air bearing
surface 224, 724 on the bottom side and the lower slider 1210 has the air bearing
surface 224, 724 on the fop side so that the air bearing surface is facing the disk
rotating between the upper slider 1208 and the lower slider 1210.
{0653] The upper slider 1208 and the lower slider 1210 are each bonded to a
suspension which is a small arm for holding the slider 1208, 1210 in position above or
beneath a disk. Each suspension and slider 1208. 1210 combination are called a head-
gimbal assembly 1212 and the head-gimbal assemblies 1212 are attached to respective
actuator arms 1204, 1206 which are stacked together to form the head-stack assembly
1202. The head-stack assembly 1202 is propelled above and below a disk surface by
an actuator (not shown) which pivots the head-stack assembly around a point 1214.
[6054] A top planar view 1300 of a hard disk drive system in accordance with the
present embodiment is depicted in FIG. 13. A disk 1302 is located in a hard disk
drive enclosure or housing 1304 and rotates around a center 1306 coupled to a motor
(not shown). The head-stack assembly 1202 is pivoted around the point 1214 by the
actuator so that the slider 1208 can read or write at any point on the disk 1302 by the

combination of the disk 1302 rotation and the actuator arm 1204 pivoting.
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5. The slider in accordance with Claim 4 wherein the one or more geometric shapes include an entry
portion having the trapezoidal shape and a remaining portion having a rectangular shape. 6. The
slider in accordance with Claim 3 wherein the one or more geometric shapes include a trapezoidal
shape having a lubricant entry side with a longer length than a side opposite to and parallel to the

lubricant enfggssigle. As the/aif Be-slidesirraccordance gy ClainiRawheraip 8 ane EmRie geometric
shapes include an entry portion having a rectangular shape and a remaining portion having the

trapezoidal shapgeters a&aT FRBlIARY IBACEAIHANTH Wit GlaimsB Wieraihe.ane.dl merggeometric

shapes include a rectangular shape having a lubricant entry side with a substantially equal length to a

side oppositgHiecand pgéallet tadhadubreenteptineside the sielhesliderinagcardanse with any of
Claims 1 to 8 wherein the air bearing surface has a depression formed therein by a plurality of

surfaces, whgsgin the -alualitysofi sisfaeasiinchide defiecting.ssiases-adiagenticpne ofgmore lubricant
channels and forming a portion of the depression along the shared edge of the air bearing surface and

the at least g syHacRPAYIRG e Sieiky esformer dhareon nanthwherein the.deflectingsurfaces
conduct the lubricant away from the read/write sensor. 10. The slider in accordance with Claim 9

wherein soge:qb the eneRiEMee StsiesRagonr abonganh merextailsconreded dbergto and
leading to the shared edge, wherein the one or more structures and the one or more rails are formed

of a high sugfacerenarymaterialdoLwickingtine:lubsicantiomdbe 1obgicant shannals va-the air

bearing surface to the lubricant reservoirs.
to the air bearing surface 224, 724 in response to gravitational or other attractive
forces. The features of the present embodiments thereby lessen loss of magnetic
sensitivity of the read/write head 227, 727 and, consequently, diminish degradation of
recording performance of the hard disk drive system 1300. The containment of the
transferred lubricant on the trailing edge of the slider 1208 minimize disk diive
performance degradation caused by lubricant pick-up.
[0056] Thus it can be seen that a slider 200, 700 for a hard disk drive system has
been provided which eliminates the problems associated with transferred lubricants.
such slider 200, 700 in accordance with the various embodiments disclosed can
provide features such as channels 226, 732, trenches 900 and structures 220, 734,
1000, 1102 which guide the transferred lubricant away from the air bearing surface
224, 724 and retains it within the lubricant reservoirs 218. While several exemplary
embodiments have been presented in the foregoing detailed description of the
invention, it should be appreciated that a vast number of variations exist, including
variations as to the materials and shapes used to form the various structures 220, 734,
1000, 1102.
[6057] It should further be appreciated that the exemplary embodiments are only

examples, and are not intended to limit the scope, applicability, dimensions, or
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11. The slider in accordance with Claim 10 wherein the high surface energy material is gold. 12.
The slider in accordance with Claim 9 wherein the lubricant channels comprise two lubricant channels.
13. The slider in accordance with Claim 9 wherein the lubricant channels comprise four lubricant
channels. 14. The slider in accordance with any of Claims 9, 12 or 13 wherein the depression

formed in the gfihearing.suriace includes anewiymaekeneheso e pRejel-maradienshes having a
depth greater than a remainder of the depression and foimed in the air bearing surface to direct the

lubricant towarnds-helbbrisaniahanietse art wif. Thersligrminascadanse witealaims%n12, 13 or 14

wherein a film comprising high surface energy material is patterned onto the at least one surface at

one or more:tegAians adiraenkexity fremithedubiicantghannelsroniaithieatiaasi OoRaaUHACe.

16. The slider in accordance with any of Claims 9, 12, 13, 14 or 15 wherein pillars comprising high

surface enefgy maigr@ anehbavingisnpiedeterminachshape-angsizadrmetainied emthew@ileast one
surface.
described in an exemplary embodiment without departing from the scope of the

invention as set forth in the appended claims.
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17. The slider in accordance with any of Claims 1 to 16 wherein the one or more structures are
bonding pads formed on the at least one surface. 18. The slider in accordance with Claim 17
wherein the bonding pads are formed of a high surface energy metal. 19. A hard disk drive
system comprising: a hard disk comprising a plurality of layers, wherein at least a topmost one of
the plurality of layers comprises a lubricant layet, apgis  at least one slider structure for reading data
from and writing data onto the hard disk, the at least one slider structure comprising: an air bearing
surface inclydingia seadbaniée sensor for reading and writing the data from/onto the hard disk; at
least one surface orthogonal to and having a shared edge with the air bearing surface; and
1. A slider for reading data from and writing data onto a hard disk, the
slider comprising:
an air bearing surface for providing a read/write sensor above the surface of
the hard disk;
at least one surface orthogonal to and having a shared edge with the air
bearing surface; and
one or more structures for forming lubricant reservoirs fluidically coupled to
the air bearing surface to prevent lubricant buildup thereon, wherein at least one of the

one or more structures are formed on the at least one surface orthogonal to the air

bearing surface.

2. The slider in accordance with Claim 1 wherein the at least one surface

comprises a trailing edge surface.

3. The slider in accordance with either of Claims [ or 2 wherein each of
the one or more structures has a predetermined outline to form the lubricant reservoirs
of one or more geometric shapes for the lubricant to enter the lubricant reservoirs by
capillary action and the lubricant reservoirs to maintain the lubricant therein by

surface tension.

4, The slider in accordance with Claim 3 wherein the one or more

geometric shapes include a trapezoidal shape having a hubricant entry side with a
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one or more structures for forming lubricant reservoirs fluidically coupled to the air bearing surface to
prevent lubricant buildup thereon, wherein at least one of the one or more structures are formed on the
at least one surface orthogonal to the air bearing surface. 20. The hard disk drive system in
accordance with Claim 19 wherein each of the one or more structures has a predetermined outline to

form the lubjisandReeMalEQf Q€ pRare eameindishapgs lapthadubsieanide enter the lubricant
reservoirs by capillary action and the lubricant reservoirs to maintain the lubricant therein by surface

tension. 21. The hard disk drive system in accordance with either of Claims 19 or 20 wherein the
one or more structures for guiding movement of the lubricant from the air bearing surface to the

lubricant reservoirg are sqlpeteddepmthe @radpcef SHUCIOrgsCaMpEsiaG atdepessignhermed in the air
bearing surface, one or more deflecting surfaces forming one side of the depression, channels formed

alongside thesne:ot repigedeflecing suriaces, peepdrenches foameddstheateprgssiondand connected
to the channels, rails from the channels to some of the one or more structures formed on the at least

one surfaceschighBiyfaseenergy metatidsgdiso fospe the rails and/or the one or more structures, and
high surface energy metallic materials patterned onto the at least one surface either as films adjacent
exits from the channels or as pillars of a predetermined shape and size arrayed on the at least one
surface.
6. The slider in accordance with Claim 3 wherein the one or more
geometric shapes include a trapezoidal shape having a lubricant entry side with a

longer length than a side opposite to and parallel to the lubricant entry side.

7. The slider in accordance with Claim 6 wherein the one or more
geometric shapes include an entry portion having a rectangular shape and a remaining

portion having the trapezoidal shape.

8. The slider in accordance with Claim 3 wherein the one or more
geometric shapes include a rectangular shape having a lubricant entry side with a

substantially equal length to a side opposite to and parallel to the lubricant entry side.

9. The slider in accordance with any of Claims 1 to 8 wherein the air
bearing surface has a depression formed therein by a plurality of surfaces, wherein the
plurality of surfaces include deflecting surfaces adjacent one or more lubricant
channels and forming a portion of the depression along the shared edge of the air
bearing surface and the at least one surface having the structures formed thereon, and

wherein the deflecting surfaces conduct the lubricant away from the read/write sensor.
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22. A head-stack assembly for a hard disk drive system comprising: one or more actuator arms; and
one or more slider structures for reading data from and writing data onto a hard disk, each of the one
or more slider structures coupled to a distal end of one of the actuator arms and comprising: an air
be ng surface for providing a read/write sensor above the surface of the hard disk; at least one

surface orthogonaljp andriawig:rishatediedaewithahemio Rerrng seifaceiang:ens or more
structures for forming lubricant reservoirs fluidically coupled to the air bearing surface to prevent

lubricant bujighip thareaes wheiedbableast AReGhika-oNe:SeMOR Sy Uslresatedoiaed on the at least
one surface orthogonal to the air bearing surface.
shared edge, wherein the one or more structures and the one or more rails are formed

of a high surface energy material for wicking the lubricant from the lubricant channels

on the air bearing surface to the lubricant reservoirs.

11.  The slider in accordance with Claim 10 wherein the high surface

energy material is gold.

12. The slider in accordance with Claim 9 wherein the lubricant channels

comprise two lubricant channels.

13. The slider in accordance with Claim 9 wherein the lubricant channels

comprise four lubricant channels.

14, The slider in accordance with any of Claims 9, 12 or 13 wherein the
depression formed in the air bearing surface includes one or more trenches, the one or
more trenches having a depth greater than a remainder of the depression and formed

in the air bearing surface to direct the lubricant towards the lubricant channels.

15. The slider in accordance with Claims 9, 12, 13 or 14 wherein a film
comprising high surface energy material is patterned onto the at least one surface at
one or more locations adjacent exits from the lubricant channels onto the at least one

surface.
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23. The head-stack assembly in accordance with Claim 22 wherein the one or more structures for
guiding movement of the lubricant from the air bearing surface to the lubricant reservoirs are selected
from the group of structures comprising a depression foiined in the air bearing surface, one or more
deflecting surfaces forming one side of the depression, channels formed alongside the one or more

deflecting surfaces;gleepTienghrs ipaneddmihesdepiassionrndconneated togheschannels, rails from
the channels to some of the one or more structures formed on the at least one surface, high surface

energy metahusesh isilfermshepraisamdiosnifecens @ MekRstalieHd asy it gl GuraeeEnergy

metallic materials patterned onto the at least one surface either as films adjacent exits from the

channels orsaspihatssofonty eoieiemoined: shapetand sizerggrayed on the at least one surface. 24. A
head-gimbal assembly for a hard disk drive system comprising: one or more arms; and one or
more slider structures for reading data from and writing data onto a hard disk, each of the one or more
slider structures coupled to a distal end of one of the arms and comprising: an air bearing surface

for providing a read/rite Senshi@bavedhel swiacrioithe hatgigisk; o 16akleashane surfiace
orthogonal to and having a shared edge with the air bearing surface; and one or more structures

for forming lubricemicaseswirsdhidigaiyicompied ta the aitdeasingsaufface to prevent lubricant buildup
thereon, wherein at least one of the one or more structures are formed on the at least one surface
orthogonal to the air bearing surface.

I8. The slider in accordance with Claim 17 wherein the bonding pads are

formed of a high surface energy metal.

19. A hard disk drive system comprising:
a hard disk comprising a plurality of layers, wherein at least a topmost one of
the plurality of layers comprises a lubricant layer; and
at least one shider structure for reading data from and writing data onto the
hard disk, the at least one slider structure comprising:
an air bearing surface including a read/write sensor for reading and
writing the data from/onto the hard disk;
at least one surface orthogonal to and having a shared edge with the air
bearing surface; and
one or more structures for forming lubricant reservoirs fluidically
coupled to the air bearing surface to prevent lubricant buildup thereon,

wherein at least one of the one or more structures are formed on the at least

one surface orthogonal to the air bearing surface.
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20. The hard disk drive system in accordance with Claim 19 wherein each
of the one or more structures has a predetermined outline to form the Iubricant
reservoirs of one or more geometric shapes for the lubricant to enter the lubricant
reservoirs by capillary action and the lubricant reservoirs to maintain the tubricant

therein by surface tension.

21. The hard disk drive system in accordance with either of Claims 19 or

20 wherein the one or more structures for guiding movement of the hubricant from the
air bearing surface to the lubricant reservoirs are selected from the group of structures
comprising a depression formed in the air bearing surface, one or more deflecting
surfaces forming one side of the depression, channels formed alongside the one or
more deflecting surfaces, deep trenches formed in the depression and connected to the
channels, rails from the channels to some of the one or more structures formed on the
at least one surface, high surface energy metal used to form the rails and/or the one or
more structures, and high surface energy metallic materials patterned onto the at least
one surface either as films adjacent exits from the channels or as pillars of a

predetermined shape and size arrayed on the at least one surface.

22. A head-stack assembly for a hard disk drive system comprising:
one or more actuator arms; and
one or more slider structures for reading data from and writing data onto a
hard disk, each of the one or more slider structures coupled to a distal end of one of
the actuator arms and comprising:
an air bearing surface for providing a read/write sensor above the

surface of the hard disl;
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at least one surface orthogonal to and having a shared edge with the air
bearing surface; and

one or more structures for forming lubricant reservoirs fluidically
coupled to the air bearing surface to prevent lubricant buildup thereon,
wherein at least one of the one or more structures are formed on the at least

one surface orthogonal to the air bearing surface.

23. The head-stack assembly in accordance with Claim 22 wherein
the one or more structures for gniding movement of the lubricant from the air bearing
surface to the lubricant reservoirs are selected from the group of structures comprising
a depression formed in the air bearing surface, one or more deflecting surfaces
forming one side of the depression, channels formed alongside the one or more
deflecting surfaces, deep trenches formed in the depression and connected to the
channels, rails from the channels to some of the one or more structures formed on the
at least one surface, high surface energy metal used to form the rails and/or the one or
more structures, and high surface energy metallic materials patterned onto the at least
one surfacé either as films adjacent exits from the channels or as pillars of a

predetermined shape and size arrayed on the at least one surface.

24. A head-gimbal assembly for a hard disk drive system comprising:

one or more arms; and

one or more slider structures for reading data from and writing data onto a
hard disk, each of the one or more slider structures coupled to a distai end of one of

the arms and comprising:



an air bearing surface for providing a read/write sensor above the
surface of the hard disk;

at least one surface orthogonal to and having a shared edge with the air
bearing surface; and

one or more structures for forming lubricant reservoirs fluidically
coupled to the air bearing surface to prevent lubricant buildup thereon,
wherein at least one of the one or more structures are formed on the at least

one surface orthogonal to the air bearing surface.



