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BACKGROUND OF THE INVENTION
1. Technical Field:

This invention relates generally to the slider component
of an information storage system and, specifically, to an
improved slider having a controlled textured surface which
improves the performance and reliability of the systen.
Preferably, the slider is suspended on an incompressible
fluid on the disk of a computer disk drive.

2. Description of the Related Art:
In a disk drive or direct access storage device, the disk

files are information storage devicejs with at least one

rotatable disk storing information on concentric data

tracks. A transducer reads information from or writes
information to the various tracks on the data disk. The
transducer attaches to a slider, forming the head. The
suspension in turn connects to the actuator arm. “ The

actuator arm positions and maintains the head over the
desired track during read and write operations. These

parts are assembled into the actuator.

In a traditional disk drive system using a compressible
fluid, the rotation of the disk creates a cushion of air
over the disk that allows the slider to lift off and float
over the disk. The actuator arm suspensien provides di-
mensional stability between the slider and the actuator
arm by compensating for the force of the air between the
slider's air bearing surface and the disk surface. The
suspension controls slider flexi%ility relative to its

direction of motion while resisting out-of-plane movement.
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COMPLETE SPECI FI CATI ON Tant al um

Conposi tions We, WESTERN ELECTRI C COVPANY, INCOR- |y be forned on
a single substrate from a FORATED of 195 Broadway, New York City,
single continuous filmor fromadjacent. film New York State, United
States of Anmerica, |ayers inherently interconnecting the com a

Cor porati on organi sed and exi sting under ponents. If the circuit
conponents thus inter- 5 the laws ok .the State of New York, United
connected have the required reliability and 50 States of Anerica,

do hereby decl are tThési actict HeiebFt ghe hetider rcdbsabte Bhrl disiblsaraertronic
vention, for whichywenhpitklléringd cpatitt b8BykensydniNE can be built in this

manner . be granted to us, and the'rret hod by which The stability
and reliability of thlnfl| to be ger orr;re[' t
particularly des- & Pclitk c‘lfﬁﬁfSn}é?ﬁ%g ﬁr‘?d 1f‘ﬁ‘§?p§1e PP YehitAYH I‘°‘n‘ﬁS *30 2%ri bed

in and by the foll dncomprssgiblenfluid replacesi asceompresdible £1vdAsi deembl e
extent upon 55 instancelhiaS 1H QRN IubR it SatC GRAC &r Relf wedphedi shavat 1d-he

material used to f%@%m@o Qs,gténi Irlgﬁlafég the air QLN &f +h@nhAlrLexhi biting

useful properties thjs reason, g t.ne d Lo, flnd not
observed in nornal 4§ %t aFine- ofThﬁoaglderﬁa{%é)rl a? OFQ“ BPTH nEsi %bvyf)

thin-filmecir- thig ePif SR CRi @rer §errarted rIZVcttéiFeJrqu"rlds | slidrit
el enents. New t ant &ramoitiderimlas Jpricant during track following, like a

water skier gliding in a layer of water at high speed.
There may be several milliliters of lubricant in such a

disk drive.

During operation the slider pushes away extra lubricant in
the out-of-piane direction perpendicular to slider motion
and the pad actually rides on only a small layer of lubri-
cant. With each pass of the slider during track following
some of the displaced'lubricant is lost from the track. As
in snowskiing, the amount of available lubricant diminish-
es after multiple runs or tracks over time. The quantity
of lubricant actually available depends on the amount of
initial lubricant and the amount of time passed. Fof an
initial lubricant thickness of 70 to 100 A, up to three
quarters of the lubricant is displaced after several days
of track following.

In order to understand the importance of the slider design
and its influence on the current invention, it is neces-
sary to study the dynamics of the slider movement: in the
disk _Iubricant during track following. - The foilowing
theorv and theoretiéal derivations describing slider move-
ment in the lubricant follow the principles of fluid me—'
chanics. These derivations show seVg;al factors and their

effects on a slider during operation.
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15 fdrmof tantalum has particular utility in the mnting even further

i nprovenent in tantalum 60 manuf acture of thin-film resistors,
thin-film thin-film conponent stability and reliability

capacitors, and integrated thin-filmcircuits. are particularly

desirabl e. El ectroni c systens, particularly those in the It is
therefore an object of this invention to communi cations industry,
are rapidly becom provide a new formagf tantalum possessing 20 ing

| arger and nore conplex. Wth the de- wuseful properties.

65 vel oprment Tiod enBaimAIube datiod echeonp| froat ege pridecartdisgdsedt he .
present invention t{eM@e princip®t &H LOML aSY¥SIHBsibE AU YUAT L 1SiGUI T
com is provided a_co osltlon of Tgat&gror%gnpﬁ SerivationsPQUENT S %g’g :
necessary interconndtt? oNSTHEE i'n- T ng Jerri - tantarimw thf K& forl owi ng
d- spaci ngs crlassdd Remedsmesuabin e 34 | IR isrtioReiithn thggstrom
units: 5.38; 4.75, RoXhwidg4Rssi@mBfions: 251)oneraoonpbirenall 0andf inaecilagad
connection can 2. 3gorceslare 2ddfigibie?, (d) 4 £1udDSs lewdhiakland the NMEAN
the failure of an epfir elsfs-X?nt:i%mra”fa alye le A%Q v}s%%sq't agg Jﬁn]sggnt (4) '
acconpanyi ng | oss of servi ce. REéotd n_%fy, I'n e are eFred- anod? ment
of the inven- nonsdiBoREMRATE N BORHd PRd itsc 196K ethriP§u¥elity di? )t here
is provided a novel tharfilgidniiflin phickness ppeawuichgsmaldlerabhdn tofpher efprir-enent s
of small having a ¢4l Wearshd Uineheiaizd] gBhi thd i g fused Wre sadbotisySn@Ns Mmay
not be sufficiently$eldabl& WARRionPEBR&I 85 M1 B85 €drid £81 { digOf

tantalum - 7&
75 is from the summary found in Mee, C.D. and Daniel, E.D.,

Magnetic Recording Handbook, 454-~462 (1989).

One Reynolds equation derivation for a slider bearing is:

d dy, 0 10D _ OPH 4,5, %A
WP e ey o e M ae (1)

where X,y = spatial coordinates

t = time
p and 4 = pressure and viscosity
h = lubricant thickness
U = velocity of moving bearing surface.

A nondimensional fo;m of the Reynold's equation uses the

nondimensional length scales:

=_:.£- =_X-H= 'h
X B'Y T -

o

where B, L and'hmin are the breadth, width and minimum
spacing of the slider bearing. The nondimensional pres-
sure and time scales are:
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connect'ed i A vast quantities in |arge nodern havi ng the normal,
body-centred cubic crystal el ectroni c systens.

structure This novel tantalum film is nost © - Extensive research
effort has been directed readily distinguished froma filmof nornma
toward producing circuits and circuit elenents tantalum and from known
tantalum com 35 which are reliable and stable in use and re- pounds

by its unique crystal structure, which .80 tain these
characteristics over prolonged life may be observed by X-ray diffraction
or elec- periods. The tantalum_igtegrated thin-film tron
diffraction. In conventional notation?'ﬁﬁ? " U/B circuitry technol ogy has
evol ved in response structure is characterized bg &pe fol.l owin (ﬁ

to this need. where p is the ambient pressursepglé side. " the bearing. UI‘?IXFS'

[Ag 1n angstio ;
5.38, 4.75, 2.67, si®stitultej |theamiopdinsmsipral rﬁcﬁ‘-lelh’i“'t%c"?gﬂﬁ'&ltb@‘y tnko
2.49, 2.36, 2.32, 2.ob%ain. &6 fbi1Y¥dvink. 44723imkndOmal8form of thheReyndl{'s
permts a substantk%kaggchtion in 1.332, 1.240, 1.210 and 1.172
angstrons. - i ndi vidual |ead connections with acconpany- O her
properties such as increased reflec- ing increase in reliability.
This reduction in tivity, snoother, sga faage, asgrare,grdrst i cs, high

i ndi vidual |ead connections is'EbggTﬁféﬁﬁggéE%e agpgcﬁfic resistivit(¢) and

| ow t enperature co- 45 a plurality of circuit conponents can frequent-
efficient of resistivity also distinguish this novel 90 [Price 4s.
6d. ]

where B/L = slenderness ratio

A = bearing number, and
0 = squeeze film number, defined by:
2p0—2
A=60Up g=12pw 0y
p‘.h:in pghmin

where @ is an appropriate freguency.

The above form of the Reynolds equation 2 describes the
pressure as a function of spacing in a compressi}?le,
time-dependent air bearing. Under steady conditions, the

equation reduces to:

9 py

. 3_8£+_B_2___3_PH3_3_I_’_ OPH
ax X r12dY

ay = ox (3)

Slidef bearing design requires calculating the pressure
distribution as a function of bearing design parameters.
The pressure distribution in the fluid 1lubricant is a
function of the spacing h. If one assumes the bearing is
infinitely long (L = © ) under steady flow, one can solve
for the pressure field. All other. quantities needed for
the design of the bearing, such as total load, pivot loca-

tion, air flow and total frictional force derive from the
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2 * i 1, 141, 684 tantalumfilmfroma

normal tantal um pages 154-158 and 160-161, di scusses X- The
term"[err]-tantalunt has been coined to ray diffraction patterns and

t heir useful ness identify the novel forms of tantal um as a
unique indicia for identifying materials. As nentioned above,
[err]-tantalumis nost 5 readily distinguished fromormal tantalum by

Chem cal Analysis and Crystal Structures . its crystal structure which may
be observed, - of [err]-Tantalum for exanple, by X-ray

di ffraction techni pyessureA§ipnkt ¢iodbeivr-e  désEhe berprpérayes and arehecaty 40-
An X-ray diffracti @:bmpartérﬁ:l’snalfé)l’asaslgimln higyugtepd s i thedRagn o ds estilatt i 64
cathodi cal |y sput- redquces to

3 .2 0P _p OPH
axPH = Moax (4)

with boundary conditions: P = 1 at X = Q,1.

For small bearing numbers, Egquation 4 simplifies to the

equation appropriate for incompressible fluids:

a,gléf_jyg'

ax ax ax

Defining the spacing variation in the fluid lubricant as:

H=1+X-KX
(3)

where:

K:&}i?!ﬂ!:ﬂx‘-l (6)

in

Integﬁating Equation 5 twice with respect to X, and using
the boundary conditions of Equation 4, one obtains the
pressure distribution in a steady, infinitely long, incom-

pressible bearing asé

x(1-0"

P=1+A Z+10 _(1+K—m2

(7)
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materi‘al i$ represented in conventional nota- <+tering froma cathode of
body-centred cubic 10 tion by a listing of d-spacings for the materi al
tantalum herein referred to as "normal tan- i n decreasing order of
magni tude usually ex- talunf. Analytic and spectrographic tests com
pressed in angstromunits. Each d-spacing of paring filns of
[err]-tantalumwi th filnms of nor- 45 a particular material is the
distance in ang- nmal tantalum sputtered fromthe sanme nor nal strom
units between indiv tal ,pl.anes  tantalum cat hode i ndj '
[err]-tantal um fil né ;&P@elﬁ‘y A=A i7eh ReBF Y Ta?%lﬁngfmg‘f?lssstlh pfilé‘r"rgs
subst anti aI ly as pw@ea"gtﬁ%rmretsahral inerepsers. The pressyge) dngesdsekdewn,
the term "d-spaci ngropotheordly sbah Sbkuetuivelaftlyertd -thantréalloktﬁtyhﬂ)\&ﬁuer
derives from Br aggt1§e I—fa.r.WzLdAll‘SCOgiit ip [Qﬁcﬁ]mnvek@:.ﬂplpg'@p&ytﬁt)ﬁéfnéo fup@m t hat
of normal tantalum errsll 1S the wavel ength of th

radiation and [er rquf tafumep?)'%%les’s“e proﬁerntllnes di fferent reflect ed
by parallel crystal planes, ([err]) is the fromthose of normal tantalum
20 angl e of incidexntter ocarleefdtdotyi tng rofestinee,r Ztleaload pEreuhbt | Dagrl

Tables I, I, |11, ﬁg\d;allyulatedt e and (d) is the distance between the

pr esent | nf or mat | on conparing [err]-tantal um and paral l el crystal

pl anes. normal tantalum Tables Il and Il are based
55 " As each crystalline material has a unique X- upon measurements

of films of [err]-tantal um and I afy= E aCR-llodxpattern conpar i(®on of

the X- of normal tantal um sputtered frmt e same

resulting in

i %[m(ux)_zfx] ()

The pivot position x at the zero moment point, is given by

-_},ff (p-P,) xdydx (10)
resulting in
= %x_2(3+K (1+X) 1n(1+K) -K(6+5K) (11)
x=%5" 2XK[(2+K) 1n(1+K) -2KX]

Finally, the air flow per unit length is given by
Ty LK (12)
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tantal um Thi s cat hode was

exanple as listed in published

cat hode of nor nal

with the X-ray diffraction patterns for
known nmade of netallurgical grade tantalum Table materials, for

'V is based upon neasurenents of filnms pre-

60 powder diffraction files, permts qualitative pared independently
of those filns used in identificatyon of the unknown naterial. Since
Tables Il and Il1. 30 [err]-tantalum possesses a unique X-ray diffrac-

Tabl e | conpares BR8 bher dyiekionphcfinse Pat- . tion pattern, use of this
techni que permts pos- tern of normal tantalum which has a body-

i dentification

of [err]-tantalum X-ray centred cubic crystalline

itive

structure with the 65 Mpt Ry éphsﬂgﬁﬂlﬂﬂm__é\g_ ayl or an ub-
X-ray diffraction pattern of D@HL]-?antdku K |ishedlin 1961 gyﬂJohn

Wl ey and Sons,

I nc.,

As the bearing number increases, the left side of Equation
4 decreases compared with the right side. With an infi-
niﬁely large bearing number A, this equation reduces to

.

e, . (14
3% 0 | )

Equation 14 is only a first-order differential équétion,
compared with the Reynolds eguation, which is second-or-
der. Therefore, only boundary condition can be satisfied.
Integration this equation with the boundary condition P =
1 and X = 0, then

= H.l
B ixx (13)

and the pressure distribution for large bearing numbers is
independent of wvelocity and fluid wviscosity. The load-
carrying capacity is also independent of velocity as given
by

W°=K;(lln(1{+1)-1 . " (18)

The variation of load for an infinitely long, plane slider
bearing is a function of the bearing-number for several
L where HL= hL/hmin’
to the bearing number in an incompressible, small, bearing

values of H »“The load is proportional

RO 9 S1 098



1,141,684 . TABLE |

[err]-Tantal um Nor mal Tant al um
dA dA - 5.38
4.75 ' 2.67 2.49

8 .

number region and independent of the_bearing number is a
compressible, infinitely large, bearing number region.

For a typical prior art, air slider bearing in a magnetic
disk file, the bearing number is on the order of 100,
assuming a typical- breadth of 5mm, a flying height of 1
pm, and air with a viscosity of 1.8 x 10_5Pa—s. The typi-
cal prior art slider bearing is neither incompressible nor
infinitely large. The dependence of the load-~carrying
capability on the bearing number is modified by the length
of the bearing. Short bearings experience side flow with

a decrease in pressure.

A closed-form solutioﬁ of the compressible Reynolds Equa-

tion 4, for the case of the infinitely long, plane slider
" bearing replaces dP/dX by dP/dX, and adds ‘a new dependent
_variable = PH. Separating wvariables, integrating, and

rearranging, one obtains a solution '

A
H,-1

yi-—D e, =cHIE () (17)

The function f(y) is complicated with different forms
depending on the value of the bearing number A. Constants
<4 and <, must be determined at the boundary conditions.
Solving this equation for K = 1 and pressure as a function
of the position in the breadth direction, A =+ @ for
infinitely large bearing numbers, whileA — 0 for the small
bearing number limit.

When the spacing between the slider and the disk decreases
to the submicrometér levels such as near contact record-
ing, information storage systems, ;Pe Knudéen number (the
ratio of mean freé path to_bearing-separation) reaches a.
value of the order of 0.1 pr larger. Under these condi-

tions, the air film deviates frim continuum-flow assump
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2. 36
2.15
1. 653
1. 332

2.32 2. 338

2: 06 B 1.77
1.442 o 1. 405
1. 350
9.

tions, allowing slip boundary conditions at the walls.
Slip implies that the velocity gradient in the aijir film
has decreased. The apparent viscosity of the air dimin-

ishes along with the load-carrying capacity of the slider.

From the kinetic theory of gases, gas viscosity tends
toward uniformity of mass velocity due to the motion of
the molecular motion from one point to the next. Momentum
and energy are tfansported and the conditions at the be-
ginning and end of each free molecular path equalize. At
sufficiently low pressures, the mean free path of mole~-
cules becomes comparable to the physical dimensions of the
system, and the transport of momentum -is no longer a
free-path phenomenon.

An air slider bearing at very close spacing encounters a
similar situation. The mean free path becomes a signifi-
cant portion of the dimensions.

If the gas departs only slightly from the ideal state, the
approximate expressions for viscosity are still obtainable
using classical kinetic theory. Assuming flow between
parallel flat plates one of which is moving with veloéity
U, and considering the momentum exchange of molecules at
the walls, the gas near a wall slip relative to the wall
with a speed

where # is the fraction of molecules entering the wall, 2-§
is the portion of molecules that is reflected specularly,

k is a numerical factor on the order of 1 A is the mean

free path, and du/dz is the velocity gradient of the gas.
When applied to an air slider bearing, one obtains the
Reynolds equation modified for boundary slip, )

RO 9 91 Q98



1. 240 1. 210 1.172

1. 0453 Table Il lists the-elenments which are not: de- nor nal
tantalumand are listed with their 5 tected by spectrographic anal ysis
in repre- limts of detection in parts per mllion, sentative sanpl es of
either [err]-tantal um or , ' TABLE | |
' 10
d dp, 3 6 XK, 0 ap
3}{PHJ'§}+§7(1+"§}?)}=A.§{PHW§? (18)

where K, = A/h, is the Knudsen number based on the ambient
mean free path and minimum spacing.

If one plots the pressure distribution in a plane slider
with 2 minimum slider-disk spacing of 0.2 pm, a substan-
tial reduction in the pressure occurs due to slip. '

The derivation of.ihe slip-flow boundary condition is only
for the case of pure shear flow between parallel plates.
In the case of a slider bearing, the slider moves at a
pitch angle @ . Therefore, the flow is not the same as
two parallel plates and strong pressure exists. Therefore,
the slip-flow boundary conditions must be applied with
caution.

The lubrication theory discussed above can be used to
demonstrate the advantages to be gained through the use of
the improved slider design of the invention. Specifically,
the improved design of the invention as described in the
Detailed Descraption, when used with an incompressible
fluid lubricant system, provides significant advantage
over prior art, air film disk drives. Air f£film disk
drives have many problems. One problem concerns the abra-~-
sion of the disk that leads to disk drive failure.

One object of the invention is to reduce the tendency of
the contact recording slider to force the lubric¢ant to
flow perpendicular to the direction of travel and thinning
the lubricant dur;ng track follow.

Another related object of the invention is to improve the
ability of the slider to continually ski on the lubricant.

RO 9 91 098



Ag<l ° ‘Ba<10 Cd<5 Vh<5 Sn<10 Zn<50

As<50 Be<5 : Co<10 Pb<5 V<10 Zr <50

B<5 Bi <5 Cr<10 Sh<50 W&1000 "Table 11
lists the inpurity elenents de- tantalum Anmounts detected are listed in
parts tected by spectrographic analysis in repre- per mllion. 10

sentative sanples of [err]-tantal um and nor nal
11.
SUMMARY OF THE INVENTION

The invention relates to an ‘improved slider for informa-
tion storage systems that use incompressible gluids. The
slider has a face region that faces the information stor-
age medium and the incompressible fluid during operation
of the information storage system. The face region has a
leﬁgth, a width, two opposite sides extending across the
length and two opposite ends extending across the width,
and perpendicular to the sides. The slider has at least
one end with a partially controlled, textured surface.

The partially controlled, textured surface is preferably
on bearing pads located at least partially within the
trailing end and fhe opposite leading end of the slider's
face region. The bearing pad's controlled textured sur-
face may form a pattern of uniform ridges and grooves with
an amplitude between about 20 to 50 nm and spacing between
ridges at about 100 to 500 nm. The slider is preferably a
skiing slider for use within a lubricated computer disk
drive.

BRIEF DESCRIPTION OF THE INVENTION

The novel features believed characteristic of the inven-
tion are set forth in the appended claims. The invention
itself, however, as well as a preferred mode of ﬁse, fur-
ther objects and advantageé thereof, will best be under-
stood by reference to the following detailed description
of _an' illustrative embodiment when read in conjunction
with the accompanying drawings, wherein: )

Figure 1 is an exploded view of a disk drive or direct

access storage in which the invention could be used.

RO 9 91 098
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4

TABLE |11
[err]-Tantal um

5
Cu
10- 25

1-5

1, 141, 684
Nor mal Tant al um
_ Al 10
Ca 10 5
1-5 :
1012-

Figure 2 is a schematic view of a head suspension assembly
with a -slider attached to the suspension of the actuator
arm.

Figure 3 is a close;up side view of a trailing end bearing
pad resting in lubricant during operation.

Figure 4 is a close-up side view of the posterior portion
of trailing end bearing pad in lubricant during operation.

Figure 5 is a view of a textured bearing pad in one of the
configurations of the invention.

These drawings are not intended as a definition of the
invention but are provided solely for the purpose of il-
Justrating the preferred embodiments of the invention
described below.

DETAILED DESCRIPTION OF THE INVENfION
The invention describes a slider for use in an information

storage system that uses an incompressible fluid. Since

the slider is supported in the lubricant or incompressible

‘fluid, it is a near contact type slider. Preferably, the

incompressible fluid system is a self-replenishment lubri-
cation system for.computer disk drives. In this disclo-

sure, the terms "incompressible fluid" and "lubricant" are

interchangeable.

The slider has a face region that faces the information
storage medium and the incompressible fluid during opera-
tion of the information storage system. The face region

Fe

is defined by a ;ength, a width, two opposite sides ex~

tending across the length and two opposite ends extending
across the width. .
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50
<50
Ni <5
10- 25
5-10

5-10 Mo

50-100 Na <50

Nb 100- 200 100- 200
5-10 ' _ Si

10- 25 Ti 5-10

13

The following is a brief outline of a fluid mechanical
analysis for 1lift and maximum pressure cémpleted on a
contact recording slider with bearing pads as described in
the background. See,'Mee, C.D. and Daniel, E.D., Magnetic
Recording Handbook, 454-462, (1989). Substituting the
values for A and K in the derivation of the incompressible
Reynolds equation, Eq. 9, for a plane slider bearing on a
Newtonian, ihcohpressible fluid to the terminal trailing
end, W, of the slider, traveling at some pitch angle, «a ,

the lift of the bearing pad can be written as:

1nf P ]
= SBULB h-aB) 2 (19)
] oB 2h +aB

where:p equals the absolute lubricant viscosity, U equals
the linear velocity, hL equéls the lubricant thickness, B
equals the breadth of the rear bearing pad in contact with
the lubricant, and L equals the bearing pad width. 1Id.

The maximum pressure P under the slider is approximately:

p=_SpUB%a _ (20)
(2h1““B> 3

Id.

The angle of attack or pitch of the rear bearing pad of
the slider, a, hL
problem. By assuming:

and B are three unknowns in the model

1. the rear end of the rear bearing pad to be .

square and a = 300 pgrad,

2. the normal load supported by the trailing end,

W, to be on the order of 2 gf,

RO 9 91 038
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Table IV lists additional inpurity clenents and gas chronmatographic

anal ysis. Anounts found in representative sanples of [err]-tantalum
are given as the percent of atons of an im and normal tantal um
sputtered fromthe sane purity elenent detected, e.g., 1.7% of the 5
metal | urgi cal grade nornmal tantalumcathode atons in the nornal tantalum

were argon 10 whi ch were detected by Xenon flash di scharge atons.
TABLE |V i Nor mal -Tant al um
[err]-Tantal um Al% 1.7 :
2.1 C 1.2 1.1
H 8.0 6.9

3. the rear bearing pad width L is 100 pm,

4. an absolute lubricant viscosity p of 1072 Pa-s,

and,
5. a linear wvelocity U of 10 m/s,
one obtains the result that B = 1 um for a lubricant

thickness hL of S0 A. If the lubricant thickness is re-
duced to 20 4, the length of the slider in the lubricant
reduces to 0.5 um. Thus, only a very small portion of the
trailing end "skis" in the lubricant. This analysis as-
sumes,'of course,_that the slider surface'and disk surface
are infinitely rigid. '

The pressures associated with the above conditions range.
from 200 ~ 800 MPa. Thus, a very large pressure gradient
exists perpendicular to the direction of slider motion
{out-of-plane flow). This gradient is responsible for the
lubricant depletion under the slider.

The slider of the invention has at least one controiled
textured end. Preferably, the slider has a trailing end
with a controlled textured surface and/or a textured bear-
ing pad on the trailing end. During operation, the trail-
ing end of the slider is supported by the information
storage medium, for instance, a disk in a disk drive. The
trailing end is the part of the slider closest to the
information storage medium during operation. In an incom-
pressible fluid system, the trailing end is suppoited by
the fluid. In a self-replenishment lubrication system,
the trailing end skis in the lubricant. A contact record-
ing slider with a trailing end bedring pad having a con-
trolled, textured surface is most preferred.
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N 0.17 <0. 07 As Tables Il, Ill and IV
illustrate, [err]- this does not exclude the possibility that sone 25
tantal um contains the sanme inpurities in sub- nraterial (or materials) is
stabilizing or in- 15 stantially the sane anmobunts as normal tan-

fluencing the formation of [err]-tantalum How talum This is not to
say that a material (or ever, corrparisgg of the X-ray diffraction pat-

mat eri al s) has not reached with nornal n- tern of [err]-tantalumwith

the X-ray diffractiege siiabaldimche PRHYULSH &akaatpéaaqhgoaapwggow to
pattern of all k”O‘“?né ac”t ?51 %S%Qt a'ﬁ}eggﬂ;mg the Aﬂgekhﬁ Wstalllne

structure of [err] ent f7catT8n
20 that a material p’\‘%‘sr °Haf'é'°r |]§F§)ngn£§dnotﬂtfoﬁ€af‘rﬂgo pa?ﬁn‘f‘altﬂf’h h%adéﬁé of
these material s. endj tdyerbea texthutert db i anmdnner sppbkat ito ghesbtraitliion

Table V lists all gfdthRrdngRakd.NgSoheolled vhithraar Pidnd dahaldynpahikch
accounts for the dg%% egrgggrrfegrrrs of [err]-tantal um which have been
difference in crystalline structure between [err]- prepared by nethods

ot her than that des- 35 tantal um and nornmal tantalum |In addition,
cri bed herei naft er. The controlled textured surface of the invention's slider

has a roughness that is by design and is deliberately
generated before or after forming the slider. All sliders
have some random roughness after manufacturing. To pro-
duce a uniform and smoother textured surface, sliders are
lapped or polished, often using some type of abrasive.
Sliders are further treated, such as sputter or acid
etched or plated, to textureée their surfaces.

For the slider of the invention, the controlled textured
surface can be textured after the initial smoothing or
lapping, using any abrasive technique known to the indus-
try. For example, abrasive lapping with 100 pgm diamond
paste, sputter etching, or masking a pattern then etching.
If the texturing is done before carbon sputtering and the
etching of the rails, the controlled textured surface
should be protected, preferably by masking.

A controlled textured surface having a pattern is pre-
ferred. The controlled textured surface forms a pattern
of roughness extending lengthwise across the width of the
face region of the slider. Most preferably, the pattern
has regular intervals and heights. The controlled tex-
tured surface may have peaks and valleys, ridges and
grooves, lands and grooves, saw-toothed or shark-toothed
patterns, and the like. Although no exact dimensions are
currently preferred, an amplitude or height of about 20
to 50 nm with a peak-to-peak spacing of about 100 to 500
nm 1is appropriate. There are. currently no preferred

lengths of valleys or grooves.
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TABLE V
dA

¥

dA dA
5. 38 2.15

16

For the purposes of the present invention, the slider is
made with any material used to make sliders, for example,
ceramics, such aé a mixture of alumina and titanium.car-
bide, polycrystalline two phase material of spinel type
ferrites. The slider may incorporate many physical fea-
tures, for instance, bearing pads, rails, etched surfaces,
grooved surfaces, and combinations thereof. Slider bearing
pads, either alone or in combination with other physical
features, are preferred. The slider may be used in any
type of information storage system that utilizes an incom-
pressible fluid, although the self-replenishment lubrica-
tion system is preferred.

The invention described in this-application is useful with
information storage systems, for example, disk drives of
direct access storage devices. Figure 1 is an exploded
view of an example of an information storage system. It
should be noted that although a rotary actuator is shown,
the 1invention described herein is applicable to 1linear
actuators. The disk drive 10 includes a housing 12; and a
housing cover 14 which, after assembly, is mounted within
a frame 16. Rotatably attached within the housing 12 on
an actuator shaft 18 is an actuator arm assembly 20 in-
cludes an E block or comb like structure 22 having a plu-
rality of arms 23. Attached to the separate arms 23 on
the comb or E block 22, are load springs 24. Attached at
the end of each load spring is a slider 26 which carries a
pair of magnetic traﬁsducers or the head. On the other
end of the actuator arm assembly 20 opposite the load
springs 24 and the sliders 26 is a voice coil 28.

Attached within ‘the housing 12 is a pair of magnets 30.
The pair of magnets 30 and the voice coil 28 are key parts
of a voice coil motor which applies aiforce to the actua-
tor arm assembly 20 to rotate it -about the actuator shaft
18. Aalso mounted within the housing 12 is a spindle shaft

RO 9 91 098
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NN A

75
80
67
62
49
36
32
25

2. 06 1.332
1.96 1.29
1.77 1. 240
1.59 1.210
1.56 1.172
1.53 1.10
1.46 171,03
32}'£k%%atably attached tozkﬂglspindle shaft 32 are rotat-

ing media 34. In Figure 1, eight disks are attached to
the spindle shaft 32. As shown in Figure 1, the rotating
media 34 are attached to the spindle shaft 32 in spaced
apart relation. An internal motor (not shown) rotates the
disks 34. '

Figure 2 portrays one type of slider 26 of the invention.
The slider has a face region 36 that faces the information
storage medium, such as a disk, and the lubricant during
operation and lies in the lubricant at rest. A ieading
end 37 crosses the face region 36 at one end. A trailing
end 38 extends across the face region 36 at the end oppo-
site the leading end 37. Bearing pads 40, 42 extend from
the face region 36. Two front bearing pad 42 lies within
the trailing end 38. The slider attaches to a load beam
44,

Figure 3 demonstrates a rear bearing pad 42 of a slider
during operation of the information storage system. The
posterior portion of the rear bearing pad 48 skis in the
lubricant 46 at a pitch. This small portion of the slider
is the actual trailing end 38.

Figure 4 further demonstrates the posterior portion of the
rear bearing pad 48 shown in Figure 3 skiing in lubricant
46. The arrows show the minimum height of the Ilubricant
46. '

Figuré S illustrates a preferred controlled textured,
pattern 50 of the invention. A controlled.texture&, rear
bearing pad 42 of a slider has a textured surface on the
trailing end 38 .in shark toothed pattern 50 across the
width, with each "tooth" represenfing' a groove 54, 55.
This textured surface also has a ﬁattern 50 of ridges 52
and grooves 54, 55, with a 100..nm spacing between the
ridges. The grooves 54, 55 extend lengthwise from the
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2.21 ’ 1. 405 Al'l of the d-spacings listed are
observable ture is one in which there is a tendency for a by maki ng
di rect measurenents on films which certain crystallographic plane to lie
paralle to have been exposed to X-rays diffracted froma the surface
of the substrate. 20 5 sanple of [err]-tantalum Different

t echni ques Due to such fibre structure, the nunber of can be used in
exposing the filnms fromwhich d-spacings _ogbserved will vary sonewhat with
the direct measurenments are made. For ex- 18the particul ar techni que used.

Di f ferent equip- m}ale@,eﬁdﬂ%ssmlﬁ C@ncr@@n Iaql Shapd, 0Ny Ml hese LML,
filmthickness, and t partlcPIar a¢c e, #éns re ﬁ?%’ ed or the
sanpl e can be nique ec]t APBE A1 Pect™ ﬁélﬁﬁﬁbé? g‘é

oscillated. A |arge rarfAs¥esof4 tfﬁem ckhepatidegsend h§s iptnatr gadtiqal . shoul d be
under stood t hat ad- |isted are obtainable by diffractonmeter tech-

ditional d-spacings gy iRgeRbsel xssl ymnpfwyded w48 antildedi €54 0f1 1 ger
,[err]-tantalum by e“_%t n tex%; ues k terjal, . or sin Ie CQXFtals

; . £ ; nt

are diffraction al’so CORfiTm Hany g¥:?%e = spaci ngs - -avai f abiE,
recorded in Table V. “tendency to drive the lubricant| in @ cutwpfPplapaciikps-ar e
|isted whi.ch are 30 tion (perpendicular to the direction of travel)}. The high

pressure gradient under the slider determines the rate of
the lubricant driven in the 6ut-of-plane direction. If
the slider successfully maintains tracking to a very high
degree of accuracy, a series of ridges should form in the
lubricant due to the out~of-plane flow from the controlled
textured  surface. - For some amount of non-repeatable
runout a continuous shuffling of the lubricant takes
place. For a skiing slider with a bearing pad, the length
of the fluid driven in the out-of-plane flow depends on
the ridge spacing, rather than the width of the bearing
pad.

Reducing the length of fluid in the out-of-plane flow
diminishes lubricant thinning. First, the settling time
of the ridges formed in the lubricant during tracking
should decrease. Second, reflow may sufficiently. reduce
the ridges between passes. Third and most significant,
asynchronous motions between passes of the slider during
operation may eliminate gross lubricant movements. In
other words, continuous track following merely shuffles
the lubricant under the slider, rather than creating a net

outward migration over time.

While the invention has been particularly shown and de-
scrib'ed with reference to a preferred embodiment, it will .
be understood by those skilled inh- the art that wvarious
changes in form and detail may be made therein without

departing from the spirit and scope of the invention.
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15 In addition to its unique crystal structure, %
particul arly accurate. These [err]-tantal um deposited on

usually particular d-spacings are confirmed by two. o m

distinctive fibre structure. A fibre struc- nore dif ’"””'ﬂlmﬁ ,’llwm

TABLE VI 5. 38 _ * 2¢15
1. 240 4.75 ; 2.06
1.210 2.67 19 1.77
1.172 : 2.49 1.442
2. 36 1. 405
CLAIMS
1. An improved slider for an information storage system

having an information storage medium including an

exposed surface at least partly covered with an in-

compressible fluid; the improved slider comprising:
a face region which is exposed to the incom-
pressible fluid located on the exposed surface
of the information storage medium during opera-
tion of the information storage system, the face
region having a length, a width, a pair of op-
posing sides extending across the length of the
face region, two opposite ends whiéh extend .
across the width of the face region and perpen-
dicular to the opposing sides; and

at least one of the opposite ends having a par-
tially controlled, textured surface.

2. An improved slider for an information storage system
having an information storage medium including an
exposed surface at least partly covered ‘with an in-

compressible fluid, the improved slider comprising:

a face region which is exposed to the incom-
pressible fluid located on the exposed surface
of the information storage medium during opera-
tion of the information storage system, the face
region having a length, a width, a pair of op-
posing sides extending across the length of the
face Tregion, two opposite ends which extend
across the width of the face region and perpen-
dicular to the opposing sfdes;
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2.32 * . * 1.332 35 A preferred exanpl ure
of disclosed in U S. Patent Specification No. e““l | m i“m“ f now -

be described: - 3,294, 670.
[err]-tantalumis readily produced in an in-

Thi s |n-I|ne vacuunr machi ne

I ncl udes a | i ne, open-ended, vacuum machine of the type plurality of
vacuum chanbers which are serially 6
1,141, 684 20

at least one of the opposite ends having a par-
tially controlled, textured surface; and

at least one bearing pad located at least par-
tially within at least one end and having at
least a partially controlled, textured surface.

The slider of claim 2 further comprising at least one
of the opposite ends having a partially controlled,

"textured surface.

The slider of claim 2, wherein the slider is for a
self-replenishment lubrication system.

The slider of claim 2, wherein the textured surface
has an amplitude between about 20 to 50 nm.

An improved slider for an information storage system
having an information storage medium including an
exposed surface at least partly covered with an in-

compressible fluid, the improved slider comprising:

a face region which 1is exposed to the incom-
pressible fluid located on the exposed surface
of the information storage medium during opera-
tion of the information storage system, the face
region having a length, a width, a pair of op-
posing sides extending across the length of the
face region, a trailing end extending across the
width of the face region and perpendlcular to
the opp051ng sides;

a selected one of éhe trailing end and the lead-
ing end having a partially controlled, textured

surface; and

RO 9 91 098
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connect ed. ‘The end chanbers are vented to the gross conpositional

di fferences between J[err]-tan- at nosphere to i ifyous fl ow
of talumand normal tantalum However [err]-t-an”m"mnmllf%gmn whi ch
material is to be sputtered talum does have a numbet of wsewsul *properti.es
to pass through the machine. Substrate intro- not associated with nornal
tantalum 5 duced at the input end of the nachine are For exanple, the
specific resistivity of [err]- carried through successively nore
highly tantalumis al nbst a atagerstudmegbearing toedn loFgted atevessiatred-
chanbers, receive a coating afiaspytwitHiletspesdfdcted eoaStdsvithg @faNGmngal

tantal um tered materi al |g Ig?gel@tard% s&ﬁttg%%vqngn%erle rmal

tantalumin bulk formhas a en-are carried

through suc- resistivity of t&ﬁﬂ)?’%xﬁ‘?ﬁf‘é‘l’%}eﬁ W%e‘ékﬁﬂréﬁi’eio cessivel y
| ess highly evacuated chanbers to In normal tantalumthin filns, the _
specific emerge ai thaeosiyidr epdcodin g WBGheNe. chEhelid@sisd indkt % IS

observed to be sonewhat Qégﬁlx‘%&n&%shmeﬁﬁ%’ﬂ@ér@é s3LEed Ndi vidual |y carri ed
by carriers that that of tantal um varyi ng bétween or boats which

are driven through the series 24-50 mcro ohmcm [err]-tantalumthin
films of vacuum 8hanfFeesskislegi sEuskiddt gbovkerein theweraddingaendd das
specific resistivity of at leastalfrtiallie conbsdriatiesteathured smyabe. of
conven- 160 micro ohmcm For the sputtering con-

9. The slider of claim 6, wherein the leading end has at

least a partially controlled, textured surface.

10. The slider of claim 6, wherein the trailing end and
the leading end have at least a partially controlled,

textured surface.
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tional glass or ceranmic material, and are gen- dition set forth above, the
specific resistivity 80 eral ly rectangular in shape, are passed
through of [err]-tantalumlies in the range: between 160 t he deposition
chanmber generally parallel to mcro ohmcmto 280 mcro ohmcm How

the cathode at a distance of from2[err] to 3 ever, nuch higher val ues
have been observed 20 inches fromthe & hode. The cathode is also under

different sputtering conditions. general ly rectangul ar in shape and has
a wdth, In addition, [err]-tantalumis observéd to have 85 i.e.,

t he di mensi on transvesONIACD RECOROING@GLIDER EQRt B$FHENad UWUBREORIT | ci ent of

resi stance nuch of tr augkafrnE NEEDHRSE ToA €BorACEOSYST=MO 6 i nches :
smal l er than that of normal tantalum Nornal greater than the wi dth. of

the substrates. The tantalumin bulk formhas a tenperature co- 25
substrates are driven past the cat hode®¥¥*&%Tefficient of resistance of
from + 0.0037 to centred relationship with respect to the width

+0. 0038 per centi grage ifegi@enchengesi én iWProved 6liddreveth hodenspothat t he

cat hode extends teem%n@&a"&rfgeelszequwﬁaaecngnn@é&fabens;&%ms t?attr Ul
2[err]- to 3 inches bexond elt etjéde of I CJ ent

com ul t re§n¥gl'a Ué qef
varies from + 3700 %o *""Ri55t a? Tn tMﬁ HSADET S Ypr Aget e 2+ 3800
parts per mllion ;fé’rntééﬁtliifPﬁﬂbngﬁédF%‘ér Jor %Ie?ﬁ%r’E?R}ﬁnéﬁ%ﬁﬂS’ér 1t11h’el<=a-
substrates are out-tiohpmysChrer £43 . a Usislg ddige| aft er crop@tdron, Thof nadn-

gassed by preheati ng-dileNacdidubos 1 &TabkMdLS phetdral upat hidLhLos dhave a

tenperature co- 95 amount of lubricant lost due to out-of-plane flow while

tracking during operation.

FIG. 1
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at a.t%%ﬁé?ature above 300[err]F. =~ | . efficient of resistance

whi ch varies from +500 Sputteri-ngiin the deposition chanber is in

to +1000 ppmiClerr]. [err]-tantalum thin filns, an argon atnosphere at
a pressure of 30 X however, are observed to have a tenperature 35
10-[err] Torr. The deposition chanber is punped coefficient of resistance
whi ch vari-es from down to approximately 2X 10[err] Torr and par- +100
pprmiClerr] to - 100 ppnmiClerr]. 100 ticular care taken that
only argon is intro- Because of thesel/groperties, [err]-tantalumis
duced into the deposition chanber to bring the wuseful in the manufacture
of thin-filmresistors. pressure up to 30 x 10-[err] Torr. A potenti al
This may be illustrated by conparing re- 40 difference of 4000 volts is
mai nt ai ned between sistance paths of [err]-tantal umand or nornal t he
substrate and cat hode which produces a tantalum G ven the sanme path
geonetry, the 105 urrent density in the glow di scharge of ap- path
made of [err]-tantalu |1 have a hi gher proximately 3 mllianps per
square inch of resistafice value. Viewed another way, a higher cat hode
surf ace. degree of mniaturization in a
resistor of giverSSh e sputta@ing conditions set forth
resi stance val i above are preferred for
produci ng [err[\d4 ° 110
in the in-ling R 2 &S f” the | ow

t enperature co : ~ ”




under $®o6d*t hat [err]-tantalumis observed over a efficient of

resistivity, resistance paths nmade of range of different sputtering
conditions. J[err]-tantalumare nore tenperature stable than 50 An
essential step in the manufacture of [err]- resistors of normal tantalum
For exanmple, a tantalumis the identification of the material. 100
ohm J[err]-tantalum thin-filmresistoromill 115 Al t hough the
sputtering conditions set ou experience a maxi mum change in resistance
above produce high quality8rr]-tantalumfilnms of approximtely 1 ohm
with a 100[err] C change 44t he in-1ine vacuum machine, to optimze in
tenperature. I n contrast Jprmal 55 such sputtering conditions

positive identifica- t4§ -filmresistor will experience a
tion of the material prqfluced”is G¢gfential. The mininum change in
resi stance of approxi - uckion of [err]-tantalum can be
confirmed by -mately 5 @§ :Dg%err]c change in tem
nondestructive - specifi ¢+es measur e- perature. ments of
tant al um deposi ted subsfrates] X-ray Compari son of tantal um oxide
dielectric, 60 diffracion tgechniqyes permt positive con- thin-film '
capaci tors manufactured}from por mal firmation of the production of
[err]-tantalum tantalymwth ideQ;féélly constructed thin-film 125
capacitors manuf act rEtNEr om err]-tlantal umre- Properties
of [err]-Tantal um veals that [erﬁfigan§lun1capacitors are superi or

40
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As st &ted:above, conparison of [err]-tantalum to normal tantal um

capacitors. This com - with normal tantalum has not disclosed any
parison is nmade with respect to tantal um oxide -
1,141,684 7

dielectric, thin-filmcapacitors constructed with WHAT WE CLAIM | S: -
a tantalum thin-film electrode, a tantalyn1 1. A conposition of matter
conprising [err]- 40 3/3
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i alop3q-l  Tws

@)ﬁ*de thin-filmdi el ectric, and a gold count .Lmi_antaLuwwwi{vh-{he-—-S-é-—-‘
THN Ao F,_:Ju

“fol | oW ng= el ectrotle. REPLACENE L
angst r om REPEKCEME&[‘ SHEEE| 2.67, 2.49, 2.36} B Descriptiors: paged |.p S fagged ...

communi cqt fons Tndustry,]ajuseful 2.32, 2. 1%, BXlaBa(s)L. 77pe2ed 4440 PREAHS!
1. 332, UG 1999i tprfon in neeting cir u[}thaﬁqng(s)enmgt‘é £.dp Dage 40,
1.210, anfd]1l. 179 capaci tors is{ttjaabsapaci t pagsdhawte ]P%&ﬂage
cur - . A—ronposTtioh hccording to ghai m{

|l ess thap 10-[err] -anperes Thinfilm wher

additionally exhibits
having an the foll ow ng d- spaC| %%ﬁﬁzﬁ?%

T bdpaCI[OFS

1, 45 rente

om unrts: 10

el ectrode of nor antal um are no bl,e 0,

1.59, 1.56, 1.5 °°°“I‘ng to one asvggtng{' stﬁeeﬁ?‘f%mﬂ%éﬁef‘? Hés%‘or”é‘s@a?géh Sr %‘En?n re-
1.46, 1.37, 1. 29 1.10, 1.03, and 1.01, said qui rements while
such capadnfosmatiomstorge systemdevingoamint @nwaelsmggeamdmempwimg grepnosedd
50 el ectrode of [err]-tantalumreadily neet them d-spacings
bei ng ar r augfack atdeastpartdy sovegedhwith an incompressible fluid) thé elidee somprdsingtuct ed on
such [err]-tantalum. erical order. 15 thin-filmcapacitors for

1000 hours at a pfatefegion whichfs &popsistotth®mcamprrisibldluid loehid BnkheExpbsed
tial of 50 volts and at a tenperature of 85[err]C wherein the corrp05|t|on

has a speciuffabe b the information storag @ WA Wirihy Bb&%ﬁo& QF@H@&fbﬂnﬁﬁﬁaﬁb&g@
of sistivity of at least 160 mcro ohmcm and 00

][“r g[n‘-"f ar adg andat¥e fégm%‘_’l&@m“gaaoreng&l?m&tﬁ} abéir SP%Josﬁlgesﬁﬁes Unteh b LAIEE Of
~ the length oft he face region, two opposite ends which extend across the width of the face
region and perpendicular to the opposing-sides;' _

at least one .of the opposite ends having a partially conﬁolled, textured surface
with a patterned foughness extending lengthwise across the width of the face region; and

at least one bearing pad having a length and a width and located at least partially
within at least one end and Having. at least a partially controlled, textured surface with a
patterned roughness comprising a plurality of triangle shaped grooves extending
lengthwise across substantially the entire width of the bearing pad each of said triangle
shaped grooves having a vertex extending into said bearing pad.

According to another aspect of the invention there is provided a slider for an
information storage system having an information storage medium including an exposéd.
surface at least partly covéred with an incompressible fluid, the slider éomprising:

a face region which is exposed to the incompressible fluid located on the exposed
surface of the information storage medium during operation of the information storage

system, the face region having a length, a width, a pair of opposing sides extending across

the length of the face region, a trailing end extending across the width of the face region



?acit'ors have Ye MENT IT{l ess than 10[err] + 100 ppm Cferr] to - 100
ppm Cerr]. 2 Rus, {[err]-tantalumis particularly use- 4. A
conposition o matter accordihg to ful in producing thin-film
capacitors of |i m OZIMGAI? 2| of 3, substantially as hereinbefore

proved | eakag¢ ¢urrent characiefistics and im descri bed.

60 proved stability over | ong life periods. 5. A net hod
of preparing [ierr]-tantal.tm—stb- As [err]-tantal um has
application as a resistor stantlal ly as ahEI‘EI nbef ore descri bed with refer-

"éia nglng a3 fi‘p%ﬂ‘:%%&fcﬁl%:to{he '9Bpd sm%\ﬁg?sf %ﬁ%' bR %i‘: ing £nd ntgl{}%r E-esfs‘?%{ ei
db f d th
i ok nﬂ&"faatq;ﬂﬂs.omsmgﬂdesre ormedon {he

Such CI rcuits can advant ageousl 7. An article of manufacture
conprising a  aselected one ofithedrailing endchndftheleadipg epd baving a partially lggntraltedng
substrate having thereon a filmof the com - 30 a single

[ err] -t anttesttured sutface withlanpattemedfroughnesspogerdingnleagihoisdi avgoss dhamydthrd thé
clainms 1 to the thin-filmresistors and the tantalum thin- 4
or claim Efacereglon and film capacitor electrodes. Ih this manner, cap-
acitors and resistors are interconnected by a ' K. G JOHNSTON,

Z'ggﬂl e continuoys 1dali shelBeatthg Bad HAZASR 1drigtH dnd £ width and $EtBEdd8H: GéhstPrB Rty

within the selected one of the trailing end and leading end, and having at least a partially
~ controlled, textured surface with a patterned roughness comprising a plurality of triangle
shaped grooves exteﬂding lengthwise across substahtially the entire width of the bearing
pad each of said triangle shaped grooves having a vertex extending into said bear pad.

According to yet another aspect of the invention there is providéd a slider for an
information storage system having..an_information storage medium including an exposed
surface at least partly covered with an incompréssible fluid, the slider comprising:

a face region which is exposed to the incompressible fluid located on the exposed
surface of the information storage medium during operation of the information storage
system, the face region having a length, a width, a pair of opposing sides extending across
the length of the face region, two opposite ends which extend across the width of the face
region and perpendicular t6 the opposing sides; and characterised by

at ieast one of the opposite ends having a controlled textured surface with a
patterned roughness comprising a plurality of triangle-shaped grooves extending
lengthwise across the width of the face region with the base of the triangle at the slider end.

The partially confrolled, textured surface is preferably on bearing pads located at

least partially within the trailing end and the opposite leading end of the slider’s face



35 “duce the nunt/REPLACEMENT SHEET3d connecti ons, 5, Morni ngton

*Road, ngly interconnecting highly re-

Wodf ord G een, | iable and stable circuit conmponents to
pr oduce Ag ants. i nproved el ectronic
systens. for Her Majesty's Stationery Ofice by

I'he Courier Press
the Patent O fice;
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region, The bearing pad’s contrdlled textured surface magr form a pattern of uniform
ridges and grooves with amplitude between about 20 to 50 nm and spacing between ridges
at about 100 to 500 nm. The. slider is preferably a skiing slider for use within a lubricated
computer disk drive.
BRIEF DESCRIPTION OF THE INVENTION

The novel features believed characteristic of the invention are set forth in the
- appended claims. The invention itself, however, as well as a preferred mode of use, further
- objects and advantages thereof, will best be understood by reference to the following
detailed description of an illustrative embodiment when read in conjunction with the
accompanying drawings, wherein:

Figure 1 is an exploded view of a disk drive or direct access storage in which the

invention could be used.
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.comuni cati on §Uﬂ¥5“ﬁ°us ful 2.32, 2.15, 2.06, 1.77, 1. 442, 1.405,
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such [err]-tant glgg regfohlvﬁﬁbh gr&sssed to the incompressitle fuld 1loeate&s§%et éa{pasé@r
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has a speci

\/ system, the face region having a length, a width, a pair of opposing sides extending across
the length of the face region, two opposite ends which extend across the width of the face
region and perpendicular to the opposing sides;

at least one of the opposite ends having a partially controlled, textured surface
with a patterned roughness extending lengthwise across the width of the face region; and

at least one bearing pad having a length Iand a width and located at least partially
within at. least one end and having at least a partially controlled, textured surface with a
patterned roughness comprising a plurality of .triangle shaped grooves extending
lengthwise across substantially the entire width of the bearing pad each of said triangle
shaped grooves having a vertex extending into said bearing pad.
2. | The slider of claim 1 further comprising the second of the opposite ends having a
partially controlled, textured surface with a patterned roughness exfending lengthwise

across substantially the entire width of the face region.

3. The slider of claim 1, wherein the slider is for a self-replenishment lubrication
system.
4, The slider of claim.1, wherein the textured surface has an amplitude between

about 20 to 50 nm.
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conposition of matter prepared by the are fornmed on the
same suleempsasiag: net hod according to claimb. 65
Such circuits can be advant ageousl y 7. An article of manufacture
conprising a  aface region witithiisaskposeddo the inBdompressible flafd Ratsd on e expdbdtd
substrate having thereon a filmof the com 30 a single
[err]-tanigindg of memnfsﬂdaﬁbn lsRradeChBliunP @idg BPeraGsiPbel} Heink it %&ﬁagé
clainms 1 to thin=filmresistors and the tantalum thih-
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\ the length of the face region, a trailing end extending across the width of the face region

and perpendicular to the opposing sides, and an opposite leading end extending across the
width of the face region and perpendicular to the opposing sides;

a selected one of the trailing end and -the leading end h_avihg a partially controlled,
textured surface with a patterned roughness extending lengthwise across the width of the
face region; and

at least one bearing pad haﬁng a length and a width and located at least partially
within the selected one of the trailing end and leading end, and having at least a partially
controlled, textured surface with a patterned roughness comprising a plurality of triangle
shaped grooves extending lengthwise across substantially the entire width of the bearing

pad each of said triangle shaped grooves having a vertex extending into said bearing pad.

6. The slider of claim 5, wherein the slider is for a self-replenishment lubrication,
system.
7. A slider for an information storage system having an information storage medium

including an exposed surface at least partly covered with an incompressible fluid, the slider

comprising:
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°f whi ch
o[)'? 21| neljf: a face region which is exposed to the incompressible fluid located c?n &e expgsege

- surface of the information storage medium during operation of the information storage
system, the face region having a length, a width, a pair of opposing sides extending across
the length of the face region, two opposite ends which extend across the width of the face
region and perpendicular to the opposing sides; and characterised by

at least one of the opposite ends having a cdntrolled textured surface with a
Y patterned roughness comprising a plurality of triangle-shapea groo‘ves -extending
lengthwise across the width of the face region with the base of the triangle at the slider end.
8. The slider of claim 7, further comprising:
* at least one bearing pad having a length and a width aﬁd located at least partially
within at least one end and having at least a controlled textured surface with a patterned
roughness comprising a plurality of triangle-shaped grooves extending lengthwise across

substantially the entire width of the bearing pad.



