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SPUTTERED THERMALLY CYCLED TEXTURE LAYERS FORMED OF HI GH MELTI NG PO NT
MATERMACS BACRGROOND OF THE TNVENTTON The present invention relates to
media for 5 recording, storing and readi ng magnetic data, and nore
particularly to neans for controlling the surface topographi es of magnetic
medi a. Magnehisorfkssks enmploy thin filns of nmagnetizabl e natreryusys/iqars
storing data in nmagnetic form Typically, 10 the nmagnetic disks are
rotatably nounted, with one or nore magneti,c data transduci ng heads
positioned in close proximty to the recording surfaces of the disks. Each
transduci ng head is novable generally radially relative to its associ ated

di sk as the disk is rot #pRereRef FHERMARONVYCLES 2kfTONE HX¥Eesed at high
speeds during readi ng andpémeEd GF WIGASMALTONG  POINTC MATERIADSAI 1 cushi on or
beari ng that supports each transducing head at a controlled distance from
its associ ated recordi ng surf aB3CKGROBND ORTHR INWENTIOMSI st head glide

hei ght or 20 flying bRbOPtesdh Anvdii®nr81atEE Staviaihgokr ansduci ng
heads contact their SSSOCIated disks; in artlculqr, en the glsks are

stationary, dur FRGOTAIRT ncREPRIM 1Y Fe3fiRIPRFNe i’nd"8eB8F &r at i on
toward a conpl epartioplafby to meahs ifloer eaptroblivgd ithed&uxfacer age density

it is desirableﬁ%g?g%ﬁgﬂigg 6€gﬁgﬁﬁ&3 GleR¥ahead flying height. To achieve

|l ow flying heig recordi surface nmust _be flat and snooth, but not

so snooth as to caus¥agRabiGedisks amploycthin; 11wy, ofapagnetigable  ocor di ng
material for storing data in magnetic form. Typically,

10 the magnetic disks are rotatably mounted, with one or
more magnetic data transducing heads positioned in close
proximity to the recording surfaces of the disks. Each
transducing head is movable generally radially relative
to its associated disk as the disk is rotated. Rigid

15 magnetic disks are rotated at high speeds during reading
and recording operations, to create an air cushion or
bearing that supports each transducing head at a
controlled distance from its associated recording
surface, thus to maintain a consist head glide height or

20 flying height. Also, there are times when the
transducing heads contact their associated disks; in
particular when the disks are stationary, during disk
acceleration from a stop, and during deceleration toward

a complete stop.

25 To increase magnetic data storage density it is
desirable to minimize the transducing head flying height.
To achieve low flying heights, the recording surface must
be flat and smooth, but not so smooth as to cause head
media interface stiction. As a result, recording

30 surfaces of magnetic media are intentionally provided
with a texture, selected to provide low glide height yet
minimize friction and wear.

Traditionally, mechanical abrasion has been used for

this purpose. Typically, a cloth, paper or pad coated or

35 saturated with a suitable grit is used. Abrasion removes
substantial amounts of substrate material and takes
considerable time, adding substantially to media



30 surfaces of magnetic nedia are intentionally provided with a texture,
selected to provide low glide height yet mnimze friction and wear.

Tradi tionally, nechanical abrasion has been used for this purpose.
Typically, a cloth, paper or pad coated or 35 saturated with a suitable
_grit is ugerbyiéddgasi on renmoves substantial anounts of suPGHUSRSH4RAt eri al
and takes considerable tinme, adding substantially to nedia WO 97/ 16826
PCT/ US95/ 14225 -2- production costs. Th_le__abrasi on process is | ow precision,
and vul nerabl e to defect generation. Wile nmechanical texturing is

predom nant in commercially available nedia, chem cal etching and 5
printing tecproguesitnveodaen ane apedsionpppocess tixtiowe prideisioacent |y,

| aser energy S L scl ' uring, e.g. as in U S
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focused upon the upper surface of an aluminum nickel-

10 phosphorous substrate to form laser marks, each with a
central depression surrounded by a raised rim. As
disclosed in application Serial No. PCTUS95/10697
entitled “PULSED LASER SURFACE TREATMENTS FOR MAGNETIC
RECORDING MEDIA", filed August 22, 1995, and assigned to

15 the assignee of this application, laser energy can be
used to create outwardly projecting nodules, and to
polish a substrate surface. The technique is appliead to
aluminum Ni-P substrates, and to metallic layers formed
on glass substrates.

20 The continuing trend toward higher data recording
densities has lead to the use of alternatives to the
traditional aluminum Ni-P substrate, e.g. glass, glass
ceramics, and quartz (Sio,). Although these substrates
can be mechanically abrated, the problems discussed above

25 in connection with aluminum Ni-P substrates, particularly
low precision and defect generation, are more serious in
the case of the non-metallic substrates.

Low melting point materials have been sputtered onto
non-wetting substrates to provide texture. For example,

30 gallium has been sputtered onto glass substrates while
being maintained above its melting point of 29.80 C. Due
to surface tension, the deposited Ga forms spherical
liquid features. Subsequent deposition of a magnetic
film form alloys and intermetallics that solidify the

35 gallium layer and replicate its topography. An alloy of
indium and tin has been applied in a similar manner.

Such low melting point materials, however, cannot be



on gl ass substrates. 20 The continuing trend toward hi gher data
recording densities has lead to the use of alternatives to the traditional _
atrom o N PosubstTate, €.9. gl ass, glass ceramcs, and quartz (Siderr]).
Al t hough these substrates can be nechanically abrated, the problens

di scussed above 25 in connection wth alum num N -P substrates,

parti cul arlyole9Nkshé €Ci Si on and defect generation, are nor eCTAIsHLL2S n t he
case of the non-netallic substrates. Low nelting point materials have been
sputtered onto non-wetting substrates to provide texture. For exanple, 30
gal Il ium has been sputtered onto gl ass suﬁgtrates whi | e bei ng nmai ntai ned
above its nelting point of 29.8[err] C. Due to surface tension, the

deposited Ga fQbﬁhé@hﬁw&éﬂaﬂﬂequwaéeaifw’@&es &égﬁmw% geppeehi on of a
magnetic filmfQrmal] oys and int netal i CS that SO|I ﬁﬂc e 35 al l'ium
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cannot be t@@%fha erial must have some kind of intrinsic
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alternative tek@ﬁﬁlﬁ t? rq&@§1ﬁﬁiég spin coatlng, etching,
sputtering, and annealing. These have been less than
10 satisfactory in general.
In connection with glass ceramic substrates,
mechanical abrasion can cause a “built in” texture in the

substrate by removing previously embedded hard
particulates. This built in texture is comprised of

15 multiple pits surrounded by “volcanic” rims. Substrates
textured in this manner have performed well in CSS
testing. However, because of the porosity of metal films
deposited onto these substrates, mobile alkali ions (e.g.
X', Na*, and Ca® ions), particularly adjacent the pits,

20 have been found to migrate from the glass ceranmic
substrate into the film and ultimately to the exposed
surface of the metal films. This problem, known as
*hazing” can be diminished by forming the metal film at a
highly increased density and by eliminating the pits.

25 However, achieving the built in texture under these
circumstances has been difficult, and €SS and stiction
performance has not been satisfactory.

Therefore, it is an object of the present invention
to provide a more repeatable and reliable method of

30 texturing substrates for magnetic disks utilizing a
variety of non-magnetic substrates.

It also is an object to provide a media fabrication
process applicable to all types of substrates, that is
much simpler and much less costly than conventional

35 texturing and other substrate texturing techniques
currently under development.

Another object is to provide a magnetic disk



been attenpted, including spin coating, etching, sputtering, and annealing.
These have been less than 10 satisfactory in general. In connection with
gl ass ceram c substrates, nmechani cal abrasion can cause a "built in"
texture in the substrate by renoving previously enbedded hard particul ates.
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lons), particularly adjacent the pits, 20 have been found to mgrate from
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el imnating t hehimdes fHr ddbeeter anacboatamndtiorui It in texture under

t hese circunstance Q@ﬁ. sEflcylt aﬁ?c&?ﬁi et .0 r f or mance
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costly than coadiarenthdungs: oreethernfeatures hckeasiingt tat dmprevedi 6§S
techniques_curﬁgfgéghéﬁggy’ devel opment. Another object is to provide a
magnet i c (gdsk Yet another object is to provide a magnetic disk
having a texture that allows lower transducing head
flying heights (i.e. one microinch or less), yet enhances =~
CSS performance.
SUMMARY OF THE INVENTION

15 To achieve these and other objects, there is

provided a process for forming a texture on a

non-magnetic substrate, including the following steps:

(a) providing a non-magnetic substrate having
a substrate surface and a first linear coefficient of

20 thermal expansion;

(b) selecting a texturing material having a
second linear coefficient of thermal expansion different
than the first linear coefficient of thermal expansion,
and having a surface energy higher than a surface energy

25 of the substrate;

(c) initiating a deposition of the substrate
surface when the substrate is at a selected initial
temperature, and continuing the deposition to form a thin
film texture layer integral with the substrate; and

30 (d) causing a change in the temperature of the
substrate away from the selected initial temperature to
induce a mechanical stress in said thin film texture
layer due to the respective and different changes in
dimension of the substrate and thin film texture layer

35 responsive to the temperature change, said induced
mechanical stresses exceeding an elastic limit of the
texturing material.
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texturing process that is clean room conpatible and m nim zes the need to
hanet-e—subsirates—to—reduce—the—ciramces—Tor—defectsand—contam nat i on. A
further object is to provide a magnetic disk 5 having a nore uniform
texture and fewer defects. Another object is to provide a substrate

texturing p‘kgg%f@?ﬁ hat affords control over the spaci ng betygess/agisacent
bunps or ot ures, leading to inproved CSS performnce. 10 Yet

anot her object is to provide a magnetic di sk having a texture that all ows
| ower transduci ng head flying heights (i.®3=one nicroinch or |ess), yet
enhances CSS performance. SUMVARY OF THE INVENTICN 15 To achi eve

t hese and ot her obj p OV|de cess fo rning a texture
on a non-nagnetic sﬁ%@ﬁ?ﬁ?@syfntﬁﬁd ?Effﬁﬂeqr I%% WRG %?é €(a) providing a
non- magnet i c SLﬁgnosﬂt;qmavfngha texturing makeried endun flrst | i near
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havi ng a secongbllnear coef ﬁéent 0 Si on fferent than the
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deposi tion of t{iftS'\HiSlcr2k8 SHPOALLISNEN THe iP4RIkT At EmperAure T Heed
nitial in the range of about 200 to 600°C., depending on the
substrate material and desired bump density, height and
diameter. The temperature more preferably is in the
10 range of 200 to 400°C. Upon initiation of deposition,
the heat source is removed, allowing the substrate to
cool as deposition proceeds.
The texturing material can be deposited by
sputtering within a vacuum chamber at a deposition
15 pressure in the range of about 3-50 millitorr. The thin
film can be sputtered to a thickness of up to about 5000
A, and more preferably in the range of 500~3000 A.
As deposition proceeds, both the substrate and the
thin film contract due to their cooling. Having
20 different thermal expansion coefficients, they contract
at different rates, which introduces mechanical stresses
in the thin film.
The first linear thermal expansion coefficient is
greater than the second, s¢ that cooling leads to
25 compressive mechanical stresses in the thin film.
Multiple discontinuities are formed throughout the thin
£ilm once the mechanical stresses exceed the elastic
limit of the texturing material.
A surprising and advantageous result is that the
30 multiple local discontinuities consist substantially of
smoothly rounded, dome-like bumps. The bumps are
relatively uniform in height, and are distributed
substantially uniformly throughout the thin film. The
preferred materials for the texturing layer are metals,
35 e.g. titanium, tungsten, chromium, aluminum, gold,
silver, and tantalum, or binary alloys of these metals.
Titanium and tungsten are particularly preferred, due to




tenperature, and continuing the deposition to forma thin filmtexture
l-ayer integral with the substrate; and 30 (d) causing a change
in the tenperature of the substrate away fromthe selected initial
tenperature to induce a nechanical stress in said thin filmtexture |ayer

due to the W@%ﬁve and different changes in di nension opcihgegidbstrate
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10 lower sputtering pressures and longer cooling tinmes
produce larger bumps. Thus, the process is repeatable to
yield thin film texturing layers with a desired average .
roughness and average bump height, and with a high degree
of uniformity.
15 Another advantage of the texturing process is its
compatibility with the usual post-texturing steps in
media fabrication. With the non-magnetic substrate in a
deposition chamber, the application and texturing of the
thin film texture material can be followed by deposition
20 of an underlayer, a thin film of a magnetic recording
material, and a protective cover layer, all in a
continuous process. There is no need for a mechanical
abrasion step or any other texturing step reguiring
treatment of the substrate ocutside of the deposition
25 chamber. This substantially reduces the cost of media
fabrication by eliminating a treatment step, and also
reduces the chance for contamination during fabrication.
After deposition of the texturing material, the
substrate and thin film can be reheated to a temperature
30 of at least about 150°C., and then allowed to cool. The
reheating step tends to smooth out the bumps, to improve
wear characteristics of the textured surface.
The process has been used to form texturing thin
films on a variety of substrates, including aluminum Ni-
35 P, glass, glass ceramic, and quartz substrates. The
disks exhibit good CSS performance at glide heights of
less than about 1 microinch (25 nm). Disks including



As deposition proceeds, both the substrate and the thin filmcontract due
to their cooling. Having 20 different thernmal expansion coefficients, they
contract at diffrerent rates, which Tniroduces mechanical stresses in the
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the second, so that cooling leads to 25 conpressive nechanical stresses in
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- ' ' 1 n nore preferably 1n the

range of 7- 20° naPVTRcEEpeet e kg s 5eraaces (1 rezsicdente: pbn of e
texturing materi $herpal expansiqyeandlinedubfacej esdrgiest, h¢os peetinate
t enperature whenrepeatable and reliable texturing in connection with a

variety of non-magnetic substrates.

IN THE DRAWINGS
10 For a further understanding of the above and other

features and advantages, reference is made to the

following detailed description and to the drawings, in

which:

Figure 1 is a plan view of a rigid magnetic disk

15 formed according to the present invention, and a
transducing head supported for generally radial movement
relative to the disk;

Figure 2 is an enlarged partial sectional view of
the magnetic disk in Figure 1;

20 Figure 3 is a schematic view of a vacuum deposition
apparatus utilized in fabricating the magnetic disk, with
a non-magnetic substrate enclosed within the chamber;

Figures 4-7 illustrate the substrate during
fabrication of the recording medium;

25 Figure 8 and 9 depict Tencor measurement surface
profiles of recording media textured according to the
present invention;

Figures 10-15 are charts depicting cSs performance
of two examples of the recording medium;

30 Figures 16-19 are optical micrographs of texture
layers sputtered on four different non-magnetic
substrates;

Figures 20-22 illustrate an alternative recording
medium with a texture layer covering only part of the
35 substrate surface, supported on a platform that more
rapidly cools the substrate; and



sputtering is initiated and the sputtering pressure, and by controlling the
- mt hi ckness and the cooling rate. Thicker filnms, higher initial
substrate tenperatures, 10 | ower sputtering pressures and | onger cooling

ti mes produce | arger bunps. Thus, the process is repeatable to yield thin
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shown) includes a transducing head support arm 20
supported in cantilevered fashion above the magnetic
disk. A magnetic data transducing head 22 is mounted to
the free end of the support arm, through a suspension 24

15 which allows gimballing action of the head. The rotary
actuator and the support arm pivot to move head 22 in an
arcuate path, generally radially with respect to disk 16.

At the center of the disk is an opening 26 to
accommodate a disk drive spindle (not shown) used to

20 1rotate the disk. An inner rim 28 defines the opening.
Between the opening and an outer rim 30 of the disk,
upper surface 18 includes an annular radially inward
region 32 where disk 16 is clamped to the spindle, and an
annular data zone 36 providing the area for recording and

25 reading the magnetic data.

When disk 16 is at rest, or rotating at a speed

substantially below its normal operating range,
transducing head 22 contacts upper surface 18. When the
disk rotates within its normal operating range, an air
30 Dbearing or cushion is formed by air flowing between the
head and the upper surface in the direction of disk
rotation. The air bearing supports the head in parallel,
spaced apart relation to the recording surface.
Typically the "glide height", i.e. the distance between a
35 planar bottom surface 38 of head 22 and upper surface 18,
is about 1 to 2 microinches (25 to 51 nm). A low glide
height is preferred, since reducing the glide height
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glass ceram ¢ and quartz substrates show high resistance to haze
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the present invention, nedia reliability and wear characteristics are
enhanced 5 by a process utilizing differences in coefficients of thernal

expansi on and in Eﬁrface energi es, to produce repeatabl e apgrsdsnaiese
texturing i VRTHEES i on with a vari ety of non-magnetic substrates. IN THE
DRAW NGS 10 For a further understandi ng of the above and ot her

features and advantages, reference is nade

descri
rigid
transd
di sk;

%o the following detailed

ption and to the drawings, in which: Figure 1 is a plan view of a

mgnet’ ¢ drkebies’ ShETA %%%&w BetR’ €56 e igtRl.ONFoand a

uci ng head suppar

y.radial  novenent .relative to the

Figure 2 |r§°8ﬁdéﬁEaF§@drwﬂ%!l adgk; FoRarion ARG RS Ydgh

etic disk

in Fi gure 1; 20 pivotingFagsr Comtrsled dherdhoerti tov sdlectiaelym deposition

apparatus utili §%§iitgt°&ag£+ﬁ§&%€g‘r%m%ar%gaekhgrdaégiﬁ%@utﬁcg r;_g?

substrate enclo

during

to the

ures 4 strate

magneti c
e substrate

fabri 8at Wwithdn dpgaraeng oy nedlun1 25 Figure 8 and 9 depi ct
Tencor neasurenent spgf geanpsedm | Eiguife 26caigknges nieli formad wfed accordi ng

substrate disk 40 and multiple thin film layers applied
to the substrate including a texture layer 42 applied to
the substrate an underlayer 44, a magnetic recording

10 layer 46, and a protective cover layer 48.

Substrate 40 preferably is a disk formed of a glass,
a glass ceramic, or quartz (Si0;), and also can be an

aluminum substrate plated with a nickel-phosphorous

alloy. The initial fabrication step involves polishing,
15 grinding or otherwise machining the substrate disk to

provide a substantially flat and smooth upper substrate

surface 50. For further processing, the substrate disk

is placed within a vacuum deposition apparatus.

An example of an apparatus suitable for vacuum
20 deposition is schematically illustrated at 52 in Figure
3. The apparatus includes a fluid tight plasma chamber
54, An exhaust pump 56 is in fluid communication with

chamber 54 for evacuating the chamber when desired.

Also

in fluid communication with the chamber are a container

25 58 for supplying argon or another inert gas, and a
container 60 for supplying a reactive gas such as

hydrogen. Valves 62 and 64 control the supply of their

respective gases to the plasma chamber.

A power supply 66 biases a cathode electrode 68
30 while another electrode 70 is maintained at ground, to
generate an electrical field to ionize argon and other
gases within plasma chamber 54. A target 72 formed of
titanium or another appropriate metal texturing material

is positioned near electrode

35 68. Substrate 40 is supported on a platform 74 near
grounded electrode 70. A heating element 76, running
through the platform, is operable to heat the platform
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is shown in Figures and 2 the nmediumftor recording ang readi ng magnetic
data, in particHNERA M PLAEIArBK746PeAX Sukstat® 4. vBFeVidrEadls and

having a subst anindidatipniedr the sabithate zoaipdratupel. surface 18. A
GuppoTted i n cant! | e Enaras, pAFLEeTEnd b (L ol ke 83V iREPRIRRRALY ¢ dat
transduci ng Beacchember $duiinge svbchanbers ondchations 88pp8PL 898m andr ough
a suspensi on 24 ¢p gy %,yd&%eg%n‘agbﬂ,ﬂgg ad %,&hrghqagggg. The rotary
actuator and the, ciBRQer’ HaBnilic! LelB¥Eing Abysz ahd’Brotective
layer. For applying the underlayer, subchamber 90
contains a target 96 formed of a suitable underlayer
10 mwaterial such as chromium. Subchamber 92 contains a
target 98 formed of a magnetic thin film recording
material, e.g. CoNiCr or CoCrTa, and subchamber 94
contains a target 100 formed of carbon. Partitions 82,
84 and 86 isolate the stations from one another
15 sufficiently to enable each deposition to proceed under
conditions favorable to the particular material involved.
While just one power supply 66 is shown, the individual
stations can have separate power supplies and cathode
electrodes to enhance fabrication process control.
20 With substrate 40 on platform 74 as shown in Figure
3, exhaust pump 66 is actuated to substantially evacuate
plasma chamber 54. Following evacuation, valve 62 is
opened to supply argon to the chamber, until pressure
within the chamber reaches a predetermined value, e.g. 10
25 millitorr. Heating element 76 is actuated toc heat
substrate 40 to a predetermined initial sputtering
temperature in the range of 200-600° C., and more
preferably in the range of 200-400° C. The substrate is
heated to at least the selected initial temperature
30 before sputtering begins.
With the substrate sufficiently heated and argon at
the intended pressure, power is provided to electrode 68
is provided at a desired level, e.g. 40 watts per square
centimeter, to generate an electrical field and ionize
35 the argon, thus forming an argon plasma within the
chamber. The electrical field accelerates the argon ions
onto texturing target 72, sputter depositing titanium



arcuate path, generally radially with respect to disk 16. At the center of
the disk is an opening 26 to accompdate a di sk drive spindle (not shown)
used—to—28—rotate—tire—drsk—AT TTIMer 17T 28 deil il nes t he openi ng. Between

t he opening and an outer rim 30 of the disk, upper surface 18 includes an
annular radially inward region 32 where disk 16 is clanped to the spindle,
and an annul ar data zone 36 providing the area for recordi pgrasskndzesr eadi ng
t he nagnetié”‘agff’%fmﬁ\/\hen disk 16 is at rest, or rotating at a speed
substantially belowits normal operating range, transduci ng head 22
contacts upper surface 18. When the disk rotlates within its nornal
operating range, an air 30 bearing or cushion is formed by air flow ng

0 range, . s for | 9
etveen {he headogod {e JARGed® UHFASES! Hokifordro et ake dhitirdci g on

The air bearing Suppor p spaced apart relation to the
recordi ng surfac¥acuymideposition cgntiaues;ypkil texturenlayek:4t RA%et ween

a 35 pl anar botteaaéuéaa&?rﬁe&ferheaeﬁehméwqm thef gaRgé Sof i sbaout 1
n
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PCT/ US95/ 1422 - @ngsbrremsses the density at which data can be stored. For
recordi ng and readi nggefl g Qletlen@nN78Nds ' DhEFLA V¥ BuRingt B8gogiticwnt rol | ed

in concert to. selectively. RosiL} o0, LEaN28 UGk AN JIRAT o881 8RF" adSBhkeke
layer 42 is deposited and continues to cool following
deposition. Substrate 40 and texture layer 42 contract

10 as they cool, but at different rates. More particularly,
substrate 40 being formed of glass has-.-a linear thermal
expansion coefficient in the range of 10-12 X 10"%/degree
C. Titanium texture layer 42 has a thermal expansion
coefficient in the range of 7-8 X 107°/degree C.

15 Accordingly, although the substrate and texture layer
experience the same temperature change as they cool,
substrate 40 experiences greater contraction.

Because of the adhesion of a texture layer and
substrate along their interface, the difference in their

20 contraction causes both to experience mechanical stress.

The stress, i.e. tension in the substrate and compression
in the texture layer, initially counteract one another.
However, because texture layer 42 is extremely thin
compared to the substrate, the effects of the

25 counterbalancing forces are concentrated in the texture
layer. The compressive stresses, which act in all
directions, are represented by arrows in Figure 4.

As the substrate and texture layer continue to cool

and contract, the compressive forces increase to the

30 point of exceeding the elastic limit of the texturing
material. This may occur either during or just after
deposition. Throughout texture layer 42, plastic
deformation relieves the compressive stress,
simultaneously relieving the tensile stress in the

35 substrate. Deformation occurs throughout the texture
layer and is highly localized, resulting in multiple
dome-shaped bumps 102 uniformly distributed throughout
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As seen from Figure 2, disk 16 is formed of a substrate disk 40 and
multiple thin filmlayers applied to the substrate including a texture

| ayer 42 applied to the substrate an underl ayer 44, a magnetic recording 10
| ayer 46, and a protective cover |ayer 48. Substrate 40 preferably is a

di sk fornedwglyrfesdé ass, a gl ass ceramc, or quartz (SiJ erkrqHUSIESN4R28| so can
be an al um num substrate plated with a ni ckel -phosphorous alloy. The
initial fabrication step involves polishipgs_15 grinding or otherw se

machi ning the substrate disk to provide a substantially flat and snpoth
upper substrate surface 50. For further processing, the substrate disk is
pl aced w thi n athectextulsd duyedrgn aspiagdtated Aln ERigyres G~7an appowat us
suitable for va .14 ' ' | ys r.at in
lgure 3. The. aiber el did & (npBatETRELES: diaeceitiel 3:Hbugt

exhaust punp 568FEess hasgheetpralieyed by RReR 54 fide BUBPEati ng
the chamber whepe&l$srté eth tHes Fanyel lofi -8 ofTHPORS ird A Mnlek elr)ewiRRNREr are

t ai 5 58 _f | yi t t t ai .
50 Tor suppi%i n§eREFAEEAP e il 328, B1cBARs lewai] (nlfazend pulindlo ) o7
the supply of tRensitypfheduppsesangeshfronabout: fathdi0” 1o paewt skibpl y
66 biases a catRogls® Puapcy/edtaP8 Sen¥iméterNOiHMpschos! ppECide i

othor gases vi HEREI VSN dran SYeEaSe.Fuighnesy fanat aBsk: 2oPm or
anot her appr opr and enansimum tpesaky heightst Bpi ih the pravige efefroma7-adBenmi ode
35 68. Subsfigate 40 fﬁq;ﬁtwcuta% 9" sholl RehObE réadiiUneHtRlB¢Cd18kEC rode
70. A heating eﬂﬁ@fﬁg té&t&££”Y£¥%rs formed in the same manner as
texture layer 42. The texture layer represented in
Figure 8 was formed on an aluminum substrate. The
profile, indicated at 103, reveals uniformity in peak
15 heights, all of which are well below 20 nm. The disk
represented in Figure 9 included a Pilkington smooth
glass substrate. A profile 104 shows that most peak
heights are below 20 nm, although peaks can equal or
exceed that value. A profile 105, of the substrate
20 Dbefore application of the texture layer, is shown for
comparison with profile 104.
As an option, substrate 40 and texture layer 42 can
be subjected to a further thermal cycle, in particular by
operating heating element 76 to heat the substrate to a
25 temperature of about 1500 C., or in any event
substantially less than the selected initial temperature
for texture layer deposition. The additional thermal
cycling tends to smooth out bumps 102, thus to enhance
the wear characteristics of the contact zone.
30 After application and deformation of texture layer
42, substrate 40 is transferred to station 950 for
deposition of chromium underlayer 44. Deposition in an
argon atmosphere proceeds at a pressure of about 5-20
millitorr and at a temperature of about 200 o C., to
35 apply underlayer 44 to a thickness of about 2,000
angstroms.
Next, substrate 40 is transferred to station 92 for



thr%ugh the platform is operable to heat the platform WD 97/ 16826
PCT/U895/14225 -10- and thus to heat the substrate. A tenperature sensor
78&—retntet—onptatform 74 near—supstrate 40, provi des an 1 ndi cation of the
substrate tenperature. Several partitions 82, 84 and 86 divide plasm 5
ghanber 54 into subchambers or stations 88, 90, 92, and 94 for respectively
appl ying the f e layer, underlayer, magnetic recordi ngp&pusysiiang
protective Wgégﬁ or applying the underl ayer, subchanber 90 contains a
target 96 fornmed of a suitable underlayer 10 material such as chrom um
Subchanber 92 contains a target 98 formed ™37 magnetic thin filmrecording
material, e.g. CoNC or CoCrTa, and subchanber 94 contains a target 100
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Wth substrate 4 a8 S exhaust punp 66 is
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elenment 76 is ac
atmosphere.

Finally, the substrate is transferred to station 94

10 for application of protective carbon layer 48, preferably
in an argon atmosphere at a pressure of 10 millitorr and
at a deposition temperature of 1500 C. If hydrogenation
of the carbon layer is desired, particularly near the
upper surface, valve 74 is opened to introduce hydrogen.

15 Underlayer 44, magnetic recording layer 46 and
protective layer 48 are deposited at respective uniform
thicknesses. Accordingly, each layer tends to replicate
the surface topography of the layer beneath it, with a
slight tendency to round the bumps. Nonetheless, tencor

20 profile measurements are substantially identical, whether
taken immediately after deposition of the texture layer,
or after the remaining layers have been added. The disk
surface thus retains the dome-like bumps that provide the
average roughness and peak height indicated above.

25 The formation of a texture by thermal cycling
affords several advantages over previous texturing
approaches, including simpler and much less expensive
fabrication, reduced processing time, more repeatable
results and results subject to control by varying several

30 key process parameters. Fabrication cost and complexity
are substantially reduced by elimination of a separate
texturizing step (whether mechanical abrasion, etching or
laser ablation) that would require treatment of the
medium outside of the plasma chamber. As to processing

35 speed, the size of textured areas can be increased
without substantially increasing processing time, since
the entire substrate and texture layer contract as they




substrate 40 to a predetermned initial sputtering tenperature in the range
of 200-600[err] C., and nore preferably in the range of 200-400[err] C. The
substrate is heated to at |least the selected initial tenperature 30 before
sputtering begins. Wth the substrate sufficiently heated and argon at the
I nt ended pr‘g,r, Wh&ne POVET I's provided to el ectrode 68 is prepinckeghiansa
desired level',” e.g. 40 watts per square centineter, to generate an
electrical field and ionize 35 the argon, %hus form ng an argon pl asna
within the chamber. The electrical field attelerates the argon ions onto
texturing target 72, sputter depositing titanium WD 97/ 16826

PCT/ US95/ 14225 - o} nyk i f surface
50. Vacuum depoglag,llt')npé %%%ﬁﬁﬁﬁQ ige, ¢ Pl izisgjr%%hgg a

texture layer 42 ach
predet er ni ned t AR¥RRcRECTHles exhibit & high degrge S?Q)Gﬁ“zfr?d'é'ﬁlté'rréngnd nor e
preferably 500- dofifistency Sthenmmppldad ngdelrctratsaiie isputitectinge duri ng

deposi ti on. Conagguept by £y WHEEEPERy COAdREPARCX U | ayer

42 is deposited and contindes to coo oW ng bstrate 40
and texture ¥ aySemperathre oyt also,powexyle¥el: but at different rates.
More particularly, sgpettédingdmiitioner 6Rfl bé Ebtrollad ad vaggr theer nal
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10[ err]/degree Tn particular, increasing the thickness of the texture
layer increases the size of the dome-shaped bumps. Bump
10 size likewise can be increased by increasing the
substrate temperature at the beginning of texture layer
deposition. Longer cooling times lead to larger bumps.
By contrast, increasing the argon pressure tends to
reduce bump size. The density can be increased, i.e. the
15 separation between adjacent bumps can be reduced, by
preheating the substrate to a higher temperature just
before sputtering. Finally, the topography depends on
the texture layer material. Titanium and tungsten are
highly preferred texturing materials, and the following
20 alternative materials may be employed: chromium,
aluminum, copper, lead, tin, gold, silver, and tantalum.
Of course, the substrate material also influences

topography since the build up of stresses depends upon
the differences in the thermal expansion coefficients of

25 the substrate and texture layer. Material surface energy
also has been found to be a key consideration. 1In
particular, for bump formation it is important that a
surface energy of the texture material be higher than the
surface energy of the substrate.

30 The following examples illustrate how results are
influenced by the selection of materials and setting of
parameters.

Example 1

A titanium texture layer (thermal expansion
35 coefficient of 8 X 10™°/degree C.) was sputter deposited
onto a super smooth glass-ceramic substrate having a
thermal expansion coefficient of 12 X 10°/degree C. The



15 Accordingly, although the substrate and texture | ayer experience the
sane tenperature change as they cool, substrate 40 experiences greater
conmtTactT oM Because of the adhesron ol a texture I ayer and substrate al ong
their interface, the difference in their 20 contraction causes both to
experience mechanical stress. The stress, i.e. tension in the substrate and
conpreSS|o§v 8"& texture layer, initially counteract onpcpysdshar2s

However exture layer 42 is extrenely thin conpared to the
substrate, the effects of the 25 counterbal ancing forces are concentrated
in the texture layer. The conpressive stié&85es, which act in al

directions, are represented by arrows in Figure 4. As the substrate and

texture |ayer qqga;e@qugosﬁgekcé%éﬁwsa% thaerfoe@,&ﬁﬁ% méeqrms
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in Figures 5 a ress directions een
relieved by buBPutserapgomontirues s a texture layer thickness of

about 200 nm. The resulting bumps had diameters of about
10 2 nmicrometers and heights of about 15 nm. Bumps were
formed at a density of about 5 X 10%/cm®.
Example 2

The conditions and materials were the same as in
Example 1, except that the sputtering pressure was
15 increased to 10 millitorr. The resulting bumps had
diameters of about 1 micron, as compared to the 2 micron
diameters of Exanple 1.
Example 3
Conditions and materials were the same as in Example
20 1, except that the substrate was preheated to a
temperature of about 5000 C. The resulting bumps had a
density of about 10 X 10°/square centimeter, about double
the density of the bumps formed in Example 1.
Example 4
25 Conditions and materials were the same as in Example
1, except that the Ti film was deposited to a thickness
of about 300 nm. The thicker texture film resulted in
bumps having heights of about 25 nm, as compared to the
15 nm height in Example 1.
30 Example 5
Sputtering conditions and materials were the same as
in Example 1, except that hydrogen gas (H, at less than
15%) was introduced during sputtering of the texture
layer. Both bump height and bump size were reduced, due
35 to the change in stress in the texture layer. Increasing
the percentage of hydrogen, to values above 15% (atomic
percent), further reduces bump size.



freasure in the range of 1-3 microns in dianmeter, with a 5 separation of
about 3-5 m crons between adjacent bunps. DenS|ty of the bunps ranges from
about 3 X 10[err] to about 12 X 10[err] bunps/square centineter. Bumps 1027
“provide in texture |layer 42 an average roughness Ra of about 2 nm and

maxi mum pe ;ﬁmts Rp in the range of from7-18 nm 10 pcr/usgdmgures 8
and 9 show Tencor neasurenents of disks having texture |ayers forned in the
sanme manner as texture layer 42. The textyce |ayer represented in Figure 8
was formed on an al um num substrate. The 3 ofile, i ndi cated at 103, reveals
uniformty in peak 15 heights, all of mhich are well below 20 nm The disk
represented in Figure 9 included a Pil [ gnoot h gl ass substrate.

profile 104 shows that A npst k hei ts are bel ow 20 nm t hou eaks
can equal or exceed®t Wéttﬁﬁ?“g%&%’ﬂﬁ%‘ﬂ’é Y35, spptiae %‘Eﬁ?ﬂﬁ}r%ﬁ ‘%f'dpt?ef ore

application of suipert emboth &hyeinum Nisirowmbsdratenparhe otheyndl profile 104.
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thickness of about 200 nm. The resultlng bumps had
diameters of about 3 microns and heights of about 20 nm.
Bump density was about 7 X 10°/square centimeter.
Example 7
15 Sputtering conditions and materials were the same as
in Example 6, except that the pressure was increased to
about 12 millitorr. Bump diameters were reduced from
about 3 microns to about 1 micron.
Example 8
20 Conditions and materials were the same as in Example
6, except that the substrate was preheated to a
temperature of about 4000 C¢. The bump density increased
to about 12 X 10°/square centimeter.
Example 9
25 Conditions and materials were the same as in Example
6, except that the Ti was sputtered to a thickness of
about 300 nm. The bump height increased to about 35 nm.
Example 10
conditions and materials were the same as in Example
30 1, except that a tungsten texture layer was sputter
deposited onto a glass-ceramic substrate. A much higher
taemperature was reguired (i.e. preheating to about 600°
C.) The result was much larger bumps, having diameters
of about 6 microns. Bump density was reduced to about
35 0.5 X 10'/square centimeter. The bump heights remained
approximately the sanme.
Magnetic disks fabricated as discussed above have



f
35 apply underlayer 44 to a thickness of about 2,000 angstrons. Next,
substrate 40 is transferred to station 92 for WO 97/ 16826 L
PETHUSeSH14225—=1t3=apptricationm or thin 111 mneagneti c recording [ayer 46.
Peposition proceeds at a pressure of about 10 millitorr and at a
denperature of about 150 [err] C. Recording layer 46 is deposited to a
jt hi ckness &@g 200- 400 5 angstrons. The crystalline spetrosasne2sf t he
"magnetic recording |layer tends to replicate the underlayer crystalline
structure. Deposition occurs in an argon_atnosphere. Finally, the substrate
is transferred to station 94 10 for applftation of protective carbon |ayer
48, preferably in an argon atnosphere at a pressure of 10 mllitorr and at
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| ayer is desir particularly near the ugger surface, valye 74 is opened
to introduce h¥beogesulys of testing.two, disks, oRRWtN: 2 828F8i ng | ayer 46
and protectivesuhbptraté tastat:fox (Sodoat staspietop eymliesor antdhtb&nesses.
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i medi atel y af iateteabsi in Gotdf dasest.exture |ayer, or after the renmining
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P behavior of the disk with the aluminum substrate and the

disk with the glass-ceramic substrate. Both disks have a
10 glide avalanche of under 1.0 microinch. More
specifically, the value is 0.9 microinch for the ALINiP
disk, and 0.74 microinch for the glass-ceramic disk. The
first disk (glass-ceramic substrate) exhibited a final

average stiction of 2.35 gms with a maximum stiction of

15 4,19 gms. The second disk (aluminum substrate) exhibited
final average and maximum stiction values of 0.579 gms
and 1.91 gms, respectively. Stiction remainead
substantially the same in both cases.

Figures 12 and 13 show the dynamic friction

20 performance of the first and second disks, respectively.
The first disk exhibited an initial dynamic friction of
1.56 gms, a final dynamic friction of 1.84 gms and a
maximum dynamic friction of 2.25 gms. The second disk
had an initial dynamic friction of 0.4 gms, a final

25 dynamic friction of 0.735 gms and a maximum dynamic
friction of 0.88 gms. The disks had respective friction
coefficients of 0.749 gms and 0.187 gms.

Both disks remained substantially constant as to
take-off time, exhibiting final take~off times of 0.572

30 seconds and 0.558 seconds, respectively as seen in
Figures 14 and 15.

The tested characteristics (stiction, wear and
take-off time) revealed performance superior to that of
conventional textured disks, and superior to other known

35 texture approaches currently under development. The
stiction values are about one-third to one-half of those
for conventional mechanical texturing and the wear



aver age roughness and peak hei ght indicated above. 25 The formation
of a texture by thermal cycling affords several advantages over previous
texturing approaches, including sinpler and nmuch | ess expensive
fabrication, reduced processing tine, nore repeatable results and results

subj ect toﬁ&og}{% by varying several 30 key process par @qhRosiazs
Fabri cati of &% nd conplexity are substantially reduced by elimnation of

a separate texturizing step (whether mechani cal abrasion, etching or |aser
abl ation) that would require treatnment of~%¥%e medi um outside of the plasm
chanber. As to processing 35 speed, the size of textured areas can be
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appl i ed under t%i? éumesputtering conditions, particularly sputtering
pressure and 5 @%érature but al so power level. Sputtering conditions can
be control | & to varkn generad,r £S6f teating mas renfoamed atxextrerelyr
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texture |ayer duegpusianesh abioyeger Despitegfliying Hedghtsoofalges thamsa
microinch, the stiction and wear index values were very

10 low and the take-off time was short, indicating a texture
superior to conventional mechanical texture and other
textures known to be currently under development. After .
CSS testing, the stiction and wear index values remained,
within measurement error, unchanged. Thus the texturing

15 is stable and has a high tolerance for CSS testing
conditions and for normal operating conditions. Thus,
testing has demonstrated excellent media performance
under challenging conditions when texture layers are
formed according to the present invention.

20 The Aisks further have exhibited excellent
performance when tested for corrosion. In particular,
when subjected to testing at 100% relative humidity at
800 C., the disks have shown good resistance to haze
corrosion.

25 Texture layers, formed as explained, can be applied
to virtually any type of non-magnetic substrate. Figures
16-19 are optical micrographs (magnification 400 X)
showing texturing layers applied to different substrates
including a polished aluminum nickel phosphorous

30 substrate (Figure 16); a Canasite glass-ceramic substrate
(Figure 17); an Ohara smooth glass ceramic substrate
(Figure 18); and a Pilkington smooth glass substrate
(Figure 19). The micrographs reveal the smooth, rounded
nature of the bumps, and the degree of separation between

35 neighboring bumps.

Figures 20 and 21 illustrate an alternative
recording medium 106 fabricated with a fixture so that a



By contrast, increasing the argon pressure tends to reduce bunp size. The
density can be increased, i.e. the 15 separation between adjacent bunps

n ' ' ure just
before sputtering. Finally, the topography depends on the texture |ayer
material. Titanium and tungsten are highly preferred texturing materials,
and the fol] ow_n %0 alternative materials may be enpl oygglr gdikRsshsM
al um num cgr?p%f],g” ead, tin, gold, silver, and tantal um course, the
substrate material also influences topograEhy since the build up of
stresses depends upon the differences in Th2"thermal expansion coefficients
of 25 the substrate and texture layer. WMaterial surface energy al so has
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inward region for clamping to a spindle as before, a

dedicated transducing head contact zone 113, and an

10 annular data zone 115 providing the area for recording

and reading the magnetic data.

When medium 106 is in use at rest, a transducing
head contacts the disk within contact zone 113. During
data operations, the air cushion caused by medium

15 rotation supports the transducing head at a desired glide
height above data zone 115. When magnetic medium 106 is
decelerated following an operation, the transducing head
is moved radially inward to a position over contact zone
113, so that when coming to rest the head engages the

20 contact zone. Before the next recording or retrieval
operation, medium 106 is accelerated from stop, initially
with the head and contact zone engaged. Once rotation is
sufficient to support the transducing head with an air
cushion, the head is moved to the intended position

25 within the data zone.

The data and contact zones have different textures
according to their respective functions. Data zone 115
preferably is polished or otherwise finished to a highly
smooth, specular finish to permit the desired low

30 transducing head glide height.

By contrast, contact zone 113 has a surface roughness
greater than the data zone, i.e. in the range of from 7
to 18 nm. Roughness in this context means the height of
the highest peaks above a nominal horizontal plane of the

35 surface 18.

Fabrication of recording medium 106 proceeds as
described above in connection with disk 16, with one



and the gl ass-ceram c substrate are 1600 erg/cnferr], and | ess than 730
erg/cnferr]. The substrate was preheated to a tenperature of about 400[err]
C., then renoved fromthe heat 5 source and allowed to cool during
sputtering. Titaniumwas sputtered in an argon atnosphere at a pressure of
6 mllitory t a deposition rate of about 7 nnl seconger iyl I ng
cont i nued \VQ’a‘?ség(lture | ayer thickness of about 200 nm e resd%‘?lgng bunps
had di aneters of about 10 2 mcroneters and heights of about 15 nm Bunps
were formed at a density of about 5 X 10[@&%j/cnferr]. Exanple 2 The
conditions and materials were the sane as in Exanpl e 1, except that the
sputtering pressure ease II|torr bunps

had di aneters o?xcfﬁfgtasnllﬁf‘c% uﬁg gbérg etr(?btllxe ZNﬁFgE ﬁﬁg?g‘%ret% s of

Exanpl e 1. Exarq:lsam&e@omdrtbunnthanulmzerclsandaenea@meﬂeataw above Exanpl e

20 1, except téﬁﬁséz‘%é‘i%”akﬁ !‘&‘ﬁué’iﬂ@é&% ¥4 g -EeEEerfiH{:@réfzfé’OUt

5000 C. The resultin denS|t ou 8 err| uar e

centineter, abdRSKf 8’5\ EBH@ HéﬁglFQ ’Eﬁs tb%r?ﬁ?sfi?i ARgOfnt ﬁaﬁﬁg%

Exanple 4 25 layercamdmheoﬁntendedannnurdnsnugmanthhatabecanesnc&ham@te 1,

except that thezo;g ful:,mi\p{ai._h eggﬁﬁgﬁgdt,ﬁe&mlckness of about 300 nm The
e fil

t hi cker textur mresulte avli ng hei ghts of about 25 nm as
conpared to the 15 cﬁ@FGhF“PEtE&Eﬁp4¥PJ?“QB extute layer 108 are

Exanpl e 5 Sput tedrtirepedyndthinoagiably npvert idal iy €igees22p esSmparéxanpl e
1, except that &Y q'fh%‘l?:n ﬂﬁiaﬁ%fﬁéks%né,eﬁé}haﬂse heat primarily in
10 the axial direction. Accordingly, whether the texture
layer is applied to the entire surface as shown in
Figures 1 and 2, or just to a limited annular area
intended as the contact zone, does not appreciably alter
cooling time. However, cooling time can be reduced if
15 desired by more rapidly extracting heat from a platform
112 that supports the substrate. For this purpose, a
cooling coil 114 within the platform provides a path for
" transmitting a heat absorbing fluid (e.g. helium at low
pressure) through the platform. This augments the
20 tendency of platform 112 to act as a heat sink. The
result is a more rapid cooling of substrate 110 and
texture layer 42, which facilitates the use of substrate
and texturing materials having less pronounced

differences in their thermal expansion coefficients, and

25 results in the formation of smaller bumps. Although
shown in connection with limited texturing to provide a
contact zone, platform 112 can just as well be employed
when the texture layer covers the entire substrate
surface,

30 Figure 23 illustrates an alternative substrate 118
and a texture layer 120 applied to the substrate. In
this case, the substrate, formed of glass, has a linear
coefficient of thermal expansion less than the thermal
expansion coefficient of the texture layer. Thus,

35 cooling substrate 118 and texture 120 would cause the
texture layer to contract at the more rapid rate,
whereupon tension rather than compression would be



159 was introduced during sputtering of the texture [ayer. Both bunp
hei ght and bunp size were reduced, due 35 to the change in stress in the
t . ' : ' ; ~15%
(atom c percent), further reduces bunp size. WO 97/ 16826 _
PCT/ US95/ 14225 -16- Exanple 6 A Ti texturing nmaterial was sputter deposited

t alum num Ni - P substrate. The thernal '
coet 1 ci ont TSRS el

coefficient "0 AN P substrate is 5 22 X 10[err]/deg

surface energy of the substrate is |less than 500 erg/cniferr]. The substrate
was preheated to a tenperature of about 30W¥tr] C., then renpved fromthe
heat source to allow cooling during deposition. The titani umwas deposited

t ressure of 6 gLt 0 n ition.rate of about 7
ﬁrﬂ gegond to a @%%%%ﬁoﬁ%ﬁiégnﬁmiﬂ%?‘é&f%&ﬁgegg%‘%ﬁnﬁ?ﬁst ers
f about 3 mcr erfingiyghtexsurapdayep sBappidedsbyya about X
EO[Sr ?ijf squ;nr e cestip éﬁtﬁrregﬁﬁgﬁﬁheﬂnlgrocess, ?q.tlt?]:t QBL Eﬁeﬁ@é‘@'iﬁd B tgﬁd
teri re t as exce e.pressur.e wa

inﬁcrere;ge?i \tl\g abo%?b el | Fgff.éggglﬁgddﬁ:?’a’“ reéjsisi/\@%%af‘ﬁﬁﬁg% ?%trﬂi%qut 3
m ¢rons to afoutthe Hextyre Zryep| and sybstrate,Cawdiinduce compressidrlia wer e
the sane as in Epiekthirecnagbt bAcetie it 3! 8xpRAd hSHe A [ dIS 2

than the substrate in response to heating. Subsequent
thin film layers are applied by vacuum deposition as
explained above.

10 Thus in accordance with the present invention, a
uniform, controlled texturing layer can be formed on a
non-magnetic substrate in a relatively short time,
regardless of whether the texture is limited to an
intended contact zone or applied to the entire upper

15 surface of the substrate. A high degree of repeatability
and control is afforded by proper selection of parameters
such as substrate temperature when deposition begins,
deposition pressure, thickness of the texture layer and
the substrate and texture layer materials.

20 What is claimed is:




tenperature of about 400[err] C The bunp density increafﬂ”“]m m EIIE"Z“
10[err]/square centineter. Exanple 9 25 Condi ti ons c s re

the sane as in Exanple 6, except that the Ti was sputtered to a thickness
of about 300 nm The bunp height increased to about 35 nm Exanple 10
Condi tion terials were the sane as in Exanple 30 péraRyfaRis that a
tungsten t | ayer was sputter deposited onto a glass-ceramc
substrate. A nmuch higher tenperature was required (i.e. preheating to about
600[err] C.) The result was nmuch | arger tR#ms, having di aneters of about 6
m crons. Bunp density was reduced to about 35 0.5 X 10[err]/square
centineter. The bunp hei ghts renai ned mately the sane. Magnetic

di sks fabricated as di scussed above hav 97/ 16826

PCT/ US95/ 14225 - 17-1per floipnssens| founferniss a ciaxtmye Pngar aont0- 15 depi ct

the results ofpidRét 19 substPaties: iRBTudiAd: @ glass substrate tested for
5,000 start/stop cycles, an the ot her havin iﬁlﬂﬂ nun1substrate and

tested for 30,000 5 staR¥O¥iGIngy & nen-HAgHE StEatsr BaViPdo8- cycle
interval s isn bsubstmscikally glanar]l@ndnsmdédth enpestiviatel wurifheet anie stiction

behavi or of t hgagl 5 ewmééﬂqmeu@ eumy@féﬁ@t@f 3 riad Q(S{EE::MBH t he

gl ass-ceram c substrale di sks have a 10 glide aval anche of under 1.0
m croi nch. MNorand first surface enerqgy;

selecting a texturing material having a second
linear coefficient of thermal expansion different than
10 the first linear coefficient of thermal expansion, and a
second surface energy greater than the first surface
energy; b
initiating a deposition of the texturing
material over the substrate surface when the substrate is
15 at a selected initial temperature, and continuing the
deposition to form a texture determining thin f£ilm
integral with the substrate; and
causing a change in the temperature of the
substrate away from the selected initial temperature to
20 induce a mechanical stress in said thin film due to the
respective and different changes in dimensions of the
substrate and thin film responsive to the temperature
change, said induced mechanical stresses exceeding an
elastic limit of the texturing material.
25 2. The process of claim 1 wherein:
said causing the change in substrate
temperature, and said continuing of the deposition, occur

simultaneously.
3. The process of claim 1 further including:
3o using a heat source to heat the substrate,

prior to the initiation of deposition, to a temperature
at least as high as said initial temperature.
4. The process of claim 3 wherein:
said initial temperature is in the range of
35 about 200 to 600 degrees C.
5. The process of claim 3 wherein:
said causing of the change in substrate



i

specifically, the value is 0.9 mcroinch for the AIN P di sk,
m croi nch for the glass-ceramc disk. The first disk (gl assumﬂuﬂmﬂm”m"l“l
stbstratey—exhrbited—afinat—average sticrion or 2. 35 gns with a mexi funmf *
stiction of 15 4.19 gns. The second di sk (al um num substrate) exhibited
final average and maxi mum stiction values of 0.579 gns and 1.91 gns,
respectivel y. Stigtion remai ned substantially the sane i n pEiAsBAIRS.

Figures 12 91{168%8how t he dynamic friction 20 performance of the first and
second di sks, respectively. The first disk exhibited an initial dynamc
friction of 1.56 gns, a final dynanmic frict3¥n of 1.84 gns and a maxi mum
dynamc friction of 2.25 gns. The second di sk had an initial dynamc

friction of 0.4 gns, a final . aghec . frictd a

maxi num dynami c g??%?’f%%‘lpoef @g J%ésg gl"ﬁ%w d+ i kﬁs%asg’fbrs gg éggt ?ggc?t?iﬂct i on
coefficients of 0.749% gniThen®rocess gsclain N Whareindmai ned substantially
constant as to take-off tigga eboBlitiss ébmmtideikeptterifigstné 0.572 30

seconds and 0. 558 seconds, respectively, as see Fi 14, d 15. The
t est ed character€§¥?%§1?%nqﬂﬁﬁ4%§? RE&F ShG ?éhék%% ggégéfeﬁga ed
perfornmance supepavtiadb vdepumsf conventional textured di sks, and superi or

to other known 35 texfyrQmﬂ?&ﬁ%%&ﬁ%sofuéiéfﬁ|6/ﬂHE*ElnGeVe|Opnent- The
stiction values are about one-third to one-hal f af .t.hose for conventjonal
mechani cal texturing and t qmiﬁutgergﬂg997?%ﬁﬁnéith1n 2%valhuf NS

PCT/ US95/ 14225 =at a deposition pressure in the range of about 3-50
militorr.
10 8. The process of claim 6 wherein:
said deposition comprises sputtering the thin
film to a thickness of less than about 5,000 angstroms.
9. The process of claim 8 wherein:
the thickness of the thin film is in the range
15 of about 500-3000 angstroms.
10. The process of claim 3 further including:
after the substrate temperature has moved
toward said ambient level, and after completion of said
deposition, heating the substrate and thin film to a
20 reheat temperature of at least 150 degrees C., then
allowing the substrate and thin film to cool.
11. The process of claim 3 wherein:
said causing the change in the substrate
temperature includes employing a heat sink to cool the
25 substrate.
12. The process of claim 6 further including:
after said change in the temperature,
sputtering at least one further material onto the texture
determining thin film to form a thin film layer having a
30 uniform thickness to substantially replicate the surface
topography of the texture determining thin film.

13. The process of claim 3 wherein:
said first linear thermal expansion coefficient
is greater than said second linear thermal expansion
35 coefficient whereby said mechanical stresses induced by
cooling the substrate and the thin film are compressive
stresses.



-18- indices are about one-half those of conventionally te “ﬂlﬂ m(l“ﬂ um“‘
t-ake-of f tine is at nost equal to, and frequently |ess tha

types of textured disks. 5 In general, CSS testing was perforned at
extrenely | ow transducer flying heights, in the range of about 0. 7 t o about
1.0 mcroinch transducer flying heights as nentioned abov 6HQ&§ fIying
hei ghts of ‘Ivggyl‘isﬁén a mcroinch, the stiction and wear ex val ues were
very 10 low and the take-off time was short, indicating a texture superior
to conventional mechanical texture and ot ke@d-textures known to be currently
under devel opnent. After CSS testing, the stiction and wear index val ues

remai ned, w thin nmeasurenent errf , unchaagfd Thui the texturing 15 1is
stabl e and has a hi gltérofePagpetig data a9e; 2eg HPtFEFEréﬁiPQDr nor mal
operating conditions. Thus, nbashagmetixs skbahnﬂheahediagceléuhstanxhanly

per for mance undeg, iyl E‘ﬁ%ﬂi:?ﬂt&%&?ff%é‘%ﬂﬂ‘%ﬂf&%g En&ﬁ {&fered

according to the present _I nvent ave
exhi bited excel [¥n{thezmad, p¥RABSIPRA tested for corrosion. In particul ar,

when subjectsd to testi ngaathiﬁwimleémémraydrt ¥pplisd[6vérd the the
di sks have show,gogd @SEQLE‘HSS % ﬁ%feézg{ QA tng> ubstraér eXténgd

| ayers, formed as explaline can o virtaal F y any
non- magnet i suB@umaﬁélmthatege1saxsre#nskﬂﬁ#ngamuﬁtépbgr%@#@#

(magni fication m@c%htahomaest £¥inéd NGy | Flaiti A BRitbeslat Donli 6f efdtthin
substrates 1ncl yligg 3 B g0E pabhin IR NlEle 2N 2RRISLE Uin e WBSE T 21 ©
10 film by temperature cycling of the substrate and thin
film, said discontinuities cooperating to define a
surface roughness of the thin film; and
a magnetic thin film recording layer applied
over the thin film texture layer at a substantially
15 uniform thickness to substantially replicate the thin
film texture layer topography.
15. The medium of claim 14 wherein:
said discontinuities consist substantially of
smoothly rounded dome-like bumps.
20 16. The medium of claim 15 wherein:
said bumps are distributed substantially
uniformly, at a density in the range of about 300,000 to
1,200,000 bumps per square centimeter.
17. The medium of claim 15 wherein:
25 said bumps have maximum peak heights in the
range of about 7-18 nm.
18. The medium of claim 14 further including:
a thin film underlayer deposited onto the thin
film texture layer and disposed between the texture layer
30 and the thin film recording layer, and having a
substantially uniform thickness to replicate the
topography of the texture layer.
19. The medium of claim 18 further including:
a protective cover layer deposited onto the
35 thin film recording layer.
20. The medium of claim 14 wherein:
said thin film texturing is comprised of at



(Figure 17); an Ohara snooth glass ceramic substrate (Fi gur‘jrlmu !l
Pi I ki ngton smooth gl ass substrate (Figure 19). The microgra m Ilﬁum”“'

sTootiT, T oumded-—Tatur e of the bunps,  and the degr ee of separati dn bet eeh *
35 neighboring bunps. Figures 20 and 21 illustrate an alternative

recordi ng medi um 106 fabricated with a fixture so that a WD 97/ 16826

PCT/ US95/ 1% fieksy texture | ayer 108 covers only an annupéetmgssinizen of the

upper surface of a substrate 110. Further thin filmlayers include an
under| ayer 107, a nmagnetic recording |layer 109 and a protective cover |ayer
111, substantially 5 simlar to their cotrPar parts di scussed above in
connection with disk 16. As a result, the upper surface of nedium 106

i ncl udes three regi : 1R d L O 4 ing to a
spi ndl e as bef o]?ée}’, a%élgd?gaggg fgjéin%giu@ r?éi;h%gggéoéﬁgéct zo'netl(ltlf, and an 10
annul ar dat a zddamipmmg, Sungstign; Eokd o £iLyer; apdr tRAEA M readi ng t he
magneti ¢ data. Wien 2iedirye #e8iue of cleSimlior @hkresni r ansduci ng head

e onees o v e, Bk B0 SRl B By or, Ll o
desired gli8e Iessgmtisddyeofiansbinary rildoy\fermadgefta Paldiafmsadd i s
decel erated foldianendsan operation, the transducing head is noved radially
v d 10 3 POSL U OB,V CRObAGK SPKiakh®a4°BnbPBnYNEN COMI NG O rest the
said substrate consists essentially of one of
the following materials: glass, a glass-ceramic, quartz,
10 and aluminum plated with a nickel-phosphorous alloy.
23. The magnetic medium of claim 14 wherein:
said texture layer covers only an annular
segment of said substrate surface.
24. The recording medium of claim 14 wherein:

15 said texture layer covers substantially all of

said substrate surface.
25. The recording medium of claim 14 wherein:
said substrate surface is substantially planar.
26. A process for fabricating a magnetic data
20 storage medium, including:
providing a non-magnetic substrate having a
substantially smooth substrate surface, and having a
first linear coefficient of thermal expﬁnsion and a first
surface energy;

25 selecting a texturing material having a second
linear thermal expansion coefficient different than the
first linear thermal expansion coefficient, and a second
surface energy greater than said first surface energy;

heating the substrate above an ambient

30 temperature at least to a selected initial temperature;

initiating a vacuum deposition of the texturing
material over said substrate surface when the substrate
is at least approximately at the initial temperature;

continuing said deposition to form a thin film

35 texture layer integral with the substrate;

cooling the substrate and the applied texturing
material below said initial temperature to induce



20 contact zone. Before the next recording or retrieval ilmnﬂmumlumlll
106 is accelerated fromstop, initially with the head and

engaged. Once rotation is sufficient to support the transducindg héad"with *
an air cushion, the head is noved to the intended position 25 within the

data zone. and contact zones have different textu ggﬁgﬁging to
their respeg?ﬂ g unctions. Data zone 115 preferably is pof?@ﬁ

otherwi se finished to a highly snooth, specular finish to permt the
desired | ow 30 transduci ng head glide hei gédé=- By contrast, contact zone 113
has a surface roughness greater than the data zone, i.e. in the range of

from7 to 18 nm S [h this co ext_.neans.th f the hest
peaks above a nB‘ﬁRﬁggg ? 5%5?%?e$lléfh thcﬁ‘ thin g%lg‘u??’é%ég%?%lﬂfﬁﬁ c‘{jﬁgon of
recordi ng nedi utrldéffeventdsespective itaiwsabsywhich cnectubstratie fand sk
PCT Usos/ 14525 30, texcopt pon e i L ST o ee et PP TS, s
di sposed wi t hi ncpRai Fasﬁh{")éh%& cooling bedpg 5855% ?J%%tq’%lt’éidl% As
illustrated $n Eeghaaié&l étmtsseslﬁﬁ1ﬂaskmihheiimb8éxtntnﬁq)Iayﬁﬁlﬁuat
deposi tion of tﬁﬁck‘éét Hﬁeeﬁaé 1£n91$1*}§' gfﬁgﬁégggﬂﬁ'ﬂt&gﬁtf%é hat

beconmes contact zone g um se su rate 110 and
texture |ayer 168“§Feeé§ﬂ" ﬁe‘F?f?WﬁF’eBH 88 Fhe Epinchiln texturing o)
conpar ed layer to form multiple bumps distributed throughout the

thin film texture layer; and

10 depositing a magnetic thin film recording layer
over the magnetic thin film texture layer, after said
cooling. '

27. The process of claim 26 wherein:
said cooling and said deposition occur
15 simultaneously.
28. The process of claim 26 wherein:
said cooling consists substantially of
maintaining the substrate and texturing material in an
ambient environment.
20 29. The process of claim 26 wherein:
said cooling includes providing a heat sink
adjacent the substrate to conductively cool the
substrate.
30. The process of claim 26 wherein:

25 said deposition includes sputtering the texture
material onto the substrate surface, at a deposition
pressure in the range of about 3-50 militorr.

31. The process of claim 26 wherein:
said heating comprises heating the substrate to
30 an initial temperature of at least 200 degrees C.
32. The process of claim 31 wherein:
said initial temperature is in the range of
about 200~400 degrees C.



to their radial dinmensions, they |lose heat primarily in 10 the axi al
direction. Accordingly, whether the texture layer is applied to the entire
surface as shown tn Figures I and 2Z, of Just to a lrmted annul ar area
i ntended as the contact zone, does not appreciably alter cooling tine.
However, cooling tine can be reduced if 15 desired by nore rapidly
extracting q?(gP.I,{&&rn a platform 112 that supports the subspepisSosnligs this
pur pose, a cooling coil 114 within the Igtforn1provides a path for
transmtting a heat absorbing fluid (e.gf hel ium at | ow pressure) through
the platform This augnents the 20 tendency of platform 112 to act as a
heat sink. The result is amnre rapid cooling of substrate 110 and texture
| ayer 42, which facilij
having | ess profgun ‘dl
and 25 results in 2 '
connection wth |4
can just as wel | /[
substrate surfade.
118 and a textu
substrate, formg
| ess than the t
cool i ng substrat
contract at the
woul d be
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texture Iayer 120 is applled by a Iom/tenperature dep03|t|on process W th
no preheating of the substrate. The desired texture is obtained by heating
5. the texture layer and substrate, to induce conpression in the texture

| ayer since WMOX46R36 to expand nore raplgpry t han t he subst r B¢ BV ponse
to heating. Subsequent thin f|In1Iayers e applied by vacuum deposition as
expl ai ned above. 10 Thus in accordance with the present invention, a
uniform controlled texturing.layer can be formed on a non- magnei¢%t
substrate in a relatlvely s bRt tlne regardl ess of wheth ure is
limted to an Jnpented : ' Te1QUg 20Dl i ed tQ

surface of the s X t#gree of repeat NS
af f orded by prop:llsel i ; anet ers such as ture
when deposition ~fe L pressure, thick e | ayer
and the substrate and gpyture | ayer materials. 20 What is clainmed is:

WD 97/ 16826 PCT/ US95/ 14225 -22-
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provi di ng a non-nmagnetic substrate having a 5 substantially planar and
smnot h substrate surface and havi-fg—a-firstlinearcoefficient of thermal —.
expansion and a first surface energy; selecting a texturing material having
a second linear coefficient of thermal expansion different than 10 the

first linear coefficient of thermal expansion, and a second surface energy
greater thanwbleenészé st surface energy; initiating a deposi tREHUF/ 1438
texturing material over the substrate suBfé&ace when the substrate is 15 at

a selected initial tenperature, and continuing the deposition to forma
texture determning thin filmintegral with the substrate; and causing a
change in the tenperature of the substrate away fromthe selected initial

tenperature to 20 ind a necnpni cal s$tress Ijn said thin fifmdue to the
respective and different] changep in dimensiong of the|jsubstrate and thin
filmresponsive to the tijenperatpre chapge, sai{d i nducpd nmechfni cal stresses
exceeding an elastic liit of the textyring material.{25 2. The
process of claim1 mhﬁgfin: said causimg the dhange ip substiate
tenperature, and sai d®cqnti nuing of t depqsilti becur §si frul t aneousl y.
3. The process of clai [ [ usi ng a heat
source to heat the subst bsition, to a
tenperature at |east as process
of claim3 wherein: saif
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35 about 200 to 600 degrees C. 5. The process of claim3 wherein: said

QZ7L.169246
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causing of the change | n-substiate———NAD

PCT/ US95/ 14225 -23- tenperature conprises allowi ng the substrate to cool.

6. The process of claim1 wherein: said deposition conprises sputtering the
texturing material over the substrate surface in a 5 partial 7. The
process of o¥@pmie82évherein: said sputtering occurs within gqajé%%anber
at a deposition pressure in the range ofg/bout 3-50 mlitorr. 10

The process of claim®6 wherein: said deposition conprises sputtering the
thin filmto a thickness of |ess than about 5,000 angstrons. 9. The process
of claim8 wherpin: the thickness of the thin filmis in the range 15 of
about 500- 3000 -gnggtrons. 10. The process of claim3 further includin

after the subsighagp-tenperature has noved toward said anbient |evel, d
after conpletidM of said deposition, heating the substrate and thin fimto
a 20 reheat t&#p®fFature of at |least 150 degrees C., then allowing th
substrate and Qi ' . 11. The process of claim3 wherein:

causi ng the ch:l-n '
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tenperature includes enploying a

heat_ sink to cool_the 25 s_ubstrate. 12.

tenperature, sputtering at |east one further material onto the texture
determining thin filmto forma thin filmlayer having a 30 uniform
thickness to substantially replicate the surface topography of the texture
det er m ni ngW?716826| m 13. The procgqu of cl ai m 3 wher ei n: PERUSY 4225t

| i near thernmal expansion coefficien s greater than said second |inear

t hermal expansion 35 coefficient whereby said nmechanical stresses induced
by cooling the substrate and the thin film are conpressive stresses. WO
97/ 16826 PCT/ US95/ 14225 -24- 14. A
magneti c data storage nedi um conprising: a non-magnetic substrate having a
substanfially smooth substrate surface and a first |inear coefficient of

t her malOexpgnsi on; 5 athin filmtexture |ayer applied over the
substr@e sFface and integral with the substrate, said thig filmtexture

| ayer i cladg‘ng mul tiple local discontinuities formed by pHjstic
deformpiipggf the thin filmto relieve nechanical stressegjinduced in the

thin 1Q. T Ifin by tenperature cycling of the substrate and t§in film said

di scont®@nuiltges cooperating to define a surface roughness eg the thin film
and w SE .“*-:—t_f*—-.: AP st dio b e - o~ 'i
§ = L 1 1 $ ] 1 1 1 I 3
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a magnetic thin filmrecording | ayer applied over the thin filmtexture
llayer at a substantially 15 uniformithickness to substantially replicate
the thin filmtexture |ayer topography. 15. The nedi um of cl aim 14 wherein:
said discontinuities consist substantially of snoothly rounded dome-1ike
bunmps. 20 16. The medi um of claim 15 wherein: said bunps are

di stri but ecki,é%@gaggt ially uniformly, at a density in the rroCTmsIsiszbout
300,000 to 0 bunps per square centinmeter. 17. The medium of claim
15 wherei n: sai d bunps $#ve nmaxi num peak heights in the
range of about 7-18 nm 18. The nmediumof claim 14 further including: a
thin fil munderl ayer deposited onto the thin filmtexture |ayer and

di sposed between the texture layer 30 and the thin filmrecording | ayer,
and having a substantially uniformthickness to replicate the topography of
the texture layer. 19. The nedium of claim 18 further including: a
protective cover |ayer deposited onto the 35 thin filmrecording |ayer. 20.
The nmedi um of claim 14 mhereln sald thin f|In1textur|no is conprised of at
WD 97/ 16826 . e . 14225 -25- | east
one of the follow ng el § e o

FI1G.17
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al um num tungsten, gold, silver and tantalum 21. The nedi um of claim 19
wherein: said thin filmtexturing |laver consists 5 essentially of a _binary
alloy formed of a pair of said elenents. 22. The nmedium of claim 14
wherein: said substrate consists essentially of one of the foll ow ng
materials: glass, a glass-ceramic, quartz, 10 and alum numplated with a
ni ckel - phosRpgenE@l | oy. 23. The magnetic medi um of cl ai mpiAusesIERN: sai d
texture | ayer covers only an annul ar seggsgt of said substrate surface. 24.
The recordi ng nmedi um of claim14 wherein:*'15 said texture | ayer
covers substantially all of said substrate surface. 25. The recording
medi um of claim 14 wherein: said substrate surface is substantially planar.
26. A process for fabricating a magnetic data 20 storage nedi um

i ncl udi ng: providing a non-nmagnetic substrate having a substantially snooth
substrate surface, and having a first linear coefficient of thermnal
expansion and a first surface energy; 25 selecting a texturing
mat eri al having a second linear thermal expansion coefficient different
than the first linear t . second surface
energy greater than sai Substrate above
an anbi ent 30 tenperat enper at ur e;
initiating a vacuum depg B said
substrate surface when

liooX
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Is at | east approximately at the initial tenperature; continuing said
depositionto forma thin film38 texture layer jpntegral with the _
substrate; cooling the substrate and the applied texturing material bel ow
said initial tenperature to induce WO 97/ 16826

PCT/ US95/ 14225 -26- nechanical stresses in the thin filmtexturing |ayer
due to di ff ewentneespecti ve rates at which the substrate amCTrisssadzes film
texturing |ayer contract responsive to sgyd cooling, with said cooling
being sufficient to induce 5 nechani cal 8 esses in the thin filmtexturing
| ayer that exceed an elastic limt of the texturing material to cause

el astic deformation of the thin filmtexturing layer to formnultiple hunps
di stributed throughout t iU mtexture layer; and 10

depositing a nagnetic in fillmrecsyding |ayer over the magnetic thin film
texture layer, /@6t er d coolffng. 2 £18®rocess of claim 26 wherein

said cooling an d deposition occur\15 si mul taneously. 28. The process
of claim 26 whereihf; i{d 2 ts substantially of naintaining t he
substrate and textfufi ng |ns nmbi ent environnment. 29.

The process of cl ol i ngFm zwdl ng a heat

si nk
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adj acenf the substrate to conductively cool the substrate. 30. The process
: c : Z . ag the

ef—eta-m-2o—vwhere+-—2—n———sai-g-depestHten—thetades—sput-terin
texture material onto the substrate surface, at %sg(%m@ en4presspre bR top,
the range of about 3-50 mlitorr. 31. The procesg clai m 264 efgicﬁz saih!
heating conprises heating the substrate to 30 an initial tenEsgK

oY ur e of at

W

| east 200 degr . 32, TReRD PEASSruR prEtefivBraxhi2GH €1 N s NI ti al
tenperature is M~the range of abouteri2e B8® degrees C.
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(57) Abstract

A process for fabricating a magnetic data storage
medium includes formation of a controlled texture, either
over an annular transducing head contact area or the
entire surface of a substrate. The texture layer is 48
formed by vacuum deposition of & texturing material 46
onto a smooth surface of 2 non-magnetic substrate. The

texturing material has a surface energy greater than that ﬁ - 50
of the substrate, and the texturing material and substrate 4 4 r
material have different linear coefficients of thermal { |I ! ' ! { 42

expansiont. Just before deposition of the texture lzyer, I

the substrate is heated to a temperature of 200 - 600 °C, 40 —.‘}-' ' 28

then allowed to cool during texture layer deposition. The

substrate and texture layer contract at different rates a3

they cocl, inducing mechanical stresses within the texture layer sufficient to plastically deform the texture layer, creating muitiple dome-
like bumps. Subsequent thin fiim layers, including an underlayer, 8 magnetic recording layer and a protective cover layer, have uniform
thicknesses and tend to replicate the texture layer topography. The resulting medium performs well under CSS testing at flying heights
of less than 1.0 microinch, and exhibits excellent comosive resistance when the substrate is formed of glass, glass ceramic or quartz. The
process can be performed on all conventional types of substrates, including aluminum nickel-phosphorous substrates.




