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MAGNETIC RECORDING MEDIA AND.PROCESSES FOR
MANUFACTURE THEREOF.

The present invention relates to magnetic
recording media and processes for manufacture thereof.

Magnetic disks and disk drives are well known for
their utility in storing data in magnetizable form. The
drives typically employ one or more disks rotated on
central axis, in combination with data transducing heads
positioned in close proximity to the recording surfaces
of the disks and moved generally radially with respect
to the disks. Generally these devices are of two kinds.
The first uses flexible or "floppy" disks, with
associated transducing heads contacting the recording
surfaces at all times. The second type employs rigid
disks rotated at much higher speeds than flexible disks.
The transducing heads, during reading and recordlng
operations, are maintained at a controlled distance from
the recording surface, supported on a "pearing" of air
as the disk rotates. The transducing heads contact
their associated recording surfaces whenever the disks
are stationary, when they accelerate from a stop, and
during deceleration just before coming to a complete
stop. '

while all such magnetic recording devices
experience at least some wear, the problem is

~ particularly serious for the rigid disks and associated

heads. This is due in part to the stricter design
tolerances associated with rigid disks and heads,
arising from the evér—present challenge of inéreasing-
the density of data stored on disk recording surfaces.
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15 ‘ﬁe;s'sks. GEneraIIy t hese devices are of two kinds. The first
il "fl oppy" disks, with associated transduci ng heads

®ting the recording surfaces at all times. The second type enpl oys

¢ di sks rotated at much higher speeds than flexible disks. 20 The

transduci ng heads, during reading and zecordi ng operations, are naintained

at a pontrolleq di stance fromthe recording surface, supported on, a
"bearing" of air as the disk rotates. The transduci ng heads contact their

associ at ed rgt C@éﬁ;def&ﬂ%ﬂESiEﬁbW@rdthnglBk&dﬂﬁg andr geSPadiBAary, when

e

they acce'eoperat{cngekénﬁﬁﬁnégEh each transducing head as close to

its associated recording surface as possible, i.e. to
pinimize the "flying" height of the head. A smooth,

5 specular recording surface is thus preferred, as well as
a smooth opposing surface of the associated transducing
head. This permits closef proximity of the head to the
disk and more predictable and consistent behaviour of

the air bearing supporting the head.

10 However, if the head surface and recording surface
are too flat, the precision match of these surfaces
gives rise to excessive stiction and friction during the
start up and stopping of the disk, causing wear to the
head and recording surface which can lead eventually to

15 a head crash.

In recognition of this difficulty, the recording
surfaces of magnetic disks often are intentionally
roughened to reduce the head/disc friction. 1In
particular, a rigid disk may be formed with an aluminium

20 substrate polished flat and plated with a nickel-
phosphorous alloy. The alloy is polished to a
substantially specular finish, e.g. to a roughness of
less than 2.54 nm (Q.llmicroinch). The disk is then
rotated between opposed pressure pads or rollers which

25 support a cloth or paper coated with silicon carbide
(siC) or other suitable grit of a size predetermined to
yield roughness peaks of about 25.4 nm (1 microinch).
Peaks thus created tend to be jagged and have sharp
edges, and are difficult to control in size, form and

30 location as these factors depend largely upon the nature
of the grit and the direction which the disc moves
relative to the pressure pads or rollers.

In US-A-4,698,251,'a polishing paper is applied to
magnetic disks to form circumferential scratch marks
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Peer-at i on just before coming to a conplete stop. Wiile all such

. ;%ecordlng devi ces experience at |east some wear, the problemis 30
I Ul arly serious for the rigid disks and associ at ed heads. This is due
fpart to the ?trlctﬁr design tol erances associated with rigid disks and

_ arising fromthe ever-presenty chall enge of increasing the den

ddta stored on disk recording surfaces. ° ° enstty of

pths from 0.0002 to 0.1 microns into the
nickel-phosphorous alloy layer coated onto an aluminium
substrate. Following polishing, a chromium layer and a
cobalt nickel magnetic layer are formed on the disk. In
another embodiment, a nickel-phosphorous layer is
deposited ontc an aluminium substrate, scratches are
formed in the nickel-phosphorous layer, then a cobalt-
phosphorous magnetic layer is deposited on the nickel-

phosphorous layer.

As an alternative to using grit paper or cloth,
Uys-A-4,326,229 discloses a protective film layer for
covering a smooth recording medium layer of a magnetic
disk. To form the protective coating, a solvent is
applied in a spin coating process to form a f£ilm with
radially extending sinusoidal jogs or undulations to
increase surface roughness, which is said to reduce head
wear.

While each of the above approaches can be
satisfactory under certain circumstances, all require
compromise between the competing goals of reduced
head/disk friction and minimum transducer flying height,
and none affords the desired amount of control over
surface texture.

Therefore, the present invention seeks to provide
a magnetic recording medium in which peaks and
indentations forming surface roughness are of a
controlled size and shape for substantially reduced
flying height, improved recording density, and improved
transducing head and disk wear characteristics.

The invention also seeks to prov;de a process for
controlling the texture of a strictly delineated portion
of a magnetic disk recording surface while providing a
specular finish on the remainder of the recording

surface.

eet Has Been Reilaced
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red desirable during reading and recordi ng operations to

s ach.transtC|ng head as close to its associated recordi ng surface
BTble, i.e. to mnimze the "flying" height of the head. A snooth, 5
spef@rar recording surface is thus preferred, as well as a snooth opposing
surgace of the associated transduci ngghead. This permts closer proximty
of fhe head to the disk and nore predi ct abl e and consi stent behavi our of
the air bearing supporting the head.

The invention further seeks to provide a process

for controllably forming the surface texture of a
magnetic data recording disk through control of the size
and spacing between generally circular individual
discontinuities providing texture.

From another aspect the invention seeks to provide

a magnetic recording disk with designated surface areas

for contact with data transducing heads, which

designated areas exhibit substantially enhanced fricton
and wear characteristics.

10 In its broadest terms, the invention provides a
process for manufacturing magnetic recording media,
including a plurality of layers, at least one of which
is a substrate of non-magnetizable material and at least
one of which is magnetisable film, characterised in that

15 the surface of one of the layers is subjected to
selective energy concentration application to roughen
the surface at least in a treatment area thereof.

The invention also provides a process for
manufacturing magnetic recording media, including the

20 steps of forming a specular substrate surface on a non-
magnetizable substrate body, the substrate surface being
substantially planar and having a nominal roughness; and
depositing a magnetizable film over the substrate
surface as a layer substantially uniform in thickness

25 with a recording surface, characterised by concentrating
energy selectively upon a plurality of locations over a
designated treatment area on either the substrate '
surface or the recording surface, to controllably alter
the topography of the selected surface at each of the

30 locations spacing the adjacent locations apart from
one another by a distance substantially less than the
length or width of a magnetic transducing head
positionable adjacent the surface of the magnetic film,

W
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govever, if the head surface and recording surface are too flat,
=1 on mat ch of these surfaces gives rise to excessive stiction and
¥ during the start up and stopping of the disk,
;nd recordi ng surface which can | ead eventually to 15
Bcognition of this difficulty, th® recording surfaces of magnetic disks

I ntentionally roughened to reduce the head/disc friction. In
arigid disk may pe forned with an glagén %ug}lgo substrate

|34 she PPRIRREHF {BF aHF cRefected sur

treatment area being at least twice the nominal
roughness.
preferably, the concentrated energy is pulsed laser
energy, and forms laser marks comprising rounded
depressions in the selected surface at said locations.
with advantage in the case where the

' gubstrate body is a disk, the step of concentrating
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energy includes:
(a) rotating the disk at a controlled rotational

velocity;

(b) simultaneously providing pulsed laser energy
at a controlled frequency corresponding to the
rotational velocity to form a first ring comprised of a
series of rounded depressions in the substrate surface;

(c) after forming the ring, displacing the laser
radially relative to the disk;

(d) providing pulsed laser energy at the controlled
frequency while rotating the disk at the rotational velocity
to form another ring comprised of another series of
depressions concentric with the first ring and radially
spaced apart from the first ring by a pitch
corresponding to the amount of laser radial

displacement;'and
(e) repeating steps (c) and (d) to form a selected

number of concentric rings, whereby the treatment area
consists of a designated region in the form of an

annular band.
Preferably, in such case, the width dimension of

the transducer is aligned substantially radially of the

disk, and the band has a width in the radial direction
at least as great as the transducer width.
Conveniently, the step of concentrating energy is

performed on the substrate.

This Sheet Has Been Re‘ilaced
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s alloy. The alloy is polished to a substantially specul ar
g. to a roughness of less than 2.54 nm (0.1 m croinch).
Feh rot ated bet ween opposed pressure pads or rollers which 25
)t h or paper coated with silicon carbide (SiC) or other suitable grit
size predeterm ned to yield roughness peaks of about 25.4 nm (1

The di sk
support

Peaks thus created tend to be jagged and have sharp edges, and

are difficult to control in size, formand | ocation ii these factor
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- formed of aluminium.

Alternatlvely, the step of concentratlng energy
may include: . '

(a) moving the substrate at a controlled velocity
in the longitudinal direction; '

'(b) simultaneously directing a beam of pulsed
laser energy upon the surface at a controlled frequency
to form a first row of depressions;

(c) displacing the beam transversely by a selected
pitch, and providing the beam of laser energy while
longitudinally moving the substrate, to form a
subsequent row of depressions parallel to the first
row; and ' -

(d) repeating step (c) a selected number of times
to form the designated regidn as a longitudinal band of
a selected transverse width.

The substrate body may include a layer of a
nickel-phosphorous alloy plated onto a rigid aluminium
body as a layer substantially uniform in thickness, the
treated substrate surface being a surface of the nickel-
phosphorous alloy layer.

The pulsed laser energy may form, at each of said
locations, a rounded central depression extending
inwardly of a nominal surface plane of the selected
surface, and a generally circular and rounded rim
surrounding the central depression and extending
outwardly of the nominal surface plane.

Preferbly the step of concentrating energy
includes selecting locations to distribute the

s depend

¥hFdHEn8%d sc noves

depressions generally uniformly over the designated area.

Advantageously, the step of concentrating energy
includes forming the depressions to occupy at least one-
half of the area of the designated region.

i Siiiilt |Iliii"B|i|eilllleﬂlaced




e preééhfé"béds or rollers. In US A-4,698, 251, a polishing

pape ®plied to magnetic disks to formcircunferential scratch marks
3 ha " depths from 0.0002 to 0.1 nmicrons into the nickel - phosphorous
al | oy ayer coated onto an al um nium substrate. Follow ng polishing, a
chrorggum | ayer and a cobalt nickel magnetic |ayer are fornmed on the disk.

I n anot her enbodi nent, a ni ckel phosphorous |ayer is deposited onto an

al um ni um substrate, scratches are forned in the nickel -
The invention could be defined as a process for

manufacturing a magnetic disk normally operated in
controlled spaced apart relation to a magnetic
{ransducing head for recording and reading magnetic
data, including the steps of forming a substantially
planar outer substrate surface on a rigid, non-magnetizable
substrate; depositing a non-magnetizable underlayer on
said substrate at a generally uniform thickness to
provide an outer underlayer surface substantially
parallel to said substrate surface; depositing a
magnetizable film over said non-magnetizable underlayer,
said magnetizable film having a substantially uniform
thickness to provide an outer film surface substantially
parallel to said underlayer surface; forming a non-
magnetizable cover layer over said magnetizable film,
said cover layer having a substantially uniform
thickness to provide an exposed outer cover surface
substantially parallel to said film surface; and
concentrating energy upon multiple locations over a
selected one of said outer surfaces to form a mark
comprising an inwardly extended depression and an
outwardly extended rounded rim surrounding the
depression at each of the locations, thereby to increase
the surface roughness of said selected surface
throughouﬁ a selected treatment area thereof from a
nominal value of at most 2.54 nm (0.1 microinches) to an
enhanced value of at least 5.98 nm (0.2 microinches).

Preferably, the selected surface is the substrate
surface, and the steps of depositing the underlayer, the
magnetizable film and the cover layer'are performed in
succession after the step of concentrating energy on the
substrate surface.

Advantageously, the step of concentrating energy
upon the substrate surface includes

W
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5 | ayer, then a cobal t-phosphorous magnetic | ayer is deposited on
€l - phosphorous layer. As an alternative to using grit paper or

= US- A- 4, 326, 229 discloses a protective filmlayer for covering a

fn recording nedium |l ayer of a magnetic disk. To formthe protective
'ng, a solvent is applied in a spin coating process to forma filmwth
radgal |y extendi ng sinusoidal jogs or undul ations to increase surface
roughness, which is said to reduce head wear. Wil st each of the above

approaches can bgs patdcd@LA@r vhe!Ndlesk CoE L @l predscepminedes, all require
conprom se between #he ﬁonﬁeting goal s of reduced head/disk friction and
mi ni num t r a@&etHe |§$ 2F ght, and none affords the desired anmount of
control over surfltesimgitameously directing a pulsed beam of

jaser energy upon said substrate surface to form a
multiplicity of the marks, one mark corresponding to
each of said locations; and
 (¢) varying the radial position of said substrate
surface to which said laser energy beam is directed.
From another éspect, the invention provides a
' magnetic recording medium comprising a non-magnetizable
body with émﬁééﬁetizable film deposited thereover as a
layer of substantially uniform thickness, characterised
in that a specular substrate surface on the body or a
recording surface on the film has a treatment area with
depreésions formed at a plurality of locations by
selective energy concentration, the roughness of the
treatment area being at least twice the nominal
roughness of the specular substrate surface.
Preferably, the medium is a disk including a
substantially rigid, non-magnetizable substrate having a
substantially planar substrate surface, said disk
further including a magnetizable £ilm deposited over
said substrate surface as a layer substantially uniform
in thickness, and said disk having an outer surface
having a nominal surface plané and characterised in that
the outer surface includes a plurality of marks, each
comprising a depression_extendéd inwardly of the nominal
plane toward said substrate a distance in the range of
from 12.7 to 254 nm (0.5. to 10 microinches), and a
rounded rim substantially surrounding each depression
and extended outwardly of the nominal surface plane by a
height of at least 5.08 nm (0.2 microinches), each_of
the rims having a diameter in the range of from 0.1 to

(¥ 1
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5 mils.
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/59 refers to the use of a laser light source for formng

rvo tracks in the data recording surface of a magnetic di sk.

" no suggestion that one m ght want to roughen or otherw se treat an
her than the data storage regions. JP-A-54-23508 discloses the use

| aser to forma contact start/sgpp zone on a disk. There is no

Fosure of the use of pulsed radidnt energy for formng the contact
stant/stop zone. JP-A-1229419 which is reflected in the preanbles of clains

1 and 15 di scl om‘;ehﬁém_q Hhd Wt rafialdon o ydesiueef arstneven
Zgggagfogn a G%Fftl Cﬁﬁégln nmedi.um The uq$%§?nes%¥h€ o P{O Qduced on the
ageed qﬁﬁ%ﬁ%ﬂ?ﬁ?ﬁﬁﬁﬂ Tvention seeks

to provide, g {gsnsing Hemi); dirfey areslidond ravéa Cé:dapted for storage

of magnetic data, wherein said head during recording and

reading operations is malntalned in spaced apart

relation to the second area by an air film generated by

rotation of said disk, and wherein said depression and

rims are formed only throughout the first area. "
Advantageously, the first area has a roughness of

at least 12.7 nm (0.5 microinches) and the second area. .. . i

has a roughness of at most 2.54 nm (0.1 microinches).
The first area may be an annular band

substantially concentric on a rotational axis of said

disc, and having a radial dimension exceeding the width

(V1Y

10

of said transducing head.
Adjacent ones of said marks may be spaced apart
from one another by a distance no greater than five

15

mils.
The depressions and corresponding rims may

comprise at least fifty percent of the surface area of

20 the first area.

The substrate may include an aluminium body and a
layer of a nickel-phosphorous alloy plated on the body,
with the depressions and rims formed in the nickel-
phosphorous alloy, and the magnetiZable film may be
formed over the alloy'to replicate the surface contours
of said substrate surface. |

A protective cover layer may be deposited on the
magnetizable film as ‘a layer substantially uniform in
thickness to replicaﬁe the surface contours of the
magnetizable film, the outer surface being the exposed
surface of the cover layer. '

The invention also extends to apparatus including
a rotatable disk, said disk including a non-magnetizable

25
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grdent ati ons form ng surface roughness are of a controlled size
or 4 substantially reduced flying height, inproved recording
. and i nproved transduci ng head and di sk wear characteristics. The
lon al so seeks to provide a process for controlling the texture of a
gty delineated portion of a magpgtic disk recording surface while

% ding a specular finish on the remai nder of the recording surface. The
i nvention further seeks to provide a process for controllably formng the

substrate' a magnetizable film deposited over 2a

Substrate surface of said substrate and having a
substantlally uniform thickness whereby said film
substantzally replicates the surface topography of the

- gubstrate, and a cover layer deposited onto the
magnetizable film and having a substantially uniform
thickness whereby it substantially replicates the
surface topography of the film; and a magnetic
transducing head, and means for supporting said head in
a selected orientation and for generally radial
controlled movement relative to said disk; said
subsfrate surface having an annular data region with a
surface roughness of at most 5.98 nm (0.2. microinches)
and an adjacent annular second region, said substrate
surface having a nominal surface plane and including

' throughout said second region a plurality of depressions
extended inwardly of the nominal plane at least 6.35 nm
(0.25 microinches) and ridges adjacent the depressions
and extended outwardly of the nominal plane by 2 height
of at least 10.16 nm (0.4 microinches) said ridges being
rounded and free of sharp edges.

Preferably, the second region lies radially
inwardly of the first region.

Advantageously, the second region has a width
radially of said disk in the range of from 1.27 mm to
12.7 mm (0.05 to 0.5 inches).

Conveniently, the depressions and rims are
generally circular, with adjacent depressions spaced
apart from one another by at most five mils.

The rims may have diameters in the range of from
0.1 to 5.0 mils.

In an embodiment of the invention, the
concentrated energy is provided by a pulsed or timed
laser which forms at each location a rounded central

A¥ 1}
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ture of a magnetic data recording disk through control of the
®Spaci ng between generally circular individual discontinuities

g texture. From anot her aspect the invention seeks to provide a

it c recording disk with designated surface areas for contact with data
uci ng heads, which designated ajeas exhibit substantially enhanced
1on and wear characteristics. According to one aspect of the present

i nvehtion, there is provided a process for manufacturing a nagnetic
recording kgasméntbgtéyﬁenbaynaeralgabﬁ atﬁbmgaaiegmgﬁaG@ePlﬂﬁ@ch a

 ransduer ndheag LLigacoanduaeliead oN' 2ok neahatyf o A ammand i c

transtC|ng h arrn of a ecelerat on and
non- noveneppuné rhd sésgaunﬁgngeuhanpsetaaAvéepéeﬁﬁéOPr uci ng head, the

process i ngl thagﬂgowwsralgl dEakhbY nBhihducsarsadecplanene Ey which is a
substrate 8Ff Ron- neti.zab naterla
rotating the disk at a controlled rate corresponding to

5 the pulsed laser frequency, a ring comprising a series
of depressions and rims is formed, with repeated rings
combining to form an annular band. Preferably, the band
is located radially inward of a data reading and
recording area of the magnetizable film. This approach
is particularly advantageous in connection with rigid
disks and flying heads, in which the inner band is
designated as a head contact area and the remaining

surface area is always separated from the head by a

10

bearing of air.

The substrate can 1nc1ude a rigid aluminium disc
plated or otherwise coated with a layer of a nickel-
phosphorous alloy, in which case the laser treated
locations preferably are formed in the alloy layer but
alternatively can be formed in the aluminium. As
‘further alternatives, however, the laser marks
including depressions and rims can be formed in any
succeeding layer, e.g. a chromium underlayer, or a
cobalt chromium or cobalt nickel magnetlc recording
layer. When the laser marks are formed in the aluminium
or nickel-phosphorous alloy layers, succeeding layers
tend to replicate them.

Laser surface texturizing provides a degree of
control previously unavailable in grit cloth or paper
texturing. The accuracy of the laser enables a precise
delineation of the texturized area boundaries. The ;aser
power, pulée length and focussing are variable to
control the size and profile of laser spots or marks.
Finally, the pulse frequency, in conjunction with the

15
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at s+ which is a magneti zable film wth one of the layers
defi pout er surface of the nmedium and subjecting the surface of one
of t P s to radi ant energy in a treatment area to roughen the surface
of sd Phe layer at least in said treatnent area thereof so that said
out ergr f ace of the recording nedlun1f?s a rough surface portion due to
sai d J@bj ecting of the surface thereb orm ng the head contact region,
anot h@ portion of the outer surface of the recordi ng medi um bei ng the data
st or age regiog e hﬁijﬁhétngmgéhééwéfgﬁgl&ﬂ@é@C&ﬁrtheddlaktha&nthe

S

et o com o A e s R Lle (ER0 pRoLRS hpg abTRRRE"S D11 ER,
froma nonlnak §urTmmer¢ﬁunﬁea¢ réundadematorahofhthadiéﬁ?reﬁéF§§ S
applied by & NELonl il (6 £8098e OLorePEL 2n50nE BBH6Graphg £meaeoi nches),
magnetic recording medium, dramatically to improve wear
characteristics, in particular as measured by CSS

(contact start-stop) testing in conjunction with

measuring the coefficient of friction and self-excited
nead-gimbal vibration energy. The high degree of control

of the pulsed laser produced depressions and rims

10 allows the flying height of the transducing head to be

reduced, even over the designated treatment area.

Restricting the treatment area only to a specific

landing zone allows the recording areas to be extremely
smooth, thus to allow further reduction in head flying

height in the recording areas, resulting in improved

recording density. '

Further in accordance with the present invention,
the process can be applied to a flexible magnetic disc,
tape or other medium in which the recording surface is
generally in contact with the transducing head at all
times, and thus the designated treatment area is
substantially all the recording surface. While
controlled texturizing of flexible discs is not
considered as critical as it is with rigid disks, the
rounded marks nonetheless can provide an overall surface
texture with reduced friction and improved head and disk
wear characteristics. In a contact recording system such
as this, the controlled, rounded marks can be used to
control head/disk spacing while reducing friction and
wear. In connection with rigid as well as flexible
disks, the generally circular depressions and
surrounding rims are believed further to reduce
frictional wear by acting'as areas of collection for

U
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4a h - aneter range of 2.54 to 127 [err] (0.1 to 5 nils), and being
_ crp edges. According to another aspect of the present invention,
t'her e provi ded a magnetic recording medi umconprising a plurality of

rat | east one of which is a substrate of non-magnetizable material,
| east one of which is a magneti le film one of the |ayers

Ng an outer surface of the recor g nmedi um roughened by radi ant

= applied to a treatnent area to formupon the outer surface a rough

surf age porta 1gnana(ad¥;Euﬁggggﬁgngggge&eghgglgﬁg digmgneti c transduci ng

head durlng perloqfv:the invention can be carried into effect is
nereinafter particularly described with reference to the
accompanying drawings, in which:

Figure 1 is a plan view of a rotatable rigid
magnetic recording disk formed in accordance with the
present invention, and a transducing head supported
generally for movement radially of the disk;

Figure 2 is an enlarged partial sectional view of

" the magnetic disk and head of Figure 1;

Figure 3 is a schematic view of an apparatus for
controllably texturizing the disk in Figure 1 to provide a
head contact area; _

Figure 4 is a substantially enlarged perspective
view of a laser mark formed in the surface;

Figure 5 is a schematic view of the profile of the
laser mark; ' _

Figure 6 is a perspective view similar to that of
Figure 4, showing part of the transducing head contact

(1Y

10

15

area;

Figure 7 is a perspective view similar to that in
Figure 6 shbwing an alternative surface texture;

Figure 8 is a schematic view showing a profile of
a mechanically textured surface; and '

Figures 9 and 10 are charts illustrating
comparative coefficients of friction and self-excited
head/gimbal energy, respectively, for surfaces
texturized in accordance with the present invention as
compared to conventionally texturized surfaces.

A rigid magnetic disk 16 (Figures 1 and 2)
constitutes a data recording medium,'is rotatable about
a vertical axis and has a substantiaily planar and
horizontal upper surface 18. A transducing head support
arm 20 forms part of a carriage assembly (not shown) and

20
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o e GRS -
decel eration and non- novenent of the recording nedi um

accée ¥

Eela :”1 t he transduci ng head, another portion of the outer surface of
the r ;Zdlng nmedi um bei ng for t he storage of data and having a snooth

surf & F over which, in use, the transducer head flies; characterised in
that ge radiant energy is pul sed sel-ecfjvely upon a pIurallty of | ocations
over Etreatnent area of one of said Iayers formng at each of said

| ocat fons a mark extended outwardly froma nominal surface plane of the

| ayer :to mhlc &ﬁbé&&e@nﬁéﬁyliﬁeappfé@ﬂpbdcathengh@dlﬁllﬁeofaﬁge of 5.08

&
Eg 5278[2;1](&(@1‘ f?o @ '? §>%r£&?¥a&91 %eiaéQEtSE kDigbe pangs of 2.54

supported by arm 20 byeaggnéogg a 223 LGSSeﬁéléhaQR,edges-
for movement relative to the disk with the arm.

suspension 24 does not support the head 22 rigidly

relative to the arm, but allows for gimballing action of

the head, i.e. limited vertical travel and limited

rotation about pitch and roll axes.

At the centre of disk 16 is an opening 26 to
accommodate a vertical spindle of a disk drive (not
shown) used to rotate the disk. Between opening 26 and
an outer circumferential edge 28 of the disc, upper
surface 18 is divided into three annular sectors: a
radially inward sector 30 used principally for clamping
the disk with respect to the spindle, a head contact
region or area or band 32, and a data storage region or
area 34.

Whenever disk 16 is at rest, or rotating but at a
speed substantially below its normal operating range,
‘head 22 is in contact with upper surface 18. But when
the disk rotates at least near its operating range, an
"air bearing" is formed by air flowing between head
22 and upper surface 18 in the direction of disk
rotation, which supports the head in parallel spaced

-.apart relation to the recording surface. Typically the
distance between a planar bottom surface 36 of head 22
and recording surface 18 sometimes referred to as the
"flying height" of the head is about 254 (10 microinches) or
less. Preferably the flying height is low, to position
head 22 as close as possible to the recording surface
18. The closer the transducing head the more data can
be stored on disk 16.

As mentioned above, arm 20 moves to position head
22 selectively over the recording surface. Alternatively
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gess of the rough surface may be at |east twice the nom nal
rou the data storage portion. Preferably, the concentrated energy
¥l aser energy, and forns |aser marks conprising rounded -
ons in the selected surface at said |ocations. Wth advantage in
e where the substrate body is asdi sk, the step of concentrating
b i ncl udes: 10 (a) rotating the disk at a controlled
2 pivoted arm moving, head 22 in an arcuate path, could
pe used instead of arm 20 to accomplish substantially
i ¢he same result. The radial position of head 22 is
controlled before and after reading and recording
operations, as well as during such operations. More
particularly, during such operations head 22 while
supported on the air bearing is selectively positioned
radially across data storage area 34 either to record or
to retrieve data at a particular location on the disk.
after such operations and during deceleration of disk
19 16, arm 20 is moved radially inward to position head 22
_diréctly over head contact area 32. Thus, by the time
disk 16 has decelerated sufficiently to permit the head
to engage the upper surface, head 22 already is aligned
with the head contact area. Prior to the next recording
- or retrieval operation, acceleration of disk 16 from
stop occurs with head 22 initially engaged with area 32.
Arm 20 is not actuated to remove the head radially from
area 32 until the head is supported by an air bearing,
i.e. free of the disk.
Because upper surface 18 of the disk includes
designated data storage and head contact areas, the
surface contours or texture of each area can be formed
in accordance with its function. More particularly, data
storage area 34 preferably is polished or otherwise
finished to a highly smooth, specular finish, having a
surface roughness of at most 2.54 nm (0.1 microinch) to
permit the desired low £lying height for head 22. A
further advantage of the specular finish is that, as
compared to the texturized surface, foreign particles
are readily observed, which simplifies optical
inspection of disk 16. Roughness in this context means
the height of the highest peaks above a nominal
horizontal plane of the surface.
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( 9 simul taneously providing pul sed | aser energy at a controlled
freq orresponding to the rotational velocity to forma first ring

conpri rof a 15 series of rounded depressions in the substrate surface;
(c) afm formng the ring, displacing the laser radially relative to the
di sk; provi di ng pul sed | aser energy At the controlled frequency while
rotati the disk at the rotational velocity 20 to form anot her ring

conpri
and r

ed of another series of depressions concentric with the first ring
ially By contrast, head contact area 32 has a roughness

of at least 12.7 nm (0.5 microinches). The increased
surface roughness of the head contact sector in relation
to the remainder of upper surface 18 is achieved by a
controlled texturizing of the disk during its
manufacture. '

Disc 16 (Figure 2), is formed of a multiplicity
of layers including a substrate 38, a recording layer 52
and a protective cover layer 54 over the recording layer.
pisc 16 is formed first by polishing grinding or
otherwise machining an aluminium substrate disk 38 to
provide a substantially flat upper surface of the
substrate. Next, a nickel-phosphorous (Ni-P) alloy is
plated onto the upper surface of the aluminium disk,
preferably evenly, to provide a substrate layer 40
substantially uniform in thickness, e.g. about 10
microns. Following plating, alloy layer 40 is polished
to a roughness of generally less than 2.54 nm (0.1
microinch), for example, by a known silicon carbide
grit lapping process. This normally involves a cloth or
paper carrying the grit, and can also involve a liquid
slurry containing grit in combination with a cloth or
paper if desired. Thus the substrate surface is
substantially planar and has a nominal roughness.

The preferred stage for the texturizing operation
is immediately after polishing and cleaning alloy layer
40. Texturizing is éccomplished by means of an apparatus
(Figure 3) including a spindle 42 for supporting and
rotating disk 16, and a pulsed mode NA-YAG (yytrium
aluminium garnet) laser 44 supported above the disk. The
laser 44 may be supported in a vertical orientation (as
shown) by structure (not shown) of the apparatus, or may
be tilted away from the vertical. The structure also
enables controlled stepwise movement of the laser 44
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FFromthe first ring by a pitch corresponding to the anount of
= di spl acenent; and 25 (e) repeating steps (c) and (d)
| ected nunber of concentric rings, whereby the treatnent area

f a designated region in the formof an annul ar band. Preferably,
case, the width dinension of tgg transducer is aligned

ially radially of the disk,

on at |least as great as the transducer wi dth.

the band has a width in the radi al

ad;ally of the disk. The laser 44 is directed towards
the disk generating a pulsed laser beam 46 selectively
gocussed on the upper surface 48 of Ni-P layer 40. Laser
44 is an ESI model 44 laser trimming system available
from ESI, Inc. of Portland, Oregon, United States of
america. Laser 44 is fired at a selected frequency into
the disk while spindle 42 and disk 16 rotate.

The apparatus is used to provide a controlled,
strictly delineated head contact area 32, comprlslng
1ess than ten percent of the surface area of the surface
18. The area 32 forms an annular band having a width in
the radial direction at least as great as the width of
the head 22.

A salient feature of the present invention is the
consistent, uniform texture over the entire head contact
area. In achieving uniformity, two levels of control are
involved: a micro level concerned with individual laser
marks or spots, and a macro level concerning the pattern
or arrangement of multiple laser spots. The nature of
the individual laser spots is controlled primarily by
the'intensity or peak energy at which laser 44 is fired,
and the duration of each firing, i.e. the pulse width.
Somewhat secondary added factors include the way in
which beam 46 is focussed, and the angle of approach.
Thé*vertical direction of the beam upon horizontal
substrate surface 48 (Figure 3) i.e. an approach angle
of 90 degrees, yields substantially circular spots,
while an inclined angle, e.g. 45 degrees, would yield
somewhat elliptical or oblong spots.

As for the pattern or arrangement of spots, the
primary control factors include the frequency of
repeated firings of laser 44, the speed of disk
rotation, and the amount of radial stepping of the
laser.

W
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gy, the step of concentrating energy ig performed on the
i 6 The substrate body may be substantially rigid and forned of
Al ternatively, the step of concentrating energy may incl ude:

the substrate at a controlled velocity

18

‘One preferred texturizing approach is to orient
laser 44 vertically (Figure 3) and to maintain it
stationary while rotating disk 16 and firing the laser

‘at a selected frequency, coordinated with the disk

rotational velocity to provide a selected distance
between consecutive spots. A single rotation of the disk
results in a ring of such spots concentric with central
opening 26. Next, laser 44 is displaced radially by a
desired inter-ring pitch, and with its vertical

' orientation maintained, fired at the predetermined

frequency and'phase relative to disk rotation. These
steps are repeated until a plurality of concentric rings
of laser spots form head contact area 32 as an annular
band of a width substantially equal to the pitch times
the number of rings.

With the nickel-phosphorous alloy layer 40 thus
selectively texturized, the remaining layers 50, 52 and
54 (Figure 2) are applied, preferably by vacuum
deposition, to complete disk 16. Layer 50 of chrome at a
thickness of about 100 mm (1,000 angstroms) is sputter
deposited onto the upper surface of the nickel-
phosphorous alloy 40, to provide an underlayer for the

- recording layer 52. Layer 52, which can be a cobalt

nickel alloy, a cobalt chromium alloy or the like, is
sputtered onto the chromium layer to a thickness of
about 50 to 70 nm (500 to 700 angstroms). Protective
layer 54, for example carbon, is deposited onto the
recording layer 52 at a thickness of about 30 nm (300
angstroms). Each of the layers is of substantially
uniform thickness and replicates the surface contours of
the surface of the layer below it.

Process parameters primarily controlling size and
shape of individual laser spots are the peak energy or
intensity, and pulse duration, with the angle of
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ji tudi nal direction; (b) sinultaneously directing a beam of
jser energy upon the surface at a controlled frequency to forma
v of depressions; 10 (c) displacing the beamtransversely

by a ‘ected pitch, and providing the beam of |aser energy while

| ongi tedi nal |y noving the substrate, tpgforma subsequent row of
depreq@ions parallel to the first row, and 15 (d) repeating ste
(c) appelected nunber of tines to formthe designated region as a :

|Ongit-dinaép§wﬁubhﬁand focus also contributing to the size gnd
shape of any discontinuity. A typical spot formed by
laser 44 when vertically oriented is shown in Figure 4
and represented in profile in Figure 5 as 2 single laser
crater or spot 56. Crater 56 is a combination of two
3 departures from a specular surface plane 58 (Figure 5)
which can be considered the nominal plane of substrate
surface 48, in this case the upper surface of nickel-
phosphoroué alloy layer 40. The first of these
departures is a central depression or pit 60, with the
other being a substantially circular rim or ridge 62
surrounding the pit. The height h (Figure 5) of rim 62
above nominal surface plane 58 is preferably in the
range of from 12.7 to 20.32 nm (0.5 to 0.8 microinches)
although a head contact area 32 in which rim heights h
slightly exceed 25.4 nm (1 microinch) can still perform
satisfactorily. The depth d (Figure 5) of pit 60 below
plane 58 is typically about twice the rim height h,
i that is 25.4 to 40.64 nm (1 to 1.67 microinches). Thus
% the preferred surface roughness h of head contact area
?0 32 is within a range of from 12.7 to 25.4 nm (0.5 to 1.0
!_ microinches). The diameter D of crater 56, which is
equivalent to the diameter of rim 62, usually is in the
range of 0.1 to 4.0 mils.
The process parameters mentioned above can be

110

‘15

s varied to influence dimensions D, d and h. The rim
height h is considered the most critical, and varies
with pe;k power over a preferred range from about'o.l
kilowatts to about 5 kilowatts. The optimum peak power

0 can of course vary with the particular laser employed,

as well as the nature of the surface being texturized.
However, in connection with nickel-phosphorous layer 40,
it has been found édvantageous to operate toward the low
end of the 0.1 to 5 kilowatt range, just above a point at
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transverse width. The substrate body may include a |ayer of a

ni ck osphorous alloy plated onto a rigid alumnium20 body as a |ayer
Subst fally uniformin thickness, the sel ected surface being a

surfaj® of the nickel- phosphorous alloy |ayer. The pul sed | aser energy may
form mmt each of said locations, a royyled central depression extending 25

y of a nomnal surface plane of the selected surface, and a
|y circular and rounded rim surrounding the central depression and
ext en |ng which melting occurs.

Depth 4 of pit 60, while not as critical as the
height h of rim 62, nonethless sérves a useful purpose,
namely the entrapment and collection of media fragments,
head fragments or other debris generated due to
head/disk contact. Further, in connection with
fluorocarbon lubricant coatings with tendencies toward
liquid behaviour, the central depressions retain the
lubricant coating when the disc is stopped. However, it
is believed that as the disk begins spinning, the
lubricant tends to travel upwardly out of the
depressions and cover the rims, thus reducing dynamic
friction in the head contact area.
| Another useful feature of the invention is the
rounded nature of the contours forming the pit and rim,

-with the rounded rims in particular contributing to
substantially enhanced friction and wear characteristics
over the long term. The rounded contours are believed to
result from the flow of material due to surface tension
forces while the material is cooling and returning to
the solid from the liquid state. When beam 46 is fired
upon the upper surface of nickel-phosphorous layer 40,
the alloy absorbs heat which initially is concentrated
in what later becomes the pit. Heat is rapidly
dissipated in all directions radially away from the
centre, principally by conduction. Near the centre, the
amount of heat is sufficient momentarily to melt the
alloy. The alloy soon cools and sclidifies, but not
before material is drawn outwardly away from the spot
centre to form the central depression as well as the
surrounding rim, apparently due to surface tension. The
rounded contours are substantially and measurably more
resistant to wear from contact with the transducing
head.
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f the nominal surface pl ane. Preferably the step of
ing energy includes selecting locations to distribute the

ns generally uniformy over the designated area. Advantageously,
of concentrating energy includes form ng the depressions to occupy
one- half of the area of thejdesignated region. 7

To control the macro texture, i.e. the pattern or
arrangement of spots, it has been found satisfactory to
rotate disc 16 at a rate of from about 10 to about 100
rpm, whilst contfolling the Q switching rate of laser 44
for a firing frequency over a range of about 5 to about
20 kHz. A satisfactory pitch or inter-ring spacing
ranges from about 0.25 to 4.0 mils,'while a preferred
range is from 0.5 to 1.0 mils.

By using parameters chosen within these ranges, a
desired result is shown in Figure 6 as an enlarged
portion of head contact area 32. The spacing between
adjacent spots in the radial direction (pitch), and the
circumferential spacing between adjacent spots, are
approximately equal to and can even be less than the
average spot diameter of about 1 mil. The result is a
substantially uniform, continuous texture comprlsed
almost entirely of central depressions and raised rims
about the depressions. The depressions are preferably
distributed to occupy at least one half of the area of
the designated treatment region. The following are
examples within the prescribed texturizing parameter
ranges.

Example 1: .

An aluminium rigid disk, having a diameter of
203.2 mm (8 inches) and a thickness of 1.905 mm (0.075
inches) was plated with a nickel-phosphorous alloy to a
thickness of about 0.01016 mm (400 microinches). The
laser was operated in the fundamental mode (designated
TEM ) and a current of 16.5 milliamperes was applied to
the laser, to generate peak power of 0.2. kilowatts. The
Q switching rate of the laser was maintained at 12
kilohertz; with a pulse duration of about 100
nanoseconds, while the disk was rotated at a rate of 25
rpm. The result was a circumferential ring in which

nnnn \’i‘ﬁ\fﬂﬁ‘ \|ﬂi‘““’



15

20

25

10

y, the
din 30

‘sel'ected surface is the substrate surface, and the steps of
ng the underlayer, the magnetizable filmand the cover layer are

succession after the step of concentrating energy on the

Fat e surface. Advantageously, the step of concentrating energy upon

bstrate surface includes 8 22

adjacent laser spots nearly touched one another, spaced
apart by a distance approximately equal to the average
spot diameter. After each revolution of the disk, laser
44 was stepped or translated radially of the disk by a
pitch of 0.8 mils. 200 concentric rings were formed,
creating an annular head sector or band with a width in
the radial direction, of 160 mils. Individual spots in
the band were observed using a phase shifting '
inferferometer in the form of a WYKO-3D surface
profilometer available from WYKO Corporation of Tucson,
Arizona, United States of America. The typical and
predominant laser spot had a rim or ridge extending
from about 12.7 to 20.32 nm (0.5 to 0.8 microinches)
above the nominal surface, and a central depression with
a depth of about 25.4 to 50.8 nm (1.0 to 2.0
microinches) below the nominal surface plane. The
average spot diameter was 0.8 mils.

Example 2:

A nickel-phosphorous alloy was plated onto an
aluminium disk as in Example 1, and texturized as in
Example 1 except that laser 44 was powered by a current
of 17.5 milliamperes. The resulting spots had rims or
ridges from about 25.4 to 50.8 nm (1.0 to 2.0
microinches) above the nominal surface, with depressions
of about 101.6 to 127 nm (4.0 to 5.0 microinches) below
the nominal surface, with an inter-track pitch of 0.8
mils.

. Examgle 3:

A nickel phosphorous layer was plated onto an
“aluminium disc and texturized as in Example 1, except
that laser 44 was powered by a current of 17.5
milliamperes, and the inter-track pitch was 1.0 mil. The
spot structure was similar to that in Example 2.
Example 4.
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Ping the disk at a predéf%?hihed rotational velocity; (b)

Pusly directing a pul sed beam of |aser energy upon said substrate
¥o forma nultiplicity of the nmarks, one mark corresponding to each
1 ocations; and (c) varying the radial position of said substrate

sur f to which said | aser energy beamis directed. A magnetic recording
medi 'may be provided with a non-mageatizable body with a magneti zabl e
filmggeposited thereover as a | ayer of substantially uniforn1thickness
char

terised in thgt a sgecular substrate surface %gt body or a
ing surfac® BACKRL PPPEPhasous: ieyeRcHasaPeatiF RRE80ABSsi ons for med

| ural P_L\MlﬁiuﬁIOEQQtdnalbk &ﬁaeﬁékiareaeaghscqncamm@ﬂmrL, t he
©ss 2xce E thget 2tl%£et~ génﬂ pltch was reduced to 0.5
mils and the total width of the area was 150 mils.
adjacent spots touched one another, with typical spots
3 naving ridges raised about 15.24 nm (0.6 microinches)
and central depression depths of about 30.48 nm (1.2
microinches).

While the generally circular spot configuration is

' obtained with a vertically or perpendicularly oriented
laser beam, the laser beam may be directed onto disc 16
at an inclined angle, e.g. 45 degrees from the
horizontal. The result is an elongation of each spot
into an elliptical or oval shape. When the beam is tilted
yet maintained in a vertical plane containing the disk
radius, and when the disk rotational speed and firing
frequency are matched to provide a circumferential
distance between spots approximating the spot diameter,
the result is a circumferential ring of adjacent,
elongated spots 64 as on a substrate 66 (Figure 7).

It is to be appreciated that the control
parameters can be varied to provide alternatives to the
previously discussed patterns, e.g. by varying'the
inter-track pitch so that it increases in the radially
outward direction, by staggering adjacent rings so that
spots in each ring correspond to regions between spots
in next adjacent rings, by random arrangement of spots,
and by arrangements in which the laser peak power or
spot frequency is'progressively decreased for radially
outward rings in order progressively to decrease
roughness in the radially outward direction in the head
contact band. '

The laser is used to concentrate energy
selectively upon a plurality of locations over a
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t he nom nal roughness of the specul ar substrate surface.
the mediumis a disk including a substantially rigid,

i zabl e substrate having a substantially planar substrate surface,
said dige further including a magneti zable fil m deposited over said
> surface as a |layer substantiabhy uniformin thickness,
ng an outer surface having a nom nal surface plane and
rised in that the outer surface includes a plurality of marks,
conpri s§ng atdepr@eBtoareat cHéd tomtrdlyablyt hdteosi the SoReeTEPMAT d said
e a gfSEHQCQufﬁa&EeaE?QSShoioééeﬁb%Fy7%&ﬁa€§ﬁtnqb@Qt@th 2¢e

m croi nghes), and.a roundgg rimsubstanti a

and extpndedSBRERAr WPHEbr

texturized surface is at least twice the nominal
roughness of the specular polished substrate surface.
Figure 8 shows a substrate 63 with a mechanically
textured substrate surface. Depending upon the size of
grit selected and the nature of the paper or cloth
supporting the grit, the substrate surface can be

. textured to a selected roughness to provide a head

contact sector dedicated to contact with the transducing
head. In sharp contrast to the profiles shown in

Figures 4 to 7, however, Figure 8 reveals that the
surface of substrate 63 has an acicular topography
charcteristic of mechanical texturing. The textured
surface includes peaks 65 and indentations or valleys
67, irregular in height and depth and characterized by
steep slopes and pointed edges or ends.

Furthermore, the pointed edges are areas of stress
concentration due to the cutting action of the grit.'
Consequently, the tips of the highest peaks are
susceptible to being broken away when contacted by a
transducing head moving relative to the substrate. An
upper tip 69 of one of the peaks has been broken away to
leave a more planar, though not necessarily horizontal,
upper surface 71.

Once the tips have been broken away from a
multiplicity of such peaks, two problems arise, both of
which hamper the long term reliability of the recording
system. First, the multiplicity of generally'flat
surfaces like surface 71 (rather than the original
pointed tips) increases the overall area of surface
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9 Co Mtly the outer surface includes a first area adapted for surface
with a magnetic transduci ng head, and a second area adapted for
f magnetic data, wherein said head during recording and 5
foperations is maintained in spaced apart relation to the second
an air filmgenerated by rotation of said disk, and wherein said

on and _ 25

contact with the transducing head, increasing the
stiction and friction problems (éommonly referred to as
friction build-up). Secondly, the broken away tips tend
to adhere to the transducing head as they break away,
build up in valleys 67 and expose the magnetic layer in
peak regions for possible corrosion sites, or remain
free as particulate contaminate, in any case reducing
the reliability of the recording system.

The charts in Figures 9 and 10 represent
comparisons of mechanically textured disks with disks
texturized by a laser in accordance with the present
invention. More particularly, mechanically textured
disks and laser texturized disks were compared both
initially and at various stages of contact start-stop
testing. All disks were provided with 30 nm (300

"angstroms) thick protective layer of sputtered carbon.
Actual test results would appear as a series of vertical
bars indicating ranges. The lines shown represent a
series of midpoints of such vertical bars.

All the disks initially had a coefficient of friction
of about 0.25 (Figure 9) in the case of mechanically
textured disks, represented by the broken line 68, the
coefficient of friction was well above 1.0 after 3,000
contact start-stop cycles, and was close to 2.0 after
about 10,000 cycles. In conrast, the coefficient of
friction for the laser texturized disks remained at
about 0.25, as indicated by solid line 70. As the
coefficient of friction is the principal indicator of
wear to the head and head contact surface of the disk,
the results demonstrate a surprising durability in the
head contact area when texturized in accordance with the
present invention.

The comparison of mechanlcally textured and laser
texturized disks over numerous contact start-stop cycles
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ormed only throughout the first area. Advantageously,
| roughness of 10 at least 12.7 nm (0.5 mcroinches) and the
‘ea has a roughness of at nost 2.54 nm (0.1 mcroinches).
"be an annul ar band substantially concentric on a rotational
di sc, and having a radi al dlnen5|on exceeding the wdth 15

nstC|ng head. Adjacent ones of28aid marks may be spaced apart from

one an@ her by a distance no greater than five mls.
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spown in Figure 10, concerns the envelope of self-
excited head gimbal arm vibration. The self-excited
head/gimbal arm vibration energy is defined as the
energy spent at the head/disk interface from the time
the head overcomes the stiction force to free flying
during the start-stop testing. It is measured

by integrating the strain experienced by the head arm,
measured here by a capacitance probe, over the |
aforementioned time period. This value, measured as the
transducing head takes off from the head contact area
when the disk is being accelerated from stop, predicts
future wear to the head and head contact region of the
disk. As seen from a comparison of broken line 72
representing results from mechanically textured disks
and solid line 74 representing results from laser
texturized disks, the mechanically textured discs
initially exhibited a lower reading, but surpassed the
laser texturized disks well before 5,000 contact start-
stop cycles, and thereafter remained above the laser
texturized disks. Again, a substantially longer useful
life is indicated for both heads and disk contact
surfaces, when such surfaces are texturized to provide
smooth, rounded éontours in accordance with the present
invention.

Further, as the tests from which Figures 9 and 10
derive, it was found that not only are the average
values for coefficient of friction and envelope of self-
excited head/gimbal arm vibration improved in the case
of laser texturized disks, but that'ranges of these
values remain substantialiy uniform over numerous
contact start-stop cycles, indicating that laser
texturizing leads to a more réliable head/disk
interface. By contrast, in the case of mechanically _
textured disks, the range of values widens as the number
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Th essions and corresponding rinms may 20 conprise at least fifty

- of the surface area of the first area. The substrate may include an
um body and a | ayer of a nickel -phosphorous alloy plated on the

ith the depressions and rins fornmed in the nickel- 25 phosphor ous
and the magneti zable film may formed over the alloy to replicate
the s@rface contours of said substrat® surface. A protective cover |ayer
may bg deposited on the nagnetizable filmas a |layer substantially uniform

in of contact start-stop cycles increases, i.e. the
aforementioned vertical bars indicating ranges becomes
longer.

While the preferred embodiments of the invention
contemplate a rigid disk in which the transducing head
during reading and recording operations is spaced apart
from the disk by an air bearing, flexible media can
likewise be texturized in accordance with the present
invention. The principal difference is that a flexible
disk or tape remains in contact with the transducing
head at all times, and thus substantially the entire
surface of such disk, rather than a limited head contact
band, is texturized. '

In the case of tape, the latter is moved
longitudinally and the laser forms parallel rows ~f
depressions until the derived transverse width of
designated treatment area is achieved.

Thus, whether media texturized in accordance with
the present invention is flexible or rigid, a
substantial and surprising increase in durability is
achieved, measurable principally in its ability to
maintain a relatively low coefficient of friction even
after numerous contact start-stop cycles, e.g. 10,000

' or more. It is believed that the smooth, rounded
contours of the surface diséontinuities are a major
contributing factor to increased durability. A further
factor is the improved control of the texturizing

i process, yielding a high degree of uniformity in surface

roughness throughout the specially texturized surface.

; The laser is a preferred device for the controlled

r texturizing, but other alternatives, for example

photolithography, plating or etching to achieve smooth
and rounded contours, may be employed to texturize
surface areas in accordance with the present invention.
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' to repllcate the surface contours of the nmagnetizable film the
rface being the exposed surface of the cover |ayer. 10
bl y, the second region lies radially inwardly of the first region.
geously, the second region has a width 25 radially of said disk in
ge of from1.27 mmto 28

In connection with rigid disks and flying heads,
the present invention affords the added advantage of
provding a surface area dedicated to contact with the
transducing head during accelerations, decelerations and
with the disk at rest. Substantially all the remaining
disk surface area can have a specular finish ideally
suited for reading and recording data.

It will be appreciated that the texturizing
operation may take place at a different stage of the

" manufacturing process, for example, after the

magnetizable film has been deposited on the substrate
surface. As each deposited layers is of substantially
uniform thickness, each replicates the surface contours
of the surface on which it is deposited, so that the
texturizing can be effected at any stage.
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05 to 0.5 inches). Conveniently, the depressions and rins igéhe
2.5

five mls. The rins may have diameters.in_ the range of fro

;rr] (0.1 to 5.0 mls). In an enbodlnent of the |nvent|on the
Fat ed energy is provided a-py sed or t i imddlis ShestcHas Bén
ation a rounded central
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1. - A process for manufacturing magnetic
recording media, including a plurality of layers, at
least one of which is a substrate of non-magnetizable
material and at least one of which is magnetizable film,
characterised in that the surface of one of the layers
is subjected to selective energy concentration '
application to roughen the surface at least in a
treatment area thereof.
2. A process for manufacturing magnetic
recording media, including the steps of forming a
specular substrate surface (48) on a non-magnetizable
substrate body, said substrate surface being
substantially planar and having a nominal roughness; and
depositing a magnetizable film (52) over said substrate
surface as a layer substantially uniform in thickness
with a recording surface, characterised by concentrating
energy selectively upon a plurality of locations over a
treatment area (32) on a selecﬁed one of said substrate
surface and recording surface, to controllably alter the
topography of the selected surface at each of the
locations, adjacent locations being spaced apart from
one another by a distance substantially less than the
length or width of a magnetic transducing head
positionable adjacent the surface of the magnetic
film (52), and the roughness of said selected surface
in the treatment area being at .least twice said nominal
roughness. |
3. A process as claimed in claim 2, wherein the
substrate body is a disk, characterised in that the step
of concentrating energy includes:

(a) rotating the disk at a controlled

rotational velocity;

wi th adjacent depressions spaced apart from one ang

"
4



extending inwardly of a nominal surface plane of the sel ected
sur f and a generally circular and round ri m surroundi (r)?B g'l,Ted

rotati
freque
wWthr
is loc
magnet i

1S t a
n and extendi ng outwardly of the nom nal surface dl :
the disk at a controlled rate corresponding to th
y, a ring conprising a series 3 depressions and rins is forned,

eated rings combining to forman annul ar band. Preferably, the band

ed radially inward of a data reading and 10 recordiqg area of the
abl e fil rhb) Bimulhsnesusly providing pulsed laser energy

at a controlled frequency corresponding to the
rotational velocity to form a first ring comprised of a
series of rounded depressions (56) in the substrate
surface;

(c) after forming the ring, displacing the laser
radially relative to the disk;

(d) providing pulsed laser energy at the
controlled frequency while rotating the disk at the
rotational velocity to form another ring comprised of
another series of depressions concentric with the first
riné and radially spaced apart from the first ring by a
pitch corresponding to the amount of laser radial

displacement; and
(e) repeating steps (c) and (4) to form a selected
‘number of concentric rings, whereby the treatment area
consists of a designated region in the form of an
annular band.
4, A process as claimed in claim 2 characterised in
that the step of concentrating energy includes:
(a) moving the'substrate at a controlled velocity
in the longitudinal direction; .
(b) simultaneously directing a beam of pulsed
laser energy upon the surface at a controlled frequency

20

to form a first row of depressions;

& (c) displacing the beam transversely by a selected
pitch, and providing the beam of laser energy while
longitudinally moving the substrate, to form a |
subsequent row of depressions parallel to the first row;
and

3 a
;0 (d) repeating step (c) a selected number of times
to form the designated region as a longitudinal band of
‘a selected transverse width.

5. A process as claimed in claim 1, 2, 3 or 4

ey



is fi cul arly advant ageous in connection with rigid di'sks and flying
_ in which the inner band is designated as a head crmiiSaét Ha/Beén Repleet he
remai @ ng surface area is always separated fromthe head i ng
of air§ The substrate can include a rigid alum niumdisc Fﬂgn ’

1 se coated with a |ayer of a ni 5el< phosphor ous al ) I'ch case

ser treated |locations preferably~are formed in the alloy |ayer but 20
atively can be fornmed in the alumnium As further alternatives,

hovever, thg.lasar thRr kdbstrate body includes a layer (40) of a
: nickel~-phosphorous alloy plated onto a rigid aluminium
‘body- as a layer substantially uniform in thickness, the
treated substrate surface being a surface of the nickel-

phosphorous alloy layer (40).

6. A process as claimed in claim 1, 2, 3, 4 or
5, including depositing a protective cover layer over
said magnetizable film, said cover layer having a
substantially uniform thickness and replicating the
surface contours of said magnetizable film.

.7. A process as claimed in any preceding claim
including depositing a non-magnetizable underlayer (50)
on the substrate surface prior to depositing the
magnetizable film (52) over the substrate surface,

the non-magnetizable underlayer having a substantially
uniform thickness and replicating the surface contours of
the substrate surface.

8. A magnetic recording medium comprising a non-
magnetizable body with a magnetizable film deposited
thereover as a layer of substantially uniform thickness,
characterised in that a specular substrate surface on
the body or a recording surface on the film has a
treatment area with depressions formed at a plurality of
locations by selective energy concentration, the
roughness of the treatment area being at least twice the
nominal roughness of the specular substrate surface.

9. A medium as claimed in claim 8, in which the
medium is a disk including a substantially rigid, non-
magnetizable substrate having a substantially planar
substrate surféce, said disk further including a
‘magnetizable film deposited over said substrate surface
as a layer substantially uniform in thickness, and said
disk having an outer surface having a nominal surface
plane; characterised in that the outer surface includes
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fng depr essi ons and rlns can be forned in any succeeding | ayer, e.g.
um under | ayer, or a cobalt chrom um or cobalt nickel magnetic
ng 25 |layer. Wien the |laser marks are forned in the al um nium or

i ncl
a. chr
recor

ni ckel § phosphorous all oy | ayers, succeeding |ayers tend to replicate them
Laser purface texturizing provides a dédree of control previously
unavai able in grit cloth or paper texturing. The accuracy of the .l aser

pover .| pul séeﬁ'lﬁ?aﬁ‘%h’“%?é@%%éc%kg%%@t it S adppdes. The taser
; exten ed inwardly of the nominal plane toward said

substrate a distance in the range of from 12.7 to 254 nm

(0.5 to 10 microinches), and a rounded rim substantially

surrounding each depression and extended outwardly of

the nominal surface plane by a height of at least 5.08

nm (0.2 microinches), each of the rims having a diameter

in the range of from 0.1 to S mils. '

10. A medium as claimed in claim 9, wherein the

outer surface includes a first area adapted for surface

wn

10
engagement with a magnetic transducing head, and a
second area adapted for storage of magnetic data,
wherein said head during recording and reading
operations is maintained in spaced apart relation to the
15 second area by an air film generated by rotation of said
disk, and wherein said depressions and rims are formed
only throughout the first area.
20
25
i fi [
30
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. the size and profile of | aser” spots “or marks. Finally, the pu
I n conjunction with the 12 rotation or other relative
tion of the disk, can be controlled to determ ne the spacing

Kng

adj acqnt marks. The rotund or rounded nature of the laser marks inproves

t he dqgree of control
dramatfically to i nprove wear characteristics,

CSS (contact start-stop) testing in conjunction with measuring the
coefficient of friction and seAfB s TRAC T
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MAGNETIC RECORDING MEDIA AND PRQCESSES FOR
MANUFACTURE THEREOF

A magnetic recording disk (16) is controllably
texturized, over areas designated for contact with a
data transducing head. The process includes polishing

"an aluminium, nickel-phosphorous substrate to a specular

finish, then rotating the disk while directing a beam
(46) of pulsed laser energy from a laser (44) over a
limited portion of the radius, thus forming an annular
head contact band (32) while leaving the remainder of
the surface 48 specular. The band is formed of multiple
individual laser spots, each with a central depression
surrounded by a substantially circular raised rim. The
depth of the depressions and height of the rims are
controlled primarily by laser power and firing pulse
duration. The shape of individual laser spots can be
altered by varying the laser beam inclination relative
to the disk surface. The smooth, rounded contours of the
depressions and surrounding rins, as compared to the
acicular character of mechanically textured surfaces, is
a primary factor contributing to substantially increased
durability of laser texturized media.

[(Figure 3]

in the topographqy of the magnetic recording nmedi um
In particular as nmeasured by
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excite d-gi nbal vibration energy. The high degree of control of e
pul sed |'@Ber produced depressions and rins allows the flying height e
transducfhg head to be reduced, even over the designated treatnent 4‘3

Restrictigng the treatnent area only to a specific | anding zone allows 't
recording areas to be extrenmely snmooth, thus to allow further reduction In
head flyijng height in the recording areas, resulting in inproved recording
density. iIn connection with rigid as well as flexible disks, the generally
circul ar "depressions and surrounding rins are believed further to reduce
frictional wear by acting as areas of collection for
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f hetacconpanyi ng draw ngs, in which: 5 Figure 1 is a pla EFW/of
a rotatable rigid nagnetic recording disk fornmed in accordance wt e
present invention, and a transducing head supported generally for novenent
radially of the disk; Figure 2 is an enlarged partial sectional view of

1 bris and any |ubricant coated onto the disk. How the invention can be
carfied into effect is hereinafter particularly described with referznce to

PRIOR ART

- FIG.8
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10 e magnetic disk and head of Figure 1; Figure 3 is a schematic view
of an¥ppparatus for controllably texturizing the disk in Figure 1 to

pr ovi a head contact area; Figure 4 is a substantially enlarged 351
per spective 15 view of a laser mark forned in the surface; Figure 57
schematic view of the profile of the laser mark; Figure 6 is a perspectiive
view simlar to that of Figure 4, show ng part of the transduci ng head
contact 20 area; '
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'Flgure 7 is a perspective viewsimlar to th -+ 4y
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MAGNETIC RECORDING MEDIA AND. PROCESSES FOR
MANUFACTURE THEREOF.

The present invention relates to magnetic
recording media and processes for manufacture thereof.

Magnetic disks and disk drives are well known for
their utility in storing data in magnetizable form. The
drives typically employ one or more disks rotated on
central axis, in combination with data transducing heads
positioned in close ﬁroximity to the recording surfaces
of the disks and moved generally radially with respect
to the disks. Generally these devices are of two kinds.
The first uses flexible or "floppy'" disks, with
associated transducing heads contacting the recording
surfaces at all times. The second type employs rigid
disks rotated at much higher speeds than flexible disks.
The transducing heads, during reading and recording
‘operations, are maintained at a controlled distance from
the recording surface, supported on a "bearing" of air
as the disk rotates. The transducing heads contact
their associated recording surfaces whenever the disks
are stationary, when they accelerate from a stop, and
during deceleration just before coming to a complete
stop.
_ While all such magnetic recording devices
experience at least some wear, the problem is
particularly serious for the rigid disks and associated
heads. This is due in part to the stricter design
tolerances associated with rigid disks and heads,.
arising from the ever-present challenge of increasing
the density of data stored on disk recording surfaces.

o This is the replacement sheet
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a vertical axis and has a.substantially planar and horizontal upper surface
18. A transducing head support arm 20 fornms part of a carriage assenbly.
(not shown) and 14 is supported for |inear reci procation radially of the
di sk 16. A magnetic transducing head or slider 22 is supported by arm 20 by
means of a head suspension 24, for novenent relative to the disk with the

arm

rt is considered desirable during reading and recording
operations to maintain each transducing head as close to
its associated recording surface as possible, i.e. to
minimize the "flying" height of the head. A smooth,
specular recording surface is thus preferred, as well as
a smooth opposing surface of the associated transducing
head. This permits closer proximity of the head to the
disk and more predictable and consistent behaviour of
the air bearing supporting the head.

However, if the head surface and recording surface
are too flat, the precision match of these surfaces
gives rise to excessive stiction and friction during the
start up and stopping of the disk, causing wear to the
head and recording surface which can lead eventually to
a head crash.

In recognition of this difficulty, the recording
surfaces of magnetic disks often are intentionally
roughened to reduce the head/disc friction. 1In
particular, a rigid disk may be formed with an aluminium

- substrate polished flat and plated with a nickel-
phosphorous alloy. The alloy is polished to a
substantially specular finish, e.g. to a roughness of
less than 2.54 nm (0.1 microinch). The disk is then
rotated between opposed pressure pads or rollers which
support a cloth or paper coated with silicon carbide
(SiC) or other suitable grit of a. size predetermined to
yvield roughness peaks of about 25.4 nm (1 microinch).
Peaks thus created tend to be jagged and have sharp
edges, and are difficult to control in size, form and
location as these factors depend largely upon the nature
of the grit and the direction which the disc moves
relative to the pressure pads or rollers.

In US-A-4,698,251, a polishing paper is applied to
magnetic disks to form circumferential scratch marks

This is the replacement sheet
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5 Suspensi on 24 does not support the head 22 rigidly relative to the
arm but allows for ginballing action of the head, i.e. limted vertical
travel and limted rotation about pitch and roll axes. At the centre of
disk 16 is an opening 26 to 10 accommpdate a vertical spindle of a disk
drive (not shown) used to rotate the disk. Between opening 26 and an outer
circunferential edge 28 of the disc, upper surface 18 is divided into three
annul ar sectors: a radially inward sector 30 used principally for clanping

15 the disk with respect to the spindle, a head contact
naving depths from 0.0002 to 0.1 microns into the

nickel-phosphorous alloy layer coated onto an aluminium
substrate. Following polishing, a chromium layer and a
cobalt nickel magnetic layer are formed on the disk. 1In
another embodiment, a nickel-phosphorous layer is
deposited onto an aluminium substrate, scratches are
formed in the nickel-phosphorous layer, then a cobalt-
phosphorous magnetic layer is deposited on the nickel-
phosphorous 1§yer. _

As an alternative to using grit paper or cloth,
Us-A-4,326,229 discloses a protective film layer for
covering a smooth recording medium layer of a magnetic
disk. To form the protective coating, a solvent is
applied in a spin coating process to form a film with
radially extending sinusoidal jogs or undulations to
increase surface roughness, which is said to reduce head
wear.

While each of the above approaches can be
satisfactory under certain circumstances, all require
compromise between the competing goals of reduced
head/disk friction and minimum transducer flying height,
and none affords the desired amount of control over

surface texture.
Therefore, the present invention seeks to provide

a magnetic recording medium in which peaks and
indentations forming surface roughness are of a
controlled size and shape for substantially reduced
flying height, improved recording density, and improved
transducing head and disk wear characteristics.

The invention also seeks to provide a process for
controlling the texture of a strictly delineated portion
of a magnetic disk recording surface while providing a
specular finish on the remainder of the recording

surface.
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region or area or band 32, and a data storage region or area 34. \Wenever
disk 16 is at rest, or rotating but at a speed substantially belowits

nor mal operating range, 20 head 22 is in contact with upper surface 18.
But when the disk rotates at |east near its operating range, an "air
bearing"” is fornmed by air flow ng between head 22 and upper surface 18 in
the direction of disk rotation, which sépports the head in parallel spaced
25 apart relation to the recording surface. Typically the distance

bet ween a planar bottom surface 3? of head 22
The invention further seeks to provide a process

for controllably forming the surface texture of a
magnetic data recording disk through control of the size
and spacing between generally circular individual
discontinuities providing texture.

From another aspect the invention seeks to provide
a magnetic recording disk with designated surface areas
for contact with data transducing heads, which
designated areas exhibit substantially enhanced fricton
and wear characteristics.

In its broadest terms, the invention provides a
process for manufacturing magnetic recording media,
including a plurality of layers, at least one of which
is a substrate of non-magnetizable material and at least
one of which is magnetisable film, characterised in that
the surface of one of the layers is subjected to
selective energy concentration application to roughen
the surface at least in a treatment area thereof.

The invention also provides a process for
manufacturing magnetic recording media, including the
steps of forming a specular substrate surface on a non-
magnetizable substrate body, the substrate surface being
substantially planar and having a nominal roughness; and
depositing a magnetizable film over the substrate
surface as a layer substantially uniform in thickness
with a recording surface, characterised by concentrating
energy selectively upon a plurality of locations over a

. designated treatment area on either the substrate
surface or the recording surface, to contfollably alter
the topography of the selected surface at each of the
locations spacing the adjacent locations apart from
one another by a distance substantially less than the
length or width of a magnetic transducing head
positionable adjacent the surface of the magnetic f£ilm,
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and recording surface 18 sonetines referred to as the "flying height" of
the head is about 254 (10 mi croinches) or less. Preferably the flying
height is low, to position head 22 as cl ose as possible to the recording
surface 18. The closer the transducing head the nore data can be stored on
di sk 16. As nentioned above, arm 20 noves to position head 22 sel ectively

over the recording surface. Alternativély

and the roughness of the selected surface in the
treatment area being at least twice the nominal
roughness.
preferably, the concentrated energy is pulsed laser
energy, and forms laser marks comprising rounded
depressions in the selected surface at said locations.
with advantage in the case where the
substrate body is a disk, the step of concentrating

energy includes:
(a) rotating the disk at a controlled rotational

velocity;

(b) simultaneously providing pulsed laser energy
at a controlled frequency corresponding to the
rotational velocity to form a first ring comprised of a
series of rounded depressions in the substrate surface;

(c) after forming the ring, displacing the laser
radially relative to the disk;

(d) providing pulsed laser energy at the controlled
frequency while rotating the disk at the rotational velocity
to form another ring comprised of another series of
depressions concentric with the first ring and radially
spaced apart from the first ring by a pitch
corresponding to the amount of laser radial

displacement; and
(e) repeating steps (¢) and (d) to form a selected

number of concentric rings, whereby the treatment area
consists of a designated region in the form of an

annular band.
Preferably, in such case, the width dimension of

the transducer is aligned substantially radially of the
disk, and the band has a width in the radial direction
at least as great as the transducer width. _

Conveniently, the step of concentrating energy is
performed on the substrate.

—_—
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15 a pivoted arm noving, head 22 in an arcuate path, could be used instead
of arm 20 to acconplish substantially the sane result. The radial position
of head 22 is controlled before and after reading and recording 5
operations, as well as during such operations. Mre particularly, during
such operations head 22 while supported on the air bearing is selectively
positioned radially across data storage grea 34 either to record or to
retrieve data at a particular |ocation on the disk. 10 After such

oper ati ons and durlng decel eration of disk
e substrate body may be substantially rigid and

formed of aluminium.

Alternatively, the step of concentrating energy
may include:

(a) moving the substrate at a controlled velocity
in the longitudinal direction;

(b) simultaneously directing a beam of pulsed
laser energy upon the surface at a controlled frequency
to form a first row of depressions;

(c) displacing the beam transversely by a'selected
pitch, and providing the beam of laser energy while
longitudinally moving the substrate, to form a
subsequent row of depressions parallel to the first
‘row; and

(d) repeating step (c) a selected number of times
to form the designated region as a longltudlnal band of
a selected transverse width.

The substrate body may include a layer of a
nickel-phosphorous alloy plated onto a rigid aluminium
body as a layer substantially uniform in thickness, the
treated substrate surface being a surface of the nickel-
phosphorous alloy layer.

The pulsed laser energy may form, at each of said
locations, a rounded central depression extending
inwardly of a nominal surface plane of the selected
surface, and a generally circular and rounded rim
surrounding the central depression and extending
outwardly of the nominal surface plane.

Preferbly the step of concentrating energy
includes selecting locations to distribute the
depressions generally uniformly over the designated area.

Advantageously, the step of concentrating- energy
includes forming the depressions to occupy at least one-
half of the area of the designated region.
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16, arm 20 is noved radially inward to position head 22 directly over head
contact area 32. Thus, by the tine disk 16 has decelerated sufficiently to
permt. the head to engage the upper surface, head 22 already is aligned 15
with the head contact area. Prior to the next recording or retrieval
operation, acceleration of disk 16 fromstop occurs with head 22 initially
engaged with area 32. Arm 20 is not ‘actuated to renove the head radially

fromarea 32 until the head is supported by an air bearing, 20 i.e. free
of_the di sk. Because upper surface 18 df the disk includes

The invention could be defined as a process for
manufacturing a magnetic disk normally operated in
controlled spaced apart relation to a magnetic
transducing head for recording and reading magnetic
data, including the steps of forming a substantially
planar outer substrate surface on a rigid, non-magnetizable
substrate; depositing a non-magnetizable underlayer on
said substrate at a generally uniform thickness to
provide an outer underlayer surface substantlally
parallel to said substrate surface; depositing a
magnetizable film over said non-magnetizable underlayer,
said magnetizable film having a substantially uniform
thickness to provide an outer film surface substantially
parallel to said underlayer surface; forming a non-
magnetizable cover layer over said magnetizable film,
said cover layer having a substantially uniform
thickness to provide an exposed outer cover surface
substantially parallel to said film surface; and
concentrating energy upon multiple locations over a
selected one of said outer surfaces to form a mark
comprising an inwardly extended depression and an
outwardly extended rounded rim surrounding the
depression at each of the locations, thereby to increase
the surface roughness of said selected surface
throughout a selected treatment area thereof from a
nominal value of at most 2.54 nm (0.1 microinches) to an
enhanced va;ue of at least 5.98 nm (0.2 microinches).

Preferably, the selected surface is the substrate
surface, and the steps of depositing the underlayer, the
magnetizable film and the cover layer are performed in
Succession after the step of concentrating energy ‘on the
substrate surface.

Advantageously, the step of concentrating energy
upon the substrate surface includes

This is the replacement sheet
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desi gnat ed data storage and head contact areas, the surface contours or
texture of each area can be fornmed in accordance with its function. Mre
particularly, data 25 storage area 34 preferably is polished or

ot herwi se finished to a highly snooth, specular finish, having a surface
roughness of at nost 2.54 nm (0.1 mcroinch) to permt the desired | ow
flying height for head 22. A further advant age of the specular finish is
that, as conpared to the texturized surface, foreign particles are readily

obser ved, uhi ch SRl thige A8kl s IRPSE Ok aelicthsbia Foughness in this
rotational velocity;

(b) simultaneously directing a pulsed beam of
jaser energy upon said substrate surface to form a
multiplicity of the marks, one mark corresponding to
each of said locations; and

(c) varying the radial position of said substrate
surface to which said laser energy beam is directed.

' From another aspect, the invention provides a

" magnetic recording medium comprising a non-magnetizable
body with a magnetizable film deposited thereover as a
layer of substantially uniform thickness, characterised
in that a specular substrate surface on the body or a
recording surface on the film has a treatment area with
depressions formed at a plurality of locations by
selective energy concentration, the roughness of the
treatment area being at least twice the nominal
roughness of the specular substrate surface.

Preferably, the medium is a disk including a
substantially rigid, non-magnetizable substrate having a
substantially planar substrate surface, said disk
further including a magnetizable film deposited over
said substrate surface as a layer substantially uniform
in thickness, and said disk having an outer surface
having a nominal surface plane and characterised in that
the outer surface includes a plurality of marks, each
comprising a depression extended inwardly of the nominal
plane toward said substrate a distance in the range of
from 12.7 to 254 nm (0.5. to 10 microinches), and a
rounded rim substéntially surrounding each depression
and extended outwardly of the nominal surface plane by a
height of at least 5.08 nm (0.2 microinches), each of
the rims having a diameter in the range of from 0.1 to

5 mils.
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t he height. of the highest peaks above a nom nal horizontal plane of the
surface. - 16 By contrast, head contact area 32 has a roughness of at

| east 12.7 nm (0.5 mcroinches). The increased surface roughness of the
head contact sector in relation to the remai nder of upper surface 18 is
achieved by a 5 controlled texturizigg of the disk during its

Conveniently the outer surface includes a first
area adapted for surface engagement with a magnetic
transducing head, and a second area adapted for storage
of magnetic data, wherein said head during recording and
reading operations is maintained in spaced apart
relation to the second area by an air film generated by
rotation of said disk, and wherein said depression and
rims are formed only throughout the first area. '

Advantageously, the first area has a roughness of
at least 12.7 nm (0.5 microinches) and the second area
has a roughness of at most 2.54 nm (0.1 microinches).

The first area may be an annular band
substantially concentric on a rotational axis of said
disc, and having a radial dimension exceeding the width
of said transducing head.

Adjacent ones of said marks may be spaced apart
from one another by a distance no greater than five
mils.

The depressions and corresponding rims may
comprise at least fifty percent of the surface area of
the first area.

The substrate may include an aluminium body and a
layer of a nickel-phosphorous alloy plated on the body,
with the depressions and rims formed in the nickel-
phosphorous alloy, and the magnetizable film may be
formed over the alloy to replicate the surface contours
of said substrate surface.

A protective cover layer may be deposited on the

.magnetizable film as a layer substantially uniform in
thickness to replicate the surface contours of the
magnetizable film, the outer surface being the exposed
surface of the cover layer. ,

The invention also extends to apparatus including
a rotatable disk, said disk including a non-magnetizable

/
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manuf acture. Di.sc 16 (Figure 2), is formed of a multiplicity of |ayers
i'ncluding a substrate 38, a recording |ayer 52 and a protective cover

54 over the recording layer. 10 Disc 16 is formed first by polishing
grinding or otherw se machining an alum nium substrate disk 38 to provide a

substantially flat upper surface of the ZHbstrate Next, a
ni ckel - phosphorous (N -P) alloy is plated onto the upper surface of the
al um ni um di sk, 15 preferably evenly, to provide a substrate |ayer 40

substantially upi:teade} nathagheeszabeedsi #H0HELpdlited over a
substrate surface of said substrate and having a
subétantially uniform thickness whereby said £ilm
substantially replicates the surface topography of the
‘gubstrate, and a cover layer deposited onto the
magnetizable film and having a substantially uniform
thickness whereby it substantially replicates the
surface topography of the film; and a magnetic
transducing head, and means for supporting said head in
a selected orientation and for generally radial
controlled movement relative to said disk; said
substrate surface having an annular data region with a
surface roughness of at most 5.98 nm (0.2. microinches)
and an adjacent annular second region, said substrate
surface having a nominal surface plane and including
‘throughout said second region a plurality of depressions
extended inwardly of the nominal plane at least 6.35 nm
(0.25 microinches) and ridges adjacent the depressions
and extended outwardly of the nominal plane by a height
of at least 10.16 nm (0.4 microinches) said ridges being
rounded and free of sharp edges. |

Preferably, the second region lies radially
inwardly of the first region.

Advantageously, the second region has a width
radially of said disk in the range of from.l.27 mm to
12.7 mm (0.05 to 0.5 inches).

Conveniently, the depressions and rims are
generally circular, with adjacent depressions spaced

- apart from one another by at most five mils.

The rims may have diameters in the range of from
0.1 to 5.0 mils.

In an embodiment of the invention, the
concentrated energy is provided by a pulsed or timed
laser which forms at each location a rounded central

| ayer
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m crons. Followi ng plating, alloy layer 40 is polished to a roughness of
generally less than 2.54 nm (0.1 mcroinch), for exanple, by a known
silicon carbide 20 grit lapping process. This normally involves a cloth
or paper carrying the grit, and can also involve a liquid slurry containing
grit in conbination with a cloth or paper if desired. Thus the substrate
surface is substantially planar and hagya nom nal roughness. The preferred
stage for the texturizing operation is imediately after polishing and

cl eaning alloy layer 40. Texturizing is acconplished by neans of an
apparatus depression extending inwardly of a nominal surface plane

of the selected surface, and a generally circular and
round rim surrounding the central depression and
extending outwardly of the nominal surface plane. By
rotating the disk at a controlled rate corresponding to

- the pulsed laser frequency, a ring comprising a series
of depressions and rims is formed, with repeated rings
combining to form an annular band. Preferably, the band
is located radially inward of a data reading and
recording area of the magnetizable film. This approach
is particularly advantageous in connection with rigid
disks and flying heads, in which the inner band is
designated as a head contact area and the remaining
surface area is always separated from the head by a
bearing of air.

The substrate can include a rigid aluminium disc
plated or otherwise coated with a layer of a nickel-
phosphorous alloy, in which case the laser treated
locations preferably are formed in the alloy layer but
alternatively can be formed in the aluminium. As
further alternatives, however, the laser marks
including depressions and rims can be formed in any
succeeding layer, e.g. a chromium underlayer, or a
cobalt chromium or cobalt nickel magnetic recording
layer. When the laser marks are formed in the aluminium
or nickel-phosphorous alloy layers, succeeding layers
tend to replicate them.

Laser surface texturizing provides a degree of
control previously unavailable in grit cloth or paper
texturing. The accuracy of the laser enables a precise
'delineation of the texturized area boundaries. The laser
power, pulse length and focussing are variable to
control the size and profile of laser spots or marks.
Finally, the pulse frequency, in conjunction with the
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(Figure 3) .including a spindle 42 for supporting and rotating disk 16, and
| aser 44 supported above

a pul sed nmode Nd- YAG (yytrium al um ni um garnet)
t he di sk.. The |l aser 44 may be supported in a vertical orientation (as
may be tilted away

shown) by structure (not shown) of the apparatus, or
fromthe vertical. The structure also enables controlled stepw se novenent

of the | aser 44 17 12

rotation or other relative translation of the disk, can
pe controlled to determine the spacing among adjacent
parks. The rotund or rounded nature of the laser marks
improves the degree of control in the topography of the
magnetic :ecording medium, dramatically to improve wear
characteristics, in particular as measured by Css
(contact start-stop) testing in conjunction with
measuring the coefficient of friction and self-excited
head-gimbal vibration energy. The high degree of control
of the pulsed laser produced depressions and rims
allows the flying height of the transducing head to be
reduced, even over the designated treatment area.
Restricting the treatment area only to a specific
landing zone allows the recording areas to be extremely
smooth, thus to allow further reduction in head flying
height in the recording areas, resulting in improved
recording density.

Further in accordance with the present invention,
the process can be applied to a flexible magnetic disc,
tape or other medium in which the recording surface is
generally in contact with the transducing head at all
times, and thus the designated treatment area is
substantially all the recording surface. While
controlled texturizing of flexible discs is not
considered as critical as it is with rigid disks, the
rounded marks nonetheless can provide an overéll surface
texture with reduced friction and improved head and disk
wear characteristics. In a contact recording 3ystem such
as this, the controlled, rounded marks can be used to
control head/disk spacing while reducing friction and
’ wear. 1In connection with rigid as well as flexible

disks, the generally circular depressions and
surrounding rims are believed further to reduce
frictional wear by acting as areas of collection for

d | o
Sheet Has Beenllmldce This is the replacement sheat

T e 1 00T




radlally of the disk. The laser 44 is directed towards the disk generating
a puhsed l-aser beam 46 sel ectively focussed on the upper surface 48 of N -P
| ayer: 40: Laser 44 is an ESI nodel 44 laser trimmng systemavailable 5
from,ESI, Inc. of Portland, Oregon, United States of Anerica. Laser 44 is
fired at a selected frequency into the disk while spindle 42 and disk 16
rotat.e. The apparatus is used to proviq§ a controlled, strictly delineated
head contact area 32, conprising 10 ss than ten percent of the surface
area of the surface 18. The area 32 forns an annul ar band having a width in

debris and any lubricant coated onto the disk.

How the invention can be carried into effect is
hereinafter particularly described with reference to the
accompanying drawings, in which:

Figure 1 is a plan view of a rotatable rigid

- magnetic recording disk formed in accordance with the
present invention, and a transducing head supported
generally for movement radially of the disk;

Figure 2 is an enlarged partial sectional view of

" the magnetic disk and head of Figure 1;

Figure 3 is a schematic view of an apparatus for
controllably texturizing the disk in Figure 1 to provide a
head contact area;

Figure 4 is a substantially enlarged perspective
view of a laser mark formed in the surface;

Figure 5 is a schematic view of the profile of the
laser mark;

Figure 6 is a perspective view similar to that of
Figure 4, showing part of the transducing head contact
area;

Figure 7 is a perspective view similar to that in
Figure 6 showing an alternative surface texture;

Figure 8 is a schematic view showing a profile of
a mechanically textured surface; and

Figures 9 and 10 are charts illustrating
comparative coefficients of friction and self-excited
head/gimbal energy, respectively, for surfaces
texturized in accordance with the present invention as
compared to conventionally texturized surfaces.

A rigid magnetic disk 16 (Figures 1 and 2)
constitutes a data recording medium, is rotatable about
a vertical axis and has a substantially planar and
horizontal upper surface 18. A transducing head support
arm 20 forms part of a carriage assembly (not shown) and
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the radial di-rection at |east as great as the width of the head 22. A
sal i ent feature of the present invention is the 15 consi stent, uniform
texture- over the entire head contact area. In achieving uniformty, two

| evel s of “control are involved: a micro |evel concerned with individual

| aser marks or spots, and a macro |evel concerning the pattern or
arrangenent of nultiple | aser spots. The nature of 20 t he i ndi vi dual

| aser spots is controlled primarily by thd4intensity or peak energy at
which |aser 44 is fired, and the duration of each firing, i.e. the pulse

wi dt h. ijs supported for linear reciprocation radially of the
disk 16. A magnetic transducing head or slider 22 is
supported by arm 20 by means of a head suspension 24,
for movement relative to the disk with the arm.
suspension 24 does not support the head 22 rigidly
relative to the arm, but allows for gimballing action of
the head, i.e. limited vertical travel and limited
rotation about pitch and roll axes.

At the centre of disk 16 is an opening 26 to
accommodate a vertical spindle of a disk drive (not
shown) used to rotate the disk. Between opening 26 and
an outer circumferential edge 28 of the disc, upper
surface 18 is divided into three annular sectors: a
radially inward sector 30 used principally for clamping
the disk with respect to the spindle, a head contact
region or area or band 32, and a data storage region or
area 34. )

Whenever disk 16 is at rest, or rotating but at a
speed substantially below its normal operating range,
head 22 is in contact with upper surface 18. But when
the disk rotates at least near its operating range, an
"air bearing" is formed by air flowing between head
22 and upper surface 18 in the direction of disk
rotation, which supports the head in parallel spaced
apart relation to the recording surface. Typically the
distance between a planar bottom surface 36 of head 22
and recording surface 18 sometimes referred to as the
"flying height" of the head is about 254 (10 microinches) or
less. Preferably the flying height is low, to position
head 22 as close as possible to the recording surface
18. The closer the transducing head the more data can
be stored on disk 16.

As mentioned above, arm 20 moves to position head
22 selectively over the recording surface. Alternatively
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Sonewhat secondary added factors include the way in which beam 46 is
focussed, "and the angle of approach. The vertical direction of the beam
upon horizontal 25 substrate surface 48 (Figure 3) i.e. an approach angle
of 90;degrees, yi el ds substantially circular spots, while an inclined

angl e, e.g. 45 degrees, would yield sonewhat elliptical or oblong spots. As
for the pattern or arrangenent of spots, the primary control factors
|nclude t he frequency of repeated flrlkgs | aser 44, the speed of disk

a pivoted arm moving, head 22 in an arcuate path, could
pe used instead of arm 20 to accomplish substantially
the same result. The radial position of head 22 is
controlled before and after reading and recording
perations, as well as during such operations. More
partlcularly, durlng such operations head 22 while
supported on the air bearing is selectively positioned
radially across data storage area 34 either to record or
to retrieve data at a particular location on the disk.
After such operations and during deceleration of disk
16, arm 20 is moved radially inward to position head 22
diréctly over head contact area 32. Thus, by the time
disk 16 has decelerated sufficiently to permit the head
to engage the upper surface, head 22 already is aligned
with the head contact area. Prior to the next recording
-or retrieval operation, acceleration of disk 16 from
stop occurs with head 22 initially engaged with area 32.
Arm 20 is not actuated to remove the head radially from
area 32 until the head is supported by an air bearing,
i.e. free of the disk.

Because upper surface 18 of the disk includes
designated data storage and head contact areas, the
surface contours or texture of each area can be formed
in accordance with its function. More particularly, data
storage area 34 preferably is polished or otherwise
finished to a highly smooth, specular finish, having a
surface roughness of at most 2.54 nm (0.1 microinch) to
‘permit the desired low flying height for head 22. A
‘further advantage of the specular finish is that, as
compared to the texturized surface, foreign particles
are readily observed, which simplifies optical
inspection of disk 16. Roughness in this context means
the height of the highest peaks above a nominal
horizontal plane of the surface.
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rotation,

and_the anount of radi al
texturizing approach is to orient

stepping of the | aser. One preferred
| aser 44 vertically (Figure 3) and to

maintain it stationary while rotating disk 16 and firing the laser at a

sel ected frequency,
provi de a sel ected di stance between consecutive spots.

t he di§k

coordinated with the disk 5 rotational velocity to
A single rotation of

16

By contrast, head contact area 32 has a roughness
of at least 12.7 nm (0.5 microinches). The increased
surface roughness of the head contact sector in relation
to the remainder of upper surface 18 is achieved by a
controlled texturizing of the disk during its
manufacture.

Disc 16 (Figure 2), is formed of a multiplicity
of layers including a substrate 38, a recording layer 52
and a protective cover layer 54 over the recording layer.
Disc 16 is formed first by polishing grinding or
otherwise machining an aluminium substrate disk 38 to
provide a substantially flat upper surface of the
substrate. Next, a nickel-phosphorous (Ni-P) alloy is
plated onto the upper surface of the aluminium disk,
preferably evenly, to provide a substrate layer 40
substantially uniform in thickness, e.g. about 10
microns. Following plating, alloy layer 40 is polished.
to a roughness of generally less than 2.54 nm (0.1
microinch), for example, by a known silicon carbide
grit lapping process. This normally involves a cloth or
paper carrying the grit, and can also involve a liquid
slurry containing grit in combination with a cloth or
paper if desired. Thus the substrate surface is
substantially planar and has a nominal roughness.

The preferred stage for the texturizing operation
is immediately afte; polishing and cleaning alloy layer
40. Texturizing is accomplished by means of an apparatus

- (Figure 3) including a spindle 42 for supporting and

rotating disk 16, and a pulsed mode NA-YAG (yytrium
aluminium garnet) laser 44 supported above the disk. The
laser 44 may be supported in a vertical orientation (as
shown) by structure (not shown) of the apparatué, or may
be tilted away from the vertical. The structure also
enables controlled stepwise movement of the laser 44
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results in a ring of such spots concentric with central opening 26. Next,
and with its

vertical 10 orientation maintained, fired at the predeterm ned frequency

|'aser 44 is-displaced radially by a desired inter-ring pitch

and phase relative to disk rotation. These steps are repeated

plurality .of concentric rings of |aser spots formhead contact area 32 as
I mes 15

an annul ar band of a width substantially equal to the pitch ti

until a

t he

nunber

of

rings. Wth the nickel - phosphgrous alloy Iayer 40 thus

sel ectively texturized, the remaining Nayers 50, 52 and

radiallY of the disk. The laser 44 is directed towards
che disk generating a pulsed laser beam 46 selectively
focussed on the upper surface 48 of Ni-P layer 40. Laser
44 is an ESI model 44 laser trimming system available
grom ESI, Inc. of Portland, Oregon, United States of
america. Laser 44 is fired at a selected frequency into
the disk while spindle 42 and disk 16 rotate.

The apparatus is used to provide a controlled,
strictly delineated head contact area 32, comprising
less than ten percent of the surface area of the surface
18. The area 32 forms an annular band having a width in
the radial direction at least as great as the width of
the head 22. . '

A salient feature of the present invention is the
consistent, uniform texture over the entire head contact

. area. In achieving uniformity, two levels of control are

involved: a micro level concerned with individual laser
marks or spots, and a macro level concerning the pattern
or arrangement of multiple laser spots. The nature of
the individual laser spots is controlled primarily by
_the intensity or peak energy at which laser 44 is fired,
and'the duration of each firing, i.e. the pulse width.
Somewhat secondary'addéd factors include the way in
which beam 46 is focussed, and the angle of approach.
The vertical direction of the beam upon horizontal
substrate surface 48 (Figure 3) i.e. an approach angle
-of 90 degrees, yields substantially circular spots,
while an inclined angle, e.g. 45 degrees, would yield
somewhat elliptical or oblong spots.

As for the pattern or arrangement of spots, the
primary control factors include the frequency of-
repeated firings of laser 44, the speed of disk
rotation, and the amount of radial stepping of the
laser.

This Sheet Has Been R laced This is the replacement sheet

Date: 10 OCT _\1898



54 (Figure 2) are applied, preferably by vacuum deposition, to conplete
di sk 16. Layer 50 of chrome at -a 20 t hi ckness of about 100 nm (1, 000
angstroms) is sputter deposited onto the upper surface of the nickel -
phosphorous alloy 40, to provide an underlayer for the recording | ayer 52.
Layer 52, which can be a cobalt nickel alloy, a cobalt chrom umalloy or
the like, is 25 sputtered onto the chromum | ayer to a thickness of
about 50 to 70 nm (500 to 700 angstrons). Protective |ayer 54, for exanple
carbon, is deposited onto the recordi i | ayer 52 at a thickness of about 30

nm'( 300

One preferred texturizing approach is to orient
laser 44 vertically (Figure 3) and to maintain it
stationary while rotating disk 16 and firing the laser
at a selected frequency, coordinated with the disk
rotational velocity to provide a selected distance
petween consscutive spots. A single rotation of the disk
results in a ring of such spots concentric with central
opening 26. Next, laser 44 is displaced radially by a
desired inter-ring pitch, and with its vertical

" orientation maintained, fired at the predetermined
frequency and phase relative to disk rotation. These
steps are repeated until a plurality of concentric rings
of laser spots form head contact area 32 as an annular
band of a width substantially equal to the pitch times
the number of rings.

With the nickel-phosphorous alloy layer 40 thus
selectively texturized, the remaining layers 50, 52 and
54 (Figure 2) are applied, preferably by vacuum
deposition, to complete disk 16. Layer 50 of chrome at a
thickness of about 100 mm (1,000 angstroms) is sputter
deposited onto the upper surface of the nickel-
phosphorous alloy 40, to provide an underlayer for the
recording layer 52. Layer 52, which can be a cobalt
nickel alloy, a cobalt chromium alloy or the like, is
sputtered onto the chromium layer to a thickness of
about 50 to 70 nm (500 to 700 angstroms). Protective
layer 54, for example carbon, is deposited onto the
recording layer 52 at a thickness of about 30 nm (300
angstroms). Each of the layers is of substantially
uniform thickness and replicates the surface contours of
the surface of the layer bélow it. ’

Process parameters primarily controlling size and
shape of individual laser spots are the peak energy or
intensity, and pulse duration, with the angle of
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angstrons). Each of the layers is of substantially uniformthickness and
replicdtes the surface contours of the surface of the layer belowit.
Process paraneters primarily controlling size and shape of individual |aser
spots are the peak energy or intensity, and pul se duration, with the angle
of 19 approach and focus also contributing to the size and

19

approach and focus also contributing to the size and
shape of any discontinuity. A typical spot formed by
laser 44 when vertically oriented is shown in Figure 4
and represented in profile in Figure 5 as a single laser
crater or spot 56. Crater 56 is a combination of two
departures from a specular surface plane 58 (Figure 5)
which can be considered the nominal plane of substrate
surface 48, in this case the upper surface of nickel-
phosphoroué alloy layer 40. The first of these
departures is a central depression or pit 60, with the
other being a substantially circular rim or ridge 62
surrounding the pit. The height h (Figure 5) of rim 62
above nominal surface plane 58 is preferably in the
range of from 12.7 to 20.32 nm (0.5 to 0.8 microinches)
although a head contact area 32 in which rim heights h
slightly exceed 25.4 nm (1 microinch) can still perform
satisfactorily. The depth 4 (Figure 5) of pit 60 below
plane 58 is typically about twice the rim height h,
that is 25.4 to 40.64 nm (1 to 1.67 microinches). Thus
the preferred surface roughness h of head contact area
32 is within a range of from 12.7 to 25.4 nm (0.5 to 1.0
microinches). The diameter D of crater 56, which is
equivalent to the diameter of rim 62, usually is in the
range of 0.1 to 4.0 mils.

The process parameters mentioned above can be
varied to influence dimensions D, d and h. The rim
height h is considered the most critical, and varies
‘with peak power over a preferred range from about 0.1
kilowatts to about 5 kilowatts. The optimum peak power
can of course vary with the particular laser employed,
as well as the nature of the surface being textu;ized.
However, in connection with nickel-phosphorous layer 40,
it has been found advantageous to operate toward the low
end of the 0.1 to 5 kilowatt range, just above a point at
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shape of any discontinuity. A typical spot formed by | aser 44 when
Vertrcally-oriented I's shown in Figure 4 and represented in profile in
Figure 5 as a single laser 5 crater or spot 56. Crater 56 is a

combi nation of two departures froma specular surface plane 58 (Figure 5)
whi ch can be considered the nom nal plane of substrate surface 48, in this
case the upper surface of nickel- phosggorous alloy layer 40. The first of
t hese 10 departures is a central depfréssion or pit 60, with the other
being a substantially circular rimor ridge 62 surrounding the pit. The

hei ght h (Fsaucle meloingi drélrs,

Depth d of pit 60, while not as critical as the
height h of rim 62, nonethless serves a useful purpose,
namely the entrapment and collection of media fragments,
head fragments or other debris generated due to
head/disk contact. Further, in connection with
fluorocarbon lubricant coatings with tendencies toward
liquid behaviour, the central depressions retain the
lubricant coating when the disc is stopped. However, it
is believed that as the disk begins spinning, the
lubricant ténds to travel upwardly out of the
depressions and cover the rims, thus reducing dynamic
friction in the head contact area.

Another useful feature of the invention is the
rounded nature of the contours forming the pit and rim,

"with the rounded rims in particular contributing to
substantially enhanced friction and wear characteristics
over the long term. The rounded contours are believed to
result from the flow of material due to surface tension
forces while the material is cooling and returning to
the solid from the liquid state. When beam 46 is fired
upon the upper surface of nickel-phosphorous layer 40,
the alloy absorbs heat which initially is concentrated
in what later becomes the pit. Heat is rapidly
dissipated in all directions radially away from the
centre, principally by conduction. Near the centre, the
amount of heat is sufficient momentarily to melt the
alloy. The .alloy soon cools and solidifies, but not
before material is drawn outwardly away from the spot
centre to form the central depression as well as the
surrounding rim, apparently due to surface tension. The
rounded contours are substantially and measurably more
resistant to wear from contact with the transducing
head.
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surface plane 58 is preferably in the range of from12.7 to
al t hough a head contact area 32 in
perform

above nom nal
20.32 nm{0.5 to 0.8 mcroinches) 15
which rimheights h slightly exceed 25.4 nm (1 mi-croinch) can stil

satisfactorily. The depth d (Figure 5) of pit 60 bel ow plane 58 is
typically about twice the rimheight h, that is 25.4 to 40.64 nm (1 to 1.67
Thus 20 the preferred surface roughness h of head contact

m cr oi nches).
area 32 is within a range of from12.7 2b 25.4 nm (0.5 to 1.0 nicroinches).
The diameter D of crater 56, which is equivalent to the diameter of rim 62,
usually is in the To control the macro texture, i.e. the pattern or

arrangement of spots, it has been found satisfactory to

rotate disc 16 at a rate of from about 10 to about 100

rpm, whilst controlling the Q switching rate of laser 44

for a firing frequency over a range of about 5 to about

20 kHz. A satisfactory pitch or inter-ring spacing

ranges from about 0.25 to 4.0 mlls, while a preferred

range is from 0.5 to 1.0 mils.

BY using parameters chosen within these ranges, a
desired result is shown in Figure 6 as an enlarged
portion of head contact area 32. The spacing between
adjacent spots in the radial direction (pitch), and the
circumferential spacing between adjacent spots, are
approximately equal to and can even be less than the
average spot diameter of about 1 mil. The result is a
substantially uniform, continuous texture comprised
almost entirely of central depressions and raised rims
about the depressions. The depressions are preferably
distributed to occupy at least one half of the area of
the designated treatment region. The following are
examples within the prescribed texturizing parameter
ranges.

Example 1:

An aluminium rigid disk, having a diameter of
203.2 mm (8 inches) and a thickness of 1.905 mm (0.075
inches) was plated with a nlcxel—phosphorous alloy to a
thickness of about 0.01016 mm (400 microinches). The
laser was operated in the fundamental mode (designated
TEM ) and a current of 16.5 mllllamperes was applied to
the laser, to generate peak power of 0.2. kilowatts. The
Q switching rate of the laser was maintained at 12
kilohertz, with a pulse duration of about 100
nanoseconds, while the disk was rotated at a rate of 25
rpm. The result was a circumferential ring in which
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range of 0.1 to 4.0 mls. 25 The process paraneters nmenti oned
above can be varied to influence dinensions D, d and h. The rimheight his
considered the nost criti'cal, and varies with peak power over a preferred
range fromabout 0.1 kilowatts to about 5 kilowatts. The optinmum peak power
can of course vary with the particular |aser enployed, 30 as well as the
nature of the surface being texturized. However, in connection with

ni ckel - phosphorous | ayer 40, it has begﬂzfound advant ageous to operate

toward the | ow

adjacent laser spots nearly touched one another, spaced
apart by a distance approximatély equal to the average
spot- diameter. After each revolution of the disk, laser
44 was stepped or translated radially of the disk by a
pitch of 0.8 mils. 200 concentric rings were formed,
creating an annular head sector or band with a width in
the radial direction, of 160 mils. Individual spots in
the band were observed using a phase shifting '
inferferometer in the form of a WYKO-3D surface
profilometer available from WYKO Corporation of Tucson,
Arizona, United States of America. The typical and
predominant laser spot had a rim or ridge extending
from about 12.7 to 20.32 nm (0.5 to 0.8 microinches)
above the nominal surface, and a central depression with
a depth of about 25.4 to 50.8 nm (1.0 to 2.0
microinches) below the nominal surface plane. The
average spot diameter was 0.8 mils.

Example 2:

A nickel-phosphorous alloy was plated onto an
aluminium disk as in Example 1, and texturized as in
Example 1 except that laser 44 was powered by a current
of 17.5 milliamperes. The resulting spots had rims or
ridges from about 25.4 to 50.8 nm (1.0 to 2.0
microinches) above the nominal surface, with depressions
of about 101.6 to 127 nm (4.0 to 5.0 microinches) below
the nominal surface, with an inter-track pitch of 0.8
mils.

Example 3:

A nickel phosphorous layer was plated onto an
aluminium disc and texturized as in Example 1, except
that laser 44 was powered by a current of 17.5
milliamperes, and the inter-track pitch was 1.0 mil. The
Spot structure was similar to that in Example 2.
Example 4.
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end of 'the 0.1 to 5 kilowatt range, just -above a point at 20 whi ch
nelting occurs. Depth d of pit 60, while not as critical as the height h of
rime62, nonethless serves a useful purpose, nanely the entrapnent and
collectlon of media fragments, 5 head fragnents or other debris
generated due to head/ di sk contact. Further, in connection with

23

A nickel phosphorous layer was plated onto an
aluminium rigid disk and texturized as in Example 1,
except that the inter-track pitch was reduced to 0.5
mils and the total width of the area was 150 mils.
‘Adjacent spots touched one another, with typical spots
having ridges raised about 15.24 nm (0.6 microinches)
and central depression depths of about 30.48 nm (1.2
microinches).

While the generally circular spot configuration is

' obtained with a vertically or perpendicularly oriented
laser beam, the laser beam may be directed onto disc 16
at an inclined angle, e.g. 45 degrees from the
horizontal. The result is an elongation of each spot
into an elliptical or oval shape. When the beam ié tilted
yet maintained in a vertical plane containing the disk
radius, and when_the disk rotational speed and firing
frequency are matched to provide a circumferential
distance between spots approximating the spot diameter,
the result is a circumferential ring of édjacent,
elongated spots 64 as on a substrate 66 (Figure 7).

It is to be appreciated that the control
parameters can be varied to provide alternatives to the
previously discussed patterns, e.gq. by varying the
inter-track pitch so that it increases in the radially
outward direction, by staggering adjacent rings so that
Spots in each ring correspond to regions between spots
in next adjacent rings, by random arrangement of spots,
and by arrangements in which the laser peak power or
spot frequency is'progressively decreased for radially
outward rings in order progressively to decrease
roughness in the radially outward direction in the head

contact band. | :

The laser is used to concentrate energy

selectively upon a plurality of locations over a
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fl uorocarbon |ubricant coatings with tendencies toward |iquid behaviour,
the central depressions retain the |ubricant coating when the disc is

st opped. However, it 10 is believed that as the di sk begins spinning, the
| ubricant tends to travel upwardly out of the depressions and cover the
rims, thus reducing dynamc friction in the head contact area. Another
useful feature of the invention is the rounded nature of the contours
forming the pit and rim with the rounded4ins in particular contributing
to substantially enhanced friction and wear characteristics

treatment area. This controllably alters the topography
of the surface at each location. Adjacent locations are
spaced apart from one another by a distance
substantially less than the length or width of a
magnetic transducing head. The roughness of the
texturized surface is at least twice the nominal
roughness of the specular polished substrate surface.

Figure 8 shows a substrate 63 with a mechanically
textured substrate surface. Depending upon the size of
grit selected and the nature of the paper or cioth
supporting the grit, the substrate surface can be
textured to a selected roughness to provide a head
qontact sector dedicated to contact with the transducing
head. In sharp contrast to the profiles shown in
Figures 4 to 7, however, Figure.s reveals that the
surface of substrate 63 has an acicular topography
charcteristic of mechanical texturing. The textured
surface includes peaks 65 and indentations or valleys
67, irregular in height and depth and characterized by
steep slopes and pointed edges or ends.

Furthermore, the pointed edges are areas of stress
concentration due to the cutting action of the grit.
Consequently, the tips of the highest peaks are
susceptible to being broken away when contacted by a
transducing head moving relative to the substrate. An
upper tip 69 of one of the peaks has been broken away to
leave a more planar, though not necessarily horizontal,

" upper surface 71.

Once the tips have been broken away from a
multiplicity of such Peaks, two problems arise, both of
which hamper the long term reliability of the recording
System. First, the multiplicity of generally fl;t,
surfaces like surface 71 (rather than the original
pPointed tips) increases the overall area of surface
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over the long term The rounded contours are believed to result fromthe

fl ow of material due to surface tension 20
cooling and returning to the solid fromthe liquid state.
fired upon the upper surface of nickel
absorbs heat which initially is concentrated in what

Heat is rapidly 25
principally by conducti on.

centre,

forces while the material is
When beam 46 is

- phosphorous | ayer 40, the all oy
| ater becones the pit.

dissipated in all directions radially away fromthe
Near2fhe centre, the anount of heat is

sufficient nmonentarily to nelt the alloy. The alloy soon cools and
solidifies,
Bt with the transducing head, increasing the

stiction and friction problems (commonly referred to as
friction build-up). Secondly, the broken away tips tend
to adhere to the transducing head as they break away,

build up in valleys 67 and expose the magnetic layer in

_peak regions for possible corrosion sites, or remain

free as particulate contaminate, in any case reducing
the reliability of the recording system.

The charts in Figures 9 and 10 represent
comparisons of mechanically textured disks with disks
texturized by a laser in accordance with the present
invention. More particularly, mechanically textured
disks and laser texturized disks were compared both |
initially and at various stages of contact start-stop
testing. All disks were provided with 30 nm (300

‘angstroms) thick protective layer of sputtered carbon.

Actual test results would appear as a series of vertical
bars indicating ranges. The lines shown represent a
series of midpoints of such vertical bars.

All the disks initially had a coefficient of friction
of about 0.25 (Figure 9) in the case of mechanically
textured disks, represented by the broken line 68, the
coefficient of friction was well above 1.0 after 3,000
contact start-stop cycles, and was close to 2.0 after
about 10,000 cycles. In conrast, the coefficient of
friction for the laser texturized disks remained at
about 0.25, as indicated by solid line 70. As the
coefficient of friction is the principal indicator of
wear to the head and head contact surface of the disk,
the results demonstrate a surprising durability in the
head contact area when texturized in accordance with the
present invention. .

The comparison of mechanically textured and laser
texturized disks over numerous contact start-stop cycles
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before material is drawn outwardly away fromthe spot 30 centre to form
the central depression as well as the surrounding rim apparently due to
surface tension. The rounded contours are substantially and neasurably nore
resistant to wear fromcontact with the transduci ng head. 21 To contro

the macro texture, i.e. the pattern or

26
P
shown in Figure 10, concerns the envelope of self-
excited head gimbal arm vibration. The self-excited
head/gimbal arm vibration energy is defined as the
energy spent at the head/disk interface from the time
the head overcomes the stiction force to free leing
- during the start-stop testing. It is measured
by integrating the strain experienced by the head arm,
measured here by a capacitance probe, over the '
aforementioned time period. This value, measured as the
transducing head takes off from the head contact area
when the disk is being accelerated from stop, predicts
future wear to the head and head contact region of the
disk. As seen from a comparison of broken line 72
representing results from mechanically textured disks
and solid line 74 representing results from laser
texturized disks, the mechanically textured discs
initially exhibited a lower reading, but surpassed the
laser texturized disks well before 5,000 contact start-
stop cycles, and thereafter remained above the laser
texturized disks. Again, a substantially longer useful
life is indicated for both heads and disk contact
surfaces, when such surfaces are texturized to provide
smooth, rounded éontours in accordance with the present
invention.

Further, as the tests from which Figures 9 and 10
derive, it was found that not only are the average
values for coefficient of friction and envelope of self-
excited head/gimbal arm vibration improved in the case
of laser texturized disks, but that ranges of these
values remain substantially uniform over numerous
contact start-stop cycles, indicating that laser,
texturizing leads to a more reliable head/disk
interface. By contrast, in the case of mechanically
textured disks, the range of values widens as the number
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arrangepent of spots, it has been found satisfactory to rotate disc 16 at a
rate of | from about 10 to about 100 rpm whilst controlling the Q swi tching
rate of laser 44 for a firing frequency over a range of about 5 to about 20
kHz. A satisfactory pitch or inter-ring spacing ranges from about 6.35 to
102 pm-(0O. 25 to 4.0 mls), while preferred range is from12.7 to 25.4 jam
(0.5 to 1.0 mls). By using paraneters sen within these ranges, a 10
desired result is shown in Figure 6 as an enlarged portion of head contact

area 32. The spacing between adjacent spots in the radial direction
(pitch), and9fhgontact start-stop cycles increases, i.e. the

aforementioned vertical bars indicating ranges becomes
longer.

While the preferred embodiments of the invention
contemplate a rigid disk in which the transducing head
during reading and recording operations is spaced apart
‘from the disk by an air bearing, flexible media can
likewise be texturized in accordance with the present
invention. The pPrincipal difference is that a flexible
disk or tape remains in contact with the transducing
head at all times, and thus substantially the entire
surface of such disk, rather than a limited head contact
band, is texturized. :

In the case of tape, the latter is moved
longitudinally and the laser forms parallel rows ~f
depressions until the derived transverse width of
designated treatment area is achieved.

Thus, whether media texturized in accordance with
the present invention is flexible or rigid, a
substantial and Surprising increase in durability is
achieved, measurable pPrincipally in its ability to
maintain a relatively low coefficient of friction even

| after numerous contact start-stop cycles, e.g. 10,000
or more. It is believed that the smooth, rounded
contours of the surface discontinuities are a major
contributing factor to increased durability. A further
factor is the improved control of the texturizing
process, yielding a high degree of uniformity in surface
roughness throughout the specially texturized surface.
The laser is a preferred device for the controlled
texturizing, but other alternatives, for example
photolithography, plating or etching to achieve smooth
and rounded contours, may be employed to texturize
surface areas in accordance with the present invention.
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circunferential spacing between adjacent spots, are approximately equal to
and can even be less than the 15 average spot dianeter of about 1 ml.
The result is a substantially uniform continuous texture conprised al nost
entirely of central depressions and raised rins about the depressions. The
depressions are preferably distributed to occupy at |east one half of the
area of 20 the designated treatnent region. The foll ow ng are exanpl es
within the prescribed texturizing parageter ranges. Exanple 1

In connection with rigid disks and flying heads,
the present invention affords the added advantage of
provding a surface area dedicated to contact with the
transducing head during accelerations, decelerations and
with the disk at rest. Substantially all the remaining
disk surface area can have a specular'finish ideally
suited for reading and recording data.

. It will be appreciated that the texturizing

operation may take place at a different stage of the

" manufacturing process, for example, after the |
magnetizable film has been deposited on the substrate
surface. As each deposited layers is of substantially
uniform thickness, each replicates the surface contours
of the surface on which it is deposited, so that the
texturizing can be effected at any stage.
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An alum niumrigid disk, having a dianeter of 203.2 nm (8 inches) and a

thi ckness of 1.905 nm (0.075 25 inches) was plated with a

ni ckel - phosphorous alloy to a thickness of about 0.01016 nm (400
m croi.nches). The | aser was operated in the fundanental__node (designatbd

TEM ) and a current of 16.5 mllianperes was applied to the | aser,
gener ate peak power of 0.2. kilowatts. The 30 Q swit cHi
was nei ntained at 12 kil ohertz, mﬁth_ggpulse duration H

CLAIMS

1. A process for manufacturing magnetic

i

recording media, including a plurality of layers, at
least one of which is a substrate of non-magnetizable
material and at least one of which is magnetizable film,
characterised in that the surface of one of the layers

is subjected to selective energy concentration

application to roughen the surface at least in a

treatment area thereof.

2. A process for manufacturing magnetic
recording media, including the steps of forming a

specular substrate surface (48) on a non-magnetizable

substrate body, said substrate surface being

substantially planar and having a nominal roughness; and
depositing a magnetizable film (52) over said_substrate
surface as a layer substantially uniform in thickness
with a recording surface, characterised by concentrating
energy selectively upon a plurality of locations over a
treatment area (32) on a selected one of said substrate
surface and recording surface, to controllably alter the

topography of the selected surface at each of the

locations, adjacent locations being spaced apart from
one another by a distance substantially less than the

length or width of a magnetic transducing head

positionable adjacent the surface of the magnetic

film (52), and the roughness of said selected surface
in the treatment area being at least twice said nominal

roughness.

3. A process as claimed in claim 2, wherein the
substrate body is a disk, characterised in that the step

of concentrating energy includes:

(a) rotating the disk at a controlled

rotational velocity;
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nanoseconds, while the disk was rotated at a rate of 25 rpm The result was .
a circunferential ring in which 22 adj acent | aser. spots near | y--t ouched :
one "anot her, spaced apart by a di stance approxi nmately eq 0 th ve&age
spot diameter. After each revolution of the disk, | asdp or
translated radially of the disk by a 5 pitch of 20. 3 Is)
200 concentric rings were forned,

30

(b) simultaneously providing pulsed laser energy
at a controlled frequency corresponding to the
rotational velocity to form a first ring comprised of a
series of rounded depressions (56) in the substrate
surface;

(¢) after forming the ring, displacing the laser
radially relative to the disk; '

(d) providing pulsed laser energy at the
controlled frequency while rotating the disk at the
rotational velocity to form another ring comprised of
another series of depressions concentric with the first
ring and radially spéced apart from the first ring by a
pitch corresponding to the amount of laser radial
displacement; and

(e) repeating steps (c) and (d) to form a selected

" number of concentric rings, whereby the treatment area
consists of a designated region in the form of an
"annular band.

4, A process as claimed in claim 2 characterised in
i that the step of concentrating energy includes:

(a) moving the substrate at a controlled velocity
in the longitudinal direction;

(b) simultaneously directing a beam of pulsed
laser energy upon the surface at a controlled frequency
to form a first row of depressions;

(c) displacing the beam transversely by a selected
pitch, and providing the beam of laser energy while
longitudinally moving the substrate, to form a
subsequent row of depressions parallel to the first row;
and |

(&) repeating step (c) a selected number of times
to form the designated region as a longitudinal band of
a selected transverse width.

5. A process as claimed in claim 1, 2, 3 or 4
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creating an annul ar head sector or band with a width in the radi al
direction, of 160 mls. Individual spots in the band were observed-using a

phase shifting inferferoneter in the formof a WKO 3D, surface 10

profilometer avail able from WKO Cor poration of Tucsor eenReplaced,

States of America. The typical and predom nant | aser 551 i ul r.
above

ri dge extending fromabout 12.7 to 20.32 nm (0.5 to O.
the npm nal surface, and a central deprgssion with 15 a depth of about
25.4 t0 50.8 nm (1.0 to 2.0 mcroinches) bel ow the nom nal surface plane.

The
wherein the substrate body includes a layer (40) of a

nickel-phosphorous alloy plated onto a rigid aluminium
body- as a layer substantially uniform in thickness, the
treated substrate surface being a surface of the nickel-
phosphorous alloy layer (40).

6. A process as claimed in claim 1, 2, 3, 4 or
3, including depositing a protective cover layer over
said magnetizable film, said cover layer having a
substantially uniform thickness and replicating the
surface contours of said magnetizable film. |

7. A process as claimed in any preceding claim
including depositing a non-magnetizable underlayer (50)
on the substrate surface prior to depositing the
magnetizable film (52) over the substrate surface,

the non-magnetizable underlayer having a substantially
uniform thickness and replicating the surface contours of
the substrate surface.

8. A magnetic recording medium comprising a non-
magnetizable body with a magnetizable f£ilm deposited
thereover as a layer of substantially uniform thickness,
characterised in that a specular substrate surface on
the body or a recording surface on the film has a
treatment area with depressions formed at a plurality of
locations by selective energy concentration, the
roughness of the treatment area being at least twice the
nominal roughness of the specular substrate surface.

9. A medium as claimed in claim 8, in which the
medium is a disk including a substantially rigid, non-
magnetizable substrate having a substantially planar
substrate surface, said disk further including a
magnetizable film deposited over said substrate surface
as a layer substantially uniform in thickness, and said
disk having an outer surface having a nominal surface
plane; characterised in that the outer surface includes
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average spot dianmeter was 20.3 [err] (0.8 mls). Exanple 2: A

ni ckel

- phosphorous all oy was plated onto an 20 alumniumdisk as in

Exanple 1, and texturized as in Exanple 1 except that |aser 44 was powered
by a.current of 17.5 mllianperes. The resulting spots had rinms or ridges
fromabout 25.4 to 50.8 nm (1.0 to 2.0 microinches) above the nom nal
surface, with depressions 25 - of about 101.6 to 127 nm (4.0 to 5.0

m croi nches) bel ow the nom nal surface, with an inter-track pitch of 20.3

[err]

(0.8. mils).
32

a plurality of marks, each comprising a depression
extended inwardly of the nominal plane toward said
substrate a distance in the range of from 12.7 to 254 nm
(0.5 to 10 microinches), and a rounded rim substantially
surrounding each depression and extended outwardly of
the nominal surface plane by a height of at least 5.08
nm (0.2 microinches), each of the rims having a diameter
in the range of from 0.1 to 5 mils. '
10. A medium as claimed in claim 9, wherein the
outer surface includes a first area adapted for surface
engagement with a magnetic transducing head, and a
second area adapted for storage of magnetic data,
wherein said head during recording and reading
operations is maintained in spaced apart relation to the
second area by an air film generated by rotation of said
disk, and wherein said depressions and rims are formed
only throughout the first area.

This Sheet Has Been Rep

RN D i

R This s the roplacement sheet

Date: 1 0 OCT 180§



Exanple 3: A nickel
disc and texturized as in Exanple 1, except that

current of 17.5 m |l i anperes,

ml). The spot structure was simlar to that

phosphorous |ayer was plated onto an 30

and the inter-track pitch was 25.4 [err]

33

ABSTRACT

MAGNETIC RECORDING MEDIA AND PROCESSES FOR
MANUFACTURE THEREOF

A magnetic recording disk (16) is controllably
texturized, over areas designated for contact with a
data transducing head. The process includes polishing

an aluminium, nickel-phosphorous substrate to a specular

finish, then rotating the disk while directing a beam
(46) of pulsed laser energy from a laser (44) over a
limited portion of the radius, thus forming an annular
head contact band (32) while leaving the. remainder of
the surface 48 specular. The band is formed of multiple
individual laser spots, each with a central depression
surrounded by a substantially circular raised rim. The
depth of the depressions and height of the rims are
controlled primarily by laser power and firing pulse
duration. The shape of individual laser spots can be
altered by varying the laser beam inclination relative
to the disk surface. The smooth, rounded contours of the
depressions and surrounding rims, as compared to the
acicular character of mechanically textured surfaces, is
a prlmary factor contributing to substantially increased
durability of laser texturized media.
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A ni clkel phosphorous |ayer was plated onto an al um nium rigid di sk~ and
texturized as in Exanple 1, except that the inter-track pit/g shRbrdsBek aced
to 12.7 [err] (0.5 mls) and the total width of the area was

mls). 5 Adj acent spots touched one another, with typi cal mm‘m

ri dges rai sed about 15.24 nm (0.6 microinches) and central

dept hs of about 30.48 nm (1.2 mcroincties). Wile the general I y circul ar.
spot configuration is 10 obtained with a vertically or perpendicularly
oriented | aser beam the |aser beam nay be directed onto disc 16

2{0
\ 54 . - l 11X A 10384 1908 |ITI'
50 \ ANEANEAN \\ \ L2 —52
Ryt —s0 2 FIG.2
S—38
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at an inclined angle, e.g. 45 degrees fromthe horizontal. The result s an
el ongation of each spot into an elliptical or oval shape n the bean1|s
tilted yet maintained in a vertical plane containing the dh ed
when the disk rotational speed and firing frequency are nat H

a circunferential distance between spots apprOX|nat|ng t he

the result is a circunferential ring of gdjacent eIongated spots 64
as on a substrate 66 (Figure 7). It is tb be appreC|ated that the control
paranmeters can be varied to provide alternatives to the

PRIOR ART

FIG.8
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previously discussed patterns, e.g. by varying the inter track-piteh-so -
that it increases in the radially outward direction, 153§19e?ﬂasr19eex?€é acent
rings so that spots in each ring correspond to reglons b

next adj acent rings, by random arrangenent of spots, and mul m
which the | aser peak power or spot frequency is progressi JL for

radially outward rings in order progressively to decrease 30 roughness in
the radially outward direction in t+8 head contact band.
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The Iéser I's used to concentrate energy sel e¢ti VvVeEyi NOBWENTPS Bisty'mﬁ
| ocations over a 24 treatnment area. This (omtgggct.@g&y ,geﬁ

t opography of the surface at each |ocation. Ad
apart from one another by a distance substanti y

width of a5 magneti c transduci ng head. Trecyﬂgg
1

MAGNETIC RECORDING MEDIA AND
PROCESSES FOR MANUFACTURING THEREOF

‘The present invention relates to magnetic
recording media and processes for manufacture thereof.
) Magnetic disks and disk drives are well known for
10 their utility in storing'data in magnetizable form. The
( drives typically employ one or more disks rotated on '
central axis, in combination with data transducing heads
positioned in close proximity to the recording surfaces
of the disks and moved generally radially with respect
15 to the disks. Generally these devices are of two kinds.
The first uses flexible or "floppy" disks, with
associated transducing heads contacting the recording
surfaces at all times. The second type employs rigid
disks rotated at much higher speeds than flexible disks.
20 The transducing heads, dﬁring reading and recording
operations, are maintained at a controlled distance from
the recording Surface, supported on a "bearing" of air
as the disk rotates. The transducing heads contact
(: their associated recording surfaces whenever the disks
25 are stationary;'when they accelerate from a stop, and
during deceleration just before coming to a complete
stop.
While all such magnetic recording devices
experience at least some wear, the problem is
30 particularly serious for the rigid disks and associated
heads. This is due in part to the stricter design
tolerances associated with rigid disks and heads,
arising from the ever-present challenge of increasing
the density of data stored on disk recording surfaces.
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texturized surface is at

pol i shed substrate surface. Figure 8 shows a substrate 63 with a

mechani cal |y textured substrate surface.

Dependi ng upon the size of 10

grit selected and the nature of the paper or cloth supporting the.grit,
substrate surface can be textured to a &el ected roughness to provide a head

contact sector dedicated to contact with the transduci ng head.
Figures 4 to 7, however, Figure 8

In sharp

trast to_th fil
Co st L ort e ERns iR dhad rable cauting reading and OrRepRBing

reveal s tha¥

5

10
¢

15

20
¢,

opergtions to maintain each transducing head as close to
its associated recording surface as possible, i.e. to
minimize the "flying” height of the head. A smooth,
Speculap recording surface is thus preferred, as well as
a smooth opposing surface of the associatea transducing
head. This permits closer proximity of the head to the
disk and more predictable and consistent behaviour of
the air bearing supporting the head.

However, if the head surface and recordin§ surface
are too flat, the precision match of these surfaces
gives rise to excessive stiction and friction during the

start up and stopplng of the disk causing wear to the

head and recording surface which can lead eventually to
a head crash.

In recognition of this difficulty, the recording
surfaces of magnetic disks often are intentionally
roughened to reduce the head/disc friction. 1In
particular, a rigid disk may be formed with an aluminium
substrate polished flat and plated with a nickel-
phosphorous alloy. The alloy is polished to a
substantially specular finish, e.g. to a roughness of
less than 2.54 nm (0.1 mictoinch). The disk is then
rotated between opposed pressure pads or rollers which
support a cloth or paper coated with silicon carbide
(8iC) or other suitable grit of a size predetermined to
yYield roughness peaks of about 25.4 nm (1 microinch).
Peaks thus created tend to be jagged and have sharp
edges, and are difficult to control in size, form and
location as these factors depend largely upon the nature
of the grit and the direction which the disc moves
relative to the pressure pads or rollers.

In US-A-4,698,251, a polishing paper is applied to
magnetic disks to form circumferential scratch marks
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charcteristic of nmechanical texturing. The textured surface includes peaks
65.and i ndentations or val | eys 67, irregular in height and depth and
characterized by 20 steep sl opes and poi nted edges or ends. Furthernore,
the pointed edges are areas of stress concentration due to the cutting
action of the grit. Consequently, the tips of the highest peaks are
susceptible to being broken away when cgntacted by a 25 t ransduci ng head
noving relative to the substrate. An upper tip 69 of one of the peaks has

been br ofg¥ing Wepths drdre /0002 t610. ¢ micAsR into! the Hikke BhosphbFois Aol fajtd doafeat 2/ -
onto an aluminium substrate. Following polishing, a chromium layer and a cobalt nickel
magnetic layer are formed on the disk. In another embodiment, a nickel phosphorous
layer is.deposited onto an aluminium substrate, scratches are formed in the nickel-
phosphorous layer, then a cobalt-phosphorous magnetic layer is deposited on the nickel-
phosphorous layer.

As an alternative to using grit paper or cloth, US-A-4,326,229 discloses a
protective film layer for covering a smooth recording medium layer of a magnetic disk. _

( To form the protective coating, a solvent is applied in a spin coating process to form a
~ film with radially extending sinusoidal jogs or undulations to increase surface roughness,
which is said to reduce head wear.

Whilst each of the above approaches can be satisfactory under certain _
circumstances, all require compromise between the competing goals of reduced head/disk
friction and minimum transducer flying height, and none affords the desired amount of
control over surface texture.

EP-A-0 344 759 refers to the use of a laser light source for forming optical servo
tracks in the data recording surface of a magnetic disk. There is no suggestion that one

¢ might want to roughen or otherwise treat an area other than the data storage regions.

JP-A-54-23508 discloses the use of a laser to form a contact start/stop zone on a

disk. There is no disclosure of the use of pulsed radiant energy for forming the contact

start/stop zone.

JP-A-1229419 which is reflected in the preambles of claims 1 and 15 discloses
the uses of pulsed radiation to produce an uneven surface on a magnetic recording
medium. The unevenness is produced on the data storage portion of the recording
medium.

The present invention seeks to provide a magnetic recording medium in which
peaks and indentations forming surface roughness are of a controlled size and shape for
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upper surface 71. Once the tips have been broken away froma 30

mul tiplicity of such peaks, two problens arise, both of which hanper the
long termreliability of.the recording system First, the multiplicity of

generally flat surfaces like surface 71 (rather than the original

tips) increases the overall area. of surface 25
substantially reduced flying height, improved recording density, and improved

transducing head and disk wear characteristics.

poi nt ed",

The invention also seeks to provide a process for controlling the texture of a

strictly delineated portion of a magnetic disk recording surface while providing a

specular finish on the remainder of the recording surface.

The invention further seeks to provide a process for controllably forming the

surface texture of a magnetic data recording disk through control of the size and spacing

between generally circular individual discontinuities providing texture.

( -From another aspect the invention seeks to provide a magnetic recording disk

areas exhibit substantially enhanced friction and wear characteristics.

with designated surface areas for contact with data transducing heads, which designated

According to one aspect of the present invention, there is provided a process for

manufacturing a magnetic recording medium of the type having a data storage region

over which a transducing head flies, and a head contact region for the magnetic

transducing head during periods of acceleration, deceleration and non-movement of the

recording medium relative to the transducing head, the process including forming a

plurality of layers at least one of which is a substrate of non-magnetizable material, and

at least one of which is a magnetizable film; with one of the layers defining an outer

surface of the medium; and subjecting the surface of one of the layers to radiant energy

in a treatment area to roughen the surface of said one layer at least in said treatment area

thereof so that said outer surface of the recording medium has a rough surface portion

due to said subjecting of the surface thereby forming the head contact region, another

portion of the outer surface of the recording medium being the data storage region and

having a smooth surface; characterised in that the radiant energy is pulsed selectively

upon a plurality of locations of the treatment area to form at each of said locations a

mark extended outwardly from a nominal surface plane of the layer to which radiant

energy is applied by a height in the range of 5.08 to 50.8 nm (0.2 to 2 microinches),
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contact with the transducing head, increasing the st iction and fri ction

probl enms (commonly referred to as friction build-up). Secondly,

t he broken

away tips tend to adhere to the transducing head as they break away, 5
build up in valleys 67 and expose the nmagnetic |ayer in peak regions for
possible corrosion sites, or remain fréd@ as particul ate contaminate, in any
case reduci,ng the reliability of the recording system The charts in

Fi gures QAVARS|a fipmeter @age of 294 tocZiemi(@dnte HmilRdcandhbeing fseetafshamped di sks

W th di sgfgegexturi zed by a laser in accordance with the present

According to another aspect of the present invention, there is provided a magnetic

recording medium comprising a plurality of Iayers;-af least one of which is a substrate of

non-magnetizable material, and at least one of which is a magnetizable film, one of the

layers defining an outer surface of the recording medium roughened by radiant energy

applied to a treatment area to form upon the outer surface a rough surface portion,

providing a head contact region for a magnetic transducing head during periods of

( acceleration, deceleration and non-movement of the recording medium relative to the

transducing head, another portion of the outer surface of the recording medium being for

the storage of data and having a smooth surface over which, in use, the transducer head .

flies; characterised in that the radiant energy is pulsed selectively upon a plurality of

locations over a treatment area of one of said layers, forming at each of said locations a

mark extended outwardly from a nominal surface plane of the layer to which radiant

energy is applied by a height in the range of 5.08 to 50.8 nm (0.2 to 2 microinches),

having a diameter in the range of 2.54 to 127 um (0.1 to 5 mils) and being rounded and

free of sharp edges.

-
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I nvention. Mre particularly, mechanically textured di sks and | aser
texturized disks were conpared both initially and at various stages of
contact start-stop 15 testing. Al disks were provided with 30 nm (300
angstrons) thick protective |ayer of sputtered carbon. Actual test results
woul d appear as a series of vertical bdars indicating ranges. The |lines
shown represent a series of mdpoints of such vertical bars. 20

Al'l the disks initially had a coefficient of friction of about 0.25 (Figure

9) i the case ofyPChamcaldy SEXY o dhR SurESREREY B Bt i by oker

twice the nominal roughness of the data storage portion.

.. Preferably, the concentrated energy is pulsed laser
5 - energy; and forms laser marks cbmprising rounded
depressions in the selected surface at said locations.

With adﬁantage in the case where the
substrate body is a disk, the step of concentrating
energy includes: '

10 (a) rotating the disk at a controlled rotational
velocity;
{ - (b) simultaneously providing pulsed laser energy
at a controlled frequency corresponding to the
{ rotational velocity to form a first ring comprised of a
series of rounded depressions in the substrate surface;

(c) after forming the ring, displacing the laser
radially relative to the disk; _

(d) providing pulsed laser energy at the controlled
frequency while rotating the disk at the rotational velocity
to form another ring comprised of another series of
depressions concentric with the first ring and radially
spaced apart from the first ring by a pitch
corresponding to the amount of laser radial

20

) displacement; and .
{ (e) repeating steps (c) and (d) to form a selected

( 25 number of concentric rings, whereby the treatment area
consists of a designated region in the form of an
annular band. _

Ereférably, in such case, the width dimension of
the transducer is aligned substantially radially of the

.30 disk, and the band has a width in the radial direction

at least as great as the transducer width.
Conveniently, the step of concentrating energy is
performed -on the substrate.
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coefficient of friction was well above 1.0 after 3,000 contact start-stop
cycles, ‘and was close to 2.Q after about 10,000 cycles. In contrast, the
coeffi-cient of friction for the |aser texturized di sks remai ned at about
0.25, as indicated by solid line 70. the coefficient of frictionis the
principal indicator of wear to the head and head contact surface of the -
di sk, 30 the results denonstrate a surprising durability in the head

contact area wherheesubstzedd rb&?fQﬁ%@n?ﬁséiriﬁgtstﬁiaﬁ%%gji@v%d on. The

conpari son_of chanigally textured a
np formgs o] a&umi ium.

Alternatively, the step of concentrating energy
~ may include: :
5 - - (a) méving the substrate at a controlled veldcity
in the longitudinal direction; |

(b) simultaneously directing-a beam of pulsed
laser energy upon the surface at a controlled frequency
to form a first row of depressions;

(c) displacing the beam transversely by a selected
pitch, and providing the beam of laser energy while
longitudinally moving the substrate, to form a
subsequent row of depressions parallel to the first

10

row; and

(d) repeating step (c) a selected number of times
to form the designated region as a longitudinal band of
a selected transverse width.

The substrate body may include a layer of a
nickel-phosphorous alloy plated onto a rigid aluminium
body as a layer substantially uniform in thickness, the
selected surface being a surface of the nickel-

15

20

phosphorous alloy layer.

The pulsed laser energy may form, at each of said
locations, a rounded central depression extending
b 25 inwardly of a nominal surface plane of the selected

surface, and a generally circular and rounded rim
surrounding the central depression and extending
outwardly of the nominal surface plane.

Preferably the step of concentrating energy
includes selecting locations to distribute the
depressions generally uniformly over the designated area.

Advantageously, the step of.concentrating energy
includes forming the depressions to occupy at least one-
half of the area of the designated region. '

30
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texturized di sks over nunerous contact start-stop cycles 26 shown in
Figure 10, concerns the envel ope of self- excited head gi nbal arm

vi bration. The self-excited head/ginmbal armvibration energy is defined as
t he energy spent at the head/disk interface fromthe tine 5 t he head
overcones the stiction force to free flying during the start-stop testing.
It is neasured

. Preferably, the selected surface is the substrate
surface, and the steps of depositing the underlayer,.the
magnetizable film and the cover layer are pefformed in
succession after the step of concentrating energy on the
substrate surface. :

Advantageously, the step of concentrating energy
upon the substrate surface includes

30
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by ‘i ntegrating the strain experienced by the head arm neasured here by a
capaci'tance probe, over the aforementioned time period. This val ue,
nmeasured as the 10 transduci ng head takes off fromthe head contact area
when the disk is being accelerated fromstop, predicts future wear to the
head and head contact region of the disk. As seen froma conparison of
broken line 72 representing results from nmechanically textured disks 15
.and solid line 74 representing results fromlaser texturized disks, the
mechanically textured discs initially e&hibited a | ower reading, but

sur passed the

(a) rotating the disk at a predetermined rotational velocity;

(b)  simultaneously directing a pulsed beam of laser energy upon said substrate
surface to form a multiplicity of the marks, one mark corresponding to each of said
locations; and

(c)  varying the radial position of said substrate surface to which said laser
energy beam is directed.

A magnetic recording medium may be provided with a non-magnetizable body
with a magnetizable film deposited thereover as a layer of substantially uniform
thickness, characterised in that a specular substrate surface on the body or a recording
surface on the film has a treatment area with depressions formed at a plurality of
locations by selective energy concentration, the roughness of the treatment area being at
least twice the nominal roughness of the specular substrate surface.

| Preferably, the medium is a disk including é substantially ﬁgid, non-magnetizable
substrate having a substantially planar substrate surface, said disk further including a
magnetizable film deposited over said substrate surface as a layer substantially uniform
in thickness, and said disk having an outer surface having a nominal surface plane and
characterised in that the outer surface includes a plurality of marks, each comprising a
depression extended inwardly of the nominal plane toward said substrate a distance in the
range of from 12.7 to 254 nm (0.5 to 10 microinches), and a rounded rim substantially
surrounding each depression and extended outwardly of the nominal surface plane by a

height of at least 5.08 nm (0.2 microinches), each of the rims having a diameter in the

range of from 2.54 to 127 um (01. to 5 mils).
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| aser fexturized disks well before 5,000 contact start- stop cycles, and
thereafter remai ned above the |aser 20 texturized disks. Again, a
substantially | onger useful life is indicated for both heads and di sk

contact.surfaces, when such surfaces are texturized to provide snooth,
rounded contours in accordance with the present invention. 25

Further, as the tests fromwhich Figures 9 and 10 derive, it was found that
not only are the average val ues for coe5f|0|ent of ‘friction and envel ope of
sel f- excited head/ginbal armvibration”inproved in the case

Conveniently the outer surface includes a first
area adapted for surface engagement with a magnetic
transducing head, and a second area adapted for storage
of magnetic data, wherein said head during recording and

5 - reading operations is maintained in spaced apart
relation to the second area by an air film generated by
rotation of said disk, and wherein said depression and
rims are formed only throughout the first area. '

Advantageously, the first area has a roughness of

( 10 at least 12.7 nm (0.5 microinches) and the second area
has a roughness of at most 2.54 nm (0.1 microinches).
The first area may be an annular band
substantially concentric on a rotational axis of said
disc, and having a radial dimension exceeding the width
of said transducing head. '

13 Adjacent ones of said marks may be spaced apart
from one another by a distance no greater than five
mils. .

The depressions and corresponding rims may
20 comprise at least fifty percent of the.surface area of

the first area.
( The substrate may include an aluminium body and a
layer of a nickel-phosphorous alloy plated on the body,
with the -depressions and rims formed in the nickel-
phosphorous alloy, and the magnetizable film may be
formed over the alloy to replicate the surface contours
of said substrate surface.

3 protective cover layer may be deposited on the
magnetizable film as a layer substantially uniform in
thickness to replicate the surface contours of the
30 magnetizable film, the outer surface being the exposed

surf;ce of the cover layer. |

25
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of laser texturized disks, but that ranges of these 30 val ues remain
substantially uniformover nunerous contact start-stop cycles, indicating

that |aser texturizing leads to a nore reliable head/disk interface.
contrast, in the case of nechanically textured disks, the range of val ues

By

wi dens as the nunber 27 of contact skt@rt-stop cycles increases, i.e.

af orenenti oned vertical bars indicating

- Preferably, the sécond region lies radiéllf
inwardly of the first region. |
Advantageously, the second region has a width

25 12.7 mm (0.05 to 0.5 inches).

Conveniently, the depressions and rims are
generally circular, with adjacent depressions épaced
apart from one another by at most five mils.

30 The rims may have diameters in the range of from

2.54 to 127 ym (0.1 to 5.0 mils), :
In an embodiment of the invention, the

concentrated energy is provided by a pulsed or timed
laser which forms at each location a rounded central

radially of said disk in the range of from 1.27 mm to

t he
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ranges. becomes | onger. Thus, whether nedia texturized in accordance wth
the present invention is flexible or rigid, a substantial and surprising
increase in durability is achieved, measurable principally in its ability
to maintain a relatively | ow coefficient,of friction even after nunerous
contact start-stop cycles, e.g. 10,000 of“nore. It is believed that the
snoot h, rounded contours of the surface discontinuities are a ngjor

contributimg&éﬁ&égsidhiéﬁf@@@@ﬁgduxag+k19yozA fqﬁhﬁﬁglf@%fﬁéféﬂﬁﬂga
i nproved control, _.of t uri zLng proces eg ee o

unlforn1ty||9%nj?%d%§$% ST AT BDURR tatﬁsn§6éér¥IF&-F&%ﬁﬁl
surface. The dtawel rin syrsdend by deve Ceehdral hdepeassabhednidext uri zi ng

extending outwardly of the nominal surface plane. By
rotating the disk at a controlled rate correspoﬁding-td
the pulsed laser frequency, a ring comprising a series
of depressions and rims is formed, with repeated rings
combining to form an annular band. Preferably, the band
is located radially inward of a data reading and
recording area of the magnetizable film. This approach
: is particularly advantageous in connection with rigid
( disks and flying heads, in which the inner band -is '
designated as a head contact area and the remaining
surface area is always separated from the head by a

Ut

10

bearing cf air.

15
’ The substrate can include a rigid aluminium disc
- plated or otherwise coated with a layer of a nickel-
. phosphorous allby, in which case the laser-treated
locations preferably are formed in the alloy layer but
20 alterna;ively can be formed in the aluminium. As

further alternatives, however, the laser marks
including depressions and rims can be formed in any
succeeding layer, e.g. a chromium underlayer, or a
( cobalt chromium or cobalt nickel magnetic recording

25 layer. When the laser marks are formed in the aluminium

or nickel-phosphorous alloy layers, succeeding layers

tend to replicate them. o . |

Laser surface textur121ng provzdes a degree of
control prev10usly unavailable in grit cloth or paper
texturing. The accuracy of the laser enables a precise
delineation of the texturized area boundaries. The laser
power, pulse length and focussing are variable to
control the size and profile of laser spots or marks.
Finally, the pulse frequency, in conjunction with the

30
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28 I n connection with rigid disks and flying heads, the present invention
af fords the added advantage of provding a surface area dedi cated to contact
with the transducing head during accel erations, decelerations and with the
disk at rest. Substantially all the remai ning disk surface area can have a
specular finish ideally suited for readilr'bg and recording data. It will be ’
appreci ated that the texturizing

rotation or other relative translation of the disk, can be -controlled to determine the
spacing among adjacent marks. The rotund or rounded nature of the laser marks
improves the degree of control in the topography of the magnetic recording medium,
dramatically to improve wear charaéteﬁstic’s, ih particular as measured by CSS (contéct
start-stop) testing in conjunction with measuring the coefficient of friction and self-
excited head-gimbal vibration energy. The high degree of control of the pulsed laser
produced depressions and rims allows the flying height of the transducing head to be
reduced, even over the designated treatment area. Restricting the treatment area only to
( a specific landing zone allows the recording areas to be extremely smooth, thus to allow
further reduction in head flying height in the recording areas, resulting in improved
recording density. |
In connection with rigid as well as flexible disks, the generally circular
depressions and surrounding rims are believed further to reduce frictional wear by acting

as areas of collection for
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operation may take place at a different stage of the 10 manuf act uri ng
process,. for exanple, after the magnetizable film has been deposited on the
substrate surface. As each deposited layers is of substantially uniform

t hi ckness,

each replicates the surface contours of the surface on which it

is deposited, so that the 15 texturizid® can be effected at any stage. 20

25 30

10

15

20

25

30

debris and any lubricant coated onto the disk.

How the invention can be carried into effect is
hereinafter particularly described with reference to the
accompanyiqg drawings, in which:

Figure 1 is a plan view of a rotatable figid
magnetic recording disk formed in accordance with the
present invention, and a transducing head supported
generally for movement radially of the disk;

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

_ Figure 3 is a schematic view of an apparatus for
controllably texturizing the disk in Figure 1 to provide a
head contact area; '

Figure 4 is a substantially enlarged perspectivé
view of a2 laser mark formed in the surface;

Figure 5 is a schematic view of the profile of the
laser mark;

Figure 6 is a perspeétive view similar to that of
Figure 4, showing part of the transducing head contact
area;

Figure 7 is a perspective view similar to that in
Figure 6 showing an alternative surface texture;

Figure 8 is a schematic view showing a profile of
a mechanically textured surface; and.

Figures 9 and 10 are charts illustrating
comparative coefficients of friction and self-excited
head/gimbal energy, respectively, for surfaces
texturized in accordénce with the present invention as
compared to conventionally texturized surfaces.

A rigid magnetic disk 16 (Figures 1 and 2)
constitutes a data recording medium, is rotatable about
a vertical axis and has a substantially planar and
horizontal upper surface 18. A transducing head support
arm 20 forms part of a carriage assembly (not shown) and
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29F CLA| M5 1. A process for manufacturing a nmagnetic recordi ng nmedi um
(16) of the type having a data storage region (34) over which a transduci ng
head (22) flies, and a head contact region for the magnetic transducing - - -
head (22) during periods of acceleration, decel eration and non-novenent of
the recording mediumrelative to the trak#duci ng head, the process
including formng a plurality of |ayers (38,40,50,52,54) at | east one of

of which is SSo8aRRPrsal 2ok Linesn Takinrosat tont Rediajive ofelthe ng an
outer surfac@igk4}b6ef Ahmagnetic transducing head or slider 22 is
supported by arm 20 by means of a head suspension 24,
for movement relative to the disk with the arm.

5 Suspension 24 does not support the head 22 rigidly
relative to the arm, but allows for gimballing action of
the head, i.e. limited vertical travel and limited
rotation about pitch and roll axes.

At the centre of disk 16 is an opening 26 to
accommodate a vertical spindle of a disk drive.(not
( shown) used to rotate the disk. Between opening 26 and

an outer circumferential edge 28 of the disc, upper
surface 18 is divided into three annular sectors: a
radially inward sector 30 used principally for clamping

the disk with respect to the spindle, a head contact

10

15
region or area or band 32, and a data storage region or
area 34.
Whenever disk 16 is at rest, or rotating but at a
speed substantially below its normal operating range,
20 head 22 is in contact with upper surface 18. But when

the disk rotates at least near its operating range, an
"air bearing" is formed by air flowing between head

22 and upper surface 18 in the direction of disk

( rotation, which supports the head in parallel spaced

25 - apart relation to the recording surface. Typically the

distance between a planar bottom surface 36 of head 22
and recording surface 18 sometimes referred to as the
"flyipg height" of the head is about 254 (10 microinches) or
less. Preferably the flying height is low, to position

30 head 22 as close as possible to the recording surface

18. The closer the transducing head the more data can

be stored on disk 16.
As mentioned above, arm 20 moves to position head
22 selectively over the recording surface. Alternatively
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medi umy and subjecting the surface of one of the |ayers to radi ant energy
in a treatnment area to roughen the surface of said one layer at least in
said treatnent are thereof so that said outer surface (54) of the recording
medi um (16) has a rough surface portion (32) due to said subjecting of the
surface thereby formng the head contactliegion, anot her portion (34) of
the outer surface of the recordi ng nedi um being the data storage regi on and

havi ng a snogt . ce,. . C acterised i, that_ the radiant_ ener Lg pul sed
sel ectively %p§ﬁ§§E%?u§§FiH§%3 gPoéﬁF%b%?(ﬁntqﬂa??%%ﬁﬁ%n?aﬁﬂeaggﬂiaorn1at
each of sai de@osaeflohnsiendr kfearan@dd teutavaraipl isnsubsoantaaliyr f ace

Fange of 5. 0810 D8 n (0.2 Te 2 operoradaar ok ned 2R Mange of
2.54 to 127 T%?FP?%?@ g]s STk PSR aft@mhaerdineand ere¥ditlges.

5 operations, as well as during such operations. More
‘particularly, during such operations head 22 while
supported on the air bearing is selectively positioned
radially across data storage area 34 either to record or
to retrieve data at a particular location on the disk.
After such operations and during deceleration of disk
16, arm 20 is moved radially inward to position head 22
directly over head contact area 32. Thus, by the time
disk 16 has decelerated sufficiently to permit the head
to engage the upper surface, head 22 already is aligned
with the head contact area. Prior to the next recording
or retrieval operation, acceleration of disk 16 from
Stop occurs with head 22 initially engaged with area 32.
Arm 20 is not actuated to remove the head radially from
area 32 until the head is supported by an air bearing,
i.e. free of the disk.

Because upper surface 18 of the disk includes
designated data storage and head contact areas, the
surface contours or texture of each area can be formed
( in accordance with its function. More particularly, data

storage area 34 preferably is polished or otherwise

10

15

20

‘ 25 finished to a highly smooth, specular finish, having a
surface roughness of at most 2.54 nm (0.1 micrqinch) to
permit the desired low flying height for head 22. A
further advantage of the specular finish is that, as
30 compared to the texturized surface, foreign particles

are readily observed, which simplifies optical
inspection of disk 16. Roughness in this context means
the height of the highest peaks above a nominal
horizontal plane of the surface.
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2., A process as clainmed in claim1 further conprising: formng a
specul ar surface (48) on said non-nmagneti zabl e substrate (38, 40), said
substrate surface being substantially planar and having a nom nal
roughness; depositing said magneti zable film (52) over said substrate
surface (48) with a substantially unifofgnthickness; and said subjecting
the surface conprises concentrating the radi ant energy upon said - 30-
plurality of |ocations over said treatnent area on a sel ected surface of

one of said substBpt€ontrast, head contact area 32 has a roughness
of at least 12.7 nm (0.5 microinches). The increased
surface roughness of the head contact sector in relation
to the remainder of upper surface 18 is achieved by a
5 controlled texturizing of the disk during its
manufacture.
Disc 16 (Figure 2), is formed of a multiplicity
of layers including a substrate 38, a recording layer 5;
and a protective cover layer 54 over the recording layer.
10 Disc 16 is formed first by polishing grinding or
{ otherwise machining an aluminium substrate disk 38 to
provide a substantially flat upper surface of the
substrate. Next, a nickel-phosphorous (Ni-P) alloy is
plated onto the upper surface of the aluminium disk,
preferably evenly, to provide a substrate layer 40

13 substantially uniform in thickness, e.g. about 10
microns. Following plating, alloy layer 40 is polished
to a roughness of generally less than 2.54 nm (0.1
microinch), for example, by a known silicon carbide

20 grit lapping process. This normally involves a cloth or

paper carrying the grit, and can also involve a liquid
slurry containing grit in combination with a cloth or
' paper if desired. Thus the substrate surface is

.( substantially planar and has a nominal roughness.

The preferred stage for the texturizing operation
is immediately after polishing and cleaning alloy layer
40. Texturizing is accomplished by means of an apparatus
(Figure 3) including a spindle 42 for supporting and
rotating disk 16, and a pulsed mode NA-YAG (yytrium
aluminium garnet) laser 44 supported above the disk. The
30 laser 44 may be supported in a vertical orientation (as
shown) by structure (not shown) of the apparatus, or may
be tilted away from the vertical. The structure also
enables controlled stepwise movement of the laser 44

25
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(38,40) and said film(52), to controllably alter the topography of the
sél ected surface at each of the |locations, so that the roughness of said
sel ected surface throughout said treatnent area is at |east tw ce said

nom nal roughness, the data storage portion (34) being formed with said
nom nal roughness. 3. A process as clghmed in claim1l or 2, in which

sai d subjecting the surface conprises applying | aser energy. 4. A
process as claimed in claim3, in which said pul sed | aser energy forns at

each of sai d dasbiatilnsof aheUDIsE. OPRE M 8hsdePuas 3is08 i raRdk dBX LoRfl itk
gener al 1y ci 10 AL FHIRIE" g Bbged i ASEAAPRAM HE SeREHLYsH essi on
(60) and ext efmuﬁgiamtqmrtﬁq_uﬁpei’@umeal 48ucfawe-pl Aager540. LAgYTOCESS
as ¢l ai ;ﬂ;d |01 Bt E I UL PR faSUP) EELRAING sHRRURLAGT YT UDeS
5 from ESI, Inc. of Portland, Oregon, United States of
America. Laser 44 is fired at a selected frequency into
the disk while spindle 42 and disk 16 rotate.
The apparatus is used to provide a controlled,

strictly delineated head contact area 32, comprising
10 less than ten percent of the surface area of the surface
18. The area 32 forms an annular band having a width in
the radial direction at least as great as the width of
the head 22. '

A salient feature of the present invention is the
consistent, uniform texture over the entire head contact

15
area. In achieving uniformity, two levels of control are
involved: a micro level concerned with individual laser
marks or spots, and'a macro level concerning the pattern
or arrangement of multiple laser spots. The nature of

20 the individual laser spots is controlled primarily by

the intensity or peak energy at which laser 44 is fired,
and the duration of each firing, i.e. the pulse width.
Somewhat secondary'added factors include the way in

(' which beam 46 is focussed, and the angle of approach.
The vertical direction of the beam upon horizontal "

25 substrate surface 48 (Figure 3) i.e. an approach angle
of 90 degrees, yields substantially circular spots,
while an inclined angle, e.g. 45 degrees, would yield
somewhat elliptical or oblong spots.

30 As for the pattern or arrangement of spots, the

primary control factors include the frequency of
repeated firings of laser 44, the speed of disk
rotation, and the amount of radial stepping of the
laser. '
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said locations to distribute the depressions (60) generally unifornly over
the treatnent area. 6.. A process as claimed in claim4 or 5, in which
concentrating energy further includes form ng said depressions (60) over at
| east one-half of the treatnment area. 7. A process as clained in any one
of claims 1 to 6, in which said treatnmentggarea conprises |less than ten

as
ercent of the surface area of the selected surface. 8. A process
Elained in any one of clains 4 to 6 or in claim7 when dependent on any one

of claims 4 to 6, |0ne\mzefehneaubsktai-@zﬁa% é@;bﬂo%c?h dCed 16 ieqd said

he di sc at a
subj ecting t f o] I ses ating t
con{rolled rgggﬁgén ve od£¥i1§ g?igFﬁﬁlgén %f ?&Ps% d pul sed

| aser energy fIQ@g@mmg disk 16 and firzng the laser
at a selected frequency, coordinated with the disk

5 rotational velocity to provide a selected distance
between consecutive spots. A single rotation of the disk
results in a ring of such spots concentric with central
opening 26. Next, laser 44 is displaced radially by a
desired inter-ring pitch, and with its vertical
orientation maintained, fired at the predetermined
- frequency and phase relative to disk rotation. These.

) steps are repéated until a plurality of concentric rings
of laser spots form head contact area 32 as an annular
band of a width substantially equal to the pitch times
the number of rings.

With the nickel-phosphorous alloy layer 40 thus
selectively texturized, the remaining layers 50, 52 and
54 (Figure 2) are applied, preferably by vacuum
deposition, to complete disk 16. Layer 50 of chrome at a
thickness of about 100 mm (1,000 angstroms) is sputter
deposited onto the upper surface of the nickel-
phosphorous alloy 40, to provide an underlayer for the
recording layer 52. Layer 52, which can be a cobalt
nickel alloy, a cobalt chromium alloy or the like, is
sputtered onto the chromium layer to a thickness of
about 50 to 70 nm (500 to 700 angstroms). Protective
layer 54, for example carbon, is deposited onto the
recording layer 52 at a thickness of about 30 nm (300
‘angstroms). Each of the layers is of substantially
uniform thickness and replicates the surface contours of
the surface of the layer below it.

Process parameters primarily controlling size and
shape of individual laser Spots are the peak energy or
intensity, and pulse duration; with the angle of
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-31- corresponding to the rotational
conprising a series of said rounded depressions;

radially relative to the disc;

velocity to forma first ring :
(c) displacing said |aser
(d) applying said pul sed | aser. energy at

said controlled frequency while rotating said disc at said rotationa

velocity to forma subsequent ring conphigs

depressions concentric with the first
ring by a pitch corresponding to the anmount of

the first

i ng a subsequent series of said

ring and radially spaced apart from
| aser radi al

di spl acementappndach and focus also contributing to the size and
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shape of any discontinuity. A typical spot formed by
laser 44 when vertically oriented is shown in Figure 4

and represented in profile in Figure 5 as a single laser

crater or spot 56. Crater 56 is a combination of two
departures from a specular surface plane 58 (Figure 5)
which can be considered the nominal plane of substrate
surface 48, in this case the upper surface of nickel-
Phosphorous alloy layer 40. The first of these
departures is a central depression or pit 60, with the
other being a substantially circular rim or ridge 62
Surrounding the pit. The height h (Figure 5) of rim 62
above nominal surface plane 58 is preferably in the
range of from 12.7 to 20.32 nm (0.5 to 0.8 m1cro;nches)
although a head contact area 32 in which rim heights h
slightly exceed 25.4 nm (1 microinch) can still perform
satisfactorily. The depth d (Figure 5) of pit 60 below .
Plane 58 is typically about twice the rim height h,
that is 25.4 to 40.64 nm (1 to 1.67 microinches).—Thus
the preferred surface roughness h of head contact area
32 is within a range of from 12.7 to 25.4 nm (0.5 to 1.0
microinches). The diameter D of crater 56, which is
equivalent to the diameter of rim 62, usually is in the
range of 0.1 to 4.0 mils.

The process parameters mentioned_above can be
varied to influence dimensions D, 4 and h. The rim
height_g is.considered the most criticalj and varies
with peak power over a preferred range from about 0.1
kilowatts to about 5 kilowatts. The optimum peak power
can of course vary with the particular laser employed,
as well as the nature of the surface belng texturized.
However, in connection with nickel-phosphorous layer 40,
it has been found advantageous to operate toward the low
end of the 0.1 to 5 kilowatt range, just above a point at
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(e) repeating steps (c) and (d) to forma sel ected nunber of concentric
rings, whereby the treatnent area conprises said sel ected nunber of .
concentric rings in the formof an annular band. 9. A process as clai ned
in claim8, in which when the width of said transducer head (22) is aligned
substantially radially of the disc (16), said annular band (22) has a wdth
in the radial direction at |east as gre&@ as said transducer head w dth.

10. A process as clained in any one of the pregeding nggnib)inlﬁhIChA
sai d concen ' ' rformed on the substrate : : :
process as ‘é’?’g'ltérrhg%‘eﬁhnﬂa %‘?\%‘Q%'the preceding claims, in which said |
substrat e body isDapth ghtofilpitr6Qj dwhide adtoaecrittabi asnthed said -

Dl Poess o hRSGMROIDEE SR |3 | WoRel AYELS( Slelle 3 NLUAL1 PBR2RORL01S

alloy onto the glumnum as a 1ager antrall orm 1
namely the entrapment and collection of media fragments,
5 head fragments or other debris generated due to

head/disk contact. Further, in connection with

fluorocarbon lubricant coatings with tendencies toward

liquid behaviour, the central depressions retain the

lubricant coating when the disc is stopped. However, it

is believed that as the disk begins spinning, the

- ) lubricant tends to travel upwardly out of the

' : depressions and cover the rims, thus reducing dynamic

friction in the head contact area. _
Another useful feature of the invention is the

rounded nature of the contours forming the pit and rim,

10

18
with the rounded rims in particular contributing to
substantially enhanced friction and wear characteristics
ove:’the long term. The rounded contours are believed to
result from the flow of @aterial due to surface tension

20 forces while the material is cooling and returning to

the solid from the liquid state. When beam 46 is fired
upon the upper surface of nickel-phosphorous layer 40,
ghe alloy absorbs heat which initially is concentrated
) in what later becomes the pit. Heat is rapidly

25 " dissipated in all directions radially away from the

centre, principally by conduction. Near the centre, the

amount of heat is sufficient momentarily to melt the

alloy. The alloy soon cools and solidifies, but not

before material is drawn outwardly away from the spot
30 centre to form the central depression as well as the

surrounding rim, apparently due to surface tension. The
rounded contours are substantially and measurably more
resistant to wear from contact with the transducing
head.
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tht ckness, said selected surface conprising a surface of the

ni ckel - phosphorous al l oy |ayer. 12. A process as clained in any one of

t he preceding clains, further conprisLE depositing a protective cover

| ayer (54) over said magnetizable fil m52), said cover |ayer having a

32 substantially uniformthickness and replicating the surface contours of

b eced ng.cl af . 10 LFEREFSLoRbR BRRG0 BBROREE G £ naR A e
under | ayer d&fpngemsent dofuspotal eit3BasOpepni dound satisfactory to
rotate disc 16 at a rate of from about 10 to about 100

rpm, whilst qbntrolling the Q switching rate of laser 44

for a firing frequency over a range of about 5 to about

20 kHz. A satisfactory pitch or inter-ring spacing '

ranges from about 6.35 to 102 um (0.25 to 4.0 mils), while
preferred range is from 12.7 to "'25.4 aum (0.5.to T.0 mils).

wn

By using parameters chosen within these ranges, a
desired result is shown in Figure 6 as an enlarged
portion of head contact area 32. The spacing between
adjacent spots in the radial direction (pitch), and the
circumferential spacing between adjacent spots, are
j approximately equal to and can even be less than the
average spot diameter of abcut 1 mil. The result is a
substantially uniform, continuous texture comprised
almost entirely of central depressions and raised rims
about the depressions. The depressions are preferably
‘distributed to occupy at least one half of the area of
the designated treatment region. The following are
examples within the pfescribed texturizing parameter
ranges.

Example 1:

~ An aluminium rigid disk, having a diameter of

”) 25 203.2 mm (8 inches) and a thickness of 1.905 mm (0.075
_) inches) was plated with a nickel-phosphorous alloy to a
thickness of about 0.01016 mm (400 microinches). The
laser was operated in the fundamental mode (designated
TEMOO) and a cu:rent of 16.5 milliamperes was épplied to
the laser, to generate peak power of 0.2. kilowatts. The
Q switching rate of the laser was maintained at 12
kilohertz, with a pulse duration of about 100 ‘
nanoseconds, while the disk was rotated at a rate of 25
rpm. The result was a circumferential ring in which
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deposi t.i ng said nmagneti zable film (52) over said substrate (38,40), said
non-magnet i zabl e underl ayer (50) having a substantially uniformthickness
and replicating the surface contours of the substrate (38, 40). 14. A
process as clainmed in claim4 or 5, in2ghich concentrating energy includes:
a) noving said substrate (38,40) at a controlled velocity in a |ongitudinal
direction; b) simultaneously directing a beam (46) of said pul sed | aser

ener gy uporediicernturiaser (s@tatneacdyt tohkbed capuangther f cspacedi rst row

S 5o oS M { e tlc apheRL e RIS dhsrbieragty ©
|0ng|tud|mﬁH%FrﬁﬁﬁmﬁF%%“cﬁ%ﬁﬁ%t?%ﬁ@ revolution of the dis laser
44 was stepned or translated radially of the dlsk by a
.5 pitch of20 3 pm (0.8 mils). 200 concentric-rings were formed,
creating an annular head sector or band with a width in
the radial direction, of 160 mils. Individual spots in
the band were observed using a phase shifting '
inferferometer in the form of a WYKO-3D surface
10 profilcmeter available from WYKO Corporation of Tucson,
Arizona, United States of America. The typical and
f) predominant laser spot had a rim or ridge extending
from about 12.7 to 20.32 nm (0.5 to 0.8 microinches)
above the ncminal surface, and a central depression with
a depth of about 25.4 to 50.8 nm (1.0 to 2.0

e microinches) below the nominal surface plane. The
average spot diameter was 20.3 am. (0 8 mils).
Example 2: .
A nickel-phosphorous alloy was plated onto an
20 aluminium disk as in Example 1, and texturized as in
Example 1 except that laser 44 was powered by a current
of 17.5 milliamperes. The resulting spots had rims or
ridges from about 25.4 to 50.8 nm (1.0 to 2.0
) microinches) above the nominal surface, with depressions
- 25 of about 101.6 to 127 nm (4.0 to 5.0 microinches) below
J the nominal surface, with an inter-track pitch of 20.3 pm
(0.8 mils).
Exaﬁgle 3: _
A nickel phosphorous layer was plated onto an
30 aluminium disc and texturized as in Example 1, except

that laser 44 was powered by a current of 17.5

milliamperes,. and the inter-track pitch was 25,4 um (1.0 m11)
The spot structure was similar to that in Examplg 2.
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(38,40) to forma subsequent row of said depressions (60) parallel to the-
fitst row, and d) repeating step (c) a selected nunber of tines'to formthe
treatnment area as a longitudinal band of a selected transverse width. 15. -
A magnetic recordi ng nedi um{16) conpriféng a plurality of l|ayers

(38, 40,50,52,54), at |least one of which"Ts a substrate (38,40) of .
non- nagneEXAMPILE @aterial, and at | east one of which is a nagnetizable film
(52), one of the layers defining an outer surface (54) of the recording
medi um (16) roughenddkbl phdispiorovs glayepl vas pdased emuer@narea to form

upon the Ogiﬁxﬁix?ilﬁ&taEggﬁﬁ“hﬁkr A (]ﬁéé,ié,@fﬁ%gﬁr jéé?ngi%l)aﬁx ré%‘rr’i,g;%g?a head
1

contact region for a nggnetic trans ,Hg
acceleratiSHFeHECEFQﬁeﬁn?nFQ%ﬁf'ﬁ5ﬁ9#DPé hiwas &
relative tﬁii?? and the total width of the area was 3.8 mm (150 mils).

5 Adjacent spots touched one another, with typical spots
having ridges raised about 15.24 nm (0.6 microinches)
and central depression depths of about 30.48 nm (1.2
microinches).
While the generally circular spot configuration is
10 obtained with a vertically or perpendicularly oriented
) laser beam, the laser beam may be directed onto disc 16
) at an inclined angle, e.g. 45 degrees from the -
horizental. The result is an elongation of each spot
into an elliptical or oval shape. When the beam is tilted
yet maintained in a vertical plane containing the disk

1%

= radius, and when the disk rotational speed and firing
frequency are matched'to provide a circumferential
distance between spots approximating the spot diameter,
the result is a circumferential ring of adjacent,

20 ~elongated spots 64 as on a substrate 66 (Figure 7).

It is to be appreciated that the control
parameters can be varied to provide alternatives to the
previcusly discussed patterns, e.g. by varying the

}J inter-track pitch so that it increases in the radially
outward direction, by staggering adjacent rings so that

23 spots in each ring correspond to regions between spots
in next adjacent rings, by random arrangement of spots,
and by arrangements in which the laser peak power or
spot frequency is progressively decreased for radially

30 outward rings in order progressively to decrease

roughness in the radially outward direction in the head-

contact band. '
~ The laser is used to concentrate energy

selectively upon a plurality of locations over a
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transduci ng head, another portion (34) of the outer surface of the
recerdi ng medium being for the storage of data and having a snooth surface
over which, in use, the 33 transducer head (22) flies; characterised in
that the radiant energy is pulsed selectively upon a plurality of |ocat.ions
over a treatnent area of one of said |2a¢§ers, form ng at each of said '

| ocations a mark extended outwardly froma nom nal surface plane of the

| ayer to which radiant ene is applied by a helght |n t he range of 5.08
to 50.8 nntEeazmept?ames oﬂgﬂf’eﬂcnﬁeﬁlhgongF&ﬁéFér thf TREOSIAFSYf 2. 54

to 127 [erpk ¢Belshierac® la¥) euwh PEbFStion. Adjacent locations are
spaced apart from one another by a distance

o substantielly less than the length or width cf a

5 maénetic transducing head. The roughness of the

texturized surface is at least twice the nominal

roughness of the specular polished substrate surface.

'Figure 8 shows a substrate 63 with a mechanically
textured substrate surface. Depending upon the size of
grit selected and the nature of the paper or cloth
supporting the grit, the substrate surface can be
_) textured to a selected roughness to provide a head
. contact sector dedicated to contact with the transducing
) head. In sharp contrast to the profiles shown in '
Figures 4 to 7, however, Figure 8 reveals that the
surface of substrate 63 has an acicular topography
charcteristic of mechanical texturing. The textured
surface includes peaks 65 and indentations or valleys
67, irregular in height and depth and characterized'by
steep slopes and pointed edges or ends.

Furthermore, the polnted edges are areas of stress
concentration due to the cutting action of the grit.
Consequently,. the tips of the highest peaks are
) susceptible to being broken away when contacted by a
- 25 transducing head moving relative to the substrate. An
) upper tip 69 of one of the peaks has been broken away to
leave a more. planar, though not necessarily horizontal,
upper surface 71.

_ "Once the tips have been broken away from a
multiplicity of such peaks, two problems arise, both of
whlch hamper the long term reliability of the recording
system First, the multiplicity of generally flat
surfaces like surface 71 (rather than the original
pointed tips) increases the overall area of surface

20

30
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rounded and free of sharp edges. 16. A device as clainmed in claim 15,
wherei n' .t he rough surface portion (32) has a roughness at |east tw ce the
nom nal roughness of the data storage portion (34). 17. A devi ce as
claimed in claim15 or 16 in which said rough surface portion (32) has a
roughness of at least 12.7 nm (0.5 m crogsches), while said data storage
portion (34) has a roughness of at nost 2.54 nm (0.1 mcroinches). 18.
device as clainmed in claim15, in which the device is a disc (16) and the
non- nagnetlEQBK@Q&M&ﬂﬁhu%h%ohp@ns@ucangubsaémtuahnpasxpgiEhﬁwtrate (38)

with a subst gRtictlilon Qdﬁﬁ¥r§é£i§ﬁevr§ﬁgﬁe§ﬁgﬁgﬁg§%|% ce p angﬂgomard

e o by e e e D e s ns
to adhere to the transducing head as they break away,

5 build up in valleys 67 and expose the magnetic layer in
peak regions for possible corrosion sites, or remain
free as particulate contaminate, in any case reducing
the reliability of the recording system.

) The charts in Figures 9 and 10 represent
comparisons of mechanically textured disks with disks
- texturized by a laser in accordance with the present
) invention. More particularly, mechanically textured
) disks and laser texturized disks were compared both
initially and at various stages of contact start-stop
testing. All disks were provided with 30 nm (300
angstroms) thick protective layer of sputtered carbon.
Actual test results would appear as a series of vertical
bars indicating ranges. The lines shown represent a
- series of midpoints of such vertical bars.

All the disks initially had a coefficient of friction
of about 0.25 (Figure 9) in the case of mechanically
textured disks, represented by the broken line 68, the
coefficient of friction was well above 1.0 after 3,000

) contact start-stop cycles, and was close to 2.0 after
about 10,000 cycles. In contrast, the coefficient of

A

10

15

20

friction_for the laser texturized disks remained at
about 0.25, as indicated by solid line 70. As the
coefficient of friction is the principal indicator of
wear to the -head and head contact surface of the disk,
30 the results demonstrate a surprising durability in the

head contact area when texturized in accordance with the

present invention.
The comparison of mechanically textured and laser

texturized disks over numerous contact start-stop cycles
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i croi [ [ di ng each
10 m croinches), and a rounded rim (62) substantially surroun
depr ess’i on (60% and extended outwardly of the nom nal surface plane by a
hei ght of 5.08 nmto 50.8 nm (0.2 to 2 microinches) each of said rins (62)
having a dianeter in the range of from2.54 to 127 [err] (0.1 to 5 mls).

[ [ [ [ [ [ [ h surface portion
19. A device as clainmed in claim18, i éMﬂ ch said rough ¢ _
(32) is an annul ar band substantially coE%entrlc on a rotational axis of
said disc (16), and has a radial dinmension exceeding the width of said

. i ' ' i r 19, in
hOReE o gt 2 fure olcNoaceter enTHNOGh0 B8 ALES 1D, LL,,
fifty percent ﬁ%@ﬁﬁ&a%ﬁmaﬁ?éaaﬁp vibgatd@ih Sthe melfvexcibeds?).

head/gimbal arm vibration energy is defined as the

‘energy spent at the head/disk interface from the time

5 the head overcomes the stiction force to free flying

during the start-stop testing. It is measured
by integrating the strain experienced by the head arm,
measured here by a capacitance probe, over the '
aforementioned time period. This value, measured as the
transducing head takes off from the head contact area
- wheh'the disk is being accelerated from stop, predicts
) future wear to the head and head contact region of the
disk. As seen from a comparison of broken line 72
representing results from mechanically textured disks
and solid line 74 representing results from laser

10

s texturized disks, the mechanically textured discs
initially exhibited a lower reading, but surpassed the
laser texturized disks well before 5,000 contact start-
stop cycles, and thereafter remained above the laser

20 texturized disks. Again, a substantially longer useful

life is indicated for both heads and disk contact

surfaces, when such surfaces are texturized to provide

smooth, rounded contours in accordance with the present
;) invention.

25 ' Further, as the tests from which Figures 9 and 10

derive, it was found that not only are the average
values for coefficient of friction and envelope of self-
excited head/gimbal arm vibration improved in the case
of laser texturized disks, but that ranges of these

30 values remain substantially uniform over numerous

contact start-stop cycles, indicating that laser
texturizing leads to a more reliable head/disk
interface. By contrast, in the case of mechanically
textured disks, the range of values widens as the number
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34,21. ~ A device as clained in any one of clains 15 to 20, in which
adjacent depressions in said rough surface portion (32) are spaced apart
fromone another a distance no greater than 127 [err] (5 mls). 22. A
device as clainmed in claim15, in which the device is a disc (16) wherein |
t he outer surface has a nom nal surface plane and the non-nagnetizable
substrate conprises a substantially rigi @substrate (38) with a

subst anti al g planar surface and the data storage portion of the substrate
surface (4 L Siarta1iop cygles inceasesai.g. theaforementipned vertical bars indicatingghness

2 m croi nches and the
of at most es8becom§es lon erC ° X

Thus, whether media texturized in accordance with the present invention is
flexible or rigid, a substantial and 'surprising increése in durability is 'achiéved,
meﬁsﬁrable principally in its ability to maintain a relatively low coefficient of friction
even after numerous contact start-stop cycles, e.g. 10,000 or more. It is believed that
the'smooth, rounded contours of the surface discontinuities are a major contributing

factor to increased durability. A further factor is the improved control of the texturizing

) ' process, yielding a high degree of uniformity in surface roughness throughout the
) specially texturized surfacé’. The laser is a preferred device for the controlled
texturizing.

This is the replacemént sheet

Date:
ate 16 APR 1099



rough surface portion (32) conprises an adjacent annular second regi on
(32),. said substrate surface having a nominal surface plane and incl uding

t hroughout said second region (32) a plurality of depressions (60) extended
i nwardty of the nom nal plane at least 6.3 _nm (0.25 mcroinches) and ridges
(62) adjacent the depressions (60) and exﬁ@nded'outmardly of the nom nal .
pl ane by a height of at least 10.16 nm (0.4 mcroinches), said ridges (62)

22 "' which sai d solbrtPPASEBROTSINER: BEPRaRARRY FRESAYS HURSS 1 ot
regi on (34). Xhe pyesentcknuentiannediondsl ahm 24ded 28vantags if sai d
159"V 19 5" el @ yhgblicer a3 igobatihe o ke ik Wy 2n0e o
-transducing head during accelerations, decelerations and
with the disk at rest. Substantially all the remaining
disk surface area can have a specular finish ideally
suited for reading and recording data.

It will be appreciated that the texturizing
operation may take place at a different stage of the
manufacturing process, for example, after the
magnetizable film has been deposited on the substrate
) surface. As each deposited layers is of substantially
uniform thickness, each replicates the surface contours
of the surface on which it is deposited, so that the

texturizing can be effected at any stage.

T U
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25, A device as clained in any one of clains 22 to 24, in whi ch sai d
depr.essiaons (60) and rins (62) are generally circular, wth adjacent ones
of said depressions (60) spaced apart from one another by at nost 127 [err]

(5 mls). 26. A device as clained in any one of clains 22 to 25, in which
the rins (62) have dianeters in the range of from2.54 to 127 [err] (0.1 to
5,0 mls). 27. - A device as clained in any one of clainms 15 to 26, in

whi ch said substrate (38,40) includes aR9al um ni um body (38) and a | ayer

(40) of a nickel -phosphorous alloy plated on said body, with said marks
(60) fornmed in said nickel-phosphorous alloy, and _

CLAIMS
1. A .iJrocess for manufacturing a magnetié recording mediﬁm (16) of the type
having a dé.m storage region (34) over which a transducing head (22) flies, and a head
contact region for the magnetic transducing head (22) during periods of acceleration,
deceleration and non-movement of the recording medium relative to the transducing
head, the process including forming a plurality of layers (38,40,50,52,54) at least one of
which is a substrate (38,40) of non-magnetizable material, and at least one of which is a
magnetizable film (52); with one of the layers defining an outer surface (54) of the
medium; and subjecting the surface of one of the layers to radiant energy in a treatment
area to roughen the surface of said one layer at least in said treatment are thereof so that
said outer surface (54) of the recording medium (16) has a rough surface portion (32)
due to said subjecting of the surface thereby forming the hé.d contact region, another
portion (34) of the outer surface of the recording medium being the data storage region
and having a smooth surface; characterised in that the radiant energy is pulsed selectively
upon a plurality of locations of the treatment area to form at each of said locations a
mark extended c_:utwardly from a nominal surface plane of the layer to which radiant
energy is applied by a height in the range of 5.08 to 50.8 nm (0.2 to 2 microinches),

having a diameter range of 2.54 to 127 pm (0.1 to 5 mils), and being free of sharp

edges.

2. A pfocess as claimed in claim 1 further comprising:
| forming a specular surface (48) on said non-magnetizable sﬁbstrate (38,40), said
subénate surface being substantially planar and having a nominal roughness;
| depositing said magnetizable film (52) -over said substrate surface (48) with a
substantially uniform thickness; and

said subjecting the surface comprises concentrating the radiant energy upon said
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35 wherein said magnetizable film (52) is fornmed over said alloy and
replicates the surface contours of said substrate surface. 28. A devi ce
as-claimed in claim27 further including: a protective cover |ayer (54)
deposited on said magnetizable film (52) as a |ayer substantially uniform.
I n thickness whereby it replicates the surface contours of said )
magneti zable film 30-

plurality of locations over said treatment area on a selected surface of one of said substrate
(38,40) and said film (52), to controllably a.lter the topogrgphy of the selected surface at each qf
t.he locations, so that the roughness of sﬁd selected surface throughoui said treatment area is at
least twice said nominal roughness, the data storage portion (34) being formed with said nominal
roughness. |

3. A process as claimed in claim 1 or 2, in which said subjecting the surface comprises
applying laser energy.

) 4, A process as claimed in claim 3; in which said pulsed laser energy forms at each of said
locations, a rounded central depression (60) extending inwardly of a nominal surface plane of the .
selected surface (48), and a generally circular and rounded rim (62) surrounding the central
depressibn (60) and extending outwardly of the nominal surface plane.

s. A process as claimed in ciaim 4,in which said subjecting of the surface includes selecting
said locations to distribute the depressions (60) generally uniformly over the treatment area.
6.. A process as ciaimed in claim 4 or 5, in which concentrating energy further includes

. ) forming said depressions (60) over at least one-half of the treatmient area.

_) 7. A ﬁrocess as claimed in any one of claims 1 to 6, in which said treatment area comprises
less than ten percent of the surface area of the selected surface.
8. A process as claimed in any one of claims 4 to 6 or in claim 7 when dependent on any one
of claims 4 to 6, in which the substrate (38,40) is a_disc (16), and said subjecting the surface
further comprises: ' ‘

(a) rotating the disc;'a; a controlled rotational velocity;

- (b) simultaneously applying said pulsed laser energy at a controlled frequency

ST T This is the replacement sheet
RO R Date:

1 6 APR 1009



-31-
corresponding to the rotational velocity to form a first ring comprising a series of said rounded
depressions; |

| | (c) displacing said laser radially relative to the disc;
(d) applying said pulsed laser energy at said controlled frequency while rotating
said disc at said rotational velocity to form a subsequent ring comprising a
subsequent series of said depressions concentric with the first ring and radially
spaced apart from the first ring by a pitcﬁ corresponding to the amount of laser
radial displacement; and |
(e) repeating steps (c) and (d) to form a selected number of concentric rings,
| thereby the treatment area comprises said selected number of concentric rings in
~ the form of an annular band.
9. | A proéess as claimed in.claim 8, in which when the width of said transducer head (22) is
aligned substantially radially of the disc (16), said annular band (22) has a width in the radial
direction at least as great as said transducer head width.
10. A process as claimed in axiy one of the preceding claims, in which said concentrating
energy is performed on the substrate (38,40).
11. A process as claimed in any one of the preceding claims, in whi(_:h saxd substrate body is
substantially rigid and is formed of aluminum and said process further comprises plating a layer
(40) ofa nickel-phosphﬁrous alloy onto the aluminum, as a layer substantially uniform in
tlhickneés, said sélected sufface comprising a surface of the nickel-phosphorous alloy layer.
12. A process as claimed in a.ny one of the preceding claims, further comprising depositing a

protective cover layer (54) over said magnetizable film (52), said cover layer having a
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substantially uniform thickness and replicating the surface contours of said magnetizable
film (52).
| 13. A process as claimed in any one of the preceding clainis, further comprising:
depdsiﬁng a non-magnetizable underlayer (50) on said substrate (38,40) prior to
depositing said magnetizable film (52) over said substrate (38,40), said non-magnetizable
underlayer (50) having a substantially uniform thickness and replicating the surface
contours of the substrate (38,40).
14. A process as claimed in claim 4 or 5, in which concentrating energy includes:
a) moving said substrate (38,40) at a controlled velocity in a longitudinal
direction; ' _
b) simultaneously dire_cting a beam (46) of said pulsed laser energy upon
 said surface (48) at a controlled frequency to form a first row of said
depresmons (60);
~ ¢) displacing said beam (46) transversely a selected pitch, and directing
_sa.id beam (46) of laser energy while longitudinally moving said substrate
(38,40) to form a subsequent row of said depressions (60) parallel to the
- first row; and
d) repeating step (c) a selected number of times to form the treatment area
as a longitudinal band of a selected transverse width.
15. A magnetic recording medium (16) comprising a plurality of layers
" (38,40,50,52,54), at least one of which is a substrate (38,40) of non-magnetizable
niaterial, and at least one of which is a magnetizable film (52), one of the layers defining
an outer surface (54) of the recording medium (16) roughened by radiant energy applied
to a treatment area to form upon the outer surfaéé (54) a rough surface portion (32),
providing a head contact region for a magnetic transducing head (22) during periods of
acceleration, deceleration and non-movement of the recording medium relative to the
transducing head, another portion (34) of the outer surface of the recording medium

bemg for the storage of data and havmg a smooth surface over which, in use, the
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transducer head (22) flies; characterised in that the radiant energy is pulsed selectively
upon a plurality of locations over a treatment area of one of said layers, forming at each
of said locations a mark extended oum&dly from a nominal surface plane' of the layer to
which radiant energy is applied by a height in the r'ahge of 5.08 to 50.8 nm (0.2 to 2 '
microinches), having a diameter in the range of 2.54 to 127 um (0.1 to 5 mils) and being
rounded and free of sharp edges.
16. A device as claimed in claim 15, wherein the rough surface portion (32) has a
roughness at least twice the nominal roughness of the data storage portion (34).
17. A device as claimed in claim 15 or 16 in which said rough surface portion (32)
has a roughness of at least 12.7 nm (0.5 microinches), while said data storage portion
(34) has a roughness of at most 2.54 nm (0.1 microinches).
18. A device as claimed in claim 15, in which the device is a disc (16) and the non-
magnetizable substrate comprises a substantially rigid substrate (38) with a substantially
planar surface; and

each of said marks includes depressions (60), extended inwardly of the nominal
surface plane toward said substrate (38) a distance in the range of 12.7 to 254 nm (0.5 to
10 microinches), and a rounded rim (62) substantially surrounding each depression (60)
and extended outwardly of the nominal surface plane by a height of 5.08 nm to 50.8 nm
(0.2 to 2 microinches) each of said rims (62) having a diameter in the range of from 2.54
to 127 um (0.1 to 5 mils).
19. A device as claimed in claim 18, in which said rough surface portion' (32) isan

~ annular band substantially concentric on a rotational axis of said disc (16), aﬁd hasa

radial dimension exceeding the width of said transducing head (22).
20. A device as claimed in claims 18 or 19, in which said depressions (60) and
corresponding rims (62) comprise at least fifty percent of the surface area of said rough
surface portion (32).

————
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21. A device as claimed in any one of claims 15 to 20; in which adjacent depressions
in said rough surface portion (32) are spaced apart from one another a distance no
greater than 127 um (5 mils).
22. A device as claimed in claim 15 , in which the device is-a disc ( 16) wherein the
outer surface has a nomiﬁal surface plane and the non-magnetizable substrate comprises a
substantially rigid substrate (38) with a substantially planar surface; and

the data storage portion of the substrate surface (48) has an annular first data
region (34) with a surface roughness of at most 5.08 nm (0.2 microinches), and the
rough surface portion (32) comprises an adjacent annular second region (32), said
substrate surface having a nominal surface plane and including throughout said second
region (32) a plurality of depressions (60) extended inwardly of the nominal plane at
least 6.3 nm (0.25 microinches) and ridges (62) adjacent the depressions (60) and
extended outwardly of the nominal plane by a height of at least 10.16 nm (0.4
microinches), said ridges (62) being rounded and free of sharp edges.
23.. A device as claimed in claim 22, in which said second region (32) lies radially
inwardly of the first region (34).
24. : A device as claimed in claim 22 or 23, in which said second region (34) has a
width, radially of said disc (16), in the range of 1.27 to 12.7 nm (0.05 to 0.5
microinches). -
25. A device as claimed in any one of claims 22 to 24, in which said
depressiohs (60) and rims (62) are generally circular, with adjacent ones of ;aid
depressions (60) spaced apart from one another by at most 127 ym (5' mils).
26. A device as claimed in any one of claims 22 to 25, in which the rims (62) have
diameters in the range of from 2.54 to 127 um (0.1 to 5.0 mils).
27. A device as claimed in any one of claims 15 to 26, in which said substrate
(38,40) includes an aluminium body (38) and a layer (40) of a nickel-phosphorous alloy
plated on said body, with said marks (60) formed in said nickel-phosphorous alloy, and
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wherein said magnetizable film (52) is formed over said aliby and replicates the surface
contours of said substrate surface.
28. A device as claimed in cla;'m 27 further including: . _
| a protective 'cover. layer (54) deposited on said magnetizable film (52)-as a layer
substantially uniform in thickness whereby it replicates the surface contours of said -

magnetizable film.
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ABSTRACT

MAGNETIC RECORDING MEDIA AND PROCESSES FOR
MANUFACTURE THEREOF

A magnétic recording disk (16) is controllably
texturized, over areas designated for contact with a
data transducing head. The process includes polishing
an aluminium, nickel-phosphorous substrate to a specular
finish, then rotating the disk while directing a beam
(46) of pulsed laser energy from a laser (44) over a
limited portion of the radius, thus forming an annular
head contact band (32) while leaving the remainder of
the surface 48 specular. The band is formed of multiple
individual laser spots, each with a central depression
surrounded by a substantially circular raised rim. The
depth of the dépressions and height of the rims are
controlled primarily by laser power and firing pulse
duration. The shape of individual laser spots can be
altered by varying the laser beam inclination relative
to the disk surface. The smooth, rounded contours of the
depressions and surrounding rims, as compared to the
acicular character of mechanically textured surfaces, is
a primary factor contributing to substantially increased
durability of laser texturized media.

[Figure 3]
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