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SA9-92-036/039 1
A MAGNETIC RECORDING DISK FOR CONTACT RECOi!DING
The present invention rélates to a tﬁin film metal alloy magnetic
L. recording disk, a process for making the disk, and to a disk file using

the disk to provide an improved head-disk interface for contact

recording. -

In conventional rotating. rigid disk files, each of the read/write
transducers (or heads) is supported on a carrier (or slider) which rides
on a cushion or bearing of air above the surface of its associated disk
when the disk is rotating at its operating speed. The slider is '
connected to a linear or rotary actuator by means of a relatively-f}agile
suspension. There may be a stack of disks in the disk file with the
‘actuator supporting a number of sliders. The actuator moves the sliders
radially so that each head may access the recording area of its_
associatedldisk_surface. In these_conventionai disk files the slider is
biased towards the disk surface by a small force from the suspension.
Because the slider is in contact with the disk surface from the time the
disk file is turned on until the disk reaches a speed sufficient to cause
the slider to ride on the air-bearing, and again in contact with the disk

- surface when the disk file is turned off and the rotational speed of the
" disk falls below that necessary“to create the air-bearing, such disk
files are referred to as contact start-stop (CSS) disk files. 1In CSS
disk files it is not necessary that the disk surface be extremely smooth
since the slider is only in contact during start and stop operatiéns.
Instead, it is desirable to texture the disk surface to reduce the static
friction between the slider and the disk when the slider is at rest on

the disk surface. -

In addition to the above-described conventional CSS magnetic
recording disk files, "contact" recording rigid disk files have been
proposed. In one type of contact recording, referred to as "liquid
bearing" contact recording, the head-disk interface includes a liquid
film as a liquid bearing between the transducer carrier and_the disk. 2an
example of this type of contact recording disk file is described in
EP 367510. In another type of contact recording, referred to as "dry"
contact recording, the disk file uses an integrated head-suspension which
makes physical contact with the disk surface during read and write
operations. In this type of head-suspénsion, as described for example in
US patent 5,041,932, a portion of the head actually wears away due to
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frictional contact with the disk over the life of the disk file. 1In both
types of contact recording disk files it is necessary, because of the
close head-disk spacing, to make the disk surface extremely smooth.

One type of disk which has been used in rigid disk files is a thin
£film metal alloy disk which typically comprises a substrate, such as an
aluminum-magnesium (AlMg) alloy with a nickel-phosphorous (NiP) surface
coating, a cobalt-based alloy, such as a CoPt or CoNi alloy, sputter
deposited as the magnetic layer on the substrate, and a protective
overcoat, such as a sputter-depqsited'amorphous hydrogenated carbon film,
formed on the magnetic layer. In addition to_the Megnetic layer and the
protective overcoat, thin £ilm disks may also include a sputter deposited
underlayer, such as a layer of cHromium {Cr), chromium-vanadium (CrV) or
tungsten (W), between the substrate and the magnetic layer and a sputter
deposited adhesion layer, such as a Cr, W or titanium (Ti) iayer; between
the magnetic layer and the protective overcoat. While this conventional
disk is adquate for use in CSS disk files, it has been found that when
the AlMg-NiP substrate is made very smooth, as required if the disk is to
be used in contact recording disk files, it is not possible to
manufacture the disk in the-conventional manner and still achieve the

required disk coercivity.

In accordance with the present invention, there is now provided a
magnetic recording disk for contact recording, the disk comprising a
substrate of an aluminum alloy having a nickel-phosphorous surface
coating, a Film comprising nickel oxide formed on the nickel-phosphorous
coating, an underlayer formed over the film, and a magnetic layer

comprising a cobalt-based alloy formed over the underlayer.

Viewing another aspect of the present invention, there is now
provided a method for manufacturlng a magnetlc recording disk comprising
_the steps of: providing a disk substrate of an aluminum alloy having a
nickel-phosphorous surface coating; forming a film of nickel oxide
directly on the nickel-phosphorous coating; sputter depositing an
underlayer onto the nickel oxide film; sputter depositing a cobalt alloy

magnetic layer onto the underlayer.

The present invention thus provides an improved thin film metal
alloy magnetic recording disk which is usable in contact recording disk
files so that such files can have both the required smooth head-disk
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interface and disk coercivity. In particular, the present invention
provides a magnetic recording disk and process for making the disk, and a
contact recording disk file with an improved head-disk interface and '
magnetic recording properties. A superfinished untextured NiP coating on
a disk substrate is oxidized to form a NiO film. The NiO £ilm permits
the subsequently sputter deposited magnefic layer to have much higher
coercivity, which enables the disk io be used in contact recording
applications.  The Nio film and the later debosited_layers making up the
disk conform to the smooth surface of the polished Nif, thus preserving
the extremely smooth surface of the top layer of the disk, which is
required for conta¢t~recording,d§sk files. -

In a preferred process for forming the Ni0 film on the substrate,
the substrate is annealed in air at a temperature below that which would
cause the NiP film to crystallize.

A préferred embodiment of the present invention will now be

described with reference to the accompanying drawings, in which:

Fig. 1 is a side view in partial section illustrating schematically

the major components of a liquid bearing contact recording disk file;

Fig. 2 is a top view of the disk file of Fig. 1 with the cover 11

removed;

Fig. 3 is an illustration of the head-disk 1nterface of a liquid-

bearing contact recordlng disk file;

Fig. 4 is an illustration of the head-disk interface of a dry

contact recording disk file;:

Fig. 5 is a sectional view of the disk of the present invention

illustrating the various disk layers;

Fig. 6 is a graph of coercivity as a function of anneal temperature

for disks with and without the oxide film formed by air annealing; and

Flg 7 is a graph of conrc1v1ty as a functlog ‘of etch voltage for

disks with and without the oxide film formed by sputter etching in an

OZ—Ar atmosphere.
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Referring first to Fig. 1, there is illustrated in sectional view a
schematic of the liquid bearing contact recording embodiment of the disk
file of the present invention. The disk file comprises a base 10 to
which are secured a disk drive motor 12 and an actuator 14, and a
cover 11. The base 10 and cover 11 provide a substantially sealed
housing for the disk drlve. Typically there is a gasket i3 located
between base 10 and cover 11 and a small breather port (not shown) for
equalizing pressure between the interior of the disk file and the outside
environment. This type of disk file is described as being substantially
sealed since the drive motor 12 is located entirely within the housing
and there is no external forced air supply for cooling the interior
components. A magnetic recording disk 16 is mounted_oh“a hub 18, which
is attached for rotation by drive motor 12. A read/write head or
transducer (not shown) is formed on a -transducer carrier 20. The carrier
20 is connected to the actuator 14 by means of a rigid arm 22 and a
suspension 24, the suspension 24 providing a biasing force which urges
the transducer carrier 20 onto the surface of the recording disk 16.°
During operation- of the disk file the drive motor 12 rotates the disk 16
at a constant speed, and the actuator 14, which is typically a linear or
rotary voice coil motor (VCM), moves the transducer carrier 20 generally
radially across the surface of the dlsk 16 so that the read/wrlte head

may access different data tracks on dlSk 16.

Fig. 2 illustrates a top view of the interior of the disk file with
the cover 11 removed and illustrates an annular lubritant reservoir 30,
which serves as a means for holding a supply of liquid lubricant fof
replenishment of lubricant on the surface of disk 16. A thii continuois’
film of lubrlcant is maintained on the surface of disk 16 and is
replenlshed by lubricant from the reservoir 30 during operation. Fig. 2
also illustrates in better detail the suspension 24 which provides a
force to the carrier 20 to maintain the carrier into contact with the
lubricant film on the disk 16. The suspension may be a conventional type
of suspension such as that used in magnetic disk files which have an air-
bearing slider. . An example is the Watrous suspension, as described in
U.S. Patent 4,167,765. This type of suspension also provides a gimballed
attachment of the transducer carrier which allows the carrier to pitch
and roll as it rides on the liquid lubricant film.

Fig. 3 illustrates a side view of the transducer carrier 20 and a

sectional view of the disk 16 in the liquid bearing contact recording
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embodiment of the present invention. The carrier 20 has a ski foot 40
near its rear end and a head 42 located on its trailing edge 44. The ski
foot 40 is in contact with a liquid film 50 on disk 16 and is maintained’
in contact during read or write operations by the bias force supplied by
the attached suspension 24.

Fig. 4 illustrates a side sectional view of an integrated head-
suspension 23 and a sectional view of the disk 16 in the dry contact
.recording embodiment of the present invention. The integrated head-
suspension 23 serves the function of both the suspension 24 and the
carrier 20 in the liquid bearing embodiment of Fig. 3. In contrast,
- however, the transducer, shown as a pole tip 27 and coil 29, is embedded
within the integrated head-suspensigﬁ 23. There is no liquid film on the
surface of ‘disk 16, which eliminates the need for a lubricant reservoir,
and the head-suspension 23 makes direct contact with the surface of

disk 16 during read and write operations.

Referring .now to Fig. 5, the disk 16 of the present invention is
illustrated in sectional view. The disk substrate 60 comprises a an AlMg
base 61 with a NiP surface coating 62. The substrate is a commercially
available disk substrate available from several vendors, such as Toyo
Kohan and Nippon Light Metals. The AlMg is typically 5586 aluiinum alloy
and the NiP is electrolessly deposited to a thickness of approximately
10-15 microns. In applications for contact recording it is necessary
that the surface of the NiP coating 62 be extremely smooth.- Thus the NiP
coating 62 is polished by various known techniques, such as mechanical
polishing with A1203 abrasive, so as to have an arithmetic average
surface roughness (Ra) Pf approximately 10 Angstroms or less. A nickel
oxide film 64, consisting essentially of NiO, is then formed on the NiP
coating 62 by either of the techniques described below. The thickness of
the NiO film 64 is not critical, provided it is thick enough to control
the nucleation of the underlayer; which has been found to be in the range
of approximately 10-30 Angstroms. Following the formation of the NiO
film 64, the remaining layers of the disk 16 are formed in the
. conventional manner by sputter deposition. These include a Cr or CrV
underlayer 66 to a thickness of approximately 200 to 1200 Angstroms, a Co
alloy magnetic layer 67, such as a CoPtCr or CoNi alloy, to a thickness
of approximately 100 to 500 Angstroms, and a hydrogenated carbon
protective overcoat 68, sputter deposited from a carbon target in the
presence of hydrogen, to a thickness of approximately 250 Angstroms.
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Because the subsequently deposited layers are conformal to the surface of

_the substrate, it is necessary that the substrate surface (i.e. the

surface, of the NiP surface coating 62) be extremely smooth in order that _
the surface of the protective overcoat 68 présents an extremely smooth
interface for the head, as required in contact recording disk files.

In the preferred process for forming the NiO film 64, the
substrate 60 is washed and then placed in a chamber where it is heated in
air to a temperature in the range of 100-200 degrees C for approximately
20 to 60 minutes. The temperature must be maintained below approximately
250 degrees C, which is the temperature at which the amorphous NiP may
cryétallizé. As a result of.this oxidatioﬁ process it has been found
that a film consisting essentially of NiO is formed to a thickness of
approximately 10-30 Angstroms on the NiP coating 64. While testing of
the oxide film has confirmed that the clearly predominant constituent is
NiO, other oxides, such as Nio, and Ni,0,, could also be present. By
comparison, testing of the surface of the NiP coating 62 after washing
indicated a native oxide layer having a thickness of approximately

15 Angstroms, but with no significant NiO.

In an alternative process for forming the NiO film 64, the
oxidation is achieved by sputter etching in the preserice of ox&gen._'The
substrate 60 is placed in the vacuum chamber and the NiP surface
coating 62 is sputter etched in an argon (Ar) atmosphere containing

approximately 10% O, Immediateiy thereafter and without breaking vacuum

2
the subsequent disk layers 66,67,68 are sputter deposited.

The improvement in disk coercivity by the oxidation of the NiP
surface coating is illustrated in Figs. 6 and 7. In Fig. 6, disks with
different values of remanence-thickness product (Mr*t) and with
Co78Pt8Cr20 magnetic layers were fabricated on superfinished (Ra=7
Angstroms) substrates with and without the NiO films formed by annealing
in air. As shown, there is a significant increase in Eoercivity for
those disks having the NiO films formed by annealing in the range of 100-
200 degrees centigrade for 60 minutes. For example, the coercivity of
the disk with Mr*t = 0.75 memu/cm2 is increased from 900 Oe (no NiO film)
to 1850 Oe when a NiO film is formed by air annealing at 150 degrees C
for 60 minutes. 1In Fig. 7, similar disks were fabricated on
superfinished substrates which had been sputter etched in a 10% 02 in ar
atmosphere at 750 and 1250 sputter etch voltages for 10 and 20 seconds.
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As shown, there is a significant increase in coercivity for the disks '
vhich had the substrates sputter etched. For example, a 10 second
sputter etch increases the coercivity from 1000 Oe to 1300 Oe when done
at 750 volts, and from 1000 Oe to 1850 Oe when done at 1250 volts,

It has also been found that the oxidation of the superfinished NiP
coating provides other improvements in the disks. The polishing of the

NiP leaves some residual scratches in the surface. These scrattches can

result in magnetic anisotropy with enhanced coercivity and squareness
along the scratch direction. Since the résidual scratches are not
aligned parallel to the recording track direction, the anisotropy
produces undesirable signal amplitude modulation. The formation of the.
NiO £ilm on the NiP coating significantly reduces this modulation by
altering ‘the crystallographic orientation of the underlayer and magnetic

layer.
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CLAIMS

‘1. A magnetic recording disk.-{16) for contact recording, the disk (16)

comprising a substrate (60) of an aluminum alloy (61) having a nickel-
phosphorous surface coating (62), a film (64) comprising nickel oxide
formed on the nickel-phosphorous coating (62), an underlayer (66) formed
over the film (64), and a magnetlc layer (67) comprising a cobalt-based
alloy formed over the

underlayer (66).

2. A disk as claimed. in cla1m 1, comprising a protectlve overcoat (68)

formed over the magnetic layer.

3. A disk as claimed in claim 1, wherein the nickel-phosphorous-
coating (62) has an arithmetic average surface roughness less than

approximately 10 Angstroms.

4, A disk as ‘claimed in any preceding claim, having a coercivity

greater than approximately 1800 Oersteds. :

5. - A disk as claimed in any preceding claim, wherein the underlayer

(66) comprises chromium or an alloy of chromium and vanadium.

- 6. -.-A disk as claimed in any preceding claim, wherein the magnetic

layer comprises cobalt and platinum.
7. A magnetic recording disk file for contact recording comprising:

. a_magnetic recording disk (16) as claimed in any preceding claim;
means (12) connected to the disk (16) for rotating the disk;

a head (42) for reading data to or writing data from the magnetic
layer (67) on the disk (18);

means (20, 24) for supporting the head, the head support means (20,
24) being urged into contact with the disk (16) during read or write
operations; and

means (14) connected to the head support means (20, 24) for moving
the head (42) across the disk (16).
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8. A disk file according to .claim 7 wherein the disk (16) includes a
liquid bearing film (50) on its surface and wherein the head supporting
means (20, 24) further comprises_é head carrier (20), the carrier (20)
being urged into contact with the liquid bearing film during read or
write operations. '

9. . disk file according to claim 8 wherein the head (42) and head

" support means (20, 24) form an integrated head-suspension, the head-

suspension being urged into contact with the disk (16) during read or

write operations.

10. A method for manufacturing a magnetic recording disk comprising the

steps of:

providing a disk substrate of an aluminum alloy havind-a nickel-

phosphorous surface coating;

forming a film of nickel oxide directly on the nickel-phosphorous

coating;
sputter depositing an underlayer onto the nickel oxide film;

sputter depositing a cobalt alloy magnetic layer.onto the

underlayer.

11. A method as claimed in claim 10, comprising the step of, forming a
protective overcoat over the magnetic layer.

o 12, A method as claimed in claim 10 wherein the stép of forming the
nickel oxide film comprises sputter etching the nickel-phosphorous

coating in the presence of oxygen.

13. A method as claimed in claim 10 wherein the step of forming the
nickel oxide film comprises heating the substrate in the presence of

Oxygen.

14. A method according to claim 10 wherein the step of forming the
nickel oxide film comprises forming the nickel oxide film to a thickness

greater than approximately 20 Angstromé.
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15. A method as claimed in claim 10 wherein the step of sputter
depositing an underlayer comprises sputter depositing an underlayer of

chromium or an alloy of chromium and- vanadium.
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