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A MAGNETIC RECORDING DISK FOR CONTACT RECORDING

The present invention relates to a thin film metal alloy magnetic
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 whlch
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



gispension. There may be a stack of disks in the disk file with the
‘actuator supporting a nunber of sliders. The actuator noves the siiders
radially so that each head may access the recording area of its
associ at ed-di sk surface. In these conventional disk files the slider is

bi ased towards the disk surface by a small force frgﬂligf_§9§9§ﬂ§LQﬂ——~
Because the slider is in contact with the disk surface fromthe tine the
disk file is turned on until the disk reaches a speedTﬁyﬁkuGhenﬁmR edise
the slider to ride on the alr-bearlng, and again in co disk
surface when the disk file'is turned off and the rotatlm t he
disk falls below that necessary to create the air-beari dISk files
are referred to as contact start-stop (CSS) disk files. In CSS disk files
it is not neceswmarsg-e34rst he di sk surfacezbe extrenely smooth since the
slider is only in contact during start and stop operations. Instead, it is
desirable to texture the disk surface to reduce the static friction between
the 'slider and frietignadjcoptash witio the fliskroves the lifesef S disk filsk Bubdthce.

In. addition to tyhes aboweackesewidieg dtonsidet iibrial neESSaryagretise afeder di ng di sk
files, "contactclosLharadiing spacghgl €h sikefdhla&ﬁsxhawx&a&eeﬁraxemp&aMh. I n one
type of contact recording, referred to as "liquid bearing” contact

recording, the headsgl skel i &L 460  ASINALS,a L G4l Ll BAT A 4] 0
s o s 4

ri ng between he tra er rrier
bea 9 1&m metal al sk Jﬁ?&h typlcally comprlses 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; eputter 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



gxanple of this type of contact récording disk file is described in
I n anot her type of contact recording, referred to as "dry" contact
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the disk file uses an integrated head-suspensi on whi ch makes

/ al contact-with the disk surface during read and wite operations. In
this type of head-suspension, as described for exanple in US patent

932,

a portion of the head actually wears away due to

contact with the disk over the life of the disk file.

One type of disk which has been used in rigid disk files
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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.

' bottr—
recordlng di'sk files it i's necessary, batasssR: 2k sldASe

cl ose head-di sk spacing, to make the disk surface extrerrelsmmm ’”'mlaced




di sk which typically conprises a substrate, such as an al um num magnesi um
(AINQ) all oy with a nickel -phosphorous (N P) surface coating, a
cobal t-based all oy, such as a CoPt or CoN alloy, sputter deposited as the
magnetic | ayer on the substrate, .and a protective overcoat, such as a
sputter-deposited anor phous hydrogenated carbon film fornmed on the
magnetic layer. In addition to.the magnetic | ayer and the protective
overcoat, thin filmdisks may al so include a sputter deposited underl ayer,
such as a layer of chromium (Cr), chromumvanadium (CrV) or tungsten (W,
bet ween the substrate and the nmagnetic |ayer and a sputter deposited
adhesi on layer, such as a Cr,. Wor titanium (Ti) |ayer, between the
magnetic | ayer and the protective overcoat. Wiile this conventional disk
I s adequat e forsapsez-p36/¢C8S di sk files, it4has been found that when the
Al My-Ni P substrate is nmade very snooth, as required if the disk is to be
used in contact recording disk files, it is not possible to nmanufacture
the disk in the conwRefertingflirsiatmBig- 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 drive. Typically there is a gasket i@ 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 lubricant is maintained on the surface of disk 16 and is
repleniéhed 5; 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



nd still achieve the reqU|red di sk coercivity.

UMMVARY OF THE | NVENTI ON According to one aspect of the present
invention there is provided a thin filmnetal - alloy nagnetic recording
di sk conprising: a substrate conprising an alum numalloy having a

ni ckel - phosphorous surface coating; a filmof nickel oxide formed on the
ni ckel - phosphor ous, coat.i ng; an underl ayer fornmed on the nickel oxide film
and a nagnetic Idyer conprising a cobalt-based alloy formed over the
under | ayer. Accordi ng to anot her "aspect of the present invention
there is provided a thin film cobalt alloy nmagnetic recording disk
conprising: a substrate conprising an alumnum alloy having a

ni ckel - phosphorous surface coating, the coating has an arithnetic average
SA9-92-036/039 ' 5 :

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 dlsk 16 in the dry contact
.recordlng 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 Al2 3 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.



% surface roughness of approximately 10 Angstrons; a filmof nickel oxide
ormed on the ni ckel - phosphorous coating; an underlayer sputter .deposited
on the nickel oxide film a magneti c | ayer conprising cobalt and plati num
sputter deposited on the underlayer; and a protective overcoat forned
~over the magnetic |ayer. According to still another aspect. of the
present invention there is provided a process for manufacturing a magnetic
recordi ng disk conprising the steps of: providing a disk substrate of an

al um num-at+-oy havi ng a ni ckel - phosphorous surface coating, the surface of
t he substrate having an arithnetic average roughness (R err]) of
approximately 10 Angstrons; formng a filmof nickel oxide directly on the

nlckel-phosphorous coating;
SA9-92-036/039 6

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 could also be present. By

o]
2 273
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

the subsequent diskzlayers 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. 1In Fig. 6, disks with
different values of remanence-thickness product (Mr*t) and with

78Pt8Cr20 magnetic layers were.fabricatgd_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 M *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.



sputter depositing na underlayer onto the nickel oxide film sputter
dep05|t|ng a cobalt alloy magnetic |ayer onto the underlayer; and formng
a protective overcoat over the nmgnetic |ayer. According to yet

anot her aspect of the present invention there is provided a nmagnetic
recording disk file for contact recarding conprising: a magnetic recording
di sk, the disk further conprising a substrate of an alum numalloy having a
ni ckel - phosphorous surface coating, a filmconprising nickel oxide fornmed
on the nickel- phosphorous coating, an underl| ayer-for red—ever t he ni ckel
oxide film and a magnetic |ayer conprising a cobalt-based alloy forned
over the underlayer; means connected to the disk for rotating the disk; a
head for reading data to or witing data fromthe nmagnetic |ayer on t he

di sk; nmeans fses-9gtppsti ng t he head, the head support neans being urged
into contact with the disk during read or wite operations; and nmeans

connected to
: 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 sératéhes_can_
result in magnetic anisotropy with enhancéd 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.



the head support means for novi ng the head across the di sk. A

preferred enbodi nent of the present invention wll now be descri bed with
reference to the acconpanying draw ngs, in which: . Eig s a side
view in partial section illustrating schematically:the nmajo nponent s of
a liquid bearing contact recording disk file; l“llllmlul" uu”“l
3a Fig. 21is a'top view of the disk file of F£| Irler 11
renoved; Fig. 3is an |IIustrat|on of the head-di sk ihterfdce *of a
| i qui-d=beari ng cont act
_—
' This Sheet Has Been
8 NIy

CLAIMS

1. A magnetic recording dfé&«(LE) 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 then

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).



recor di ng di sk file; Fig. 4.is an illustration of the head-disk
Interface of a dry contact recording disk file; Fig. 5isa

sectional view of the disk of the present inventWe
various di sk |ayers; Fig. 6 is a graph of y as a function of
anneal tenperature for disks with and without th d by air
anneal i ng; and Fig. 7 is a graph of coerci vmmmnu““lmm of etch
voltage for disks with and w thout the oxide fil nk Spufter.
etching in an 02 Ar at nosphere.
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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 approximafely 20 Angstromé.

This Sheet Has Been Replaced.
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SA9- 92- 036/ 039 4 Referring first to Fig. 1,
there is illustrated in sectional view a schematic of the |iquid bearing
contact recording enbodi nent of the disk file of the present invention. The
disk file conprises a base 10 to.which are secured a disk drive notor 12
and an actuator 14, and a cover 11. The base 10 and cover 11 provide a
substantially seal ed housing for the disk drive. Typically there is a.

gasket 13 | ocated _ .. : | i ”!lI“C”“IlI!“I,!l "||s|“ |!II

SA9-92-036/039 - 10

15. A method as claimed in claim 10 wherein the step of sputter
depositing an underlayer comprises sputter depositing an underlayer of

chromium ot an alloy of chromium and-vanadium.

'Sheet Has Been Reﬂlaced
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bet ween base 10 and cover 11 and a snmll breather port (not shown) for
equal i zi ng pressure between the interior of ‘the disk file and the outside
environnment. This type of disk file is described as being substantially
seal ed since the drive notor 12 is located entirely within the housing and
there is no external forced air supply for cooling the interior conponents.
A magnetic recording disk 16 is nmounted on a hub 18, which is attached for
rotation by drive notor 12. A read/wite head or transducer (not shown) is
formed on a transducer carrier 20.. The carrier 20 is connected to the -
actuator 14 by neans 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 recordin% di sk 16. During operation of the disk file the
drive notor 12 $81%r¥8/%The disk 16 at a cbnstant speed, and the actuator

14, which is typically a linear or rotary voice coil notor (VCM, noves the
transducer carrier 20 generally radially across the surface of the disk 16
so that the read/wite head may access“%???%?ent data tracks on disk 16.
Fig. 2 illustrates a top view of the interior of the disk file with the
cover 11 renoved and i | | aSHAGRETES RECORBONG PISK FORIDONTRGINRECORDSRT VoI r 30, which
serves as a neans for holding a supply of liquid lubricant for

repl eni shnment of | uphbgRbic Bdtoldl8y Hlif RECRh afli SKrehbly smdotthidp GRRLINUOUS

film of ,l ubri Caami h&&x@?e'rgnt.‘ﬁ‘:ﬂegndo:& lJl‘Srp%PJt‘;fi‘% aQ]::onQLcﬁzkre:l@rcﬁp dis%c file
- which requires an extremely smooth head-disk interface and a disk with

high coercivity. & superfiﬁished untextured NiP coating oh.a disk
substrate is oxidized to form a NiQ film. The NiO film permits the
subsequently sputter deposited magnetic layer to have much higher
coercivity, which enables the disk to be used_ in contact'recording
applications. The NiO film and the later deposited layers making up the
disk, includiﬁg the top protective overcoat, conform to the smaoth
surface of the polished NiP, thus preserving the extremely smooth surface
of the top layer of the disk, which is required for the head-disk
interface in contact recording disk files. 1In the preferred process for
forming the NiO film on the substrate, the substrate is annealed in air
at a temperature below that which would cause the NiP film to
crystallize. '

-> This Sheet Has Been Rei
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repl eni shed by lubricant fromthe reservoir. 30 during operation. Fig. 2
also illustrates in better detail the suspehsion 24 which provides a force

to the carrier 20 to nmaintain the carrier into contact with the |ubricant
filmon the disk 16. The suspension nmay be a conventional type of
suspensi on such as that used in magnetic -disk files which have an air-
bearing slider. "An exanple is the Watrous suspension, as described in U S
Patent 4, 167,765. This type of suspensi-on al so-provides a ginball ed

. attachnment of the:transducer carrier which allows the carrier to pitch and
roll as it rides on the liquid lubricant film Fig. 3illustrates 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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SA9- 92- 036/ 039 5 enbodi nent of the present
invention. The carrier 20 has a ski foot 40 near its rear end and a head 42
|l ocated on its trailing edge 44. The ski foot 40 is in contact with a
liquid filmb50 on disk 16 and is maintained in contact during read or wite -
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

enmbodi nent - of the present invention.“The integrated head- suspension 23
serves the function of both the suspension 24 and the
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& .
,dérrl%r 20 in the liquid bearing enbodi nent of Fig. 3. In contrast,

however, the transducer, shown as a pole tip 27 and coil. 29, is enbedded
‘Wi thin the integrated head-suspension 23. There is no liquid filmon the
surface of disk 16, which elimnates the need for a lubricant reservoir,
and the head-suspension 23 nakes direct contact with the surface of disk 16
during read and wite operations. Referring nowto Fig. 5, the disk
16 of the present invention is illustrated in sectional view The disk
substrate 60 conprises a an-Al'My~base 61 with a Ni P surface coating 62.

The substrate is a commercially avail abl e di sk substrate avail able from
several vendors, such as Toyo Kohan -and N ppon Light Metals. The AIMy is
typically 5586 alumnumalloy and the NP is electrolessly deposited to a

t hi ckness of approximately 10-15 microns. In applications for. contact
recording it is necessary that the surfagg of the Ni P coating 62 be
extrenely snooth. Thus the NIP coating 62 is polished by various known

t echni ques, such as nmechanical polishing with Al[err](err] abrasive, so as
to have an arithmetic average surface, roughness (R err]) of approximtely
10 Angstroms or |ess. A nickel oxide film 64, consisting essentially of

Nio, is then forned on the NIP coating 62 by either of the techniques
descri bed bel ow. The thickness of the NOfilm®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 ' -
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of approximately 10-30 Angstrons. Following the formation of the NNO film
64, the remaining |layers of the disk 16 are formed in the conventional
manner by sputter deposition. These include a O or CrV underlayer 66 to a
t hi ckness of approximately 200 to 1200 Angstrons, a Co alloy nmagnetic |ayer
67, such as a CoPtCr or CoN alloy, to a thickness of approximtely 100 to
500 Angstrons, and a- hydrogenated carbon protective overcoat 68, sputter
deposited-froma carbon target in the presence of hydrogen, to a thickness

of approxi mately 250 Angstrons. 415 :
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SA9- 92- 036/ 039 6. Because the subsequently deposited
| ayers are conformal to the surface of the substrate, it.is necessary that
the substrate surface (i.e. the surfaceof the Ni P surface coating 62) be
extrenely snooth in order that the surface of the protective overcoat 68
presents an extrenely smooth interface for the head, as required in contact
recordi ng disk files. In the preferred process for formng the N O
film64, the substrate 60 is washed and then placed in a chanber where it
is heated in air to a tenperature in _the range of 100-200 degrees C for
approximately 20 to 60 m nutes. The t erature nust be nmintai ned bel ow’
approxi mately 250 degrees C, which is the tenperature at which the

anor phous NiP nmay crystallize. As a result of this oxidation process it has
been found that a filmconsisting essentially of NiOis fornmed to a

t hi ckness of approxi mately 10-30 Angstrons on the Ni P coating 6ﬁ>\Mh|Ie
testing of
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‘the oxide filmhas confirmed that the clearly predoninant constituenf*fgs-iares
Ni O, other oxides, such as NNerr] and Ni[err]O[err], could al so be
present. By conparison, testing of the surface of the NNP coating 62 after
washi ng indicated a native oxide |ayer having a thickness of approximtely
15 Angstroms, but with no significant N O In an alternative
process for formng the NOfilm®64, thg oxidation is achieved by sputter
etching in the presence of oxygen. The substrate 60 is placed in the vacuum
chanmber and the Ni P surface coating 62 is sputter etched in an argon (Ar)

at nosphere contai ni ng approximately 10% Jerr]. Imediately thereafter and
wi t hout br eaki ndA ¥MAGNBRTIECRECGORDING DISK BOR & ONTAGCT, RECORDING sput t er
deposi ted. The inprovenment in disk coercivity by the oxidation of
the Ni P sABSIBAGCDbating is illustrated in Figs. 6 and 7. In Fig. 6, disks
with different values, of remanence-thi ckness product (Merr]*t) and with
Co[ er r] Pt [ er r | &rnagneticraeprding diskahas bothan extrempely smoeth ton sutfees andhhighed (R

7 Angstrons) .suybstrates with and wthout th Ni_Off_iI .fornmed by annealing
' air. AR, andls ifcqrporitadif 4 qanachfeoprine. 4k e, Wit I AY or ( hose

degr ces. ceterts ablopt BB Rtc athce nd 825 ol e BB U5, pergpioned””

untextured NiP coating (62) on a disk substrate (61) is oxidized to form a NiO film

(64). The NiO film (64) permits the subsequently sputter deposited magnetic layer (67)
b to have much higher coercivity, which enables the disk to be used in contact recording
applications. The NiO film (64) and the later deposited layers (66, 67, 68) making up
the disk, including the top protective overcoat (68), conform to the smooth surface of
the polished NiP, thus preserving the extremely smooth surface of the top layer of the

disk, which is required for the head-disk interface in contact recording disk files.

Fig. 5
REPLACEMENT SHEFRT
THIS SHEET HAS BEEN 12
By
REPLAGED e
v
/

t Has Been Replaced-

" e



B ' 04T SL-4 P02
tihe dhsk with M*t = 0.75 nenu/cnferr] is increased from900 Ce (no N o
film to 1850 OGe when a Nio filmis fornmed by air annealing at 150 degrees
Cfor 60 mnutes. In Fig. 7, simlar disks were fabricated on superfinished
substrates which had been sputter etched in a 10%O0[err] in Ar atnosphere
at 750 and 1250 sputter etch voltages for 10 and 20 seconds.

frictional contact with the disk over the life of the disk file. In 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 (AIMg)
alloy with a nickel-phosphorous (NiP) surface coating, a cobalt-based alloy, such as a
CoPt or CoNi alloy, sputtef deposited as the magnetic layer on the substrate, and a
protective overcoat, such asl a sputter-deposited amorphous hjrdrogenated carbon film,
formed on the magnetic layer. In addition to the magnetic lﬁyg:r and _thc proteétive
overcoat, thin film disks may also include a sputter deposited underlajrer, such as a layer
of chromium (Cr), chromium-vanadium (CrV) or tungsten (W), between the substrate
and the magnetic layer and a spﬁtter deposited adhesion layer, such as a Cr, W or
titanium (Ti) layer, between the magnetic layer and the ‘protective overcoat. While this
conventional disk is adequate for use in CSS disk files, it has been found that when the
AIMg-NiP substrate is made very smooth, as required if the disk is to bé used in contact
recording disk files, it is not possible to manufacture the disk in the conventional manner

 and still achiefre the required disk coercivity.
SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a thin film metal
alloy magnetic recording disk comprising: a substrate coﬁprising an aluminum alloy
having a nickel-phosphorous surface coating; a film of nickel oxide formed on the
nickel-phosphorous coating; an underlayer formed on the nickel oxide film; and a
magnetic layer comprising a cobalt-based alloy formed over the underlayer.

According to another aspect of the present invention there is provided a thin film
cobalt alloy magnetic recording disk comprising: a substrate comprising an aluminum

alloy having a nickel-phosphorous surface coating, the coating has an arithmetic average
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SA9- 92- 036/ 039 7 As shown, there is a significant
increase in coercivity for the disks which had the substrates sputter
etched. For exanple, a 10 second sputteryetch increases the coercivity from
1000 Ce to 1300 Ce when done at 750 volts, and from 1000 Ce to 1850 Ce when
done at 1250 volts. It has al so been found that the oxidation of

t he superSurfaice meughixies? afoaproximatedy i10engstrbes; 4 fibn®faiiEil 9xide fohfedlofikie The
polishing of the NiP | eaves sone residual scratches in the surface. These

scr at cheshigkgi-phesphorousncoatiggran anderlayet spyster \depdsited arthe diickek bgidei fiilyn:and
squar eness al ong the scratch direction. Since the residual scratches are
£y

not al i gn@ASISAICARYCE Copprising qobals pad Rlptinpmopuder deposited, on the uadérbayer;omd a
produces un i rabl e signal t ude ulation. The formation of the Ni O
filmon ﬂﬁ?gff¥¢88§PWﬁdg ?&?é@%??ﬁmﬂgaﬁﬁﬁs this.nmodul ation by altering
the crystall ogeaRiing & Sl AbklP Rped: Sk Hilesdit Svamibn MRS it rooien a
process for manufacturing a magnetic recording disk comprising the steps of: providing
a disk substrate of an aluminum alloy having a nickel-phosphorous surface coating, the
surface of the substrate having an arithmetic average roughness (R,) of approximately 10
Angstroms; forming a film of nickel oxide directly on the nickel-phosphorous coating;
qnﬁ&mtkpoﬁﬁnglutundeﬂawﬂ'onu)ﬂu:nk*eloxkkzﬁhn;spuﬁmrdgpoéﬁngzicobah
alloy magnetic layer onto the underlayer; and forming a protective overcoat over the
magnetic layer.

According to yet another_ aspect of the present invention there is provided a
nmgndk:rmxndh@;dmkiﬂe:&wxxmuwtnumnﬁngcmnqwhh@: a magnetic recording
disk, the disk further 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 nickel oxide ﬁlm,'and a magnetic
layer comprising a cobalt-based alloy formed over the underlayer; means connected to
the disk for rotating th_e disk; a head for reading data to or writing data from the
magnetic layer on the disk; méans for supporting the head, the head support means being
urged into contact with the disk during read or write operations; and means connected to
the head support means for moving the head across the disk.-

A preferred embodiment of the present invention will now bé described with
reference to the accompanying drawings, 1n which:

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

components of a liquid bearing contact recording disk file;



8 . CLAIM5 1. A magnetic recording
disk file for contact recordi ng conprising: a magnetic recording

di sk, the disk further conprising a subgtrate of an alum num alloy having
a ni ckel - phosphorous surface coating, a filmconprising nickel oxide
formed on the nickel - phosphorous coating, an underl ayer forned over the

ni ckel oxi de Figi 2 ig a topdviewrafghetisk filapfFige dnpith shenmver tbbahdvedased al | oy

formed over the underlayer; means connected to the disk for rotating
the disk;  Fig. 3 iscan Hlusirationdph ghel head-disk onterface iafga digquid-beasingt entact
magnetic |ayer on the disk; nmeans for supporting the head, the head

support Aeegsdingdiskyfiles ged i nt o cont act
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 illuslratihg 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

Fig. 7 is a graph of coercivity as a function of etch voltage for dlsks with and
without the oxide film formed by sputter etching in an O,-Ar atmosphere.
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with the disk during read or wite operations; and means connected to
t he head support neans for noving the head across the disk. 2. A di
file according to claim1 wherein the digk includes protective overcoat
formed over the magnetic layer. 3. A disk file accokgi mﬂ“‘rm“L
wherei n the nickel -phosphorous coating has an arit hrr% Nmmm Wace
roughness of approxinately 10 Angstrq@BAIME. A disk fi ecackor¥iny to
claim 3 wherein the disk has a coercivity of approximately 1800 Cer st eds.
5. A di sk fiAenagnetic decogding didkafilerfor edntace revording vomprisiager conpri ses
chromiumor an alloy of chrom umand vanadium 6. A disk file according
to claimi whemagneticheecarding disk) theedisk furthgricomprising ragsubstrate of anj algmémni ace
and wherein the head supporting nmeans further conprises a_head carrier, the
alloy having a nickel-phosphorous surface coating, a film comprising nickel oxide
formed on the nickel-phosphorous coating, an underlayer formed over the nickel oxide
film, and a magnetic layer comprising a cobalt-based alloy formed over the underlayer;
means connected to the disk for rotating the disk;
a head for reading data to or wntmg data from the magnetic layer on the disk;
means for supporting the head, the head support means being urged into contact
with the disk during read or write operations; and
means connected to the head support means for moving the head across the disk.
- 2. A disk file according to claim 1 wherein the disk includes a protective overcoat
formed over the magnetic layer.
3. A disk file according to claim 1 wherein the nickel-phosphorous coating has an
arithmetic average surface roughness of approximately 10 Angstroms.
4. A disk file according to claim 3 wherein the disk has a coercivity of approximately
1800 Oersteds.
5. A disk file according to claim 1 wherein the underlayer comprises chromium or an
alloy of chromium and vanadium.
6. A disk file according to claim 1 wherein the disk includes a liquid bearing film on
its surface and wherein the head supporting means further comprises a head carrier, the
carrier being urged into contact with the liquid bearing film during read or write
operations. _
7. A disk file according to claim 1 wherein the head and head support means form an
integrated head-suspension, the head-suspension being urged into contact with the disk

during read or write operations.

8. A thin film metal alloy magnetic recordiﬁg disk comprising:
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carrier being urged into contact wwth the |liquid beartng—t+tmdurimng Tead

or wite operations. 7. A disk file according to L Wi he
head and head support neans form an intgeg_rat ed heaq[ mﬁm ,; ﬁ“ll‘a'[;\”
head- suspensi on being urged into contact wth the diS} i T =0r
wite operations. 8. Athin filmnetal alloy magnetic recording disk

conprising: a substrate comprising an aluminum alloy having a nickel- hospﬁorous surfafe
substrate conprising an alum num alloy having a nickel - phosphorous surface
coati ng; coating;
" a film of nickel oxide formed on the nickel-phosphorous coating;
an underlayer formed on the nickel oxide film; and
a magnetic layer comprising a cobalt-based alloy formed over the underlayer.
9. A disk according to claim 8 wherein the underlayer comprises chromium or an
alloy of chromium and vanadium. |
10. A disk according to claim 8 including a protective overcoat formed over the
magnetic layer.
11. A disk according to claim 8 wherein the nickel-phosphorous c;ating has an
arithmetic average surface roughness of appfoximately 10 Angstroms.
12. A disk according to claim 8 wherein the disk has a coercivity of approximately
1800 Oersteds. ‘
13. A thm film cobalt alloy magnetic recording disk comprising:
a substrate comprising an alulﬁinum alloy having a nickel-phosphorous surface
coating, the coating has an arithmetic average surface roughness of approximately 10
Angstroms; |
a film of nickel oxide formed on the nickel-phosphorous coating;
.an underlayer sputter deposited on the nickel oxide film;
a magnetic layer. comi)tising cobalt and platinum sputter deposited on the
underlayer; and
a protective overcoat formed over the magnetic layer.
14. -~ A process for manufacturing a magnetic recording disk comprising-the steps of:
providing a disk substrate of an aluminum alloy having a nickel-phosphorous
surface coating, the surface of the substrate having an arithlhetic average roughness (R,)
of approximately 10 Angstro:ps;
forming a film of nickel oxide directly on the nickel-phosphorous coating;

sputter depositing an underlayer onto the nickel oxide film;

|REPLACEMENT SHEET

1 0 NOV 997




a.filmof nickel oxide formed on the nickel -phospm an
underl ayer formed on the nickel oxide film and u“m nﬂﬁlﬂﬂﬁ“‘ﬂﬂy
conprising a cobalt-based alloy fornmed iger t he und MBS i sk
according to claim8 wherein the underl ayer conprise$ ¢ roniumor an all oy
of chrom um and vanadium 10. A disk according to claim8 including a

protective ovguaentefositiipth COLAl A1069 miFRSHECIyer dt¥ e undbrlagerdafik accordi ng
to claim8 wherein the nickel -phosphorous coating has an “arithnetic

aver age sur f afoemingig pretecivefoveroapaverahemdgidicAagsl rons. 12, A disk
according to claim8 wherein the disk has a coercivity of approxi mately
1800 Cer st3dsA proces\acdnrdingi tbrolainbid whatelin therstgpet forming:the diicke] dkide film
conpri si ng: a substrate conprising an alum num all oy having a
ni ckel - phglgtlbnb,cggmrggq Spuiter etching the nickel-phosphorous coating in the presence of
oxygen. '
16. A process according to claim 14 wherein the step of forming the nickel oxide film
further comprises heating the substrate in the presence of oxygen.
17. A process according to claim 14 wherein the step of forming the nickel oxide film
further comprises forming the nickel oxide film to a. thickness of approximately 20
Angstroms.
18. A process according to claim 14 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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coating, the coating has an arithnmetic average surface rgughness of
approxi mately 10 Angstromns; ~~a*fil'mof nickel oxideior e
ni ckel - phosphorous coati ng; an ungder | ayer sputter jdepos égg 1Y ﬁh@';
ni ckel oxide film . a magnetic | ayer conprising cobd w@imﬁ&ﬁ num |
sputter deposited on.the underlayer; and a protective overcoat Tormed
over the nagneA MAGNETICIRECORDINGsPISK FOR CONTACT RECORDING i c
recordi ng di sk conprising thé steps of: provi ding a di sk substrate of
an al uni ABSERAGT havi ng a ni ckel - phosphorous surface coating, the surface

of the substrate having an arithnetic average roughness (Ra) of .
appr oxi mat el y» T0AgAsHS Teeprding disk has ioth 95 extremely smopthc [apl swaceeand hight |y

ggt ':)hte hglcﬁélg:%(v_é'&r: O;Iftﬂ gsr ?lﬂgq;ggr%%eldn% a contagtp ?ééo?({ing e(ﬁé)ks Itlllé: n‘%hi% }Jer(]lgﬁ'gé aa%er L

extremely smooth head-disk interface and a disk with hlgh coercivity. A sup'erfinished'. ..

(@

untextured NiP coating (62) on a disk substrate (61) is oxidized to form a NiO film (64).
The NiO film (64) permits the subsequently sputter deposited magnetic layer (67) to have
much higher coercivity, which enables the disk to be wsed in contact recording
applications. The NiO film (64) and the later deposited layers (66, 67, 68) making up
the disk, including the top protective overcoat (68), conform_ to the smooth _surface of the
pblisﬁed NiP, thus preserving the extremely smooth surface of the top layer of the disk,
which is required for the head-disk interface in contact recording disk files.

Fig.5 |
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sputter Layen\%ntpithe underlayer and
“formi i i C Iayégs """ 15. A process
accordijnd to clarm 14~ relh the_st‘phoﬂwa;nlng}Lﬁe$n|ckel oxide film
furtherf donpry tt ' e ni ckel - ghospherpus coating in the
presende o?ﬁzgasgéﬁav "dkhg “t'0° ¢I"aF'M14 iwherei n the step

of for
in the |presence of oxyge ..:ﬂ,,q,»
step of Ttormng tne nrckel ox
oxide filmto a thickness of approximtely 20

The present invention relates to a thin film metal alloy magnetic

conprl‘ heatlng the substrate
S AT .9 claim 14 wherein the-

onprlses “forming the nicke

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 gﬁpported 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 lihear or rotary actuator by means of a relatively fragile
suspension. ‘There may be a stack of disks in the disk file with the
éctuator.supporting,a number of sliders. The actuator moves the sliders
radially so that each head may access the recording area of its
associated-disk surface. 1In these conventional disk files the slider is
biased towards:the disk surface by a small forcé_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 operations.
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 addltlon to the above-described conventional CSS magnetic
recordlng disk flles "contact" recording rigid disk files ‘have been
proposed. 1In one typg of contact recordlng, referred to as "liquid
bearing" contact rj éd%ulna,?
film as a liquid béarlng bet
example of this type of cont;ct recofdipg disk file is described in

hqﬁhead -disk interface includes a liquid

n the transducer carrier and the disk. 2n

EP 367510. 1In another type of contacﬁ 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-suspension, as described for example in
US patent 5,041,932, a portion of the head actually wears away due to |




— e

Angétroms. 18. A process according to claim14 wherein the step of sputter
“depositing an underlayer conprisgs:sputter dep05|t|ng an underlayer of
‘chrom umor an alloy of chromiufmiand vanadi um

11

MAGNETIC RECORDING DISK

ABSTRACT

A magnetic recording disk has both an extremely smooth top surface and high
coercivity, and is incorporated m a contact recording disk file which requires an
extremely smooth head-_disk interface and a disk with high coercivity. A superfinished
untextured NiP coating (62) on a disk substrate (61) is oxidized to form a NiO film (64).
The NiO film (64) permits the subsequently sputter deposited magnetic layer (67) to have
much higher coercivity, which enables the disk to be used in contact recording.
applications. The NiO film (64) and the later deposited layers (66, 67, 68)-making up
the disk, including the top protective overcoat (68), conform to the smooth surface of the
polished NiP, thus preserving the extremely smooth surface of the top layer of the disk,
which is required for the head-disk interface m contact recording disk files.

Fig. 5 :
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