
EP 0 381 652 B1 Description This invention relates to a thin film metal
alloy magnetic recording disk, and in particular to such a disk having a
protective overcoat of a metal-containing or metal carbide-containing
carbon film. The invention also 5   relates to a contact start/stop (CSS)
rigid disk file having such a disk as the magnetic recording medium. In
many types of rotating rigid disk files, each of the read/write transducers
or heads is supported on a slider which rides on a cushion or bearing of
air above the surface of the disk when the disk is rotating at its
operating speed. The slider Is connected toa linearor rotary voice coil
actuator by means of a relatively fragile suspension. There is generally a
stack of disks and a number of actuators with each actuator supporting a 10
number of sliders. The actuators move the sliders radially between the
disks so that each head may access the recording area of a respective disk.
In these conventional disk files the slider is biased against the disk
surface by a small force from the sus- pension when the disk is not
rotating. The slider is thus in contactwith 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. The 15  slider is 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. In such disk files a lubricant Is often maintained on the disk
surface to prevent damage to the head and the disk during starting and
stopping of the disk. One type of diskforuse in rigid diskfiles is a thin
film metal alloydiskwhich typically comprises a substrate, such as an
aluminum-magnesium (AlMg) alloy with a nickel-phosphorous (NiP) surface
coating, a cobalt-based 20 alloy sputter deposited as the magnetic layer on
the substrate, and a protective overcoat, such as a sputter- deposited
amorphous carbon film, formed on the magnetic layer. U.S. Pat. No.4,503,125
describes a protective overcoat of amorphous carbon formed by sputtering a
graphite target. Amorphous hydrogenated carbon films formed by reactive
sputtering of a graphite target in an atmosphere of argon and hydrocarbon
gases have been suggested as suitable for use as thin film disk protective
overcoats, as described In Japanese Kokai No. 60- 25 157725. Assignee's
U.S. Pat. No. 4,778,582 describes a protective hydrogenated carbon overcoat
formed by sputtering a graphite target in the presence of Ar and hydrogen
[err]. In addition to the magnetic layer and the protective overcoat, thin
film disks may also include a sputter-deposited underlayer, such as a layer
of chro- mium (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) layer, between the magnetic layer and the
30  protective overcoat. A serious problem with such disk files is that
after the slider has been in stationary contact with the disk surface (i.e.
the protective overcoat) forjustashort period of time, the slider tends to
resist translational move- ment or "stick" to the disk surface. This
"stiction" Is caused by a variety of factors, including static friction and
viscous shearforces and surface tension created by the lubricant between
the disk and the slider. Even in those 35  disk files which have disks with
extremely smooth unlubricated disk surfaces, stiction may occur because of
the strong intermolecular attraction at the interface between the smooth
disk and slider surfaces. Stiction In a disk file can result in damage to
the head or disk when the slider suddenly breaks free from the disksurface
when disk rotation is initiated. In addition, because the suspension
between the actuator and the slider is rel- atively fragile in order to
permit the slider to fly above the disk surface, sudden rotation of the
disk can also 40  damage the suspension. The stiction problem is especially
prevalent in those diskfiles which have amorphous carbon or
hydroyen-containing carbon protective overcoats on the disks. In order to
prevent damage to the disk file caused by the stiction between the sliders
and disk surfaces, various types of head load/unload mechanical and
electromechanical devices have been built into disk files. A typical
load/unload device thus moves the sliders away from the disk surfaces when
the disk file is turned 45  off and backtowards the disk surfaces when the
diskfile is turned on. Thus, in contrastto conventional contact start/stop
(CSS) disk files, in the "load/unload" type of diskfiles the sliders are
never permitted to contact the disk surfaces. In addition to the stiction
problem, an additional problem in disk files which use thin film disks is
the suit- ability of the protective overcoat to provide resistance to wear
caused by contact of the disk by the air-bearing 50  slider which carries
the magnetic recording head. Accordingly, it is desirable to have a
protective overcoat for thin film metal alloy disks which is wear resis- 



tant and which presents a low static friction Interface to the slider. With
such an improved protective overcoat it is possible to have disk files
which include all the advantages of both thin film metal alloy disks and
CSS operation. 55     In accordancewith the invention, there is provided a
thin film metal alloy rigid magnetic recording diskcom- prising: a
substrate; a magnetic layer comprising a cobalt-based alloy formed over the
substrate; and a pro- tective overcoatformed overthe magnetic layer, the
overcoatbeing afilm having a substantially planarsurface comprising
primarily carbon in the essentially amorphous form and one or more of
tungsten (W) or tungsten 2    EP 0 381 652 B1 carbide (WC) distributed
throughout and embedded within the carbon, the W orWC being present in the
carbon in the range of approximately 4 to approximately 12 atomic percent
and in the form of clusters which project above the substantially planar
surface. The improved protective overcoat is both wear resistant and
creates a low level of stiction in a CSS disk file. In a preferred
embodiment the overcoat is a film of essentially amor- 5   phous carbon or
hydrogen-containing carbon with relatively small amounts of embedded iron
(Fe), tungsten (W) or tungsten-carbide (WC). These specific additives to
the carbon overcoat improve the wear resistance of the disk and permit the
sliders to contact the disks in CSS operation without damage to any of the
disk file components. In particular, the protective overcoat has a
relatively smooth planar carbon surface with discrete clusters of the
additives which project slightly above the smooth carbon surface. It is
this particular character- 10  istic of the protective overcoat which is
believed responsible for the low static friction. Thus the present inven-
tion Is also directed to a rigid disk file of the CSS type wherein the thin
film metal alloy disks have the above- described protective overcoat. For a
fuller understanding of the nature and the advantages of the present
invention, reference should be made to the following detailed description
taken In conjunction with the accompanying drawings, in which 15      Figs.
1(a) and (b) are atomic force microscope (AFM) micrographs of the surface
topographies of an amor- phous hydrogenated carbon film with and without W
impregnated in the film; Figs. 2(a) and (b) are plots of initial stiction
(in grams) as a function of CSS cycles on W impregnated amor- phous
hydrogenated carbon films formed on a polished Si substrate, and on a
polished NiP substrate with a W underlayer; and 20      Figs. 3(a) and (b)
are plots of initial stiction (in grams) as a function of CSS cycles for a
tungsten carbide (WC) impregnated amorphous hydrogenated carbon film formed
on textured NIP substrate, and for an amorphous hydrogenated carbon film
without WC formed on a textured NiP substrate. In order to understand the
stiction and wear resistance properties of protective carbon overcoats for
thin film disks, various types of disks with different overcoats were
fabricated. 25      The thin film disks were fabricated in a Sputtered
Films Inc. (SFI) s-gun magnetron sputtering system, using planetary
rotation. In general the disk structure consisted of an underlayer
(200-300Angstroms Cr), a magnetic layer (300-500Angstroms CoPtCror CoNiCr),
an adhesion sublayer(~50AngstromsW, Ti orTa) and a carbon-based overcoat
(200Angstroms). The disks were deposited on substrates of smooth
single-crystal silicon (Si) and on both polished and textured AIMg/NiP. The
recording metal layer was deposited using DC 30  magnetron sputtering,
whereas the overcoat layers were deposited using either DC or RF
sputtering. Asub- strate bias voltage (-50V) was applied during the
deposition of the underlayers and the sublayers to promote film adhesion.
The magnetic layers and the overcoats were deposited with no substrate
bias. Metal additives (Si, Ti, Ta and W), and carbide additives (TiC, TaC
and WC) were incorporated at various concentrations up to approximately 10
atomic percent (at.%) into the carbon overcoat by a co-sputtering
technique. (As used here- 35  in, the percentage amounts of additives shall
referto atomic percent). The concentration of additive in the over- coat
was estimated from the calibrated relative deposition rates of the
materials from the sputtering targets. The disks were then treated with
20-30Angstroms of conventional lubricant, such as perfluoropolyethers ap-
plied by dip coating or spraying. The functional characteristics of the
overcoats were then determined using CSS tests in instrumented 



40  Seagate model ST412 disk files. Strain gauges attached to a fixture
supporting the head suspension provided a measurement of the forces acting
on the slider. All measurements were made with IBM 3380 type sliders with a
15 gm loading. The stiction value is defined herein as the maximum force
exerted on the slider during the Initial 60ms after the disk drive motor
start-up. A standard start/stop cycle consisted of a 0.17 minute rest
period and a 0.10 minute flying period at a maximum rotational speed of
3600 rpm. 45     In addition to CSS tests, a
numberofdurabilityoracceleratedweartests (AWT) were performed on certain of
the sample disks. These tests were conducted at 300 rpm, by maintaining
continuous slider/disk contact and using an increased slider loading of 30
gms. The results of these experimental tests are listed in Table 1. 50 55 3
EP 0 381 652 B1 Tab le 1 Stiction Durability 5    Test          Overcoat
(gms)         (CSS cycles)   AWT Cycles 1          H-C                 >45
>10,000              60-90,000 10      2          H-C/4.2%  Si         >50
0 3          H-C/7.8%  Si        >50                 0 4          H-C/10.0%
Ti    20-40             ~3,000 5          H-C/4-7%  Ta          4-20
~4,000 15      6          H-C/4-8% W             5-8         >10,000 7
H-C/3.2% TiC          ~10           ~ 300 8         H-C/8.5%  TaC    28
21,000 20      9          H-C/4-10%  WC          5-10       >10,000
> 500,000 As is apparentfrom the results in Table 1, onlythe carbon
overcoat with W orWC provided both the desired low stiction and the high
durability or wear resistance. 25     In addition to the results in Table
1, a protective overcoat of an amorphous carbon film with Fe embedded in
the carbon film was fabricated by DC magnetron sputter deposition of a
graphite target, with an iron strip near the racetrack, in an Ar
atmosphere. The resulting amorphous carbon with Impregnated Fe also
exhibited low friction and high durability. Unlike the amorphous
hydrogenated carbon overcoats listed in Table 1, in this particular disk
structure there was no hydrogen present in the carbon overcoat However, it
is believed that 30 the low friction and high durability caused by the
embedded Fe would also result if the Fe were embedded in an amorphous
hydrogenated carbon overcoat. Referring now to Fig. 1(b), there is shown a
micrograph by an Atomic Force Microscope (AFM) which il- lustrates the
surface topography of a hydrogenated carbon overcoat of 200 Angstroms
thickness with no metal or metal carbide particles present. Referring now
to Fig. 1(a), there isa similarAFM micrograph of a protective 35 overcoat
of a hydrogenated carbon film with 6% W. In the particular micrograph of
Fig. 1(a) there are peaks having a height of approximately 60 Angstrom
which are believed to be microcrystaline clusters of W projecting from the
substantially planar carbon surface. It is this "microroughness"
characteristic of the protective over- coat which is believed to produce
the low initial static friction. This microroughness has also been observed
for the overcoats with embedded WC. 40      The stiction and AWT tests of
the overcoats were carried out on smooth Si, as described above. Reduced
stiction was also achieved forW and WC impregnated overcoats formed on
polished AlMg/NiP substrates, but it was found that for adequate durability
(>10K CSS cycles) a mechanically hard underlayer was required be- tween the
substrate and the magnetic film. The stiction characteristics of 5% W
impregnated hydrogenated carbon overcoatdeposited in the same pump down on
both polished silicon and polished AlMg/NiP substrates 45 are compared in
Figs. 2(a) and 2(b). In the case of the AlMg/NIP substrate a 1200 Angstrom
W underlayer 



was formed beneath the magnetic layer. It can be seen that the stiction
behavior is reasonably similar, although there is considerably more scatter
for the AlMg/NiP substrate. Significant stiction reduction has also been
observed with aW impregnated hydrogenated carbon overcoat formed over
textured NiP substrates without a hard underlayer. A comparison is given in
Figs. 3(a) and 3(b), 50 for a 12% WC impregnated overcoat and an overcoat
without WC, both prepared under similar deposition con- ditions. In
addition to the use of a textured NIP substrate, these films differed from
those previously described in that the W impregnated overcoat was sputtered
from a compound target containing graphite and 12% WC. The 12% WC
impregnated carbon overcoat whose data is depicted in Fig. 3(a) exhibited
low and reasonably stable stiction during the first 4000 CSS cycles. Wear
was observed on the overcoat at approximately 6000 55 CSS cycles.
Nevertheless, the results given in Figs. 3(a) and (b) establish that
stiction improvement can be achieved by sputtering the overcoat from a
single target and can benefit thin film disks using textured sub- strates.
It has also been found experimentally that if the W or WC is present in too
large an extent in the carbon 4    EP 0 381 652 B1 overcoat, the benefits
of low static friction are substantially reduced. In particular, the
reduced disk durability (approximately 6000 CSS cycles) for the 12% WC
overcoat, Fig. 3(a), appears to illustrate the onset of this phenomenon.
This phenomenon is believed consistentwith thedepiction of
theovercoattopographyin theAFM micrograph in Fig. 1 (a) In that the benefit
of the microroughness is eliminated if the W or the WC is present to 5
such an extent that it produces a more continuous surface topography
without the peaks of W or WC clusters. While the preferred embodiments of
the present invention have been Illustrated in detail, it should be ap-
parent that modifications and adaptations to those embodiments may occur to
one skilled in the art without departing from the scope of the present
invention as set forth in the following claims. 10 Claims 1. A thin film
metal alloy rigid magnetic recording disk comprising: a substrate; 15
a magnetic layer comprising a cobalt-based alloy formed over the substrate;
and a protective overcoat formed over the magnetic layer, the overcoat
being a film having a substan- tially planar surface comprising primarily
carbon in the essentially amorphous form and one or more of tungsten (W) or
tungsten carbide (WC) distributed throughout and embedded within the
carbon, the W or WC being present in the carbon in the range of
approximately 4 to approximately 12 atomic percent 20      and in the form
of clusters which project above the substantially planar surface. 2. The
thin film disk according to claim 1 wherein the primarily carbon overcoat
film also includes hydrogen. 3. The thin film disk according to claim 1 or
claim 2 wherein the substrate Is single crystal silicon. 25  4. The thin
film disk according to claim 1 or claim 2 wherein the substrate is a
textured NIP surface coating formed on an aluminum alloy disk. 5. The thin
film disk according to claim 1 or claim 2 wherein the substrate is an
untextured NiP surface coat- ing formed on an aluminum alloy disk, and
further comprising an underlayer between the magnetic layer and the NiP
coating. 6. A contact start/stop (CSS) magnetic recording rigid disk file
comprising at least one thin film metal alloy magnetic recording disk as
claimed in any preceding claim. 36 Patentanspriche 1.  Eine magnetische
Dunnschicht-Metallegierungs-Festplatte, die umfalt: Ein Substrat, 40
sine Magnetschicht, bestehend aus einer Legierung auf Kobaltbasis, die Ober
dern Substrat ausgebildet ist; und 



elnen Schutzflberzug, der auf der Magnetschicht ausgebildet !et, wobel
dieser Oberzug aus einer DOnn- schicht mit einer im wesentlichen planaren
Oberflfche besteht, die in erster Unle Kohlenstoff im wesent- lichen In
amorpher Form und sine oder mehrere Schichten aus Wolfram (W) bzw.
Wolframcarbid (WC) 45      enthfilt, das im Kohlenstbffverteilt in ihn
singebettet ist, wobei das W oderWC im Kohlenstoff im Bereich von etwa 4 zu
etwa 12 Atomprozent und In der Form von Nestern vorkommt, die Ober die Im
wesentlichen planare Oberfllche hochstehen. 2.  Die Dflnnschichtplatte
gemrin Anspruch 1, In der die hauptslchlich aus Kohlenstoff bestehende
D~nn- 50      schicht such Wasserstoff elnschilielt. 3.  Die
Dflnnschichtplatte gemrnl Anapruch 1 oder Anspruch 2, In der das Substrat
aus Einkristall-Siliclum besteht. 55   4.  Die DOnnschichtplatte
gemMaAnspruch I oderAnspruch 2, in derdas Substratelne texturierte
NiP-Ober- flAche Ist, die auf einer Aluminiumleglerungaplatte ausgebildet
ist. 5.  Die DWnnschichtplatte gem5B Anspruch I oder Anspruch 2, in der das
Substrat sine untexturierte NIP- 5    overcoat, the benefits of low static
friction are substantially reduced. In particular, the reduced disk
durability (approximately 6000 CSS cycles) for the 12% WC overcoat, Fig.
3(a), appears to Illustrate the onset of this phenomenon. This phenomenon
is believed consistentwith the depiction of the overcoattopography in
theAFM micrograph in Fig. 1 (a) in that the benefit of the microroughness
is eliminated if the W or the WC is present to 5   such an extent that It
produces a more continuous surface topography without the peaks of W or WC
clusters. While the preferred embodiments of the present invention have
been illustrated in detail, it should be ap- parent that modifications and
adaptations to those embodiments may occur to one skilled in the art
without departing from the scope of the present invention as set forth in
the following claims. Claims 1. Athin film metal alloy rigid magnetic
recording disk comprising: a substrate; 15            a magnetic layer
comprising a cobalt-based alloy formed over the substrate; and a protective
overcoat formed over the magnetic layer, the overcoat being a film having a
substan- tially planar surface comprising primarily carbon in the
essentially amorphous form and one or more of tungsten (W) or tungsten
carbide (WC) distributed throughout and embedded within the carbon, the W
or WC being present in the carbon in the range of approximately 4 to
approximately 12 atomic percent 20      and in the form of clusters which
project above the substantially planar surface. 2. The thin film disk
according to claim 1 wherein the primarily carbon overcoatfilm also
includes hydrogen. 3. The thin film disk according to claim 1 or claim 2
wherein the substrate is single crystal silicon. 25  4. The thin film disk
according to claim 1 or claim 2 wherein the substrate is a textured NiP
surface coating formed on an aluminum alloy disk. 5. The thin film disk
according to claim 1 orclaim 2 wherein the substrate is an untextured NiP
surface coat- ing formed on an aluminum alloy disk, and further comprising
an underlayer between the magnetic layer and the NiP coating. 6. A contact
start/stop (CSS) magnetic recording rigid disk file comprising at least one
thin film metal alloy magnetic recording disk as claimed in any preceding
claim. 35 Patentanspruche 1.  Eine magnetische
Dannschicht-Metallegierungs-Festplatte, die umfaft: Ein Substrat; UAV    40
eine Magnetschicht, bestehend aus einer Leg lerung auf Kobaltbasis, die
fOber dem Substrat ausgebildet !et; und einen Schutzrlberzug, der auf der
Magnetschicht ausgebildet ist, wobei dieser Oberzug aus einer Dunn- schicht
mit einer im wesentlichen planaren Oberflche bestht, die in erster LUnle
Kohlenstoff im wesent- 



lichen in amorpher Form und eine oder mehrere Schichten aus Wolfram (W)
bzw. Wolframcarbid (WC) 45      enthilt, das im Kohlenstoff verteit in ihn
eingebettet ist, wobei das WoderWC im Kohlenstoff im Bereich von etwa 4 zu
etwa 12 Atomprozent und in der Form von Nestern vorkommt, die Ober die im
wesentlichen planare OberflAche hochstehen. 2.  Die Dunnschichtplatte gemAM
Anspruch 1, In der die hauptslichlich aus Kohlenstoff bestehende D(nn- 50
schicht auch Wasserstoff einschlielt. 3.  Die Dunnschichtplatte gemaS
Anspruch 1 oder Anspruch 2, in der das Substrat aus Einkristall-Silicium
besteht. 55  4.  Die Dflnnschichtplatte gemaMAnspruch I oderAnspruch 2, in
derdas Substrat eine texturierte NiP-Ober- flrche ist, die auf einer
Aluminiumlegierungsplatte ausgebildet ist. 5.  Die Dunnschichtplatte gemaM
Anspruch 1 oder Anspruch 2, in der das Substrat eine untexturierte NiP-
EPO0381 652 B1                     I 111     Niii liil  li liii EP 0 38 652
1*  C   L  M   S Oberflache ist die auf einerAluminiumlegierungsplatte
ausgebildet !st, und ferner sine Unterschicht zwi- schen der Magnetschicht
und dem NiP-Oberzug aufweist. B. Ein
Beruhrungs-Start/Stop-(CSS)-Magnetaufzeichungsfestplattenstpel, der
mindestens sine magneti- 5       ache
Dunnschichtmetallegierungs-Aufzeichnungsplatte gemAll einem der
vorstehenden Ansprflche auf- weist. Revendlcatlons 10 1. Disque magn6tique
rigide en alliage metallique A couche mince comprenant: un substrat; une
couche magnetique composee d'un alliage A base de cobalt formee sur le
substrat; et une sur-couche formeesurla couche magn6tique, ladite couche
magnetiqueayantune surface en grande 15      partie plane compos6e
principalement de carbone sous sa forms essentiellement amorphe et d'un ou
plu- sieurs 6lements de tungstene (W) ou de carbure de tungsthne (WC)
repartis et incorpor6s dans le car- bone, le W ou le WC etant present dans
le carbons dans la plage comprise entre environ 4 et 12 pour- cent atomique
et sous la fomse d'amas faisant saillie au dessus de la surface en grande
partie plane. 2.  Disque A couche mince selon Is revendication, dans lequei
la sur-couche principalement A base de car- bone comprend 6galement de
I'hydrogbne. 3. Disque A couche mince selon la revendication I ou 2, dans
lequel le substrat esat A base de silicium mo- nocristallin. 25  4.
Disquea couche mince selon la revendication I ou 2, dans lequel
lesubstratestun revtetmentsuperficiel de NIP structur6 form6 sur un disque
en alliage d'aluminium. 5. Disque A couche mince selon ia revendication I
ou 2, dans lequel Is substrat est un revetementsuperf iclel de NIP non
structure forme sur un disque en alliage d'aluminium, ledit disque
comprenant de plus, une 30      sous-couche entre la couche magn6tique et
le revtement de NiR 6. Fichier sur disque magnetique rigide cdassique A
contact (CSS) comprenant au moins un disque magnA- tique en alliage
metallique A couche mince selon l'une quelconque des revendications
pr6cedentes. 35 40 45 50 55    


