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DATA STORAGE SYSTEM

The present invention relates generally to data storage systems
and, more particularly, to a magnetic disk storage system in which the
magnetic transducer is mounted on a slider in physical contact with the

storage medium at operating speed.

In magnetic storage systems, an information bit is stored by
applying a magnetic field to a small volume on the disk to align the -
magnetic domains in that volume to a desired orientation. In such
storage systems, the demand for increased storage capacity is presently

being met by increasing the areal bit density on the storage disk.

. In magnetic disk stoiage systems, increase of areal bit density
requires the reductiqn o€ three basic parameters, the magnetic write
transducer (head) gap length, the thickness of the magnetic storage
media and the head to disk separation. Given a specified gap length and
media thickness, the smaller the head-disk separation, i.e., the lower
the head flying height, is, the smaller the bit cell size which can be
achieved is. The limit of lower flying height is contact recording, in
which the slider is in physical contact with the rotating magnetic disk,
i.e., the slider is sliding or rubbing continuously on the disk surface
and the read/write transducer is as close as the edge of the slider can
be to the disk surface. U.S. Patent No. 4,819,091 to Brezoczky et al,
assigned to the instant assignee, discloses a magnetic contact recording
system comprising a magnetic read/write head mounted on a slider
fabricated from a single crystal material which is in physical contact
with the rotating storage medium. A tribo-attractive force is generated
between the moving disk surface and the slider which counteracts the
lifting force generated by the moving air layer adjacent the disk
surface and which allows contact recording and reading of data without
excessive wear to either the magpetic head and slider or the recording

medium.
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U.S. Patent No. 4,901,185 to Kubo et al, assigned to Kabushiki
Kaisha Toshiba, discloses a rotating magnetic disk storage system
wherein a trailing edge of a slider is maintained in contact with thé
surface of a rotating magnetic disk. The slider is suspended over the
rotating disk by a set of gimbal arms which include a leaf spring means
to impart a rotational force to the slider to bring a trailing portion
of the slider air bearing surface into contact with the moving magnetic
disk surface. A magnetic head is located on or embedded in the face of
the slider trailing edge with the surface of the magnetic head near to
but not in contact with the disk surface to prevent wear of the head
surface. Wear of the slider contact surface and the disk is minimized
by use of a disk lubricant and reduction of the disk rotational speed.

It is an object of the present invention to provide a high density,
contact recording system for a moving magnetic storage system which
permits the magnetic transducer to be maintaian in contact with the
moving recording medium in differing conditions of transducer loading
and disk speed without excessive wear of either the magnetic transducer

or the recording medium.

According to the inventor there is provided a magnetic disk storage
system comprising a magnetic storage medium comprising a rigid substrate
having a layer of magnetic storage material thereon{ a magnetic
transducer and means for supporting said magnetic transducer in physical
contact with said magnetic storage medium, said support means comprising
a substrate of material having a load versus friction characteristic
that is non-linear in the negative load region; and means coupled to
said magnetic storage medium for rotating said magnetic recording medium
and producing relativé motion between said magnetic storage medium and
said magnetic transducer up to a selected operating speed sufficient to
generate a restoring force responsiQe to said load versus friction
characteristics of said support means, said restoring force having a
magnitude sufficient for maintaining said magnetic transducer in
substantially physical contact with said magnetic storage medium at said

selected operating speed, whereby data can be written or sensed without
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excessive wear to either said magnetic transducer or said magnetic

storage medium.

There is furtber provided a magnetic transducer for use with a
magnetic storage medium, comprising magnetic head means for recording
and/or sensing data on a magnetic storage medium; and substrate means
maintained in physical contact with said magnetic storage medium, said
substrate means comprising a crystalline material having a high
resistivity, high thermal conductivity and a low coefficient of
friction, said magnetic head means formed on a surface of said substrate
means in close proximity to a major surface of said magnetic storage

medium.

In a preferred storage systeﬁ embodying the invention the magnetic
read and/or write transducer or head is mounted on a slider suspended
from a support arm such that the élider {s maintained in ﬁhysi?al
contact with the moving magnetic storage medium (magnetic diskj.
Relative motion between the slider and the magnetic disk generates a
tribo-attractive restoring force sufficient not 6nly to overcome the
lifting force generated by the moving surface film of air, but also to
counteract any perturbing force tending to separate the slider from the
disk surface. Thus, a very steady average slider-disk separation is
maintained, fluctuating within only several nanometers (mm) with respect
to the disk surface. At léast one magnetic read and/or write head is
positioned on the slider in close proximity to the slider contact
surface. Since the slider is in contact with the disk surface, the head
to media separation is dictated only by the thickness of the protective
layers over the magnetic recording.layer, i.e;, the magnetic medium, and
the relative flatness of the magnetic disk. Commercially available,
state-of-the~art magnetic disks have local variances in surface flatness
of 20 nm or less and protective overcoat layer thickness of 40 nm or
less, if any. Thus, it is relatively easy to achieve head-to-medium
distances of less than 60 nm. Additionally, since the slider is in
physical contact with the magnetic disk surface, variations in the head

height during operation are minimized. Thus, by utilizing a magnetic
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disk device according to the present invention, the data areal bit

density can be significantly increased. 1In addition, data can be easily

read from the magnetic recording surface of the magnetic disk.

Since the tribo-attractive force generated by the relative motion
between the slider and the magnetic disk surface in sliding contact
overcomes the lift generated by the moving air layer immediately
adjacent the disk surface, the requirement for a positive external load
on the slider is eliminated. Additionally, because the tribo-attractive
force actually behaves in the manner of a restoring force, such as, for
example, the restoring force of a spring, any force tending to 1lift the
slider from the disk surface is countered with an increasing
tribo-attractive forqp. Thus, when any disturbing force, for example,
resulting from disk asperities or runout, which tends to separate the
slider from the disk surface, the tribo-attractive restoring force
maintains the slider in contact with the disk surface. BAnother benefit
of this tribo-attractive restoring force is that the slider may be
operated with a zero or negative external loading thus providing minimum
frictional loading at the slider/disk surfaée interface minimizing wear

at the slider and disk contact surfaces.

Typically, prior art moving magnetic storage systems, Winchester
drives, for example, use the Y“start and stop in contact mode," i.e.,
when the disk is sfationary, the slider rests on the disk surface. W%When
the disk commences rotation, as an air bearing is developed between the
slider and the disk surface, the slider “takes off and flies" above the
disk surface.- When the rotation of the disk is stopped, the slider
lands and comes to rest on the disk surface. As disk surfaces become
increasingly smooth, an' increasing problem of stiction between the
slider and the disk surface is being encountered with mode of operation.
This problem is manifested in the requirement for high starting torque
of the disk rotation motor to initially "break" the slider loose from
its "at rest" condition on the disk surface. This problem is
exacerbated by the positive external loading on the slider required to

counteract the lifting force created when the disk is rotated. 1In a
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moving magnetic storage system according to the present invention, the

slider has a zero or slightly positive external loading resulting in the
slider being suspended above the disk surface when the disk rotation is
stopped; i.e., no relative motion between the slider and the disk.
Further, the slider is mounted to its suspension arm such that it is
tilted slightly allowing a forward or leading tip or corner to be in
very light contact with the disk surface. The stiction forces generated
by this point contact are of negligible magnitude and disk rotation is
easilf started. BAs rotation-is commenced and the disk comes up to its
operational speed, the point contact allows the generation of _
triboelectric.charge which propagates over the bottom contact side of
the slider. When sufficient charge has been generated over the slider
contact surface, the resulting tribo-attractive force pulls the slider
down onto the disk surface such that the slider contact surface is
parallel to and in physical'contact with the disk surface. As described
above, as long as the disk continues to rotate above a threshold speed,
the slider is maintained in physical contact wi'th the disk surface w1th
zero or slightly negative external loadlng on the slider. When the disk
rotation is ceased, the slider lifts and tilts up again with only the
slider forward tip in contact with the disk surface as the disk becomes

stationary.

Brief Description of the Drawings

The foregoing and other objects, features and advantages of the
present invention will be apparent from the following detailed
description of a preferred embodiment of the invention, reference being

made to the accompanying drawings, in which:

Fig. 1 is a perspective view of a contact slider supported on a
rotating storage disk in accordance with the principles of the present

invention;

Fig. 2 is a graphical diagram illustrating the frictional force

versus external load on a selected slider as shown in Fig. 1;
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Fig. 3 is a simplified block diagram of a rotatiﬁg disk magnetic
storage system in accordance with the principles of the present

invention;

Fig. 4 is a cross-sectional view illustrating a slider mounted for

self-loading in accordance with the principles of the present invention;

Fig. 5 is a graph showing the slider load and friction forces as a
function of time as the disk commences rotation for the magnetic storage

system shown in Figs. 3 and 4;

Fig. 6 is a top plan view illustrating a preferred embodiment of a

contact slider for use in the system shown in Fig. 4;

Fig. 7 is a cross-sectional view taken along lines 7-7 of the
slider shown in Fig. 6; _ i
i
Fig. 8 is a cross-sectional view of the slider shown in Fig. 7 with

an alternate embodiment of the recording medium; and

Fig. 9 is a cross-sectional view of another preferred embodiment of

the slider shown in Fig. 4.
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Detailed Description of the Preferred Embodiments

Referring now to Fig. 1, an information storage system comprising
at least one rigid storage disk 12 fixedly supported on a spindle 17 and
rotated by a disk drive motor (nét shown). The recording medium 11 is
deposited on the disk in a well-known manner in the form of an annular
pattern of concentric data tracks, for example. The storage medium is
covered by a brotective layer such as a carbon or zirconia overcoat. At
least one slider 13 is positioned in contact with the protective
overcoat layer at the disk surface and supports one or more read/write
heads. The slidgr 13 is attached to an actuator arm 19 by means of a
suspension 15. The actuator arm 19 is attached to_an accessing
mechanism such as a voice coil motor (not shown) for positioning the
read/write heads over desired data tracks. As the storage disk 12
yotates, the slider i3 is moved radially across the disk so that the

read/write head may access different portions of the disk surface 11.

In accordance with the present 1nvent10n "the slider 13 is
p051tloned by the suspension arm 15 so that 1t is in contact with the
recording medium at normal operating speed produced by relatlve motion
between the slider 13 and the disk surface 11 in the direction indicated
by arrow 16, It is a feature of the present invention that the slider
13 remains in direct physical contact with the disk surface 11 even when
the relative motion between the slider and disk surface exceeds speeds
of 20 meters per second. Physical contact is maintained by an
attractive force, referred to as a tribo-attractive force, that is of
sufficient strength to overcome the lifting force created by the film of
air which is moving with the disk surface which tends to force the
slider away from the disk surface. The above cited U.S. Patent No.
4,819,091 discloses in detail a magnetic disk storage system
incorporating a slider in physical contact with the storage medium and

is hereby incorporated by reference as if fully set forth herein.
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The tribo-attractive force is due to the coulombic attraction
between the triboelectric charge generated as a result of relative
motion between the slider and disk surfaces when in physical contact.
The triboelectric force is relatively independent of the disk speed
above some threshold speed of the order of one meters per second but
decreases below this speed. As the speed is reduced, there is a point
at which the tribo-attractive force is no longer sufficient to maintain
the slider in contact with the disk surface. This point of release
appears to be a function of the disk run out and surface roughness.
Additionally, as the suspension arm loading, i.e., the external load, on
the slider 13 is decreased to a negative load, a "restoring force" is
generated. That is, when the two surfaces are forced apart, the
tribo-attractive force increases to counteract the force'urging'the two
surfaces apart. This restoring force enables the slider 13 to be
maintained in steady contact with the disk surface 11 in spite pf the
surface roughness and run out of the disk 12. As shown in Fig. 2, when
the external load is positive, the actual load on the slider, i.e., the
measured friction between the slider and disk surfaces, is linearly
proportional to the external load on the slider 13 and there is an
additional, constant tribo-attractive force. The net load at the
slider-disk interface is the sum of these two forces. Aas the external
load is reduced into the negative region, i.e., the slider is pulled up,
away from the disk surface, the net load decreases, being the difference
between the tribo-attractive force and the pull on the slider. As
illustrated by curve 14 of Fig. 2, as the external load is decreased

into the negative region, the friction versus load characteristic

'gradually deviates from the linear relationship observed at higher loads

in the positive load region. As the magnitude of the negative external
load on the slider 13 is increased, the net load at the slider disk
interface decreases slowly as does the frictional force. The
tribo~attractive force is a weak function of the disk speed above a
minimum threshold speed. The restoring force effect and the small net
load results in increased slider stability and extremely low wear ét the
slider-disk interface in contact recording systems utilizing the

tribo-attractive phenomenon.
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The tribo-attractive force generated by the relative motion between

the slider and disk contact surfaces includes a restoring force which,
in a similar manner to the restoring force of a spring, counters any
force tending to separate the slider from the disk surface with an
increasing tribo-attractive force. When any perturbing force is applied
vwhich tends to separate the slider from the disk, the restoring force
thus generated maintains the slider in physical contact with the disk
surface. Without the effect of the restoring force, disk surface
roughness and disk runout would cause the slider to be separated
sufficiently to allow the moving air layer adjacent the disk surface to
completely 1ift the slider from the disk. The net result is that the
reqﬁirement to apply a large positive force to the slider to counteract
the air bearing lift .and any pertufbing forces is eliminated.
Additionally, since the tribo-attractive restoring force generated is
only sufficient to counter the perturbing force, no additional load is
experienceé at the slider/disk contact interface. Thus, the system may
be operated wﬁth little or no external load on the slider. Optimum
system perforpance is achieved at essentially zero or slightly negative

external loading on the slider while the magnetic disk is rotating.

In addition to the material physical characteristics, the extremely
low external load on the slider is an important factor in minimizing
wear of both the slider and disk contact surfaces and in reducing the
effects of stiction. The geometry and surface finish of the slider also
play an important role in minimizing wear. While the generated
tribo-attractive force is sufficient to counter the lift created by the
air bearing, it is also important to minimize the air bearing effect
itself as much as practical. However, since the air bearing does
provide a beneficial lubricating effect, complete elimination of the air

bearing is not desirable.

Whether or not a tribo-attractive force will be generated and the
magnitude of the force generated is a function of the materials utilized
in the fabrication of the slider and the disk to be used. In view of

the present understanding of the triboelectric charging phenomenon, it
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is difficult to predict material pairs which will exhibit
tribo-attractive contact sliding behavior with the restoring force
effect. As a general rule, when the friction versus load curve for a
pair of materials,_slider and disk, has a characteristic shape,
particularly in the negative load region, similar to that of curve 14
illustrated in Fig. 2, the materials are showing tribo-attractive
contact sliding behavior.  The deviation from the linear relationship in
the negative load region which results in an extended gradual
monotonical decrease in the friction for negative loads is indicative of
the development of a strong restoring force. It has been found that
slider materials selected from a wide range of crystalline and amorphous
materials having a low coefficient of friction and which are either
electrically non-conductive or have a high resistivity in combination
with presently available magnetic storage disks exhibit the desirable
.tribo—attractive characteristics. While materials also exhibiting a
-high thermal conductivity are preferred, a high thermal conductivity
; does not appear to be required in all materials which exhibit the
tribo-attractive effect. Table I is a listing of various slider
materials which exhibit tribo-attractive contact sliding effects when
used with a variety of magnetic disks, for example, carbon, zirconia or
Si_N, overcoated thin film disks, plain and carbon overcoated

34
particulate disks and thin film disks with chromium oxide overcoat.
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IABLE 1
Material Morphology* TA Behavior
diamond . sC excellent
sapphire sc L excellent
silicon sc : _ possible
quartz - sC . good
cBN sc good
CaTiO3 scC good
sic HP some wear
Zro HP some wear
alumina HP some wear
SIALON HP good
cBN pc good
fused quartz a good

* sc: single crystal, pc: polycrystal, a:amorphous, HP: hot

pressed compaction (usually multiphase pc mixture)

As shown in Table I, a wide range of materials are potentially
useful in tribo-attractive contact recording applications. While a
bleed-off path for the triboelectric charge must be provided, the
resistivity of the disk coating is not critical. However, as a general
requirement, most of the generated triboelectric charge should be
dissipated to ground in the time required for a single disk revolution.
Typically, the magnetic media utilized in thin film disks is metallic
and if grounded, the protective overcoat is thin enough to allow the
charge to dissipate. If the magnetic media is non-conducting, as is the
case for some of the commonly used oxides, a deliberate design for
bleeding off the triboelectric charge is required. While disk
lubricants will decrease friction and enhance the wearability of both
the disk and slider, lubricants and other contaminants which may be
absorbed will affect both the triboelectric and tribological

performance. In practice, the presence of polyether type lubricants
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have not shown any deleterious effects on the tribo-attractive

phenomenon. : -

Referring now to Fig. 3, a magnetic disk storage system according
to the principles of the present invention is shown. At least one
rotatable disk, such as disk 12, is supported on a spindle 14 and
rotated by a disk drive motor 18. The magnetic recording medium 11 on
each disk is in the form of an annular pattern of concentric data tracks
having an inside diameter 22 and an outside diameter 24, as shown on
disk 12.

At least one slider 13 is positioned in contact with the magnetic
recording medium 11, and each slider 13 supports one or more réad/write
heads 21. The slider 13 is attached to an actuator arm 19 by means of a
suspension arm 15. The suspension arm 15 provides a zero or slightly
positive spring force to externally load and maintain the slider 13 in
contact with the disk surface 20 when the disk 12 is stationary, i.e.,
not rotating, as described in more detail below with reference to
Fig. 4. When the magnetic disk 12 is rotating, i.e., relative motion
exists between the disk 12 and the slider 13, the slider 13 is
maintained in contact with the disk surface 20 with a zero or slightly
negative external lbading. Each actuator arm 19 is attached to an
access mechanism such as voice coil motor (VCM) 27, for example. The
VCM is a coil movable within a fixed magnetic field; the direction and
speed of the coil movement is controlled by an applied current signal.
As the disk 12 rotates, the slider 13 is moved radially in and out
across the disk so that head 21 may access different portions of the

disk surface 20 containing the stored data.

The various components of the disk storage system are controlled in
operation by signals generated by control unit 29, such as access
control signals and internal clock signals, and which includes logig
control circuits, storage means and a microprocessor. The..control
unit 29 generates control signals to control various system operations

such as motor control signals on line 23 and head position control
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signals on line 28. The control signals on line 28 provide the desired
current profiles to optimally move and position a selected slider 13 to
the desired data track on the associated disk 12. Read and write
signals are communicated to and from read/write head 17 by means of

recording channel 25.

The above description of a magnetic disk storage system, and the
accompanying illustration of it in Fig. 3, are intended for illustrative
purposes only. It should be apparent that such storage systems may
contain a large number of storage disks and VCMs and that each actuator
arm may support a number of sliders. The present invention of a contact
recording magnetic disk storage system is fully applicable to any such
movable storage apparatus, provided it is of the type in which the

sliders: are in contact with the storage medium when at operating speed.

Réfetring now to Figs. 4 and 5, in accordarice with the prinéiples
of the present invention, the slider. 13 is attached to a suspension arm
15 and positioned such that it is sﬁspended in contact with the disk
surface 20 when the disk 12 is stationary or stopped. The slider 13 is
further mounted to suspension arm 15 oriented such that the slider is
slightly tilted, such as by twisting suspension arm 15 slightly, and a
forward or leading corner 31 with respect to the disk rotation (as
indicated by arrow 32) is in light contact with the disk surface 20 when
the disk 12 is stopped. The tilt angle, while exaggerated in the
drawing for illustrative purposes, need be only enough to ensure contact
of the slider tip 31 with the disk surface 20. For a preferred
embodiment, a tilt angle in the range between 1.5-5.0 degrees is .
sufficient. Too large a tilt angle may cause the slider tip 31 teo "dig
in" to the disk surface when disk rotation is started. The stiction
forces generated by this light contact are of negligible magnitude and
the disk rotation is easily started. With this configuration, as
rotation is commenced and the disk 12 comes up to its operational speed,
the point contact of corner tip 31 allows the generation of.
triboelectric charge which propagates over the bottom or contact surface

of slider 13. As the charge generated at the corner tip 31 begins to
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spread, the slider 31 is increasingly attracted to the disk surface 20.
This process enhances the triboelectric charge generation due to the
increasing contact area and at a threshold point, sufficient charge has
accumulated for the slider to be suddenly attracted and pulled to the
disk such that the slider contact surface is parallel to and in
"substantially physical contact with the disk surface 20. As long as the
disk continues to rotate at a suffiéient speed, the slider is maintained
in sliding contact with the disk with zero or slightly negative external
loading. When the disk rotation is ceased, the slider 13 lifts and
tilts up to its rest position with the corner tip 31 again in contact
with the disk surface 20 at its original angle. The slider self-loading
process is illustrated graphically in Fig. 5 as a function of time. The
- disk rotation is seen to start at the left side of the graph at time
zero. As the rotational speed of the disk increases, the friction
increases while the load remains relatively constant. Thg oscillations
of both the friction and load magnitudes are due to repeatable runout of .
the disk and the gradual acceleration of the disk as evidenced by the
shortening of the period of oscillation. The large spike 34 in the
friction curve is indicative of the point when the slider has
accumulated sufficient charge to be attracted into full contact with the
disk surface. For a preferred embodiment comprising a single-crystal

. sapphire slider with a 3.5 inch particulate magnetic disk, the friction
spike 34 corresponds to about 2400 rpm in a system where the final _
rotational speed was 3600 rpm. After the high friction spike 34, when
the slider initially comes into contact with the disk surface 20, the
friction curve flattens out at a value approximately equal to the lower
value for the load. 1In contrast, the load curve continues its
oscillatory behavior. This is most likely due to the fact that the
contact sliding occurs in the nonlinear region of the friction versus

load curve where the derivative with respect to the load is small.

Referring now to Figs. 6-8, in accordance with the present
invention, the slider 13 is positioned such that it is in sliding
contact with the recording medium 11 while the disk is at normal

operating speed produced by relative motion, at a predetermined rate,
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between.slider 13 and the disk surface 20 in the direction indicated by
arrow 32, A "snow plow" or- "boat-like" slider geometry is utilized to
deflect surface particles, and, thus, minimize the possibility of dust
and other contamination coming between the slider and the disk surface.
In a preferred embodiment, the slider 13 is formed in the shape of an
isosceles triangle with apex or leading corner tip 31 along the line of
relative motion (as indicated by arrow 32), which may be 3600 rpm or
greater. The slider bottom side or contact surface is flat and lapped
to at least an optically flat surface. Alternatively, the slider 13 may
be an equilateral triangle or a square or rectangular shape mounted such
that a leading corner tip is directed against the disk rotation

direction.

The slider 13 is fabricated of a material having suitable
tribo-attractive properties, such as a material selected from the
materials listed 'in Table I, for example. Single crystal diamond or
sapphire are suitable materials for slider 13. In a preferred
embodiment, slider 13 is fabricated of a polycrystalline compact of
silicon carbide (SiC). While the SiC compact exhibits excellent
tribo-attractive properties, it does not wear as well as sapphire or
diamond with respect to the disk surface. 1In general, single crystal
surfaces provide better performance because they present uniform surface
properties resulting in consistent triboelectric charging and wear.
However, the increased expense of single crystal materials such as
diamond over polycrystalline materials may not justify the increased

wear performance.

The magnetic read/write head 21 preferably comprises a magnetic
head formed by thin film deposition techniques such as the thin film
transducer described in commonly assigned U.S. Patent No. 4,190,872 to
Jones, Jr. et al, for example. The magnetic read/write head 21 is
deposited on the face 34 of trailing edge 35 of the slider 13 which is
substantially normal to the bottom surface 37 of the slider which is in

contact with the disk surface 20 (as shown in Fig. 7).
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As shown in Fig. 7, in a specific embodiment, the recording medium
40 is a particulate magnetic disk. The recording medium 30 comprises a
substrate 45 made of an aluminum alloy, for example, having a
particulate magnetic coating 43 thereon. The magnetic coating comprises
magnetic particles in an epoxy-resin binder. The magnetic coating is
cured and buffed to a desired surface finish and a small quantity of a
liquid lubricant, for example, is deposited on surface 41 of the
recording medium. The slider 13 then is positioned in sliding contact
with the disk surface 41, the lubricant forming an interface between the
slider contact surface 37 and the recording medium surface 41. The
read/write head 21 deposited on the rear face 34 of the slider is
therefore maintained in close proximity to the disk surface 41 at a

substéntially constant height above the recording medium 43.

As shown in Fig. 8, in another preferred embodiment the recording
medium 50 is a thin film magnetic disk. The recérding medium 50
comprises a substrate 59 made of an Al-Mg alloy,, for example, an
undercoat 57 of material such as chromium, for example, a magnetic layer
55 of a cobalt-based alloy, for example, and a protective overcoat 53 of
a matefial such as carbon. As described above, the slider 13 is
positioned in contact with the surface 51 of the recording medium 50
under normal operating conditions of a magnetic disk storage system

without producing excessive wear.

Referring now to Fig. 9, a preferred embodiment of a composite
slider is shown. A composite slider 60 comprises a slider body 63 which
is made of a suitable material such as a ceramic, a mixture of Alzo3 and
TiC, for example, and a thin layer 67 of a suitable tribo-attractive
material bonded to the slider body bottom surface 65 and in contact with
the recording medium 69. In a specific embodiment, a composite slider
60 comprises a slider body 63 of single crystal sapphire upon which is
deposited a layer 67 of suitable crystalline material. As described
above, a magnetic read/write head 61 is deposited on the fagce 62 at the
slider trailing edge. A layer 67 having a thickness of about 2508 is

suitable to provide the tribo-attractive characteristics required to
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ensure contact between the bottom surface 65 of slider 60 and the

recording medium 69~
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WE CLAIM:
1. A magnetic disk storage system comprising:

a magnetic storage medium comprising a rigid substrate having a

layer of magnetic storage material thereon;

a magnetic transducer and means for supporting said magnetic
transducer in physical contact with said magnetic storage medium, said
support means comprising a substrate Bf material having a load versus
friction characteristic that is non-%ingar in the negative load region;
and -

means coupled to said magnetic storage medium for rotating said
magnetic recording medium and producing relative motion between said
magnetic storage medium and said magnetié transducer up to a selected
operating speed sufficient to generate a restoring force responsive to
said load versus friction characteristics of said support means, said
restoring force having a magnitude sufficient for maintaining said
magnetic transducer in substantially bhysical contact with said magnetic
storage medium at said selected operating speed, whereby data can be
written or sensed without excessive wear to either said magnetic

transducer or said magnetic storage medium.

2. A magnetic disk storage system as in claim 1 wherein said support
means comprises a shaped contact slider fabricated of a crystalline
material, said crystalline material having a high resistivity and a low
coefficient of friction.

3. A magnetic disk storage system as in claim 2 wherein said contact

slider is fabricated of a single crystal material.
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4. A magnetic disk storage system as in claim 3 wherein said single

SA9-91-036 -19 -

crystal material is selected from the group consisting of diamond,

sapphire, quartz, cubic boron nitride and calcium titantium oxide.

5. A magnetic disk storage system as in claim 2 wherein said contact

slider is fabricated of a polycrystalline material.

6. A magnetic disk storage system as in claim 5 wherein said
polycrystalline material is selected from the group consisting of
silicon carbide, zirconium oxide, aluminum oxide, SIALON and cubic boron

nitride.

7. A magnetic disk storage system as in claim 2 wherein said contact

slider is fabricated of an amorphous material.

8. A magnetic disk storage system as in claim 7 wherein said amorphous

material comprises fused quartz.

9. A magnetic disk storage system as claimed in any preceding claim
further comprising an access arm and suspension means for suspending
said support means in substantially physical contact with said magnetic

storage medium at said selected operating speed.

10. A magnetic disk storage system as in claim 9 wherein said
suspension means includes spring means adapted for providing a negative
external force on said support means when said magnetic storage medium
is rotating, said negative external force urging said support means away
from the surface of said magnetic recording medium, said negative
external force being of a magnitude such that said support means is
maintained in substantially physical contact with said magnetic
recording medium at said selected operating speed and said support means
is suspended in spaced relationship adjacent said magnetic recording

medium when said magnetic recording medium is stationary. -
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11. A magnetic disk storage system as in claim 10 wherein said
suspension means includes means for orienting said support means such
that a portion of said support means is in physical contact with said
magnetic recordlng medium when said magnetic recording medium is

stationary.-

12. A magnetic disk storage system as in claim 11 wherein said support
means comprises a shaped slider having a flat bottom surface and a
leading tib with respect to the direction of rotation of said magnetic
storage medium, said shaped slider suspended at a predetermined angle
such that said leading tip is in physical contact with said magnetic
storage medium when said magnetic storage medium is stationary.

13. A magnetic disk storage system as in claim 12 wherein said
_predetermined angle is in the range between 1.% degrees and 5.0 degrees
with respect to the surface of said magnetic -storage me?ium.

14. A magnetic disk storage system as claimed in any -of claims 2 to 8
further comprising an access arm including suspension means adapted for
providing a substantially zero external load on said shaped contact

slider.

15. A magnetic disk storage system as claimed in any of claims 2 to 8
further comprising an access arm including suspension means adapted for
providing a negative external load on said shaped slider when said

magnetic storage medium is rotating.

16. A magnetic disk storage system as in claim 15 wherein said
suspension means comprises twisted spring means adapted for maintaining
said shaped slider suspended in spaced relationship adjacent the surface
of said magnetic storage medium when said magnetic storage medium is
stationary, said shaped slider disposed in a tilted orientation with
respect to said magnetic storage medium, a portion of said -shaped slider
being in physical contact Qith the surface of said magnetic storage

medium when said magnetic storage medium is stationary.
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'17. A magnetic disk storage system as in claim 16 wherein said shaped

slider is oriented such that a leading tip portion with respect to the
direction of rotation of said magnetic storage medium in physical
contact with the surface of said magnetic storage medium when said

magnetic storage medium is stationary.

18. A magnetic disk storage system as claimed in any preceding claims
wherein said magnetic storage medium comprises a particulate magnetic
disk.

19. A magnetic disk storage system as claimed in any of claims 1 to 17
wherein said magnetic storage medium comprises a thin film magnetic
disk. '

20. A magnetic transducer for use with-a magnetic storage medium,

comprising:

magnetic head means for recording and/or sensing data on a magnetic

storage medium; and

substrate means maintained in physical contact with said magnetic
storage medium, said substrate means comprising a crystalline material
having a high resistivity, high thermal conductivity and a low
coefficient of friction, said magnetic head means formed on a surface of
said substrate means in close proximity to a major surface of said

magnetic storage medium.

21. A magnetic transducer as in claim 20 wherein said substrate means
comprises a shaped slider, said shaped slider having a flat bottom
surface, said bottom surface maintained in sﬁbstantially physical

contact with said magnetic recording medium.
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22.

defines a leading corner and a trailing edge with

A magnetic transducer as in claim 21 wherein
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said shaped slider

respect to a direction

of rotation of said magnetié storage medium, said magnetic head means

formed on a face of said trailing edge.

23. A magnetic transducer as in claim 22 wherein

said shaped slider

defines a triangular-shaped slider, an apex thereof defining said

leading corner, said trailing edge comprising the base thereof, said

face being normal to said major surface of said magnetic storage medium.

24. A magnetic transducer as in claim 22 wherein

said shaped slider

defines a rectangular-shaped slider, a corner thereof defining said

leading corner. .

25.

is fabricated of a single crystal material.

A magnetic transducer as in claim 20 wherein

26, A magnetic transducer as in clair 25 wherein

material is selected from the group consisting of

quartz, cubic boron nitride and calcium titantium

27. A magnetic transducer as in claim 20 wherein

is fabricated of a polycrystalline material.

28.

material is selected from the group consisting of

A magnetic transducer as in claim 27 wherein

zirconium oxide, aluminum oxide, SIALON and cubic

29.

is fabricated of an amorphous material.

A magnetic transducer as in claim 20 wherein

30.

material comprises fused quartz.

A magnetic transducer as in claim 29 wherein

said subgtrate means

said single crystal
diamond, sapphire,

oxide.

said substrate means
said polycrystalline
silicon carbide,

boron nitride.

sald substrate means

said amorphous



