
INNER DIAMETER DISK DRIVE HEAD/SLIDER LOAD/UNLOAD DEVICE
Field of the Invention   This invention relates to the construction of a
direct access storage device (DASD) and specifically to the removal
technique and storage of the slider of a DASD prior to disk drive shutdown.
Backaround of the Invention   Sliders  in DASD  disk drives may be
withdrawn  from  the magnetic disk surface prior to the shutdown of the
disk drive in order to insure that the slider does not come into contact
with the disk and to also prevent damage to the disk surface 



whenever the disk drive is repowered and the disks are again rotated.  In
larger disk drives,  the space exists for a retraction and locking
mechanism to hold the magnetic head and slider in a retracted position.
As disk drives are reduced in size, space becomes a premium commodity and
thus dictates that the withdrawal of the head from the surface of the disk
be accomplished in a manner which consumes minimal space.   In more compact
disk drives, sliders may be stored in a region of the disk surface which
does not contain magnetic recording material or which would not contain any
stored information which could be lost or damaged as a result of the
contact  of  a magnetic head and slider with the surface of the disk. These
areas are typically designated as landing zones. As the disk stops
spinning, the air flow between the disk and the slider becomes
depressurized and the slider, due to the preloading forces exerted thereon
by the load beam, settles onto the surface of the disk.   In very small
form factor DASD, the drive  motors are not         



2  strong and do not provide large torques. Spin-up times may be
significantly extended when sliders are in contact with the disks.  In some
cases the friction forces between the slider and the disk at the
slider/disk interface are so large with regard to the torque of the drive
motor that the motor will not start.   The lower velocity of the disk
relative to the slider at the inner diameter of the disk results in less
entrainment and fewer perturbations experienced by the slider, which leads
to a lower likelihood of slider impact during the loading of the slider
onto the disk.   Examples of landing zones on disk drive magnetic recording
disks are disclosed in U.S. Patent 4,139,874, issued to Shiraishi and U.S.
Patent 5,095,395, issued to Wakatsuki. Their landing zones do not remove
the head from the surface of the disk or maintain it substantially spaced
from the surface of the disk whenever the disk is in a non-powered
condition.   Inner landing zones consume considerably less recordable area
on the disk surface and, therefore, are preferred to landing 



zones disposed about the outer periphery of the disk.   Although landing
zones do permit the landing of the slider in a region where no magnetic
recording material and/or no recorded data exist, it is still preferable to
remove the slider from the disk surface for storage in order that no damage
can occur to the slider and magnetic head therein as well as to prevent
damage to the recording magnetic disk surface upon restart.  Removal of the
slider also facilitates restart of the disk and disk run-up by minimizing
start-up friction.   An  example of an unloading device is disclosed  in
U.S. Patent 4,752,848, issued to Garcia, et. al.  The unloading device of
Garcia, et. al., constitutes a high angle relatively steep
REPLACEMENT SHEET                                               3   ramp
onto which the end of the load beam is engaged and forced onto in a
direction   substantially coaxial with the longitudinal axis of the load
beam. The retention of the   slider in a raised or removed position is
dependent upon the continued force exerted on 



the load beam by an actuator mechanism. Without such actuator force, both
the spring   forces, known as preload exerted on the end of the load beam
as well as the deflection   forces stored in the load beam and actuator arm
when forced toward the ramp, will cause   the loan beam to slide back down
the inclined surface and will permit the magnetic head   and slider to
contact the surface of the magnetic recording disk. Garcia, et. al.,
requires   some type of retention device to lock the actuator mechanism in
the displayed position so   that where the sliders/magnetic heads is held
withdrawn from the disk surface.                            SUMMARY OF THE
INVENTION        It is an object of the present invention to ameliorate one
or more disadvantages of  the prior art.        According to one aspect of
the present invention there is disclosed a disk drive for  the storage and
retrieval of data comprising: a base plate; a disk with two sides having a
magnetic coating on at least one of said two sides, said disk having an
inside edge; a hub  fixedly attached to said disk for supporting said disk;
an electric motor having at least a  rotor for rotating said disk and said
hub; said hub, having an axis of rotation, and  



drivingly engaged with said rotor; a shaft fixedly supported by said base
plate and  coaxial with said hub and said disk, said shaft rotatably
supporting and extending  through said hub; a magnetic read/write head; an
actuator arm for positioning said  magnetic head relative to said disk and
moveable to pass said head over said magnetic  coating of said disk in a
generally radial path relative to said hub; a load/unload ramp for
displacing said head from said magnetic coating of said disk in response to
said actuator  arm movement of said head toward said axis of rotation of
said hub, said load/unload  ramp comprising an inclined surface with an
included angle between said disk and said  inclined surface of less than 20
degrees, said load/unload ramp further including a  retaining formation
displaced from said disk and engageable with said actuator arm for
4  holding said magnetic head in a position displaced from said disk, said
load/unload ramp  disposed proximate said axis of rotation, fixedly
supported by said shaft, and extending 



generally radially from said axis of rotation and over said inside edge.
The preferred embodiments of the invention will be described with
references to  drawings which are described below and the detailed
description of the invention which  follows.
DRAWINGS       Fig. 1 illustrates a disk drive of the type which can
advantageously utilize the  present invention.       Fig. 2 is an enlarged
view of the disk drive spindle motor, hub, shaft and shaft  mounted
load/unload device.       Fig. 3 is a cross-section of a disk drive
including a motor, hub, disk, and shaft  mounted load/unload device.
Fig. 4 is a cross-section of a disk drive with the load/unload device being
cover  mounted.       Fig. 5 is an enlarged view of the disk drive hub,
shaft and cover mounted  load/unload device.  



5    FIG. 6 illustrates the load/unload device with an arcuate ramp surface
and a ramp surface having two distinct slopes.          Detailed
Description of the Preferred Embodiment        of the Best Mode of the
Invention Contemplated        By the Inventors For Carrying Out the
Invention     During the course of the detailed description of the
invention, reference will be made to various figures of the   drawings and
elements therein by reference numerals, where   like items bear the same
reference numeral.     Referring initially to FIG. 1, the disk drive 10 is
illustrated having a recording disk 12 carrying a magnetic   recording
surface 14. The disk 12 typically is attached to   and concentric with hub
16. Hub 16 typically is rotationally 



supported on shaft 18. Shaft 18 is a portion of the motor,   not shown.
Shaft 18 is generally fixed relative to the base   plate 32 while the hub
16 is attached to the rotatable member   of the drive motor, not shown in
FIG. 1. Fixedly attached to   the end of shaft 18 is support disk 20.
Support disk 20   provides an attaching means and support for load/unload
member 22.  Load/unload member 22 generally extends radially   outward from
the axis of shaft 18 and has sufficient width at   all points to be able to
trace an arcuate path on its upper   surface 23, the arcuate path centered
about pivot axis 34.     In order to read data from or write data
representations onto   the recording surface 14 of disk 12, a slider 26
which   incorporates  a magnetic  read/write head,  not  shown,  is
disposed over recording surface 14 of disk 12.  Slider 26 is   supported in
close proximity to the recording surface 14 by   an actuator arm 24 and
load beam 25.   Load beam 25 is a   resilient member which exerts a spring
force onto slider 26   thus keeping slider 26 in close proximity to the
recording   surface 14.  The slider 26 and recording surface 14 are
separated by a thin air film which is pulled underneath   slider  26 by
the rotation of disk  12.   This  air  film         



6  aerodynamically flies slider 26 at a small altitude above the surface of
the disk 12 thereby insuring that slider 26 does not impact or contact disk
12 while disk 12 is being rotated; however, at the same time, slider 26 is
sufficiently close to recording surface 14 to be able either to read or
write data with respect to the magnetic recording surface 14.   Actuator
arm 24 is pivotally supported about axis 34 permitting the actuator arm 24,
load beam 25, and slider 26 to be pivoted in order to position slider 26 at
any point across the recording surface 14 as recording surface 14 rotates
beneath slider 26.   Accordingly,  all recordable regions of recording
surface 14 may be accessed by the combination of the movement of the
recording disk 12 and the pivot movement of actuator arm 24.   Actuator arm
24 is positioned by actuator drive 30 which is electronically controlled to
select the pivoted position of actuator arm 24 and load beam 25.   Shaft 18
and pivot axis 34 are both spatially positioned and fixed relative to each
other-by base plate 32, thereby insuring accurate, repeatable positioning
of slider 26 over recording surface 14 of disk drive 10.   Extending from
the distal end of load beam 25 is tang 28. Tang 28 may be engaged by
load/unload device 22 when the load 



beam 25 is pivoted inwardly toward the shaft 18.  Should it be desired to
turn off the disk drive motor and thus stop providing power to rotate the
disk 12, it would be necessary to unload slider 26 from the recording
surface 14.  This unloading is necessary to prevent damage to the recording
surface 14 when slider 26 contacts recording surface 14 due to the
dissipation of the aerodynamic film between the disk 12 and slider 26.
Further, it insures that when disk 12 again is rotated, the slider 26 will
not be resting on the disk 12 surface and therefore cannot abrade or
otherwise damage the recording surface 14 during disk rotation start-up or
spin-up. Further, the friction forces between the slider 26 and disk 12,
when at rest, resist spin-up and starting. Also removal of the slider 26
from the disk 12 eliminates the                                       7
disk 12/slider 26 forces that could prevent starting of the motor and delay
disk 12 spin up.   



As actuator arm 24 and load beam 25, together with slider 26 and tang 28
are pivoted toward shaft 18, tang 28 will contact the upper surface 23 of
load/unload device 22 and will be forced in a direction away from the
recording surface 14 of disk 12. As further pivoting motion moves tang 28
closer to the center of disk 12, the distance between slider 26 and
recording surface 14 will increase due to the upward force exerted on tang
28 by surface 23 and the resultant flexure of load beam 25.   The
displacement of the slider 26 thus may be observed in FIG. 3.   Disk 12 is
supported by hub 16. Hub 16 may form a part of rotor 42 of the electrical
drive motor of the disk drive 10. The stator 40 is the other significant
portion of the drive motor. Rotor 42 is supported in a rotational
relationship with shaft 18 by bearing assembly 38. Shaft 18 typically is
fixedly engaged with the base plate 32 and remains stationary. Attached to
and positioned surrounding shaft 18 is support disk 20. Extending from disk
20 in a generally radial  direction,  is  the  load/unload  device  22,  as
illustrated in FIG. 3, formed as a shallow rise ramp surface 23 or wedge.
Slider 26 is illustrated overlying disk 12; in actuality, a very small air
gap 27 exists between slider 26 and the recording surface 14 of disk 12.
Slider 26 is supported by load beam 25, which is not visible in FIG. 3.
However, tang 28, an extension of load beam 25, is illustrated as it
engages inclined surface 23 of load/unload 



device 22.   As can be readily observed in FIG. 3, whenever slider 26 is
moved toward shaft 18, the tang 28 will be forced to rise along surface 23;
because tang 28 and slider 26 move in
8  concert, slider 26 will be withdrawn from close proximity to surface 14.
When tang 28 has reached the apogee of its movement along surface 23, tang
28 is translated to a depressed region 44 formed in the shape of a trough
extending across load/unload device 22 by actuator 30. (FIG. 1). Tang 28
then will be resting in trough 44 as illustrated in FIG. 3. Tang 28 is
illustrated in this position as 28'. The spring force of the load beam 25
against the upward movement of tang 28' will act as a detenting force and
will inhibit the movement of tang 28' out of the trough 44, except when
such spring force is overcome by actuator 30. Accordingly, slider 26' and
tang 28' will be retained in its detented 



position and will not be permitted to slide down surface 23 and undesirably
and inadvertently contact surface 14 of disk 12.   The  trough 44 depressed
into surface  22  forms  a retaining means effective to retain the tang 28
or 28' together with slider 26 or 26' in their retracted and withdrawn
position well away from surface 14.   After disk 12 is restarted and
rotating at a desired rotational velocity, the actuator drive 30 seen in
FIG. 1 may act to pivot actuator arm 24 and thereby force the tang 28' out
of trough 44 and across surface 21 onto surface 23. Then further
translation of the tang 28 down surface 23 will re-present slider 26 to the
aerodynamic air bearing film in gap 27 on top of surface 14 for continued
normal operation of the disk drive 10.  The slope of surface 23 with
respect to the recording surface 14 of disk 12 desirably is made quite
shallow, typically not more than 20 degrees of an included angle between
surface 23 and recording surface 14. The small included angle between these
two surfaces 23, 14 results in a much smaller velocity vector toward the
disk 12 due to the momentum of slider 26 and the spring force of load beam
25 as the tang 28 rides down slope 23 toward disk 12.  The much smaller and
more controllable relative velocity of slider 26 toward disk 12
significantly will reduce the possibility of crashes or slider impacts into
the surface of disk 12.      



9  Tang 28 preferably is fabricated in the shape of an arcuate segment of a
hollow cylinder. This shape when engaged with the surfaces 23, 21, 44
insures that the contact between the respective surfaces and tang 28 forms
a line or a point contact.  The line contact will be sufficient to raise
slider 26 away from surface 14 while at the same time reducing the
frictional load between surfaces 23, 21, 44 and tang 28. With a reduced
frictional load, tang 28 may be moved relative to surfaces 23,  21,  44
with ease and thus may be more precisely controlled by the actuator drive
30 whenever tang 28 is moved downward along surface 23 to reposition slider
26 above recording surface 14. Further, the actuator drive 30 may not need
to be sized in a significantly larger version to overcome these forces.
To further reduce frictional loads exerted on tang 28 and consequently
actuator drive 30, the load/unload device 22 may be fabricated of a rigid
plastic material which has been loaded with polytetrafluoroethylene (PTFE)
particles.   The PTFE particle loading will inherently produce a surface on
which the PTFE particles will be exposed. By virtue of PTFE being  a very
low co-efficient of friction material, the 



movement of tang 28 over surfaces 23, 21, 44 will be greatly enhanced.
With brief reference to FIGS. 4 and 5, the load/unload device 22 is
illustrated as attached to the cover 60 of the disk drive 10. The
attachment of the cover 60 may be advantageous to define the position of
the load/unload device 22 without precise regard to shaft 18, thus
simplifying manufacture. In all other respects, the operation of the
load/unload device 22 in conjunction with tang 28 and slider 26 are
identical to that described with respect to FIGS. 2 and 3.   Referring
again to FIGS. 2 and 5, it should be noted that the surface 62 of the
load/unload device 22 preferably is formed in an arcuate shape, the center
of the arcuate segment being the pivot axis 34 around which the actuator
arm 24 and load                                        10  



beam 25 pivot.   This arcuate formation of the surface 62 insures that the
engagement between tang 28 and the surface 23 of the load/unload device 22
is effective through all phases of movement of the tang 28 to and from the
trough 44 to support the slider 26 in its raised or retracted position away
from the recording surface 14 of disk 12.   With reference to FIG. 6 and
FIG. 1, an additional embodiment of  the  load arm/unload device  22  is
shown with  curved surfaces 21, 23.  Surface 21 is substantially parallel
to a disks to which it is closely positioned, while surface 23 is sloped to
remove slider 26 from disk 12 as in FIG. 1. Holes 68 are provided to locate
and to mount the device 22. The curve of surfaces 21, 23 creates a point
contact with tang 28. in FIG. 1, thereby reducing frictional forces.
Surface 66 is disposed relative to trough 44 so that the surface of slider
26 that most closely approaches the disk 12 during flight will be disposed
proximate thereto. With the slider 26 in a close position to the surface
66, the slider will be unable to move a significant distance or to rotate a
significant amount in the event that the disk drive 10 is bumped or jarred,
creating significant inertial loads on the slider 26. Without the surface
66 acting as a stop for the slider 26, the mass of the slider 26 may be
sufficient to overstress the support of the slider which is a part of the
load beam 25.   



The load/unload device 22 may be formed in a mirror image shape and mounted
on the frame or base plate 32 of the disk drive 10 to interact with a load
beam 25 and slider 26 disposed to scan a second side of disk 12.   One very
significant aspect of the load/unload device 22 that it be relatively short
in length and have a shallow rise dictated by the small included angle
between surfaces 23 and 14 is that in the event of power failure during
operation, slider 26 may be withdrawn from the disk recording surface
14; also the actuator arm 24, load beam 25, and tang 28 may be pivoted to
engage tang 28 with trough 44 in order to prevent damage to the recording
surface 14 as a result of the disk 12 stopping.  The removal of the slider
26 from the vicinity of recording surface 14 upon power failure utilizes
the fact that the rotational momentum of the hub 16 and disk 12 will cause
the drive motor comprised of rotor 42 and 



stator 40 to form and operate as a generator. The generating function of
the rotor 42 and stator 40 will create sufficient electrical energy to
permit the actuator arm assembly 24 to be driven from a position over the
recording surface 14 into engagement with load/unload device 22 and into a
position where tang 28 is engaged with trough 44 and thus is detented in
its stored/retracted position. If the slope of surface 23 is too steep,
insufficient power may be generated by the stator 42 and rotor 40 during
this coasting powering-down period to be able to propel tang 28 all the
distance to trough 44.   The need for a very low force load/unload
capability is emphasized whenever disk drives are reduced in size to be
used in computers such as portables and lap top type computers.   With
portable  and  lap  top  type  computers operating on batteries, the disks
are started and stopped very frequently to maximize the amount of stopped
time thus eliminating battery drain.  With requirements expected to specify
that the start/stop cycles of a disk drive will number approximately one
million during the life of a disk drive, it is essential that the method
used to remove and hold the slider out of engagement with the disk drive
recording surface be highly reliable, very simple, and have an extremely
low power consumption.   While the invention has been illustrated and
explained with reference to these embodiments, it is expected that other
minor modifications may be made to the invention without 



departing from the scope of the protection granted by the appended claims.
CLAIMS  1.  A disk drive for the storage and retrieval of data comprising:
a base plate;        a disk with two sides having a magnetic coating on at
least one of said two sides,  said disk having an inside edge;        a hub
fixedly attached to said disk for supporting said disk;        an electric
motor having at least a rotor for rotating said disk and said hub;
said hub, having an axis of rotation, and drivingly engaged with said
rotor;        a shaft fixedly supported by said base plate and coaxial with
said hub and said disk,  said shaft rotatably supporting and extending
through said hub;  



a magnetic read/write head;        an actuator arm for positioning said
magnetic head relative to said disk and  moveable to pass said head over
said magnetic coating of said disk in a generally radial  path relative to
said hub;        a load/unload ramp for displacing said head from said
magnetic coating of said disk  in response to said actuator arm movement of
said head toward said axis of rotation of  said hub, said load/unload ramp
comprising an inclined surface with an included angle  between said disk
and said inclined surface of less than 20 degrees, said load/unload  ramp
further including a retaining formation displaced from said disk and
engageable  with said actuator arm for holding said magnetic head in a
position displaced from said  disk, said load/unload ramp disposed
proximate said axis of rotation, fixedly supported  by said shaft, and
extending generally radially from said axis of rotation and over said
inside edge.  2.   The disk drive of claim 1 wherein:       said actuator
arm includes an actuator axis of rotation and comprises at least one  load
beam having a longitudinal axis extending through said axis of rotation of
said 



actuator arm;                                                   1 3
said load beam comprises an extension projecting radially from said axis of
rotation  of said actuator arm, beyond said magnetic head and into
engagement with said  load/unload ramp, when said load beam is rotated to
approach said axis of rotation of  said hub;       said extension comprises
an external surface of a partial cylinder disposed for  engagement with a
curved engageable surface of said load/unload ramp to form a point
contact.  3.  The disk drive of claim 1 wherein:       said actuator arm
includes an actuator axis of rotation;       said load/unload ramp is
arcuately shaped and said shape is arcuate around a center 



of curvature substantially co-located with said axis of rotation of said
actuator arm.
REPLACED                              14      coating of said disk in
response to said actuator     movement of said head toward said axis of
rotation of     said hub, said means for displacing comprising an
inclined surface with an included angle between said     disk and said
inclined surface of less then 20 degrees,     said means for displacing
further including a retaining     formation displaced from said disk and
engageable with     said actuator means for holding said magnetic head in a
position displaced from said disk.       The disk drive of claim  8 wherein
said means  for     displacing is supported by said shaft and stationary
relative to said shaft.   



10.  The disk drive of claim  8 wherein  said means  for     displacing is
supported by a cover of said disk drive.   11.  The disk drive of any one
of claims 8 to 10 wherein said     means for retaining comprises a surface
formed into said     means for displacing said surface continuous with said
inclined surface.   12.  The disk drive of any one of claims 8 to 11
wherein said      actuator means includes an actuator axis of rotation and
comprises at least one load beam having a longitudinal      axis extending
through said axis of rotation of said      actuator means.   13.  The disk
drive of claim 12 wherein said load beam      comprises an extension
projecting radially from said      axis of rotation of said actuator,
beyond said slider      and into engagement with said means for displacing,
when      said load beam is rotated to approach said axis of      rotation
of said hub.   14.  The disk drive of claim 13 wherein said extension
comprises an external surface of a partial cylinder      disposed for
engagement with said means for displacing,    



15       thereby forming a line contact.   15. The disk drive of claim 8 or
13 wherein said retaining      formation comprises a trough formed into
said means for      displacing and disposed transverse to said path of
movement of said actuator means.   16.  The disk drive of claim 8 further
comprising a support      surface  disposed  intermediate  said  disk  and
said      retaining   formation  and  protrudring   from   said
load/unload device and further disposed to support said      head when
said actuator  arm  is  disposed  in  said      retaining formation.      
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