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The present invention relates generally to the field of rigid disc drive data storage
devices and more particularly to, but not exclusively to, a limit stop for defining the
range of motion of the disc drive actuator an& into which can be incorporated a magnetic
carriage latch in which the permanent magnet of the voice coil actuator motor is used to
provide the latching force.

Disc drive data storage devices have found widespread use as a cost effective and
convenient mechanism for the storage of large computer programs and user generated
data. Those types of disc drives known as "Winchester" disc drives incorporate rigid
media, and the read/write heads "fly" above the disc surface on a thin layer of air
dragged along by the spinning of the discs. An actuator mechanism is included to
precisely move the read/write heads from one of a large number of circular, concentric
tracks to another, in order to access any data recorded on the disc surface.

Market demands for increased storage capacity and decreased access time have

led to the almost exclusive use of voice coil motors (VCMs) to drive the actuator which
positions the heads, while recent trends toward smaller and smaller form factors have
lead to the preeminence of fotary VCM actuators. In a typical rotary VCM actuator, an
array of permanent magnets with flux-concentrating pole pieces is fixedly mounted to a
| ~._ housing base or base plate, with a horizontal air gap provided which is the location of a
Thigh concentrétion of mag_ﬁetic flux. A horizontal coil mounted to a pivot housing,
which turns about a vertical axis, is suspended in the magnetic field, and an array of
read/write heads is cantilevered from the side of the pivot housing ":opposite the coil and
over the stack o.f discs. Controlled DC power is applied to the ends of the coil, and the
polarity and magnitude of the DC voltage determines the direction and speed of the
movement of the heads in laécogance with the well-known Lorentz relationship.

Since VCM actuators have no inhereng magnetic detent when power is removed

from the disc drive, such disc drives must incorporate some sort of latching mechanism
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discs are not spinning. Similarly, some device must also be included to limit the range

of motion of the actuator, should a "runaway" condition occur in the electronics
controlling the coil power. '

Historically, actuator latches sometimes also referred to as carriage latches have
been of several different types, including solenoid-operated latches and magnetic latches.
The main drawback of solenoid-operated latches is the power needed to operate them,

and the physical size of the solenoids. Magnetic latches incorporating permiment

magnets also take up significant space, and their operation can be severely influenced by
! the presence of the permanent magnet in the VCM of the actuator. Another common
fault with magnetic latches is that they start to have an influence on the motion of the

actuator even when the actuator is at a significant distance from its intended latch-up

position, thus biasing the power required to move or hold the read/write heads within
this "area of influence”.

It is common practice to have the latch incorporate a limit stop to define one end
of the range of motion of the actuator, while another mechanism is used to limit and
define the other end of the range of motion.

Current industry trends toward the two-and-a-half inch and smaller form factors
for disc drives have made it necessary to eliminate as many components as possible from
the disc drive assembly, while minimizing the size of the remainder of components.

Clearly a need exists for a carriage latch which occupies a minimum of space
within the disc drive structure, eliminates a large number of components when compared
to prior art devices and yet provides adequate latchihg force to assure that the actuator
remains latched under specified non-operating shock loads. Ideally, this latch should be
integrated with the limit stops which define the range of motion of the actuator.

Accordingly an aim of the present invention is to provide a latch which meets

these needs.
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associated magnetic field of the VCM to supply the magnetic latching force. The limit
stop itself consists of an arm fixedly mounted to the base of the disc drive at one end and
cantilevered from the fixed end in a direction lying in the plane of motion of the coil of
the VCM. The free end of the limit stop forms a contact point that contacts the moving
coil or a contact feature attached thereto to stop the motion of the actuator. The length,
cross-sectional area and material of the limit stop determine the amount of "give" in the
limit stop and thus the amount of shock transmitted to the head assemblies at contact.
The magnetic latch of the present invention consists of.a flux concentrator, which is
mounted to the limit stop and lies within the magnetic field of the permanent magnet of
the VCM, and a magnetically permeable striker element mounted on the coil of the
VCM. When the actuator moves the striker element close enough to the flux
concentrator, a secondary path for magnetic flux is formed which is used to hold the
actuator in a fixed position until sufficient power is applied to the coil to overcome the
holding force of the latch.

It is an object of the present invention to provide a limit stop for defining the
range of motion of the VCM actuator of a disc drive data storage device.

It is another object of the present invention that the limit stop be simplé to
manufacture and install in the disc drive.

It is another object of the present invention to incorporate a magnetic latch
mechanism in the limit stop without significantly increasing the size of the limit stop.

It is another object of the present invention to provide a magnetic latch
mechanism which utilizes the permanent magnet in the voice coil motor of the actuator
to generate the latching force.

It is an object of the present invention to provide both the striker and contact
surface of the flux concentrator with cylindrical surfaces which interface at

approximately right angles to provide a "'point" contact for more reliably controlling the
PP y ng y

latching force of the mechanism. _—
e S
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whi ch t.ur about a vertical axis, is suspended in the magnetic field, and

an -array read/ wite heads is cantilevered fromthe side of the pivot
housi ng opposite the coil and over the stack of discs. Controlled DC power
S applieeé to the ends of the coil, and the 4polarity and magni tude of the

DC vol tagd determines the direction and speed of the novenent of the heads
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have no indherent magnetic detent when power is renoved fromthe disc drive,
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read in conjunction with the accompanying figures, of which:

St o ol ae,

Figure 1 is a top view of a disc drive data storage device which incorporates an
embodiment of the present invention, with its top cover partially cut away;

Figures 2A and 2B are top and bottom perspective views, respectively, of the
limit stop of the embodiment of the present invention without the latching mechanism
included;

Figures 3A and 3B are top and bottom perspective views, respectively, of the
limit stop of the embodiment of the present invention showing modifications to
accommodate the latching mechanism;

Figure 4 is a perspective view of the flux concentrator of the latching mechanism
of the embodiment of the present invention;

Figure 5 is a perspective view of the lim.it stop of Figures 3A and 3B as
assembled with the flux concentrator of Figure 4;

Figure 6 is a detailed bottom plan view of the stop and striker assembly of the
latch of the embodiment of the present invention;

Figure 7 is a partial perspective cutaway view of the voice coil motor and
latching limit stop of the embodiment of the present invention;

Figure 8 is a diagrammatic sectional view showing the flux paths in the VCM and
in the latch mechanism of the embodiment of the present invention;

Figure 9 is a chart which shows the variation in latching force versus wire
diameter of the wire used to form the flux concentrator; and

Figure 10 is a chart showing the effect on latching force of the height of the
contact surface of the flux concentrator above the lower pole piece.

Referring now to the drawings, and more specifically to Figure 1, there is shown
a disc drive 2 of the type well known in the industry. The disc drive 2 includes a
housing base 4 to which the majority of internal components are mounted, and a top

cover 5 which is attached to the housing base 4 to form a sealed environment to protect
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This is the replacenent sheet Date: 1 5 APR 1999 2 to hold the heads
I n a stationary relationship to the discs when power is renoved, in
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the internal components from outside contamination. At least one disc 6 is mounted to a
spindle motor (not shown) by means of a disc clamp 8 and disc clamp screw 10. While
only one disc 6 is visible in this plan view, it is common practice to incorporate a stack
of discs separated by disc spacers (not shown).

Figure 1 also shows a read/write head 12 mounted on a gimballload beam
assembly 14, which in turn is mounted to a head arm 16. The head arm 16 is an integral
part of an actuator body 18 which pivots about a pivot shaft shown generally at 20.
Again, while only a single head 12 and gimbal/load beam assembly 14 are shown, it is
common practice to include in the disc drive 2 a similar structure for each surface of
each disc. On the opposite side of the actuator body 18 from the gimbal/load beam
assemblies 14 is a coil 22 which forms_ a portion of the voice coil motor (VCM) which is
used to move the heads 12 from track to track. A permanent magnet 24, fixedly
mounted to the housing base 4, provides a flux field within which the coil 22 is
suspended. . When controlled DC voltages are applied to the coil 22 via a printed circuit
cable (pcc) 26, the coil is controllably moved in relationship to the permanent magnet
24, thus moving the heads 12 along an arcuate path 28 across the data tracks (not
shown). Signals to and from the read/write heads 12 are also carried on the pcc 26.

Figure 1 also shows a non-latching limit stop 30 and a latching limit stop 32 with
the incorporated magnetic latch of the embodiment of the present invention as they are
located within the disc drive 2 and which will be discussed in detail below.

Turning now to Figures 2A and 2B, there is shown the non-latching limit stop 30
of the embodiment of the present invention. As can be seen, the non-latching limit stop
30 is basically an L-shaped component which includes a mounting tab 34 used to anchor
the non-latching limit stop 30 to the housing base (4 in Figure 1). The remainder of the
non-latching limit stop 30 is made up primarily of an elongated arm 36 which is
cantilevered from the mounting tab 34 in a plane substantially parallel to the plane of the
housing base 4. The elongated arm 36 terminates in a contact surface 38, which will

" contact a specially adapted stop surface on the moving coil, as will be discussed below.
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Referring now to both Figures 1 and 2, it can be seen that a striker and stop
assembly 40 is attached to the end of the coil 22 most distant from the pivot shaft 20.
This striker and stop assembly 40 is made of plastic or other similar non-conducting,
non-magnetically permeéble material and has a stop surface 42 at the end closest to the
non-latching limit stop 30. When the actuator body 18 is rotated in the clockwise
direction to the extreme end of its intended range of motion, the stop surface 42 of the
stop and striker assembly 40 contacts the contact surface 38 of the non-latching limit stop
30, thus limiting motion of the actuator in the clockwise direction. It is desirable,
because of the speeds attained by the actuator and the fragility of the head/gimbal/load
beam assembly 12,14, that this type of contact not be of a rigid, non-yielding nature.
This desirable compliance is an inherent feature of the non-latching limit stop 30 because
of the nature of cantilevered arms. Since contact is being made on the non-latching limit
stop 30 at a point most distant from the fixed mounting point, the cantilevered arm 36
“"gives" when it comes into contact with the stop surface 42 on the stop and striker
assembly 40. The amount of compliance in this system is dependent on the materials
used and the dimensions of the components, and is easily. selectable based on these
parameters. Experimentatidn has shown that Victrex 450G, a patented
polyetheretherketone (PEEK) product of ICI Advanced Materials of Exton,
Pennsylvania, is a suitable material, not only for its relative strength, but also because of
other considerations, such as wear resistgnce, low flammability, stability over
temperature variations and ease of processing.

Figures 3A and 3B are perspective views of the limit stop and latch housing 44,
which makes up a portion of the latching limit stop 32, and shows modifications made to
accommodate the magnetic latch of the present invention. Figure 3 is fundamentally a
mirror image of Figure 2, indicating that the latching limit stop 32 would normally be
found on the opposite side of the coil 22 from the non-latching limit stop 30, as was seen

in Figure 1. The choice of whether to "park” the heads at the inner or outer radius of
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and the pRysical size of the solenoids. Mgnetic |atches incorporating
per4sranent gnagnets al so take up significant space, and their operation can
be 'severefy influenced by the presence of the pernmanent magnet in the VCM
of the acf§uator. Another common fault with gagnetic latches is that they
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t hus bi asgng the power required to nove or ho ? the read/ wite heads within
this "areg of disfdunfaoesedhen power is removed, the heads are parked at the inner radius to

minimize the starting torque requirement on the spindle motor. In some applications,
however, the heads are intended to be parked on ramp structures which must, of

necessity, be located closely adjacent the outer radius of the discs. The limit stop and

magnetic latch of the present-invention is well suited for either situation.

As can be seen in Figure 3, the iimit stop and latch housing 44 is similar in

construction to the non-latching limit stop 30 of Figures 2A and 2B. That is, the limit

stop and latch housing 44 is basically an L-shaped component, made from a non-
conducting, non-magnetically permeable material and includes a mounting tab 46 for
attaching the part to a complementarily shaped opéning in the housing base (4 in Figure
1), and an elongated arm 48 which, when the part is mounted to the housing base 4,

: extends in a plane substantiall)" parallel to the housing base 4, but with the underside
sloping slightly upward from the base of the mounting tab 46. The primary difference
between the limit stop and latch housing 44 and the non-latching limit stop 30 of Figures
. 2A and 2B is a channel 50 included in the limit stop and latch housing 44 for the
accommodation of a flux concentrator (not shown), which will be described below. This
channel 50 begins near the mounting tab 46, extends albng the underside of the length of
the elongated arm 48 and wraps around the distal end of the elongated arm 48 and
terminates in a notch 52 in that portion of the part that compares to the contact surface
38 of the non-latching limit stop 30.

The flux concentrator 54 of the present invention is shown in Figure 4, and, as
can be seen, consists of a formed piece of wire. Tests have shown that wire made from
stainless steel AISI 430 is a particularly suitable material for production of the flux
concentrator 54, although other materials can be envisioned which would work well in
similar applications. The flux concentrator 54 is shaped at the first end 56 to fit into the
end of the channel 50 in the limit stop and latch housing 44 closest to the mounting tab
46 (Figures 3A and 3B), and then extend along the underside of the length of the channel

50 in the elongated arm 48. The second end 58 of the flux concentrator 54 is shaped to
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occupi es a m RbRFHB2GA tHeRARS end of the limit stop and latch housing 44. The specific angles at
| which the flux concentrator 54 is bent are selected to allow _the flux concentrator 54 and
the limit stop énd latch housing 44 to be assembled together without adhesives or other
attachment means. This prevents concerns about out-gassing or migration of adhesives
within the sealed environment of the disc drive.

The exact relationship between the limit stop and latch housing 44 and the flux
concentrator 54 can perhaps be best seen by referring to Figure 5 which is a perspective
view of the two components as assembled together as the latching limit stop 32, and
viewed from the under side of the assembly. In Figure 5, the flux concentrator 54 is
shown lying in the channel 50 of the limit stop and latch housing 44. The second end 58
of the flux concentrator 54 is shown resting in the notch 52 in the end of the limit stop
and latch housing 44. Indeed, the notch 52 and the flux concentrator 54 are so
dimensioned that the outer surface of the flux concentrator 54 is raised above the
surfaces 60 on either side of the notch 52 and thus forms the latch contact surface 62.

As can also be seen in Figure 5, the flux concentrator 54 projects below the base
of the mounting tab 46 in the area near the mounting tab 46 and rises away from the base
of the mounting tab 46 as it extends toward the distal end of the limit stop and latch
housing 44. The reason for this feature will be discussed below.

Figure 6 is a detailed bottom plan view of the stop and striker assembly 40 of the
present invention and shows the relationship between this part and the coil 22 of the
VCM. As Figure 6 shows, the coil 22 is mounted to a pair of actuator arms 64 which
are an integral part of the actuator body (18 in Figure 1) by an adhesive 66, such as
Loctite 352 and the stop and striker assembly 40 is also mounted to the distal end of the
coil 22 by the same adhesive 66. The stop and striker assembly 40 is manufactured of a
non-conducting, non-magnetically permeable material such as AMODEL AF-1115 VO,
a product of Amoco Performance Products, Inc., Atlanta Georgia, or equivalent with the

exception of the magnetic striker 68 which is molded into the stop and striker assembly
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: The actual relationship between the components can perhaps best be seen by
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referring to Figure 7, which is a partially cutaway perspective view of the actuator

VCM and the latching limit stop 32 of the present invention. In Figure 7, the coil 22 is
_ shown mounted by adhesive 66 to one of the arms 64 which are an integral part of the
: actuator body (shown partially at 18). Also shown is the stop and striker assembly 40
which is mounted on the end of the coil 22 opposite the actuator body 18. Molded into
the stop and striker assembly 40 is the magnetic striker 68. The coil 22 is suspended by
the actuator body 18 above the permanent magnet 24 of the VCM, which is mounted on
a lower pole piece of magnetically permeable material, shown partially at 70, which is,
in turn, fixedly attached to the housing base 4. Thé lower pole piece 70 extends beyond
the extent of the permanent magnet 24 and under the elongated arm 48 of the latching
limit stop 32. The top cover 5 is shown in cutaway, and serves to sufport an upper pole
piece 72 also formed of a magnetically permeable material.

The flux concentrator 54 can be seen in three locations in the view of Figure 7.
The first end 56 is shown near the mounting portion of the latch, bending under the
elongated arm 48 of the latching limit stop 32. The flux concentrator 54 reappears as it
nears the distal end of the elongated arm .48 and bends around the end of the arm, and
the second end 58 of the flux concentrator 54 can be seen resting in, and protruding
slightly beyond, the notch 52 in the end face of the elongated arm 48. From this view, it
is apparent that the only contact between the coil/stop and striker assembly 22/40 and the
latching limit stop 32 is made between the magnetic striker 68 and the second end 58 of
the flux concentrator 54.

With this type of arrangement, it can be seen that contact between the flux
concentrator 54 and the magnetic striker 68 is made only at the single point where the
two cylindrical surfaces meet. Such an arrangement is highly desirable in a volume
manufacturing environment, since it is very forgiving of variations in the vertical

position of the flux concentrator contact surface 62 and in the vertical position of the
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Date: 1 S;APR 1999 2a stops are provided which |imt the rotational
novenment Df the actuator by contact between the strike plate and resilient

burper pads formed in recesses on the bunper
10

magnetic striker 68. That is to say, since the two orthogonally arranged cylindrical
surfaces meet in a single point, the location of the point of contact on the surface of

either or both cylinders can vary without causing a significant change in the amount of

latching force,

The magnetic flux pattern which exists within the VCM and the magnetic latch of
the present invention is shown in Figure 8, which is a simplified diagrammatic sectional
view of the VCM and magnetic latch compdnents. In Figure 8, the lower pole piece 70
of the VCM is shown with the permanent magnet 24 mounted on top of the lower pole
piece 70. The upper pole piece 72 is supported in parallel with the lower pole piece 70
i and permanent magnet 24 by the top cover 5 (not shdwn). Between the upper pole piece
72 and the permanent magnet 24, the coil 22 is supported for movement in the directions
shown by an arrow 74, and the magnetic striker 68 is shown as being attached to the coil
at the closest point to the flux concentrator 54. The primary flux path is shown by the
solid arrows_76 to run from the lower pole piece 70 upward through the permanent
magnet 24 and the coil 22 to the upper pole piece 72. The opposite end (not shown) of
the permanent magnet 24 is polarized in the opposite direction, so that the primary
magnetic flux will flow in a counterclockwise direction in this view,

H The magnetic latch of the present invention takes advantage of a secondary flux

RSV

path shown by dashed arrows 78. This diagram clearly shows that the flux concentrator
54 is positioned in a location between the lower and upper pole pieces 70, 72. The flux
concentrator 54 is held in this position by the limit stop and latch housing 44 (not shown

for clarity) and is close to, or in contact with, the lower pole piece 70, while being
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spaced away from the upper pole piece 72. When the coil 22 is moved into proximity

A

with the flux concentrator 54, the secondary flux path 78 is formed from the upper pole
piece 72 through the magnetic striker 68 to the flux concentrator 54 and thence to the
lower pole piece 70. The magnetic latch of the present invention thus uses the
magnetism inherent in the permanent magnet 24 of the VCM to provide latching power

for the actuator, without the introduction of an additional permanent magnet into the

design.
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st ops. __Onge of the bunper stops has a bunper pad containing a pernmanent
magnet sojthat magnetic attraction between the pernmanent nmagnet and the
magnetic $trike plate |atches the actuator in place. Another stop and
magnetic fatch is shown in US Patent No. 5034837 where a nagnet plate of a
voi ce coil notor of an actuator includes altircunferential slot and a pin
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the pin Wi th [8e fil £LoRAMR with the present invention. Once a desired latching force has been
. determined based on the mass and balance of the moving portion of the actuator, the
magnetic power of the permanent rﬁ'agnet(s) in the VCM and the shock specification for
the product, factors such as the diameter of the wire used to form the flux concentrator,
the height of contact surface of the flux concentrator above the lower pole piece, and the
distance of the magnetic striker from the upper pole piece can all be varied to obtain the
desired latching force.

For instance, Figure 9 shows the variation in latching force dependent on the
diameter of the wire used to form the flux concentrator. The vertical scale shows
latching force in grams, while the horizontal scale shows increasing wire diameters from
left to right. In the graph shown, two different materials were also tested: a "mild" -
steel, noted by the square marks, and 430 stainless steel, as noted by the triangular
marks. In all cases, other factors noted above were held constant. As can be seen, in
general increasing the wire diameter increases available latching force. A
mathematically fitted curve defines this relationship as
F = 45,000 * D2.46
where F is the latching force in grams, and;

D is the wire diameter in inches.
It should be noted that two samples were included with a diameter of .020". One of
these was hand-formed, while the other was a tooled part with a better finish at the
contact point. The hand formed part produced a latching force of 2.5 grams, while the
tooled part produced a latching force of 3.5 grams, indicating that surface finish at the
contact point is also a factor influencing latching force, with a smoother finish providing
increased latching force.

Figure 10 is a graph showing the effect of the height of the contact surface of the
flux concentrator above the lower pole piece. The plot includes a correction to
compensate for striker height variation. In all examples plotted in Figure 10, a flux

concentrator having a diameter of .025" was used. The vertical scale is again latching
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and the p‘n forms a secondary magnetic flux pathway in the voice coil notor
such thatithe pin is held in place against the ends of the sl ot
maghetically to latch the actuator in position. Accordingly, an aimof the
present iptvention is to provide a |latch which neets these needs. This

i nvention provides a voice coil notor dri vé’n_ di sc drive actuator including
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stop conpli sing: _

surface of the flux concentrator above the lower pole piece.

From the distribution of the resulting plots, it can be concluded that decreasing
the spacing between the lower pole piece and the flux concentrator contact surface

increases the latching force until a point after which a dramatic *fall-off” in latching

force is evident. The "fall off" occurs when the contact surface of the flux concentrator
(center line of the wire) falls below the bottom of the striker, which is nominally 0.045
inches above the lower pole piece. With the contact surface of the flux concentrator at

or below this height, the flux concentrator starts to "miss” the bottom of the striker, thus

Vs Al

diminishing the latching force.
Proper contact is made only when the striker and contact surface meet at the
single point where the two cylindrical surfaces meet at a right angle.

While the data for Figure 10 was collected to study allowable variances in the
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location of key components, the data is illustrative of the effects of these variations on
the performance of the Jatch of the present invention.

It will be clear that the present invention is well adapted to carry out the objects
and attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those skilled in
the art and which are encompassed in the scope of the present invention disclosed and as

defined in the appended claims.
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S for fixedly attaching the limt stop to a housing base; an
menber extending fromthe nounting neans in a plane

subst ~ y parallel to the housing base to a distal endTying in the
{-ion of the actuator; a contact nenber, formedplsiERInRSBia REd]

per nea hat erial, nounted on the arm ment@r; andastrl
magnet 'y perneable material, for nounting on the

i A limit stop (30, 32) for defining a movement limitation of 2 disc drive actuator

(18) comprising:
mounting means (34, 46) for fixedly attaching the limit stop to a housing base

@) characterised by an elongated arm member (36, 48) extending from the mounting
means in a plane substantially paralle] to the housmg base to a distal end lying in the path
‘of motion of the actuator;
the distal end including a contact surface (38) adapted to contact a contact feature

(68) on the actuator when the actuator has reached the movement limitation.

2 A limit stop as claimed in Claim 1 wherein the limit stop is compliant in the
direction of motion of the actuator, and this compliance is controlled by selection of

material and cross-sectional and longitudinal dimensions of the elongated arm.

1, A limit stop as claimed in Claim 2 wherein the material is a non-conducting, non-

magnetically permeable plastic.

4, A limit stop as claimed in any one of claims 1, 2 or 3 in which the actuator
includes a voice-coil-motor for moving the actuator said limit stop further comprising:

a flux concentrator (54), formed of a magnetically permeable material, mounted
on the arm member, extending along the length of the elongated arm and forming, at the
distal end of the elongated arm, a contact surface, for contacting the contact feature,

whereby, when the actuator brings the striker into proximity with the contact
surface of the flux concentrator, a secondary flux path is formed in the voice coil motor

to magnetically latch the the actuator.
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’ I
actuat or jand adapted to contact a contact surface of the conticshe

laced
characterfised in that the contact nenber is a flux concentrat
extends 4long the length of the elongated armand forns, at t
of the elfongated arm the contact surface;, and in that t he arrangerren 'S
such thatt when the actuator brings the This is the replacenent sheet Date:

15 APR 3999 5 A limit stop as claimed in Claim 4 wherein the material of the flux concentrator

is stainless steel.

6. A limit stop as claimed in Claim 4or 5 wherein the material of the striker is

stainless steel.

7. A limit stop as claimed in any one of Claims 4 to 6 wherein the contact surface of
the flux concentrator and the striker are cylindrical in shape and orthogonally arranged
relative to each other to provide a single point of contact for the application of latching

force.

8. A disc drive magnetic latch for a disc drive actuator (18) having a pair of
opposed magnetically permeable flux paths means (70, 72); at least one permanent
magnet (24)mounted on one of said flux path means in the space between them, a
rotatable arm having coil means (22) mounted on one end thereof in a manner that the
coil means passes between the flux path means during operation; the latch characterised
by comprising:

a magnetically permeable contact 68 mounted on said coil means;

a magnetically permeable member (54) mounted in close proximity to one of said

M s 5 o

flux path means so as to define a low reluctance path between the member and said one
flux path means; the member extending to a height such that said contact and said
member are in physical contact when saxd actuator is in a latching position; the

combination of said contact and said magnetically permeable member providing a low

reluctance path between the respective flux return path means when they are in contact

* 50 as to provide a magnetic latch in said latching position.

9. A disc drive having a limit stop as claimed in any one of claims 1 to 8.

* c L ] ] *




2b strilkgr into proximty with the contact surface of the flux -
concentrgptor, a secondary flux path is fornmed in the voice coil notor to

magneti dally latch the actuator. This is the replacenent sheet Date: 1 5
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ABSTRACT

Limit Stop for Disc Drives

A limit stop(30, 32) for defining the extremes of the range of motion of a disc
drive actuator (18), and a magnetic latch (54, 68) which may be incorporated into the
limit stop for holding the actuator at one of the extremes of its range of motion. Both
the limit stop and limit stop with incorporated magnetic latch allow compliance to be
determined based on material selection and dimensions. The magnetic latch includes a
flux concentrator (54) mounted on a limit stop and a magnetically permeable striker (68)
mounted on the moving portion of the'actuator, and derives magnetic force for latching

from the permanent magnet in the voice coil motor of the actuator.

Fig. 7
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é The present invention thus conprises aﬂlém’t stop which can be used alone -
or be-iftegrated with a magnetic actu E{ tc Wz utilizes the

per maneft nmagnet and associ at ed- n’aéwegé’g i@r dg% ﬁg VCM to supply the
magneti ¢ | atching force. The limt _ :
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one end and cantilevered fromthepfg xed end in a direction |ying
ane of notion of the coil of tISEAVEMI6 The free end of the limt

%s a contact point that contacts the noving coil or a contact

it t ached thereto to stop the notion of the actuator. The | ength,
ttional area and material of the limt stop determ ne the anobunt of
the limt stop and thus the amount of shock transmtted to the
enbl i es at contact. The magnetic latch of the present invention
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othe limt stop and lies within the. nagnetic field of the

magnet of the VCM and a nagnetmyally pernmeabl e stri ker el enent
mounted Pn the coil of the VCM Wien t hSEAC2208t or noves the striker el ement
cl ose enpugh to the flux concentrator, a secondary path for magnetic fl ux
is formefl which is used to hold the actuator in a fixed position until
sufficiept power is applied to the coil to overcone the holding force of
the latcp. It is an object of the present invention to provide a linmt stop
for defi ping the

nmount ed
per.manén

FIG. 3A

FIG. 3B
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range of notion of the VCM actuator of a disc drive data storage device. It
I s anot jer object of the present inventLéE# { the limt stop be sinple to
manuf ac§ure and install in the disc dri s anot her object of the
present i nvention to incorporate a magnetic latch nmechanismin the limt
stop wi fhout significantly increasing the size of the limt stop. It is
anot her Jobj ect of the present invention to provide a magnégi c | atch
mechani gm whi ch utilizes the pernanent magnet in the voice\xcoil notor of

t he actTator

FIG. 5
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to generfpte the latching force. It is an object of the present invention to
provi de fpoth the striker and contact surfabf8of the flux concentrator with
cylindrifcal surfaces which interface at §@bﬂgQ5nately right angles to

provi de "point" contact for nore reliably controlling the latching force
of the chanism This is the replacenent sheet Date: 15 APR 1999
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4 These objects and various features of the present invention can best be
under'st qod by reference to the foIIowi%%EK&ajled description of
enbodi mnts of the invention when read 3 3295] unction with the acconpanyi ng

figures)] of which:
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Fi gure

I ncorpo
parti al
respect
wi t hout
bot t om
of the

is a top view of a disc drive data storage devi ce which
ates an enbodi nent of the presegt ntion, with its top cover
y cut away; Figures 2A and 2B a A and botton1perspective Vi ews,
vely, of the limt stop of the enbodi nent of the present invention
the | atchi ng nmechani smincluded; Figures 3A and 3B are top and
ber spective views, respectively, of the limt stop of the enbodi nent
bresent i nvention showi ng nodifications to
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acconmgdat e the I|atching mechanism Figurg,4 is a perspective view of the
flux cgncentrator of the latching mechagé}g@ t he enbodi nent of the
present] i nvention; Figure 5 is a perspe iew of the limt stop of
Figureq 3A and 3B as assenbled with the flux concentrator of Figure 4;
Figurel]6 is a detailed bottomplan view of the stop and striker assenbly of
the | atjch of the enbodi ment of the present invention;
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Figure 7 is a partial perspective cutaway view of the.voice coil notor and
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The present invention relates generally to the field of rigid disc drive data storage .
devices and more particularly to, but not exclusively to., a limit stop for defining the
range of motion of the disc drive actuator and into which can be incorporated a magnetic
carriage latch in which the permanent magnet of the voice coil actuator motor is used to
provide the latching force.

bisc drive data storage devices have found widespread use as a cost effective and
convenient mechanism for the storage of large computer programs and uvser generated
data. Those types of disc drives known as "Winchester" disc drives incorporate rigid
media, and the read/write heads "fly" above the disc surface on a tﬁin layer of air
dragged along by the spinning of the discs. An actuator mechanism is included to
precisely move the read/write heads from one of a large number of circular, concentric
tracks to another, in order to access any data recorded on the disc surface.

Market demands for increased storage capacity and decrg}iéed access time have
led to the almost exclusive use of voice coil motors (VCMs) to drive the actuator which
positions the heads, while recent trends t?ward smaller and smaller form factors have
lead to the preeminence of rotary VCM actuators. In a typical rotary VCM actuator, an
array of permanent magnets with ﬂuxl-concentrating pole pieces is fixedly mounted to a
housing base or base plate, with a horizontal air gap provided which is the location of a
high concentranon of magnetic flux. A horizontal coxl mounted to a pivot housm
which turns about a vertical axis, is suspended in the maonetlc field, and an array of
read/write heads is cantilevered from the side of the pivot housing opposite the coil and
over the stack of discs. Controlled DC power is applied to the ends of the coil, and the
polarity and magnitude of the DC voltage determines the direction and speed of the
movement of the heads in accordance with the well-known Lorentz relationship.

Since VCM actuators have no inherent magnetic detent when power is removed

RN

from the disc drive, such disc drives must incorporate some sort of latching mechanism

'fhis is the' '-replacemmt sheet
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contact surface of the flux concentrator above the |ower pole piece.
Referring now to the drawi ngs, and nore specifically to Figure 1, there is
shown a disc drive 2 of the type well known in the industry. The disc drive
2 includes a housing base 4 to which the majority of internal conponents
are nounted, and a top cover 5 which is att&hed to the housing base 4 to
forma seal ed environnent to protect This is the replacenent sheet Date: 1
5 APR 1999 to hold the heads in a stationary relationship to the discs when power is removed, in

order to prevent damaging relative movement between the heads and discs while the

discs are not spinning. Similarly, some device must also be included to limit the range

of motion of the actuator, should a "runaway" condition occur in the electronics

controlling the coil power.

Historically, actuator latches sometimes also referred to as carriage latches have
been of several different types, including solenoid-operated latches and magnetic latches.
The main drawback of solenoid-operated latches is the power needed to operate them,
and the physical size of the solenoids. Magnetic latches incorporating permanent
magnets also take up significant space, and their operation can be severely influenced by
the presence of the permanent magnet in the VCM of the actuator. Another common
fault with magnetic latches is that they start to have an influence on the motion of the
actuator even when the actuator is at a significant distance from its intended latch-up
position, thus biasing the power required to move or hold the read/write heads within
this “area of influence"”. _ .

It is common practice to have the latch incorporate a limit stop to define one end
of the range of motion of the actuator, while another mechanism is used to limit and
define the other end of the range of motion.

Current industry trends toward the two-and-a-half inch and smaller form factors
for disc drives have made it necessary to eliminate as many components as possible from
the disc drive assembly, while minimizing the size of the remainder of components.

Clearly a need exists for a carriage latch which occupies a minimum of space
within the disc drive structure, eliminates a large number of components when compared
to prior art devices and yet provides adequate latching force to assure that the actuator
remains latched under specified non-operating shock loads. Ideally, this latch should be
integrated with the limit stops which define the range of motion of the actuator.

Accordingly an aim of the present invention is to provide a latch which meets

these needs.
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5 the internal conponents from outside contam nation. At |east one disc 6
I's mounted to a spindle notor (not shown) by neans of a disc clanp 8 and
disc clanmp screw 10. Wiile-only one disc 6 is visible in this plan view, it
IS common practice to incorporate a stack

The present invention thus comprises a limit stop which can be used alone or be
integrated with a magnetic actuator latch which utilizes the permanent magnet and

 associated magnetic field of the VCM to supply the magnetic latching force. The limit
stop itself consists of an arm fixedly mounted to the base of the disc drive at one end and
cantilevered from the fixed end in a direction lying in the plane of motion of the coil of
the VCM. The free end of the limit stop forms a contact point that contacts the moving
coil or a contact feature attached thereto to stop the motion of the actuator. The length,
cross-sectional area and material of the limit stop determine the amount of "give" in the
limit stop and thus the amount of shock transmitted to the head assemblies at contact.
The magnetic latch of the present invention consists of a flux concentrator, which is
mounted to the limit stop and lies within the ‘magnetic field of the permanent magnet of
the VCM, and a magnetically permeable striker element mounted on the coil of the
VCM. When the actuator moves the striker element close enough to the flux
concentrator, a secondary path for magnetic flux is formed which is used to hold the
actuator in a fixed position until sufficient power is applied to the coil to overcome the
holding force of the latch.

It is an object of the present invention to provide a limit stop for defining the
range of motion of the VCM actuator of a disc drive data storage device.

It is another object of the present invention that the limit stop be simple to
manufacture and install in the disc drive.

It is another object of the present invention to incorporate a magnetic latch
mechanism in the limit stop without significantly increasing the size of the limit stop.

It is another object of the present invention to provide a magnetic latch
mechanism which utilizes the permanent magnet in the voice coil motor of the actuator
to generate the latching force.

It is an object of the present invention to provide both the striker and contact
surface of the flux concentrator with cylindrical surfaces which interface at

approximately right angles to provide a "point" contact for more reliably controlling the

latching force of the mechanism.
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of discs separated by disc spacers (not shown). Figure 1 also shows a

read/ wite head 12 nounted on a ginbal/l oad beam assenbly 14, which in turn
i5 mounted to a head arm 16: The head arm 16 is an integral part of an
actuator body 18 which pivots about a pivot fhaft shown general ly at 20.
Again, while only a single head 12 and gi nbal /| oad beam assenbly 14 are

shown, it |s commnTRERACIi&S dnd uaﬂslé&ﬂ&uk%]&h% Bllesine HvieNorPca bebtBel @iderstood

structure for each surface of each disc opposite side of the

actuator body 1§ réfepeitct teethgifoiteating aasilddedtription of embodiments of the invention when
read in conjunction with the accompanying figures, of which:

Figure 1 is a top view of a disc drive data storage device which incorpo.rates an
embodiment of the present invention, with its top cover partially cut away;

Figures 2A and 2B are top and bottom perspective views, respectively, of the
limit stop of the embodiment of the present invention without the latching mechanism
included;

Figures 3A and 3B are top and bottom perspective views, respectively, of the
limit stop of the embodiment of the present invention showing modifications to
accommodate the latching mechanism;

Figure 4 is a perspective view of the flux concentrator of the latching mechanism
of the embodiment of the present invention;

Figure 5 is a perspective view of the limit stop of Figures 3A and 3B as
assembled with the flux concentrator of Figure 4;

Figure 6 is a detailed bottom plan view of the stop and striker assembly of the
latch of the embodiment of the present invention;

Figure 7 is a partial perspective cutaway view of the voice coil motor and
latching limit stop of the embodiment of the present invention;

Figure 8 is a diagrammatic sectional view showing the flux paths in the VCM and
in the latch mechanism of the embodiment of the present invention;

Figure 9 is a chart which shows the variation in latching force versus wire
diameter of the wire used to form the flux concentrator; and

Figure 10 is a chart showing the effect on latching force of the height of the
contact surface of the flux concentrator above the lower pole piece.

Referring now to the drawings, and more specifically to Figure 1, there is shown
a disc drive 2 of the type well known in the industry. The disc drive 2 includes a
housing base 4 to which the majority of internal components are mounted, and a top

cover 5 which is attached to the housing base 4 to form a sealed environment to protect

is Sheet Has Been Replaced This is the replacement sheet
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assenblies 14 is a coil 22 which forns a portion of the voice coil notor
(VC¥ which is used to nove the heads 12 fromtrack to track. A permanent

magnet 24, fixedly nmounted to the housing base 4, provides a flux field
wi thin which the coil 22 is suspended. Wen controlled DC voltages are

applied to the coil 22 via a printed circuPt cable (pcc) 26, the coil is
control |l ably ggved relatio?shlp to the permanent nagnet,.24,.thus novi ng
the heads 12 C%{?Rflﬁ\a@lé 105t Putside rémta;slgaﬁs% Anleastigngdiss ‘(Hd{‘%‘%&ﬂ)“

(Stgnals to ang;f heRetdtnb A8 by ReliRdi s i dimp 328 fi@'ddddif' s 1B Wifle 26
only one disc 6 is visible in this plan view, it is common practice to incorporate a stack
of discs separated by disc spacers (not shown). |

Figure 1 also shows a read/write head 12 mounted on a gimbal/load beam
assembly 14, which in tumn is mounted to a head arm 16. The head arm 16 is an integral
part of an actuator body 1.8 which pivots about a pivot shaft shown generally at 20.
Again, while only a single head 12 and gimbal/load beam assembly 14 are shown, it is
common practice to include in the disc drive 2 a similar structure for each surface of
each disc. On the opposite side of the actuator body 18 from the gimbal/load beam
assemblies 14 is a coil 22 which forms a portion of the voice coil motor (VCM) which is
used to move the heads 12 from track to track. A permanent magnet 24; fixedly
mounted to the housing base 4, provides a flux field within which the coil 22 is
suspended. When controlled DC voliages are applied to the coil 22 via a printed circuit
cable (pec) 26, the coil is controllably moved in relationship to the permanent magnet
24, thus moving the heads 12 along an arcuate path 28 across the data tracks (not
shown). Signals to and from the read/write heads 12 are also carried on the pcc 26.

Figure 1 also shows a non-latching limit stop 30 and a latching limit stop 32 with
the incorporated magnetic latch of the embodiment of the present invention as they are
located within the disc drive 2 and which will be discussed in detail below.

Turning now to Figures 2A and 2B, there is shown the non-latching limit stop 30
of the embodiment of the present invention. As can be seen, the non-latching limit stop
30 is basically an L-shaped component which includes a mounting tab 34 used to anchor
the non-latching limit stop 30 to the housing base (4 in Figure 1). The remainder of the
non-latching limit stop 30 is made up primarily of an elongated arm 36 which is
cantilevered from the mounting tab 34ina plane substantially parallel to the plane of the
housing base 4. The elongated arm 36 terminates in a contact surface 38, which will

contact a specially adapted stop surface on the moving coil, as will be discussed below.
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Fi gu_re 1 also shows a non-latching linmt stop 30 and a | atching 17 mit stop
32.with the incorporated magnetic |atch of the enbodi ment of the present

i-nvention as they are located within the disc drive 2 and which will be
di scussed in detail below Turning now to Fi gures 2A and 2B, there is shown
the non-latching Ii of the enbodi nent of thé present invention As can be

seen, the non-latching limt stop 30 is bas
whi ch i ncl udesTB¢ #asdatching limip stop 3stéeref%ab&h é'OPlo 41'%9 g?n ng J."I%P"lsanlyo

30 to the housi)eggea%?emage%aj.n Figure 1). The remal nder of the

Referring now to both Figures 1 and 2, it can be seen that a striker and stop
assembly 40 is attached to the end of the coil 22 most distant from the pivot shaft 20.
This striker and stop assembly 40 is made of plastic or other similar non-conducting,
non-magetically permeable material and has a stop surface 42 at the end closest to the
non-latching limit stop 30. When the aétuator body 18 is rotated in the clockwise
direction to the extreme end of its intended range of motion, the stop surface 42 of the
stop and striker assembly 40 contacts the contact surface 38 of the non-latching limit stop
30, thus limiting motion of the actuator in the clockwise direction. It is desirable,
because of the speeds attained by the actuator and the fragility of the head/gimbal/load
beam assembly 12,14, that this type of contact not be of a rigid, non-yielding nature.
This desirable compliance is an inherent feature of the non-latching limit stop 30 because
of the nature of cantilevered arms. Since contact is being made on the non-latching limit
stop 30 at a point most distant from the fixed mounting point, the cantilevered arm 36
"gives" when it éomes into contact with the stop surface 42 on the stop and striker
assembly 40. The amount of compliance in this system is dependent on the materials
used and the dimensions of the components, and is easily selectable based on these
parameters. Experimentation has shown that Victrex 450G, a patented
polyetheretherketone (PEEK) product of ICI Advanced Materials of Exton,
Pennsylvania, is a suitable material, not only for its relative strength, but also because of
other considerations, such as wear resistance, low flammability, stability over
temperature variations and ease of processing.

Figures 3A and 3B are perspective views of the limit stop and latch housing 44,
which makes up a portion of the latching limit stop 32, and shows modifications made to
accommodate the magnetic latch of the present invention. Figure 3 is fundamentally a
mirror image of Figure 2, indicating that the latching limit stop 32 would normally be
found on the opposite side of the coil 22 from the non-latching limit stop 30, as was seen

in Figure 1. The choice of whether to "park” the heads at the inner or outer radius of
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non-latching limt stop 30 is made up primarily of an elongated arm 36
whi;ch is cantilevered fromthe nounting tab 34 in a plane substantially
parallel to the plane of the housing base 4. The el ongated arm 36
termnates in a contact surface 38, which w,ll contact a specially adapted
stop surface on the noving coil, as will be discussed below. This is the

repl acement s h%e 1486& §a design %eméox‘ﬁpﬁs&a?@g if the heads are intended to come to rest on the
disc surfaces when power is removed, the heads are parked at the inner radius to
minimize the starting torque requirement on the spindle motor. In some applications,
however, the heads are intended to be parked oﬁ ramp structures which must, of
necessity, be located closely adjacent the outer radius of the discs. The limit stop and
magnetic latch of the preseht invention is well suited for either situation.

As can be seen in Figure 3, the limit stop and latch housing 44 is similar in
construction to the non-latching limit stop 30 of Figures 2A and 2B. That is, the limit
stop and latch housing 44 is basically an L-shaped component, made from a non-
conducting, non-magnetically permeable material and includes a mounting tab 46 for
atmchigg the part to a complementarily shaped opening in the housing base (4 in Figure
1), and an elongated arm 48 which, when the part is mounted to the housing base 4,
extends in a plane substantially parallel to the housing base 4, but with the underside
sloping slightly upward from the base of the mounting tab 46. The primary difference
between the limit stop and latch housing 44 and the non-latching limit stop 30 of Figures
2A and 2B is a channel 50 included in the limit stop and latch housing 44 for the
ﬁcc;ommodation of a flux concentrator (not shown), which will be described below. This
channel 50 begins near the mounting tab 46, extends along the underside of the length of
the elongated arm 48 and wraps around the distal end of the elongated arm 48 and
terminates in a notch 52 in that portion of the part that compares to the contact surface
38 of the non-latching limit stop 30.

The flux concentrator 54 of the present invention is shown in Figure 4, and, as
can be seen, consists of a formed piece of wire. Tests have shown that wire made from
stainless steel AISI 430 is a particularly suitable material for production of the flux
concentrator 54, although other materials can.be envisioned which would work well in
similar applications. The flux concentrator 54 is shaped at the first end 56 to fit into the
end of the channel 50 in the limit stop and latch housing 44 closest to the mounting tab
46 (Figures 3A and 3B), and then extend along the underside of the length of the channel

50 in the elongated arm 48, The second end 58 of the flux concentrator 54 is shaped to
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6 The non-latching limt stop 30 is preferably nmade of a non-conducti ng,
non- magnetical ly perneable material. Referring nowto both Figures 1 and 2,
i‘t can be seen that a striker and stop assenbly 40 is attached to the end
of the coil 22 nost distant fromthe pivot ghaft 20.

wrap around the distal end of the limit stop and latch housing 44 and terminate in the
notch 52 in the distal end of the limit stoi) and latch housing 44. The specific angles at
which the flux concentrator 54 is bent are selected to allow the flux concentrator 54 and
the limit stop and latch housing 44 to Ee assembled together without adhesives or other
attachment means. This prevents'concems about out-gassing or migration of adhesives
within the sealed environment of the disc drive.

The exact relationship between the limit stop and latch housing 44 and the flux
concentrator 54 can perhaps be best seen by referring to Figure 5 which is a perspective
view of the two components as assembled together as the latching limit stop 32, and
viewed from the under side of the assembly. In Figure 5, the flux concentrator 54 is
shown lying in the channel 50 of the limit stop and latch housing 44. The second end 58
of the flux concentrator 54 is shown resting in the notch 52 in the end of the limit stop
and latch housing 44. Indeed, the notch 52 and the flux concentrator 54 are so
dimensioned that the outer surface of the flux concentrator 54 is raised above the
surfaces 60 on either side of the notch 52 and thus forms the latch contact surface 62.

As can also be seen in Figure 5, the flux concentrator 54 projects below the base
of the mounting tab 46 in the area near the mounting tab 46 and rises away from the base
of the mounting tab 46 as it extends toward the distal end of the limit stop and latch
housing 44. The reason for this feature will be discussed below.

Figure 6 is a detailed bottom plan view of the stop and striker assembly 40 of the
present invention and shows the relationship between this. part and the coil 22 of the
VCM. As Figure 6 shows, the coil 22 is mounted to a pair of actuator arms 64 which
are an integral part of the actuator body (18 in Figure 1) by an adhesive 66, such as
Loctite 352 and the stop and striker assembly 40 is also mounted to the distal e.nd of the
coil 22 by the same adhesive 66. The stop and striker assembly 40 is manufactured of a
non-conducting, non-mag'netically permeable material such as AMODEL AF-1115 VO,
a product of Amoco Performance Products, Inc., Atlanta Georgia, or equivalent with the

exception of the magnetic striker 68 which is molded into the stop and striker assembly
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This striker and stop assenbly 40 is made of plastic or other simlar

non- conducti ng, non-magnetically perneable material and has a stop surface
42 at the end closest to the non-latching limt stop 30. Wen the actuator
body 18 is rotated in the clockw se direction to the extrene end of its

I ntended range of notion, the stop surface 22 of the stop and striker

assenbly 40 contacts the contact surface 38 of the non-latching limt stop
30, thus |init4hgTheomagnetientrikes 68 isalbisdn therformof ah eprmPYlindgr hating 8 &-shaped s

gfe Sit Lgblhg éd?gicﬁ:g%%e?tgpg%ﬁ is? Pa%?igastej1 }}o?ni .sigaejgle?systéeTiIglc B (tnp s[imeflgxdn'}a e%af.r agility

The actual relationship between the components can perhaps best be seen by
referring to Figure 7, which is a paﬁially cutaway perspective view of the actuator
VCM and the latching limit stop 32 of the present invention. In Figure 7, the coil 22 is
shown mounted by adhesive 66 to one of the arms 64 which are an integral part of the
actuator body (shown partially at 18). Also shown is the stop and striker assembly 40
which is mounted on the end of the coil 22 opposite the actuator body 18. Molded into
the stop and striker assembly 40 is the magnetic striker 68. The coil 22 is suspended by
the actuator body 18 above the permanent magnet 24 of the VCM, which is mounted on
a lower pole piece of magnetically permeable material, shown partially at 70, which is,
in turn, fixedly attached to the housing base 4. Thé lower pole piece 70 extends beyond
the extent of the permanent magnet 24 and under the elongated arm 48 of the latching
limit stop 32. The top cover 5 is shown in cutaway, and serves to support an upper pole
piece 72 also formed of a magnetically permeable material.

The flux concentrator 54 can be seen in three locations in the view of Figure 7.
The first end 56 is shown near the mounting portion of the latch, bending under the
elongated arm 48 of the latching limit stop 32. The flux concentrator 54 reappears as it
nears the distal end of the élongated arm.48 and bends around the end of the arm, and
the second end 58 of the flux concentrator 54 can be seen resting in, and protruding
slightly beyond, the notch 52 in the end face of the elongated arm 48. From this view, it
is apparent that the only contact between the coil/stop and striker assembly 22/40 and the
latching limit stop 32 is made between the magnetic striker 68 and the second end 58 of
the flux concentrator 54.

With this type of arrangement, it can be seen that contact between the flux
concentrator 54 and the magnetic striker 68 is made only at the single point where the
two cylindrical surfaces meet. Such an arrangement is highly desirable in a volume
manufacturing environment, since it is very forgiving of variations in the vertical

position of the flux concentrator contact surface 62 and in the vertical position of the
S
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beam assenbly 12,14, that this type of contact not be of a rigid,

non-yi el di ng nature. This desirable conpliance is an inherent feature of
the non-latching linmt stop 30 because of the nature of cantilevered arns.
Since contact is being made on the non-latching limt stop 30 at a point
nost distant fromthe fixed nounting point 1% he cantilevered arm 36 "gives"

e SO BRGE A acks Ml USSRl LSy Hakim gl 11 e
materials usedydaekstrie i EAF B the 11GiGPBRRL 50iE of Eack on Wsbirikoe of
either or both cylinders can vary without causing a significant change in the amount of
latching force.

The magnetic flux pattern which exists within the VCM and the magnetic latch of
the present invention is shown in Figure 8, which is a simplified diagrammatic sectional
view of the VCM and magnetic latch components. In Figure 8, the lower pole piece 70
of the VCM is shown with the permanent magnet 24 mounted on top of the lower pole
piece 70. The upper pole piece 72 is supported in parallel with the lower pole piece 70
and permanent magnet 24 by the top cover 5 (not shown). Between the upper pole piece
72 and the permanent magnet 24, the coil 22 is supported for movement in the directions
shown by an arrow 74, and the magnetic striker 68 is shown as being attached to the coil
at the closest point to the flux concentrator 54. The primary flux path is shown by the
solid arrows_ 76 to run from the lower pole piece 70 upward through the permanent
magnet 24 and the coil 22 to the upper pole piece 72. The opposite end (not shown) of
the permanent magnet 24 is polarized in the opposite direction, so that the primary
magnetic flux will flow in a counterclockwise direction in this view.

The magnetic latch of the present invention takes advantage of a secondary flux
path shown by dashed arrows 78. This diagram clearly shows that the flux concentrator
54 is positioned in a location between the lower and upper pole pieces 70, 72. The flux
concentrator 54 is held in this pbsition by the limit stop and latch housing 44 (not shown
for clarity) and is close to, or in contact with, the lower pole piece 70, while being
spaced away from the upper pole piece 72. When the coil 22 is moved into proximity
with the flux concentrator 54, the secondary flux path 78 is formed from'the upper pole
piece 72 through the magnetic striker 68 to the flux concentrator 54 and thence to the
lower pole piece 70. The magnetic latch of the present invention thus uses the
magnetism inherent ih the permanent magnet 24 of the VCM to provide latching power

for the actuator, without the introduction of an additional permanent magnet into the

design.
I —
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paranmeters. Experinentation has shown that Victrex 450G a patented

pol.yet her et her ket one (PEEK) product of ICl Advanced Materials of Exton,
Pennsylvania, is a suitable material, not only for its relative strength,
but also because of other consideratiaons, such as wear resistance, |ow
flammability, stability over tenperature vdtiati ons and ease of processing.

Figures 3A and 3B are perspective views of the lim{ sto nd | at sin
44, whi ch makes up Savesalrfactars have toke qaasidpred gn FiF‘ﬁV‘f““gﬁ)‘be%??] (geﬁl&"s?gv@gy )

nodi fications de to . . : '
' mr(aade in accordance with the present invention. Once a desired latching force has been

determined based on the mass and balance of the moving portion of the actuator, the
magnetic power of the permahent magnet(s) in the VCM and the shock specification for
the product, factors such as the diameter of the wire used to form the flux concentrator,
the height of contact surface of the flux concentrator above the lower pole piece, and the
distance of the magnetic striker from the upper pole piece can all be varied to obtain the
desired latching force.

For instance, Figure 9 shows the variation in latching force dependent on the
diameter of the wire used to form the flux concentrator. The vertical scale shows
Jatching force in grams, while the horizontal scale shows increasing wire diameters from
left to right. In the graph shown, two different materials were also tested: a "mild"
steel, noted by the square marks, and 430 stainless steel, as noted by the triangular
marks. In all cases, other factors noted above were held constant. As can be seen, in
general increasing the wire diameter increases available latching force. A
mathematically fitted curve defines this relationship as
F = 45,000 * D2.46
where F is the latching force in grams, and;

D is the wire diameter in inches.

It should be noted that two samples were included with a diameter of .020". One of
these was hand-formed, while the other was a tooled part with a better finish at the
contact point. The hand formed part produced a latching force of 2.5 grams, while the
tooled part produced a latching force of 3.5 grams, indicating that surface finish at the
contact point is also a factor influencing latching force, with a smoother finish providing
increased latching force.

~ Figure 10 is a graph showing the effect of the height of the contact surface of the
flux concentrator above the lower pole piece. The plot includes a correction to
compensate for striker height variation. In all examples plotted in Figure 10, a flux

concentrator having a diameter of .025" was used. The vertical scale is again latching
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accomodat e the magnetic latch of the present invention. Figure 3 is
fundanentally a mrror imge of Figure 2, indicating that the | atching
limt stop 32 would norrmally be found on the opposite side of the coil 22
fromthe non-latching limt stop 30, as was seen in Figure 1. The choi ce of
whet her to "park" the heads at the inner onZouter radius of This is the
repl acenent sheet Dat e: 1 5 APR 1999 )

force in grams, while the horizontal scale shows variations in the height of the contact

surface of the flux concentrator above the lower pole piece.

From the distribution of the resulﬁng plots, it can be concluded that decreasing
the spacing between the lower pole piece and the flux concentrator contact surface
increases the latching force until a point after which a dramatic " fall-off” in latching
force is evident. The "fall off" occurs when the contact surface of the flux concentrator
(center line of the wire) falls below the bottom of the striker, which is nominally 0.045
inches above the lower pole piece. With the contact surface of the flux concentrator at
or below this height, the flux concentrator starts to “miss" the bottom of the striker, thus
diminishing the latching force.

Proper contact is made only when the striker ;nd contact surface meet at the
single point where the two cylindrical surfaces meet at a right angle.

While the data for Figure 10 was collected to study allowable variances in the
location of key components, the data is illustrative of the effects of these variations on
the performance of the latch of the present invention.

It will be clear that the present invention is well adapted to carry out the objects
-and attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changés may be made which will readily suggest themselves to those skilled in

the art and which are encompassed in the scope of the present invention disclosed and as

defined in the appended claims.
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7 the disc 6 is a design decision. Usually, if the heads are intended to
cone to rest on the disc surfaces when power is renoved, the heads are
parked at the inner radius to mininize the starting torque requirenment on
the spindle notor. In sone applications, however, the heads are intended to
be parked on ranp structures which nust, ofl3 ThlsSheetHasBeenReﬂ

Q1]

CLAIMS

I A limit stop (30, 32) for defining a movement limitation of a disc drive actuator

(18) comprising:
mounting means (34, 46) for fixedly aftaching the limit stop to a housing base

characterised by an elongated arm member (36, 48) extending from the mounting

@A)
means in a
of motion of the actuator;

the distal end including a contact surface (38) adapted to contact a contact feature

plane substantially parallel to the housing base to a distal end lying in the path

(68) on the actuator when the actuator has reached the movement limitation.

* 2, A limit stop as claimed in Claim 1 wherein the limit stop is compliant in the
direction of motion of the actuator, and this compliance is controlled by selection of

material and cross-sectional and longitudinal dimensions of the elongated arm.

3. A limit stop as claimed in Claim 2 wherein the material is a non-conducting, non-

- magnetically permeable plastic.

4, A limit stop as claimed in any one of claims 1, 2 or 3 in which the actuator
includes a voice-coil-motor for moving the actuator said limit stop further comprising:

a flux concentrator (54), formed of a magnetically permeable material, mounted
on the arm member, extending along the length of the elongated arm and forming, at the
distal end of the elongated arm, a contact surface, for contacting the contact feature,

whereby, when the actuator brings the striker into proximity with the contact
surface of the flux concentrator, a secondary flux path is formed in the voice coil motor

to magnetically latch the the actuator.

R Y O 1 ' 1 8 e eplcament s
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necessity, be located closely adjacent the outer radi usTfm‘Sltfh
linmt stop and nagnetic |atch of the present invention | ’or
ei'ther situation. As can be seen in Figure 3, the limt

housing 44 is simlar in construction to the non-1|atchi ng mt stop 30 of
Figures 2A and 2B. That is, the limt stop !4nd | atch housmg 44 is

basically an shaped conponent,, nmade from a non- ondu t

non- magnet i cah ‘y pébf ﬁg‘é‘bsl Hertaimed in Ghémidwhergiadhe hg’gtﬂé‘ﬁ CRBCERfFpLor

attaching the. Q%ICEQS&ICOWI enentarily shaped opem ng in the housing base
(4 in Figure

6. A limit stop as claimed in Claim 4or 5§ wherein the material of the striker is

stainless steel.

7. A limit stop as claimed in any one of Claims 4 to 6 wherein the contact surface of
the flux concentrator and the striker are cylindrical in shape and orthogonally arranged

relative to each other to provide a single point of contact for the application of latching

force.

8. A disc drive magnetic latch for a disc drive actuator (18) having a pair of
opposed magnetically permeable flux paths means (70, 72); at least one permanent
magnet (24)mounted on one of said flux path means in the space between them, a
rotatable arm having coil means (22) mounted on one end thereof in a manner that the
coil means passes between the flux path means during operation; the latch characterised
by comprising: |

a magnetically per_meable contact 68 mounted on said coil means;

a magnetically permeable member (54) mounted in close proximity to one of said
flux path means so as to define a low reluctance path between the membef and said one
flux path means; the member extending to a height such that said contact and said
member are in physical contact when said actuator is in a latching position; the
combination of said contact and said magnetically permeable member providing a low
reluctance path between the respective flux return path means when they are in contact

* 50 as to provide a magnetic latch in said latching position.

9. A disc drive having a limit stop as claimed in any one of claims 1 to 8.
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1), and an el ongated arm 48 which, when the part is nmounted to the housing
base 4, extends in a plane substantially parallel to the housing base 4,
but with the underside sloping slightly upward fromthe base of the
mounting tab 46. The primary difference between the limt stop and | atch
housi ng 44 and the non-latching limt stop!®30 of Figures 2A and 2B is a
channel 50 included in the limt stop and | atch housing 44 for the
accomodation of a flux concentrator (not shown), which will be descri bed
bel ow. This channel 50 begi ns near the ' tab 46, extends along the
underside of the | ength of A@@fﬁ&@?

Limit Stop for Disc Drives

A limit stop(30, 32) for defining the extremes of the range of motion of a disc
drive actuator (18), and a magnetic latch (54, 68) which may be incorporated into the
limit stop for holding the actuator at one of the extremes of its range of motion. Both
the limit stop and limit stop with incorporated magnetic latch allow compliance to be
determined based on material selection and dimensions. The magnetic latch ihcludes a
flux concentrator (54) mounted on a limit stop and a magnetically permeable striker (68)
mounted on the moving portion of the actuator, and derives magnetic force for latching

from the permanent magnet in the voice coil motor of the actuator.

Fig. 7
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the el ongated arm 48 and waps around the distal end of the el ongated arm
48, ahd termnates in a notch 52 in that portion of the part that conpares
to the contact surface 38 of the non-latching Iimt stop 30. The fl ux
concentrator 54 of the present invention is shown in Figure 4 and, as can
be seen, consists of a fornmed piece of wre. Tests have shown that wire
made from stainless steel AISI 430 is a particularly suitable material for
production of the flux concentrator 54, although other materials can be
envi si oned which would work well in

—lr"‘s
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simtar applications. The flux concentrator 54 is shaped at the first end
56.to fit into the end of the channel 50 in the limt stop and | atch
housi ng 44 cl osest to the nmounting tab 46 (Figures 3A and 3B), and then
extend al ong the underside of the | ength of the channel 50 in the el ongated
arm 48. The second end 58 of the flux concentrator 54 is shaped to This is
the repl acenent sheet Date 15 APR 1999
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8 wap around the distal end of the [imt stop and | atch housing 44 and
termnate in the notch 52 in the distal end of the limt stop and |atch
Housi ng 44. The specific angles at which the flux concentrator 54 is bent
are selected to allowthe flux concentrafor 54 and the limt stop and |atch
housi ng 44 to be assenbl ed toget her w t Hout adhesives or ot her

FIC. 3A

FIG. 3B

This Sheet Has Been Replaced S0

This is the replacement sheet

- | pate: 2 0 NOV 1996




Ed

attachnment neans. This prevents concerns about out-gassing or mgration of
adhesives within the sealed environnent of the disc drive. The exact

rel ati onship between the limt stop and | atch housing 44 and the fl ux
concentrator 54 can perhaps be best seen by referring to Figure 5 which is
a perspective view of the two conponents 4as assenbl ed together as the
latching limt stop 32, and viewed fromthe under side of t$g assenbly. In
Figure 5, the flux coneentrator 54 is shown lying in the chagpnel 50 of the

limt stop and | atch hOﬁIS{ ng 44. The second end 58 -
eet Has Been ac

i

54
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of the flux concentrator 54 is shown resting in the notch 52 in the end of
the limt stop and | atch housing 44. |1 ndeed, the notch 52 and the fl ux
ooncentrator 54 are so dinensioned that the outer surface of the fl ux
concentrator 54 is raised above the surfaces 60 on either side of the notch
52 and thus forms the latch contact surf&e 62. As can also be seen in
Figure 5, the flux concentrator 54 projects below the base of the nounting
tab 46 in the area near the nmounting tab 46 and rises away fromthe base of
the mounting tab 46 as it extends toward the distal end of the limt stop
and | atch

FIG. ©
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housi ng 44. The reason for this feature will be discussed below. Figure 6
Is.a detailed bottomplan view of the stop and striker assenbly 40 of the
present invention and shows the rel ationshi.p..between this part and the coil-
22 the VCM As Figure 6 shows, the coil 22 is nounted to a pair of actuator
arnms 64 which are an integral part of t e act uat or body (18 in Figure 1)
by an adhesive 66, such as Loctite 352 and the stop and striker assenbly 40
is al so mounted to the distal end of the coil 22 by the sanme adhesive 66.
The stop and striker assenbly 40 is manufactured of a

I~
<
L
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non- conducti ng, non-nmagnetically perneable material such as AMODEL AF-1 115
VO. a product of Anoco Perfornmance Products, Inc., Atlanta -Georgia, or

equi val ent with the exception of the nmagnetic striker 68 which is nol ded
into the stop and striker assenbly This is the replacenent sheet Date:

15 APR 1999 7
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9 40. The magnetic striker 68 itself is in the formof an open cylinder
having a. C shaped cross-section and is fabricated from stainless steel AlSI
430 or simlar material. The actual relationship between the conponents can
per haps best be seen by referring to Figure 7, which is a partially cutaway
perspective view of the actuator VCM and8the latching Iimt stop 32 of the
present invention. In Figure 7, the coil 22 is
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sh‘own rmunt ed* by adhesive 66 to one of the arms 64 which are an int egral

paft: of the actuator body (shown partially at 18)f
and striker assenbly 40 which:is nounted on the ¢4
~the actuator body 18. Ml ded into the stop and st

magnetic striker 68. The coil 22 is suspended by
t he permanent nagnet 24 of the VCM which is nourp
of magnetically perneaple material, shown %artial

turn, fixedly attach MBTtﬁ'ESHOEQBnalﬁng A VEDnd
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ext ends beyond

The present invention relates generally to the field

of rigid disc drive data storage

devices and more particularly to, but not exclusively to, a limit stop for defining the

range of motion of the disc drive actuator and into which can be incorporated a magnetic -

carriage latch in which the permanent magnet of the voice coil actuator motor is used to

provide the latching force.

Disc drive data storage devices have found widespread use as a cost effective and

convenient mechanism for the storage of large computer programs and user generated

data. Those types of disc drives known as "Winchester" disc drives incorporate rigid

media, and the read/write heads "fly" above the disc surface on a thin layer of air

dragged along by the spinning of the discs. An actuator mechanism is included to

precisely move the read/write heads from one of a large number of circular, concentric

tracks to another, in order to access any data recorded on

the disc surface.

Market demands for increased storage capacity and decreased access time have

led to the almost exclusive use of voice coil motors (VCMs) to drive the actuator which

positions the heads, while recent trends toward smaller and smaller form factors have

lead to the preeminence of rotary VCM actuators. In a typical rotary VCM actuator, an

array of permanent magnets with ﬂux~concéntrating pole pieces is fixedly mounted to a

housing base or base plate, with a horizontal air gap provided which is the lo;at:an /f;a

high concentration of magnetic flux. A horizontal coil mounted to a pivot housmg,

which turns about a vertical axis, is suspended in the magnetic field, and an array of

read/write heads is cantilevered from the side of the pivot housing opposite the coil and

over the stack of discs. Controlied DC power is applied to the ends of the coil, and the

polarity and magnitude of the DC voltage determines the direction and speed of the

movement of the heads in accordance with the well-known Lorentz relationship.

Since VCM actuators have no inherent magnetic detent when power is removed

from the disc drive, such disc drives must incorporate some sort of latching mechanism
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the extent of the per manent nmagnet 24 and under the el ohgat ed arm 48 of the

latching limt stop 32. The top cover 5 is shown in cutaway, and serves to

support an upper pole piece 72 also forned of a nagnetically perneabl e '
material. The flux concentrator 54 can be seen in three locations in the

View of Figure 7. The first end 56 is sBown near the nounting portion of

the latch, bending under the elongated arm 48 of the latching lint stop

32. The tblhold theteads ima statSaaryrelationshipate the disss whenpowrrds semeyrd.dh t he

el ongated arm 48 and bends around the end of the arm_ and
order to prevent damaging relative movement between the heads and discs while the
discs ax:e not spinning. Similarly, some device must also be included to limit the range
of motion of the actuator, should a “runaway" condition occur in the electronics
controlling the coil power.

Historically, actuator latches sometimes also referred to as carriage latches have
been of several different types, including solenoid-operated latches and magnetic latches.
The main drawback of solenoid-operated latches is the power needed to operate them,
and the physical size of the solenoids. Magnetic latches incorporating permanent
magnets also take up Signiﬁcant space, and their operation can be severely influenced by
the presence of the permanent magnet in the VCM 6f the actuator. Another common
fault with magnetic latches is that they start to have an influence on the motion of the
actuator even when the actuator is at a significant distance from its intended latch-up
position, thus biasing the power required to move or hold the read/write heads within
this "area of influence”. |

It is common practice to have the latch incorporate 2 limit stop to define one end
of the range of motion of the actuator, while another mechanism is used to limit and
define the other end of the range of motion.

( Current industry trends toward the two-and-a-half inch and smaller form factors
for disc drives have made it necessary to eliminate as many components as pﬁ?s/il’qle'fém
the disc drive assembly, while minimizing the size of the remainder -of components.

Clearly a need exists for a carriage latch which occupies a minimum of space
within the disc drive structure, eliminates a large number of components when compared
to prior art devices and yet provides adequate latching force to assure that the actuator
remains latched under specified non-operating shock loads. Ideally, this latch should be
integrated with the limit stops which define the range of motion of the actuator.

One prior art actuator stop and latch is disclosed in US Patent No. 4890176 in

which an actuator bears a strike plate formed of a magnetic material. A pair of bumper
This is the replacemsnt sheet
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the setond end 58 of the flux concentrator 54 can be seen resti ng in, | and
pr-botrudi ng slightly beyond, the notch 52 in the end face of the el ongated
arm48. Fromthis view, it is apparent that the only contact between_ the
coil/stop and striker assenbly 22/40 and the latching limt stop 32 is nade
bet ween the magnetic striker 68 and th&asecond end 58 of the flux
concentrator 54. Wth this type of arrangenent, it can be seen that contact
bet ween stdps airé provided whichalimit the retationdlanovgnertiof the actuator®y dontactde only
at the single point where the .
between the strike plate and resilient bumper pads formed in recesses on the bumper
stops. One of the bumper stops has a bumper pad containing a permanent magnet so that
magnetic attraction between the permanent magnet and the magnetic strike plate latches
the actuator in place.

Another stop and magnetic latch is shown in US Patent No. 5034837 where a
magnet plate of a voice coil motor of an actuator includes a circumferential slot and a pin
formed of a low reluctance magnetic material is fixed to the actuator for movement along
the slot. Movement of the actuator is stopped by contact of the pin with the slot ends
and the pin forms a secondary magnetic flux pathway in the voice coil motor such that
the pin is held in place against the ends of the slot magnetically to latch the actuator in
position.

Accordingly, an aim of the present invention is to provide a latch which meets
these needs.

This invention provides a voice coil motor driven disc drive actuator including a
limit stop for defining a movement limitation of the actuator, the limit stop comprising:

mounting means for fixedly attaching the limit stop to a housing base;

an elongated arm member extending from the mounting means in a plane
substantially parallel to the housing base to a distal end lying in the path of motion of the

==

actuator; r 4 ',,,/

a contact member, formed of magnetically permeable material, moutited on the
arm member; and |

a striker, formed of a magnetically perma.ble material, for mounting on the
actuator and adapted to contact a contact surface of the contact member;

characterised in that the contact member is a flux concentrator which extends

along the length of the elongated arm and forms, at the distal end of the elongated arm,

the contact surface; and in that the arrangement is such that when the actuator brings the

This is the replacement sheet
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t Wo cy'1 indrical - surfaces neet. Such.an arr angenent i-s highly desi rable in a
vol ume manufacturing environnment, since it is very forgiving of variations
in the vertical position of the flux concentrator contact surface-62.and in

t he vertical position of the This is thgbrepl acenent sheet Date: 1 5 APR
1999

striker into proximity with the contact surface of the flux concentrator, a secondary flux

path is formed in the voice coil motor to magnetically latch the actuator.

.
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10 magnetic striker 68. That is to say, since the tw orthogonally arranged
cylindrical surfaces neet in a single point, the |ocation of the point of
contact on the surface of either or both cylinders can vary w thout causing
a significant change in the amunt of Iatch; ng force. The magnetic fl ux
pattern which exists within the VCM and t he” magnetic | atch of

The present invention thus comprises a limit stop which can be used alone or be
integrated with a magnetic actuator latch which utilizes the permanent magnet and
associated magnetic field of the VCM to supply the magnetic latching force. The limit
stop itself consists of an arm fixedly mounted to the base of the disc drive at one end and
cantilevered from the fixed end in a direction lying in the plane of motion of the coil of
the VCM. The free end of the limit stop forms a contact point that contacts the moving
coil or a contact feature attached thereto to stop the motion of the actuator. The length,
cross-sectional area and material of the limit stop determine the amount of "give" in the
limit stop and thus the amount of shock transmitted to the head assemblies at contact.
The magnetic latch of the present invention consists of a flux concentrator, which is
mounted to the limit stop and lies within the magnetic field of the permanent magnet of
the VCM, and a magnetically permeable striker element mounted on the coil of the
VCM. When the actuator moves the striker element close enough to the flux
concentrator, a secondary path for magnetic flux is formed which is used to hold the
actuator in a fixed position until sufficient power is applied to the coil to overcome the
holding force of the latch.

It is an object of the present invention to provide a limit stop for defining the
range of motion of the VCM actuator of a disc drive data storage device.

It is another object of the present invention that the limit stop be simple to
2: manufactulre and install in the disc drive.
| It is another object of the present invention to incorporate a magr;;t_i,_cgagil;":‘:
mechanism in the limit stop without significantly increasing the size of ﬂ_}c lfmlt stop.

It is another object of the present invention to provide a magnetic latch
mechanism which utilizes the permanent magnet in the voice coil motor of the actuator
to generate the latching force.

It is an object of the present invention to provide both the striker and contact
surface of the flux concentrator with cylindrical surfaces which interface at

approximately right angles to provide a "point" contact for more reliably controlling the

latching force of the mechanism.
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the present invention is shown in Figure 8 which is a sinplified

di agrammati c sectional view of the VCM and magnetic | atch conponents. In
Figure 8, the |lower pole piece 70 of the VCMis shown with the pernanent
magnet 24 nmounted on top of the |ower pole piece 70. The upper pole piece
72 is supported in parallel with the |ower pole piece 70 and pernmanent

magnet 24 by the tpRese@bREtsand mo&m}es JPGheVBRSert HoverBBS bardBése b® ufdestdad
and the permanent magnet 24, the coil 22 is supported for novenment in the

directions s h?\mftxynmoahe fnnownc derslldddesertival d fenttodikents 6B8thesnedntom when
bei ng attached to the coil
read in conjunction with the accompanying figures, of which:

Figure 1 is a top view of a disc drive data storage device which incorporates an
embodiment of the present invention, with its top cover partially cut away;

Figures 2A and 2B are top and bottozﬁ perspective views, respectively, of the
limit stop of the embodiment of the present invention without the latching mechanism
included;

Figures 3A and 3B are top and bottom perspective views, respectively, of the
limit stop of the embodiment of the present invention showing modifications to
accommodate the latching mechanism;

Figure 4 is a perspective view of the flux concentrator of the latching mechanism
of the embodiment of the present invention;

Figure 5 is a perspective view of the limit stop of Figures 3A and 3B as
assembled with the flux concentrator of Figure 4;

Figure 6 is a detailed bottom plan view of the stop and striker assembly of the
latch of the embodiment of the present invention;

Figure 7 is a partial perspective cutaway view of the voice coil motor and
latching limit stop of the embodiment of the present invention;

Figure 8 is a diagrammatic sectional view showing the flux paths in the VCM and

ot

-~
-—

in the latch mechanism of the embodiment of the present invention, e

SV

Figure 9 is a chart which shows the variation in latching force vers_us-ﬁ'iire
diameter of the wire used to form the flux concentrator; and '

Figure 10 is a chart showing the effect on latching force of the height of the
contact surface of the flux concentrator above the lower pole piece.

Referring now to the drawings, and more specifically to Figure 1, there is shown
a disc drive 2 of the type well known in the industry. The disc drive 2 includes a

housing base 4 to which the majority of internal components are mounted, and a top

cover 5 which is attached to the housing base 4 to form a sealed environment to protect
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at the closest point to the flux concentrator 54. The primary flux path is
showi by the solid arrows 76 to run fromthe | ower pole piece 70 upward

t hrough t he permanent magnet 24 and the coil 22 to the upper pole piece 72.
The opposite end (not shown) of the pernmanent magnet 24 is polarized in the
opposite direction, so that the primary gnetic flux will flowin a

Co e o 0 8 el S g i SR s o e s BB
78. This di agiiiR fof(hdt shBRWSbY Rthnd i dibd¥afp" &Y &3¢ Slamp screw 10. While
only one disc 6 is visible in this plan view, it is common practice to incorporate a stack
of discs separated by disc spacers (not shown).
Figure 1 also shows a read/write head 12 mounted on a gimbal/load beam
assembly 14, which in turn is mounted to a head arm 16. The head arm 16 is an integral
part of an actuator body 18 which pivots about a pivot shaft shown generally at 20.
Again, while only a single head 12 and gimbal/load beam assembly 14 are shown, it is
common practice to include in the disc drive 2 a similar structure for each surface of
each disc. On the opposite side of the actuator body 18 from the gimbal/load beam
assemblies 14 is a coil 22 which forms a portion of the voice coil mdtor (VCM) which is
used to move the heads 12 from track to track. A permanent magnet 24, fixedly
mounted to the housing base 4, provides a flux field within which the coil 22 is
suspended. When controlled DC voltages are applied to the coil 22 via a printed circuit
cable (pcc) 26, the coil is controllably moved in relationship to the permanent magnet
. 24, thus moving the heads 12 along an arcuate path 28 across the data tracks (not
shown). Signals to and from the read/write heads 12 are also carried on the pcc 26.
Figure 1 also shows a non-latching limit stop 30 and a latching limit stop 32 with

the incorporated magnetic latch of the embodiment of the present invention as they are

.

located within the disc drive 2 and which will be discussed in detail below.

Tum'ing now to Figures 2A and 2B, there is shown the non-latching l}_gy fﬁ@jo
of the embodiment of the present invention. As can be seen, the non-latci_rjng"ﬁ?ﬁit stop
30 is basically an L-shaped component which includes a mounting tab 34 ;sed to anchor
the non-latching limit stop 30 to the housing base (4 in Figure 1). The remainder of the
non-latching limit stop 30 is made up primarily of an elongated arm 36 which is
cantilevered from the mounting tab 34 in a plane substantially parallel to the plane of the

housing base 4. The elongated arm 36 terminates in a contact surface 38, which will

contact a specially adapted stop surface on the moving coil, as will be discussed below.
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54 is positioned in a |location between the | ower and upper pol e pieces 70,
72: The flux concentrator 54 is held in this position by the limt stop and
| at ch housing 44 (not shown) for clarity) and is close to, or in contact
wi.th, the |ower pole piece 70, while being gpaced away fromthe upper pole
pi ece 72. \When the coil 22 is noved into proximty with the fl ux

b ece 72t hr ocunMRBERERORHR o 3015 Pkl b SCY HEH cOABAG iR EEeRRU
. thence to thepdrimestle Rdtdiapi ece 70. The nmagnetic latch of the present

. invention thus uses the

: Referring now to both Figures 1 and 2, it can be seen that a striker and stop
assembly 40 is attached to the end of the coil 22 most distant from the pivot shaft 20.
This striker and stop assembly 40 is made of plastic or other similar non-conducting,
non-magriétically permeable material and has a stop surface 42 at the end closest to the
non-latching limit stop 30. When the actuator body 18 is rotated in the clockwise
direction to the extreme end of its intended range of motion, the stop surface 42 of the
stop and striker assembly 40 contacts the contact surface 38 of the non-latching limit stop
30, thus limiting motion of the actuator in the clockwise direction. It is desirable,
because of the speeds attained by the actuator and the fragility of the head/gimbal/load
beam assembly 12,14, that this type of contact not be of a rigid, non-yielding nature.
This desirable compliance is an inherent feature of the non-latching limit stop 30 because
of the nature of cantilevered arms. Since contact is being made on the non-latching limit
stop 30 at a point most distant from the fixed mounting point, the cantilevered arm 36
"gives" when it comes into contact with the stop surface 42 on the stop and striker
assembly 40. The amount of compliance in this system is dependent on the materials
used and the dimensions of the components, and is easily selectable based on these
parameters. Experimentation has shown that Victrex 450G, a patented

( | : polyetheretherketone (PEEK) product of ICI Advanced Materials of Exton,
Pennsleaﬁia, is a suitable material, not only for its relative strength, but al;g,bic‘éjié of
other considerations, such as wear resistance, low flammability, stability pv'éfﬁ“
temperature variations and ease of processing. ’

Figures 3A and 3B are perspective views of the limit stop and latch housing 44,
which makes up a portion of the latching limit stop 32, and shows modifications made to
accommodate the magnetic latch of the present invention. Figure 3 is fundamentally a
mirror image of Figure 2, indicating that the latching limit stop 32 would normally be

found on the opposite side of the coil 22 from the non-latching limit stop 30, as was seen

in Figure 1. The choice of whether to "park” the heads at the inner or outer radius of
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magneti sminherent in the permanent nagnet 24 of the VCMto provide
| at chi ng power for the actuator, without the introduction of an additional
per manent magnet into the design. This is the replacenent sheet Date: 1

5 AAPR 1999 7
the disc 6 is a design decision. Usually, if the heads are intended to come to rest on the
disc surfaces when power is removed, the heads are parked at the inner radius to
minimize the starting torque requirement on the spindle motqr. In some applications,
however, the heads are intended to be parked on ramp structures which must, of
necessity, be located closely adjacent the outer radius of the discs. The limit stop and
magnetic latch of the present invention is well suited for either situation.

As can be seen in Figure 3, the iimit stop and latch housing 44 is similar in
construction to the non-latching limit stop 30 of Figures 2A and 2B. That is, the limit
stop and latch housing 44 is basically an L-shaped component, made from a non-
conducting, non-magnetically permeable material and includes a mounting tab 46 for

‘attaching the part to a complementarily shaped opening in the housing base (4 in Figure
1), and an elongated arm 48 which, when the part is mounted to the housing base 4,
extends in a plane substantially parallel to the housing base 4, but with the underside
sloping slightly upward from the base of the mounting tab 46. The primary difference
between the limit stop and latch housing 44 and the non-latching limit stop 30 of Figures
2A and 2B is a channel 50 included in the limit stop and latch housing 44 for the
accommodation of a flux concentrator (not shown), which will be described below. This
channel 50 begins near the mounting tab 46, extends along the underside of the length of
the elongated arm 48 and wraps around the distal end of the elongated arm 48 and |

terminates in a notch 52 in that portion of the part that compares to the contact surface

T
P

38 of the non-latching limit stop 30. PR

The flux concentrator 54 of the pfesent invention is shown in Fig{r;-#',’ ‘and, as
can be seen, consists of a formed piece of wire. Tests have shown that :/ire made from
stainless steel AISI 430 is a particularly suitable material for production of the flux
concentrator 54, although other materials can be envisioned which would work well in
similar applications. The flux concentrator 54 is shaped at the first end 56 to fit into the
end of the channel 50 in the limit stop and latch housing 44 closest to the mounting tab
46 (Figures 3A and 3B), and then extend along the underside of the length of the channel

50 in the elongated arm 48. The second end 58 of the flux concentrator 54 is shaped to
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Several factors have to be considered in determning the final design of a
| atch nade in accordance with the present invention. Once a desired

| at ching force has been determ ned based on the nass and bal ance of the
movi ng portion of the actuator, the magneticc power of the pernanent

magnet (s) in the VCM and the shock specification for the product, factors

oot SN e 138, 4 S Qo GRS St

pi ece, and t etch 52 in the distal end of the limit stop and latch housing 44. The specific angles at
which the flux concentrator 54 is bent are selected to allow the flux concentrator 54 and
the limit stop and latch housing 44 to be assembled together without adhesives or other
attachment means. This prevents concerns about out-gassing or migration of adhesives
within the sealed environment of the disc drive.

The exact relationship between the limit stop and latch housing 44 and the flux
concentrator 54 can perhaps be best seen by referring to Figure 5 which is a perspective
view of the two 'components as assembled together as the latching limit stop 32, and

- viewed from the under side of the assembly. In Figure 5, the flux concentrator 54 is
shown lying in the channel 50 of the limit stop and latch housing 44. The second end 58
of the flux concentrator 54 is shown resting in the notch 52 in the end of the limit stop
and latch housing 44, Indeed, the notch 52 and the flux concentrator 54 are so
dimensioned that the outer surface of the flux concentrator 54 is raised above the
surfaces 60 on either side of the notch 52 and thus forms the latch contact surface 62.

As can also be seen in Figure 5, the flux concentrator 54 projects below the base
of the mounting tab 46 in the area near the mounting tab 46 and rises away from the base
of the mounting tab 46 as it extends toward the distal end of the limit stop and latch
housing 44. The reason for this feature will be discussed below.

( Figure 6 is a detailed bottom plan view of the stop and striker assembly 40 of the

s

present invention and shows the relationship between this part and the coil Zg/gftig
VCM. As Figure 6 shows, the coil 22 is mounted to a pair of actuator ar_r.r_ls'63y;vhich
are an integral part of the actuator body (18 in Figure 1) by an adhesive 6’6, such as
Loctite 352 and the stop and striker assembly 40 is also mounted to the distal end of the
coil 22 by the same adhesive 66. The stop and striker assembly 40 is manufactured of a
- non-conducting, non-magnetically permeable material such as AMODEL AF-1115 VO,
a product of Amoco Performance Products, Inc., Atlanta Georgia, or equivalent with the

exception of the magnetic striker 68 which is molded into the stop and striker assembly
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di stance of the magnetic striker fromthe upper pole piece can all be
varied to obtain the desired l.atching force. For instance, Figure 9 shows
the variation in |atching force dependent on the dianeter of the wire used
to formthe flux concentrator. The vertical scale shows latching force in
grans, while the horizontal scale shows,i ncr easi ng wire dianeters fromleft

to right. In th raph Lff.erent materials r | so tested:. .a
i1 st eel Aohorggpefn siker ¥ Beclh s E e escins et ) Boderedie < GesBiinec
by the trianqybdlsection and is fabricated from stainless steel AISI 430 or similar material.

The actual relationship between the components can perhaps best be seen by

referring to Figuré 7, which is a partially cutaway perspective view of the actuator
VCM and the Iatcﬁing limit stop 32 of the present invention. In Figure 7, the coil 22 is
shown mounted by adhesive 66 to one of the arms 64 which are an integral part of the
actuator body (shown partially at 18). Also shown is the stop and striker assembly 40
which is mounted on the end of the coil 22 opposite the actuator body 18. Molded into
the stop and striker assembly 40 is the magnetic striker 68. The coil 22 is suspended by
the actuator body 18 above the permanent magnet 24 of the VCM, which is mounted on
a lower pole piece of magnetically permeable material, shown partially at 70, which is,
in turn, fixedly attached to the housing base 4. Thé lower pole piece 70 exter}ds beyond
the extent of the permanent magnet 24 and under the elongated arm 48 of the latching
limit stop 32. The top cover 5 is shown in cutaway, and serves to support an upper- pole
piece 72 also formed of a magnetically permeable material.

The flux concentrator 54 can be seen in three locations in the view of Figure 7.
The first end 56 is shown near the mounting portion of the latch, bending under the
elongated arm 48 of the latching limit stop 32. The flux concentrator 54 reappears as it
nears the distal end of the elongated arm .48 and bends around the end of the arm, and
the second end 58 of the flux concentrator 54 can be seen resting in, and protruding
slightly be)’(ond, the notch 52 in the end face of the elongated arm 48. From.this \’fw, it
is apparent that the only contact between the coil/stop and striker assembngﬁb and the
latching limit stop 32 is made between the magnetic striker 68 and the second end 58 of
the flux concentrator 54. |

With this type of arrangement, it can be seen that contact between the flux
concentrator 54 and the magnetic striker 68 is made only at the single point where the
two cylindrical surfaces meet. Such an arrangement is highl.y desirable in a volume
manufacturing environment, since it is very forgiving of variations in the vertical

position of the flux concentrator contact surface 62 and in the vertical position of the
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marks. In all cases, other factors noted above were held constant. As can
be 'seen, in general increasing the wire dianeter increases avail able
| at ching force. A rrathenatically fitted curve defines this relationship as
F = 45,000 * [err] where is the Ia}hchi ng force in granms, and; Dis
the wire diameter in inches. It should be ‘hoted that two sanples were

i ncl uded Wit By, 5t 3HEF 68 0 FThalk Yo say, NE Llthe two orthogonally arranged cylindrical
surfaces meet in a single point, the location of the point of contact on the surface of
either or both cylinders can vary without causing a significant change in the amount of

Iatchihg force.

The magnetic flux pattern which exists within the VCM and the magnetic latch of
the presenf invention is shown in Figure 8, which is a simplified diagrammatic sectional
view of the VCM and magnetic latch components. In Figure 8, the lower pole piece 70
of the VCM is shown with the permanent magnet 24 mounted on top of the lower pole
piece 70. The upper pole piece 72 is supported in parallel with the lower pole piece 70
and permanent magnet 24 by the top cover 5 (not shown). Between the upper pole piece
72 and the permanent magnet 24, the coil 22 is supported for movement in the directions
shown by an arrow 74, and the magnetic striker 68 is shown as being attached to the coil
at the closest point to the flux concentrator 54. The primary flux path is shown by the
solid arrows, 76 to run from the lower pole piece 70 upward through the permanent
magnet 24 and the coil 22 to the upper pole piece 72. The opposite end (not shown) of
the permanent magnet 24 is polarized in the opposite direction, so that the primary
magnetic flux will flow in a counterclockwise direction in this view. -

The magnetic latch of the present invention takes advantage of a secondary flux
path shown by dashed arrows 78. This diagram clearly shows that the flux concentrator
54 is positioned in a location between the lower and upper pole pieces 70, 72. The flux
concentratoxz 54 is held in this position by the limit stop and latch housing 44 (a0t sfigwn
for clarity) and is close to, or in contact with, the lower pole piece 70, while bemg
spaced away from the upper pole piece 72. When the coil 22 is moved int; proximity
with the flux concentrator 54, the secondary flux path 78 is formed from the upper pole
piece 72 through the magnetic striker 68 to the flux concentrator 54 and thence to the
lower pole piece 70. The magnetic latch of the present invention thus uses the
magnetism inherent in the permanent magnet 24 of the VCM to provide latching power

for the actuator, without the introduction of an additional permanent magnet into the

| design.
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t hese was hand-fornmed, while the other was a tooled part with a better
finish at the contact point. The hand forned part produced a |latching force
of 2.5 grans, while the tooled part produced a latching force of 3.5 grans,
indicating that surface finish at the -contact point is also a factor

i nfl uencing latching force, with a snoot hel! finish provi di ng i ncreased

the contact surt aSer et il R BReuReRER desSining e (ol WEay 6f ek
The plot incldsdesn fecbRiah& WitR the ﬂ'esent invention. Once a desired latching force has been

' determined based on the mass and balance of the moving portion of the actuator, the
magnetic power of the permanent magnet(s) in the VCM and the shock specification for
the product, factors such as the diameter of the wire used to form the flux concentrator,
the height of contact surface of the flux concentrator above the lower pole piece, and the
distance of the magnetic striker from the upper pole piece can all be varied to obtain the
desired latching force.

For instance, Figure 9 shows the variation in latching force dependent on the
diameter of the wire used to form the flux concentrator. The vertical scale shows
latching force in grams, while the horizontal scale shows increasing wire diameters from
left to right. In the graph shown, two different materials were also tested: a "mild"
steel, noted by the sduare marks, and 430 stainless steel, as noted by the triangular
marks. In all cases, other factors noted above were held constant. As can be seen, in
general increasing the wire diameter increases available latching force. A
mathematically fitted curve defines this relationship as
F = 45,000 * D2.46
where F is the latching force in grams, and;

D is the wire diameter in inches.
It should be noted that two samples were included with a diameter of .020". One of
these was };and-formed, while the other was a tooled part with a better finish 2 .trﬁ;f:;-
contact point. The hand formed part produced a latching force of 2.5 grgms‘,"‘;*ri"lile the
tooled part produced a latching force of 3.5 grams, indicating that surfac; finish at the
contact point is also a factor influencing latching force, with a smoother finish providing
increased latching force.

Figure 10 is a graph showing the effect of the height of the contact surface of the
flux concentrator above the lower pole piece. The plot includes a correction to
compensate for striker height variation. In all examples plotted in Figure 10, a flux

concentrator having a diameter of .025" was used. The vertical scale is again latching
This is the replacement shoet
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ctirrperiéate for striker height variation. In all exanples plotted in Figure
10, -a flux concentrator having a dianeter of .025" was used. The verti cal
scale.is again latching This is the replacenent sheet Date: | 5 APR 1999

12

force in grams, while the horizontal scale shows variations in the height of the contact
surface of the flux concentrator above the lower pole piece.

. From the distribution of the resulting plots, it can be concluded that decxm.éing
the spacing between the lower pole piece and the flux concentrator contact surface

increases the latching force until a point after which a dramatic "fail-off” in latching

force is evident. The "fall off” occurs when the contact surface of the flux concentrator
(center line of the wire) falls below the bottbm of the striker, which is nominally 0.045
inches above the lower pole piece. With the contact surface of the flux concentrator at
or below this height, the flux concentrator starts to "miss" the bottom of the striker, thus
diminishing the latching force.

Proper contact is made only when the striker and contact surface meet at the
single point where the two cylindrical surfaces meet at a right angle.

While the data for Figure 10 was collected to study allowable variances in the
location of key components, the data is illustrative of the effects of these variations on
the performance of the latch of the present invention.

It will be clear that the present invention is well adapted to carry out the objects
and attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to thos_e sld[{gg,m

the art and which are encompassed in the scope of the present invention a;r-‘/’_': 7

e

defined in the appended claims. ¥
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12 force in grams, while the horizontal scale shows variations in the

hei ght of the contact surface of the flux concentrator above the | ower pole
pi ece. Fromthe distribution of the resulting plots, it can be concl uded

t hat decreasing the spacing between the | ower pole piece and the fl ux
concentrator contact surface increases the latching force until a point
after which a dramatic "fall-off" in latching force is evident. The "fal

of f" occurs when the contact surface of the flux concentrator

CLAIMS

1. A disc drive having a voice coil motor dﬁven disc actuator (18) including a
limit stop (30, 32) for defining a movement limitation of the actuator (18), the limit
stop comprising:

mounting means (34, 46) for fixedly attaching the limit stop to a housing base
“4); |

an elongated arm member (36, 48) extending from the mounting means in a
plane substantially parallel to the housing base to a distal end lying in the path of
motion of the actuator;

a contact member (54), formed of magnetically permeable material, mounted
on the arm member (36, 48); and '

_ a striker (68), formed of a magnetically permeable material, for mounting on

the actuator and adapted to contact a contact surface of the contact member (54);

characterized in that the contact member (54) is a flux concentrator which
extends along the length of the elongated arm (36, 48) and forms, at the distal end of
the elongated arm, the contact surface; and in that the arrangement is such that when
the actuator (18) brings the striker (68) into proximity with the contact surface of the
flux concentrator, a secondary flux path is formed in the voice coil motor to
magnetically latch the actuator (18).

- .
-
—”_

2. A disc drive as claimed in Claim 1, wherein the limit stop is complidft isthe
direction of motion of the actuator, and this compliance is controlled by seléction of
material and cross-sectional and longitudinal dimensions of the elongated arm.

3. A disc drive as claimed in Claim 2, wherein the material is a non-conducﬁng,

non-magnetically permeable plastic.

4, A disc drive as claimed in any one of the preceding claims, wherein the

material of the flux concentrator (54) is stainless steel.

Iy

e .
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(denter line of the wire) falls below the bottomof the striker, which is
nogm nal ly 0.045 inches above the | ower pole piece. Wth the contact surface
of the flux concentrator at or below this height, the flux concentrator
starts to "mss" the bottomof the striker, thus dimnishing the |atching
force. Proper contact is made only whenl4 he striker and contact surface
neet at the single point where the two cylindrical surfaces neet at a right
angle. Wiile the data for Figure 10 was coll ected to study all owabl e
vari ances in the
5 A disc drive as claimed in any one of the preceding claims, wherein the

material of the striker (68) is stainless steel.

6. A disc drive as claimed in any one of the preceding claims, wherein the
contact surface of the flux concentrator (54) and the striker (68) are cylindrical in
shape and orthogonally arranged relative to each other to provide a single point of

contact for the application of latching force.

7. A disc drive having a limit stop as claimed in any one of claims 1 to 5.
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| ocati on of key conponents, the data is illustrative of the effects of

t hese variations on the performance of the latch of the present invention.
It will be clear that the present invention is well adapted to carry out
the objects and attain the ends and advanti@ages nentioned as well as those

I nherent therein. Wile a presently preferred enbodi mrent has been descri bed
for purposes of this disclosure, nunmerous changes may be nmade which wil|
readi |y suggest thenselves to those skilled in the art and-which are

enconpassed in the scope of the presergggpratiton as
Limit Stop for Disc Drives

A limit stop(30, 32) for defining the extremes of the range of motion of a disc
drive actuator (18), and a magnetic latch (54, 68) which may be incorporated into the
limit stop for holding fhe actuator at one of the extremes of its range of motion. Both
the limit stop and limit stop with incorporated magnetic latch allow compliance to be
determined based on material selection and dimensions. The magnetic latch includes a
flux concentrator (54) mounted on a limit stop and a magnetically permeable striker (68)
mounted on the moving portion of the actuator, and derives magnetic force for latching

from the permanent magnet in the voice coil motor of the actuator.

Fig. 7
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defined in the appended clains. This is the replacenent sheet Data: 15
APR. 1999 13
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CLAMVS 1. A disc drive having a voice coil notor driven disc actuator
(18) including a limt stop (30, 32) for defining a novenent |imtation of
the actlator (18), the lim.t stop conprising: mounting means (34, 46) for
fixedly attaching the [imt stop to a 4ousing base (4); an elongated arm
menber (36, 48) extending fromthe nounting neans in a

FIG. 2B
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pl'ane substantially parallel to the housing base to a distal end lying in
the.path of notion of the actuator; a contact nenber (54), forned of
magnetically perneable material, nounted on the arm nmenber (36, 48); and -
a striker (68), formed of a magnetical hy perneable material, for nounting
oh the actuator and adapted to contact a contact surface of the contact
menber (54); characterized in that the contact nenber (54) is a flux
concentrator which

FIG. 3A

FIG. 3B
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extends along the length of the el ongated arm (36, 48) and forns, at the
distal end of the elongated arm the contact surface; and in that the
arrangenment is such that when the actuator (18) brings the striker (68)
into proximty with the contact surface of the flux concentrator, a
secondary flux path is formed in the vofce coil notor to nmagnetically |atch
the actuator (18). 2. A disc drive as clainmed in C ai m3, wherein the
limt stop is conpliant in the direction of notion of the agtuator, and
this conpliance is controlled by selection of

FIG. 5
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met eri‘al and cross-sectional and |ongitudinal dinensions of the el ongated
arm, 3. A disc drive as clained in Caim2, wherein the material is a

non- conducti ng, non-magnetically perneabl e -plastic. 4. A disc drive as
claimed in any one of the preceding clains, wherein the material of the
flux concentrator (54) is stainless steel. This is the replacenent sheet

Dat e: 1 5 APR 1999
5
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14 5. * Adisc-drive as claimed in any one of the preceding clains,
wherein the material of the striker (68) is stainless steel. 6. A di sc
drive as clainmed in any one of the preceding clains, wherein the :

I~
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contact surface of the flux concentrator (54) and the striker (68) are
cylindrical in shape and orthogonally arranged relative to each other to
provide a single point of contact for the application of latching force. 7.
A disc drive having a limt stop as claimed in any one of clainms 1 to 5.
This is the replacenment sheet Date: 1 5 APR 1999
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