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BACKGROUND OF THE INVENTION
1. iel he Invention.
This invention relatés in general to disk drives, and in particular to an

improved magnetic actuator latch for use in hard disk drives.

2. Description of Related Art.

Moving magnetic storage devices, especially magnetic disk drives,
are the memory device of choice. This is due to their expanded non-volatile
memory storage capability together with a relatively low cost. Accurate retrieval of
the §tored information from these devices becomes critical, requiring the magnetic
transducer to be positioned as close to the storage media as possible. Optimally,
the transducer may actually contact the media.

Magnetic.disk drives are information storage deviées which utilize at least
one rotatable magnetic media disk having concentric data tracks defined for éto;ing
data, a'magnetic recording head or transducer for reading data from and/or writing
data to the various data tracks, a slider for supporting the transducer adjacent the
data tracks typically in a flying mode above the storage media, a suspension
assembly for _resiliéntly supporting the slider and the transducer over the data
tracks, and a positioning actuator coupled to the transducer/slider/suspension

combination for moving the transducer across the media to the desired data track
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and maintaining the transducer over the data track center line during a read or a
write operation. The transducer is attached to or is formed integrally with the slider
which supports the transducer above the data surface of the storage disk by a
cushion of air, referred to as an air bearing, generated by the rotating disk.

Alternatively, the transducer may operate in contact with the surface of the
disk. Thus the suspension provideé desired slider loading and dimensional stability
between the slider and an actuator arm which couples the
transducer/slider/suspension assembly to the actuator. The suspension is required
to maintain the 'transducgr and the slider adjacent to the data surface of th_e disk
with as low a loading force as possil::le. The actuator positions the transducer over
the cdrreét track according to the data desired on a read operation or to the correct
traci< for placement of the data duting a write operétion. The actuator is controlied
to position the transducer over the desired data track by shifting the combination
assembly across the surface of the disk in a direction generally transverse to tht:z
data tracks. A rotary voice c¢oil motor (vem) is attached fo the rear portion of the
actuator arms to power movement of the actuator over the disks.

Any time the rotating magnetic disk of the disk drive system is brought to a
stopped condition, there is-no aerodynamic cushion available to float or fly the slider
above the surface. To prevent damage to the surface of a magnetic disk whenever
not rotating, it is conventional to park the transducer/slider in a Iandfng zone

containing no data so that contact with the disk by the slider will not cause any
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significant damage and will not destroy magnetically recorded data. However, )
simply parking the slider does not address the possibility that the disk drive may be
impacted by a force sufficient to dislodge the actuator from its parked position, and
thus move the slider onto the recording surface of the magne_tic disk. Accordingly, it
is important that the actuator which positions the slider must be restricted or
othérwise held in its parked position to prevent any damage to the data recording
region of the disk surfacé by slider movement over the surface without an
interposed aerodynamic film and to minimize stiction, as will be described below,
between the slider and disk by holding the slider in the landing zone.

Extrem:ely smooth surfaces exist on both the disk surface and the magnetic
recor_din'g ‘facé' of the slider attached to the load arm of the actuator. These
extri:-:mely smooth surfaces are 'neoes'sary to support the low fly height associated
with high densityi recording. ‘Without the aerodynamic cushion between the slider
and the disk surface, the slider will come into contact with the disk surface and
stiction will result. Stiction occurs as two very smooth surfaces stick to each other
and effectively prevent the removal of one from the other. The stiction forces may
be sufficient to prevent the rotation of the disk; but if the disk can be rotated,
damage almost certainly will occur to the surface of the disk or slider due to the fact
that the slider is in contact with and stuck to the disk surface as the disk moves
relative to the slider. Stiction is.prevented in the landing zone by having a

sufficiently textured surface on the disk in this region.
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The transducer/slider can be parked in a landing zone or on an unload
device which removes the heads entirely from the disk surface. The actuator which

moves the slider must be latched to prevent movement of the slider out of the

parked position onto the data recording region of the magnetic disk.

Locking devices commonly are used to retain the actuator and accordingly
retain the slider in a position that fs not over the data portions of the disk, whereby
contact of the slider to 'the disk surface will cause no damage; alternatively, these
devices maintain the slider in a position where it is unloaded from the disk surface.

The latching or locking devices used typically have been mechanical
latches, electromechanical latches, solenoid activated locking devices and
magneticllatches. Mechanical latches typically are complex and require release
mec;hanisms, while electromechanical latches require substantial electrical power
to operate; in battery operated computers, the electrical power drain may severely
shorten battery life. The solenoid lock systems also are relatively large consumers
of electrical power-and are relatively large in size and thus require a significant
number of parts with associated cost and reliability considerations.

Magnetic latches have provided improvements over the prior approaches, by
eliminating separate electronic circuits and substantial power consumbtion for the
actuator latch, and utilizing magnetism to maintain the latch in a latched or
unlatched position, thereby eliminating complex mechanical and power

consumptive electrical components. One example of a magnetic latch is described



in US Patent No. 5,363,261 issued to Eckberg et al. which teaches a magnetic
bistable latch mechanism for latching the actuator of a disk drive into a parked
position. The latch includes a magnetically detented latch lever including a latch
plate which engages and laiches a latch arm in a parked position by the attraction
of the latch lever to a separate latch magnet located in a latch magnet housing |
attached to the base plate of the head stack assembly. The latch arm is held in
either the latched or unlatched position by magnefic atiraction. The lever is shifted
from one position to the other by the rotation of the actuator against the latch lever.
by applying current to the voice coil. The system is designed such that the force
required fo latch the actuator is low, and the force required fo unlatch the actuator is
high. Otﬁer examples of rriagnetic {atches are found in US Patent No, 5,381,280
issuéd to Cheng, and PCT International Publication Number WO 93/ 19460 to
McFadden.

Although magnetic latch mechanisms have prdvided improvements relative
to other approaches, the current designs suffer several limitations . For example,
many magnetic latches with open magnetic circuits exert considerable forces
(commonly called bias forces) when the actuator is near the latch, yet still over data
tracks. This results in increased power consumption and can limit the maximum
holding force generated by the latch. Still other magnetic latch mechanisms utilize
a separate magn~etic circuit which requires a secondary voice coil which is

energized to latch and unlatch the actuator. This approach is expensive and
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requires additional electronic circuitry to operate, with increased reliability exposure.
Still other latch mechanisms include several separate components, often mounted
in different places of the disk drive. This results in the accumulation of tolerances
and requires a larger landing zone for the transducet/slider. A larger landing zone
comeé at the expense of data tracks and reduces the overall storage capacity of the
drive. Moreover, because the latch is often not whole until the drive is partially or
completely assembled, testing of the latch function is more difficult, more costly
and at a later stage in the file build process.

Another limitation encountered in current magnetlc latch desugns is that
certain types of magnetic latches suffer from variations in magnehc properties of the
sepa_fate permanent magnets housed in the actuator ass’embly to provide the
nec;assary magnetic attraction for the latch and uniatch forces, due to processing
conditions by the magnet manufacture or due to temperature effects. Itis
understood that variations such as these can compromise the latch design. ]

As increasing shock performance is demanded by the consumer, particularly
in the laptop or notebook markets, the requirements on the latch mechanism to
provide increased shock protection continue to increase. The challenge to the latch
designer is to create a high performance, high reliability, low cost actuétor latch

mechanism within the significant design constraints imposed.



The aforementioned considerations present a signiﬂcant challenge to
the disk drive designer. There is a need for providing a reliable actuator'latching

mechanism which in particular meets the design requirements of hard disk drives.



'SUMMARY OF THE INVENTION

To overcome the limitations in the prior art described above, and to
overcome other limitations that will become apparent upon reading and
understanding the present specification, the present invention discloses an
improved actuator latching mechanism which is adapted for use in small disk
drives. It is one aspect of the invention to provide an improved actuator latch that
has higher shock performance at no additional cost. Itis a further object of the
invention to provide an actuator latch mechanism which is self compensating for
changes in the voice coil motor magnetic field strength. Still other objects of the

invention include providing é latch that has fewer components, thereby improving
reliability ;elt a significant cost reduction, and the ability to fully test the actuator latch
at th:e sub-assembly level.

In order to accomplish the objects of the present invention, a iatch
mechanism is provided which utilizes the vem magnetic field to generate the bth
the latch and unlatch force for the actuator, thereby eliminating separate magnetic
components housed outside the vem assembly. The latch rhechanism comprises a
latch lever pivotally mounted between the two plates of the vem magnet in the disk
drive-assembly. The latch lever is essentially an extension of the portibn of the
actuator which holds the coil used to control the posi'tion of the actuator device and
the suspension/slider assembly. The latch iever comprises a pair of arms

extending from a pivot axis, wherein a pivot pin supports the latch lever for pivoting
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movement from a fatched position to an unlatched position within the air gap
between the plates in the vem assembly. The latch lever further comprfses a first
magnetically soft member formed in or attached to the forward arm of the latch

lever, and a second magnetically soft member formed in or attached to the trailing

. arm of the latch lever.

The latching force is provided by the attraction of the first magnetically soft

member in the forward arm to the fringing fields of the vem magnet. The latch force

is determined by the size and shape of the member, its distance from the latch
pivot and its relative location to the edge of the vem magnet and plate surface.

The unlatching force is provided by the presence of the second magnetically
soft merﬁber on the trailing arm of the lever in the vem magnetic gap; the trailing
armf of the lever, and accordingly the second magnetically soft member is pivotally
positioned between the vcem rﬁagnéts when the mechanism is in the latched state.
The attraction of the second méunetic member in the gap field resists rotation of the
latch lever. The unlatching force can be optimized by coﬁtrollin‘g the size and
shape of the magnetic member, its orientation, its relative location in the vem gap,
and its distance from the latch pivot. The unlatch force can be increased to the limit
of the servo system's capability to reliably unlatch by modifying these variables at
no additional cost.

The latching mechanism according to the present invention extends from

and moves with the actuator of thé disk drive. When the latch mechanism is in the
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unlatched position, the actuator freely positions the suspension/slider assembly

, over the desired data tracks of the rotafing disk. As the suspension/slidér assembly

is moved towards the Ianding_position, the latch lever pivots such that the forward
arm of the lever is moved in a direction away from the vem magnets while the
trailing arm is moved into the air gap between the vem magnets. As the vem latch
lever rotates, the attraction of the second magnetic member quickly overcomes that
of the first member, and draws the trailing arm of the lever into the gap until a small
detent on the trailing arm contacts one of the magnets in the vecm assembly. Due to
the aitraction of the second member in the gap field, the latch lever resists rotation
and accordingly, the actuator is effectively latched until the unlatch force is exérted.
When the$actuator arm and the dctuator latch lever are in the locked position, the
mag;netic attraction holds the latch lever to prevent movement of the actuator arm
and associated actuator. The actuator latch of the present invention requires very
few parts and no electrical power to hold the actuator in the locked or unlocked .
positions.

To unlatch the actuator latch, the actuator is electrically powered to move the
slider and load beam from the parking zone to the recording surfacg of the disk. As
the slider and load beam move to the recording area of the magnetic disk, the
actuator arm engages with the wall of a recess in the latch lever thus urging the
latch lever to its unlatched position. The force to unlatch the actuator latch and

cause the movement of the latch lever from the latched to unlatched position is
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provided by briefly powering the coil of the voice coil motor which drives the
actuator. The powering requirement of the voice coil motor is only a brief pulse,
series of pulses or surges of electrical current within the coil sufficient to overcome
the magnetic detenting force holding the latch lever in the laiched or unlatchéd
position.

The latch mechanism in accordance with the present invention provides a
more balanced design that prior art meehanisms in that the laich plate may be
replaced with a much smaller feature and located closer to the vem magnet, as this
member is only responsible for the lower latch force rather than both the latch and_
unlatch forces. Moreover, the second magnetically soft: member which provides the
uniaich fc;rcé is located on the opposite side of the pivot, and counterbalances the
firstmember. The net result is a latch with greater shock performance.

An additional feature of the latch mechanism in accordance with the present
invention is that the unlatch force is now proportional with the actuator torque
constant, meaning that the unlatch force is a function of the vem magnetic field
strength, as is the torque constant. Therefore, any variability in unlatch force due
to magnetic field strength differences from one vem to another is in part
accommodated by a torque constant which responds in similar fashion. For
example, consider a disk drive having vem magnets at the upper end of the

spectrum in terms of magnetic field strength, the assembly would have a higher
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than nominal unlatch force, but also a higher than nominal torque constant
providing the extra force required to unlafch the actuator.

The latch mechanism in accordance with the present invention also provides
a significant cost savings, as two components and two assembly operations are
eliminated from the approach of Eckberg, et al. For example, by eliminating the
latch magnet, the plastic magnet housing, the assembly of the magnet in the
housing and the installation of the magnet in the base; a significant cost reduction is
achieved in file build.

An additional feature of the present invention includes the ability to test the
device at the component level, rather than at file build as in prior approaches. As
the latch ;nechanism is self-contained in the vem assembly, testing at the
con;ponent level is now possible. Additionally, ability to clean the base is
simplified as there is no longer any permanent magnet installed in the base outside
the voice coil motor. Contamination exposure to the file is reduced by eIiminatir]g
the step of installing the permanent magnet housing in the base, which has
previously shown to generate particulate contamination.

These and various other advantages and features of novelty which
characterize the inventipn are pointed out with particularity in the claims annexed
hereto and form a part hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by its use, reference should be made to

the drawings which form a further part hereof, and to accompanying descriptive
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matter, in which there is illustrated and described specific examples of an

apparatus in accordance with the invention.
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BRIEE DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers represent
corresponding parts throughout:

Fig. 1 illustrates a magnetic storage system according to the present
invention;

Fig. 2 illustrates_ an top view of a magnetic storage system according to the
present invention;

Fig. 3 illustrates an exploded view of the latch mechanism in accordance
with the present invention;

Figs. 4a and 4b are isometric views of an improved latch Ievef foruseina
latch meéhanism in accordance with the present invention;

| Fig. 5 is a top view of a disk drive magnetic actuator latch mechanism in
aocordanée with the present invention, the actuator latch being shown in the
unlatched position; )

Fig. 6 is a cross-sectional view of the magnetic actuator latch shown in the
unlatched position;

Fig. 7 is a top view of the disk drive magnetic actuator latch mechanism in
accordance with the present invention, the actuator latch being shown in the
latched position; |

Fig. 8 is a cross-sectional view of the magnetic actuator latch shown in the

latched position; and
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Fig. 9 is a graph showing the vem magnetic field strength and a comparison

between normalized actuator torque and normalized unlatch force.
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DETAILED DESCRIPTION OF THE INVENTIO
This invention is described in a preferred embodiment in the following

description with reference to the Figures, in which like numbers represent the same
or similar elements. While this invention is described in terms of the best mode for
achieving this invention's objectives, it will be appreciated by those skilled in the art
that variations may be accomplished in view of these teachings without deviating
from the spirit or scope of the invention.

Fig. 1 shows a disk drive systém designated by the general referénoe number
110. The disk drive system 110 comprises a plurality of stacked magnetic
recording: disks 112 mounted to a spindle 114. The disks 112 may be conventional
parﬂculafé or thin film recording disks. The spindle 114 is attached to a spindie
motor 116 which rotates the spindle 114 and disks 112. A chassis 120 provides a
housing for the disk drive system 110. The spindle motor 116 and an actuator shaft
130 are attached to the chassis 120.. A hub assembly 132 rotates aboutthe
actuator shaft 130 and supports a plurality of actuator arms 134. The stack of
actuatqr arms 134 is sometimes referred to as a "comb". A rotary voice coil motor
140 (vem assembly) is attached to chassis 120 and to a rear portion of the actuator
arms 134. |

A plurality of suspension assemblies 150 are attached to the actuator arms

134. A plurality of transducer heads, or sliders 152 are attached respectively to the

suspension assemblies 150. The sliders 152 are located proximate to the disks
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112 so that, during operation, they are in electromagnetic communication with the

disks 112 for reading and writing. The vcm assembly 140 rotates actuator arms
134 about the actuator shaft 130 in erder to move the suspension assemblies 150
to the desired radial position on disks 112. The shaft 130, hub 132, arms 134, and
vem assembly 140 may be referred to collectively as a rotary actuator assembly.
A controller unit 160 provides overall control to system 110. Controller unit
160 typically includes (not shown) a central processing unit (CPU), a memory unit
and other digital circuitry, although it should be apparent that these aspects could
also be enabled as hardware logic by one skilled in the computer aris. Controller
unit 160 is connected to an actuator control/drive unit '1 66 which in turn is
conn‘ected to the vem 140. This configuration allows controller 160 to control
rotafﬁon of the disks 112. A host system 180, typically a computer system, is
connected to the controller unit 160. The host system 180 may send digital data to
the controller 160 to be storec_l on disks 112, or it may request that digital data at a
specified location be read from the disks 112 and sent to the system 180. The

basic operation of DASD units is well known in the art and is described in more

detail in The Magnetic Recording Handbook, C. Dennis Mee and Eric D. Daniel,

-McGraw-Hill Book Company, 1990.

Figs. 2 - 8 show the preferred embodiment of _the latch mechanism of the
present invention. Specifically, Fig. 3 shows an exploded view of the latch

assembly of the present invention; Figs. 4a and 4b show isometric views of the
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latch lever in accordance with the present invention; Figs. 5 and 6 show the latch
assembly of the present invention in the unlatched position; and Figs. 7 and 8 show
the latch assembly of the present invention in the latched position.

With reference to Fig. 2, which shows a top view of a magnetic storage
system according to the present invention, it is seen that the slider 152 and
suspension assemblies 150 may be moved to the desired radial position on disk
112. In Fig. 2, the actuator arm 134 is locked such that the slider 152 is paﬂ<ed
over the inner diameter (ID) 200 (or landing zone) of disk 112. When the actuator
arm 134 is not locked, the slider 152 may be stitioned anywhere in the outer
diameter 202 (or operating zone) of the disk. It is understood that the landing zoné
200 does.not contain data while the operating zone 202 does contain data. f

. Referring now to Fig. 3, which is an exploded view of the vem and actuator
latch 300 in accordance with the present invention, it can be seen that the latching
mechanism 300 includes a latch lever 304 which is located between a top plate_314
and bottom plate 316, housed within the vem assembly 140. On the lower surface
of the top plate 314 is first vem magnet 318, and on the upper surface of the bottom
plate 316 is second vem magnet 320. When fully assembled, an air gap 350
remains between the plates of the vem assembly 140. Lever 304 is -pivotally
mounted on pivot pin 322 so that lever 304 can rotate about pivot axis 302 between
the vem magnets 318, 320 in the gap 350 therebetween. By using the vem

magnets 318, 320 to provide the both the latch and unlatch force, the latch magnet
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and magnet housing outside the vem assembly 140 of prior art designs has been
elirhinated. The latch lever 304 of the present invention is comprised of a pair of
arms extending from the pivot point 302; a forward arm 308 and a trailing arm 310.
A first magnetically soft member 306 is attached to or formed in the forward arm
308, and a second magnetically soft member 312 is attached to or formed in the
trailing arm 310 of the latch lever 304. In the exploded view, it can be seen that
second magnetically soft member 312 on the trailing arm 310, is positiohed for
movement between the first vem magnet 318 and second vem magnet 320 in the
latched position.

With reference now to Figs. 4a and 4b, the latch mechanism 300 of the
present in;fention includes lever 304, having a forward arm 308 and trailinQ arm
310:extending outward from a pivot point 302. With reference to Fig. 4a, the first
magnetically soft member 306 is positioned near the end of forward arm 308 of the
lever 304 and the second magnetically soft member 312 is positioned near the gnd
of trailing arm 310 of the lever 304. As seen in Fig. 4b, for the purpose of
assembly, first 306 and second 312 magnetically soft members can be insert
molded in place, and can be of any desired geometry. In the illustrated |
embediment, stainless steel balls were chosen due to their low cost and lack of
orientation requirements. The magnetic members 306, 312 shown in Figs. 4a and

4b, were 2 mm in diameter and the second magnetically soft member 312 was
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located 15 mm from the latch pivot point 302, coincident with the vem magnet edge
and centered in the vem air gap 350 (as was shown in Fig. 3).

Still with reference to Figs. 4a and 4b, it can be seen that the trailing arm 310
of the latch lever is thicker on the end proximate to pivot point 302, and thinner
toWards the distal end 356. The meeting point for the thicker and thinner portions of
the trailing arm define a detent 352, upon which is formed a limit stop 378, which,
when in the latched position, contacts the edge of the lower vem magnet 320,
thereby positioning the latch lever 304 in the latched position. Although Figs. 4a
and 4b show the limit stop 378 formed on the lower side of the lever 304 to contact
the edge of the lower magnet 320, it is apf)reciated by those skilled in the art that
limit stop 578 could be formed on the upp'er side of the lever 304 and catch on the
upper vem magnet 318.

The construction of lever 304 is typically of a plastic material with a relatively
low mass. The strength requirements of the material are well within those of )
common plastics, and therefore, the structural strength of the latch lever 304 is not
a significant consideration.

Operation of the latch mechanism 300 is best illustrated in Figs. 5 through
Fig. 8, which show the latch assembly 300 in the unlatched and latched states
respectively. With reference first to Figs. 5 and 6, to latch the actuator latch 300,

the voice coil is powered to move the actuator/slider assembly from the data region

202 towards the parking zone 200 of the disks 112. As the slider 152 and



..2 1_

suspension assembly 150 move to the parking zone 200 of the magnetic disk 112,
the rear extension 374 of the actuator 134 engages with the wall of a recess 382 in
the actuator latch lever 304, thus urging the latch lever 304 to its latched position.
The force required to latch is created by the atiraction of first magnetic member 306
to the fringe field of vem magnet 320. The latch is designed such that the latching
force is relatively low, thereby ensuring that the system can reliably lock the
actuator 134 in the parking zone 200. This is especially important during an
unintentional power-off situation, where.the current available to power the vem is
limited, and the actuator must sufficiently engage the laich lever aﬁd lock in the
_parking zone before the disks stop rotating and damage is incurred.

With referencé now to Figs. 7 and 8, to unlatch the actuator latch 300, the
acttjator arm 134 is powered to move the slider and load beam frorh the parking
zone 200 to the recording surface 202 of the disk 112. As the slider 152 and
suspension assembly 150 move to the recording area 202 of the magnefic disk_
112, the rear extension 374 of the actuator arm 134 engages with the wall of a
recess 382 in the actuator latch lever 304 thus urging the latch lever 304 to its
unlatched position. The force to unlatch the actuator latch 300 and cause the
movement of the latch lever 304 from the latched to unlatched position is provided
by briefly powéring the coil of the voice coil motor 140 which drives the actuator arm
134. The powering requirement of the voice coil motor 140 is only a brief pulse,

series of pulses or surges of electrical current within the coil sufficient to overcome
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the magnetic detenting force holding the latch lever 304 in the latched or uniatched
positidn. If necessary, the actuator arm 134 may be powered in a latching direction
and then the current reversed to obtain maximum momentum, to impact the latch
lever 304, effectively unlatching the latch lever 304. With only a very brief period of
increased eléctn‘cal current flow, electrical power consumption necessary to latch or
unlatch the actuator arm 134 is minimized.

When the actuator arm 134 and the actuator latch lever 304 are in the
locked position, the magnetic attraction holds the latch lever 304 to prevent
movement of the trailing latch arm 310 and associated actuator arm 134. The
_:actuator lock mechanism 300 requires very few parts and no electrical power to
'hold.the actuator arm 134 in the locked position.

' Referring agairi to Figs. 7 and 8, which show the latch in the latched state. It
can be seen that second magnetically soft member 312 on the trailing arm 310, is
positioned for movement between the first vem magnet 318 and second vem )
magnet 320 in the latched position. The unlaiching force is provided by the
presence of the second magnetic member 312 in the vem magnetic gap 350, as
the gttraction of the second magnetically soft member 312 resists rotation of the
latch lever 304. The force acting on member 312 is created by the non-uniform
magnetic field of the vem. ltis well known to those skilled in the art that a ferrous
body positioned in a non-uniform magnetic field has a force éxerted on it such that it

is attracted to the region of the largest flux gradient. Furthermore, the total force on
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the_ferrous body is proportional to the gradiént of the applied field. For a typical disk
drive vem design it is intuitive that the region of highest flux gradient is near the
edge of the magnets. The preferred Iocation for member 312 is that which is mosf
efficient (having the highest force per unit volume of material), and reasonably
insensitive to small. changes in location. Having an operating point where smail
changes in the change of location of member 312 produce relatively large variations
in force is undesirable due to unavoidable manufacturing tolerances. |t is readily
obvious that the optimumi location for member 312 is a function of the total magnetic
circuit, and is thus unique for each vem design. The actual location of member 312
is determined by finite element magnetic analysis and empirical methods.

. An‘ additional feature provided by the latch mechanism of the present
invéntion is illustrated by the graph shown in Fig. 9, which is a comparison of the
actuator unlatch force to the actuator torque constant. As seen in Fig. 9, the
preferred embodiment of the present invention provides a latching mechanism
wherein the unlatch force is now proportional with the actuator torque constant,
meaning that the unlatch force is a function of the vem magnetic field strength, as is
the torque constant. The normalized data shown in the graph of Fig. 9 was
obtained using a 2 mm stainless steel ball located 15 mm from the distal end of the
trailing arm of the latch lever. The lever was self contained in the vem assembly

for 3.5" size disk file syétem. It can be appreciated by the illustrated data that any

variability in unlatch force due to the magnetic field strength differences from one
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vem to another is in parf accommodated by a torque constant which responds in a
similar fashion.

Although the present invention as set forth herein was describéd in the best
mode currently known to the inventors, it should be understood that various
changes and modifications to the presently preferred embodiments that are
described herein will be apparent to those skilled in the art. Such changes and
modifications can be made without departing from the spirit and scope of the
present invention, and without diminishing its attendant advantages. It is, therefore,
intended that such changes and modifications can be covered in the appended

claims.
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) CLAIMS

1. A magnetic actuator latch for a disk drive actuator comprising:

a latch arm pivotable by the actuator, the latch arm disposed between an
upper magnet and a lower magnet; and

a latch lever comprising a pair of arms extending f_rom a pivot axisﬁ said pair
of arms comprising a fqrward end having a first magnetically soft member formed

thereon, and a tail end having a second magnetically soft member formed thereon;

~ the arms pivotally moveable between two positions defined by two stop limit

members and the lever magnetically attracted to each of the two positions,

whereby the magnetically attracted lever is held in the first position by the
attraction 6f the first magnetically soft member to the fringing fields of the lower |

madnet, and the magnetically attracted lever is held in the second position by the

attraction of the second magnetically soft member by the non-uniform flux gradient

of the VCM magnetic circuit.
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2. The magnetic actuator latch of claim 1, further comprising a pivot pin

about which the latch lever pivotally rotates.

3. The magnetic actuator latch of claim 2, wherein one of said stop limit

members is a detent on the latch lever tail.

4. The magnetic actuator latch of claim 3, wherein said first and second

magnetically soft members are insert moided to said latch lever.

5. The magnetic actuator latch of claim 3, wherein said first and second

magnetidally soft members are attached to said latch lever.

* [ L~ M S *
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6. A direct access storage device for storing data on a magnetic disk

_27_

comprising:
a rotatable disk having a magnetic recording media on at least one surface
thereof and having an access for rotation;

an actuator having an actuator drive motor disposed on a base member and

- displaced from said disk, the actuator comprising a load beam having a distal end

projecting from the actuator and toward the surface of the disk, the actuator
pivotable relative to the base member about an axis parallel to the axis of rotation to
translate séid load be'am distal end across the surface of the disk between an inner
limit of travel and an outer limit of travel,

- the actuator further comprising a latch arm disposed between an upper '
maéhet and a lower magnet, the actuator protruding away from the disk and having
anend;

an actuator latch for holding the actuator and load beam in a restricted
posi_tion relative to the access of rotation, said actuatbr Iatch comprising a latch
lever comprising a pair of arms extending from a pivot axis; said pair of arms
comprising a forward end having a first magnetically soft member formed thereon,
and a tail end having a second magnetically soft member formed thereon; the arms

pivotally moveable between two positions defined by two stop [imit members and

the lever magnetically atiracted to each of the two positions,
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whereby the magnetically attracted lever is held in the first position by the
attraction of the first magnetically soft member to the fringing fields of the lower
magnet , and the magnetically atiracted lever is held in the second position by the
attraction of the second magnetically soft member by the non-uniform flux gradient

of the VCM magnetic circuit.

7. The direct access storage device of claim 6, further comprising a pivot

pin about which the latch lever pivotally rotates.

8. The direct access storage device of claim 7, wherein one of said stop

limit members is a dent on the latch lever tail. i

9. The direct access storage device of claim 8, wherein said first and

second magnetically soft members are insert molded to said latch lever.

10. The direct access storage device of claim 8, wherein said first and

second magnetically soft members are aftached to said latch lever.
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