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DISC DRIVE ANTI-SHOCK SUSPENSION CUSHIONS

Field of the Invention

The present invention relates to disc drive storage devices. More
particularly, the present invention relates to cushions placed on head suspensions of
a disc drive to provide enhanced shock protection to the head by limiting vertical

excursions and dampening motion of the suspension and the attached head.

Background of the Invention

FIG. 1 illustrates a typical computer disc drive 20 that includes one or more
discs 22 mounted on a hub 24 for rotation about a spindle axis 25 (FIG. 2). The
discs 22 are typically coated with a magnetic medium for storage of digital
information in a plurality of circular, concentric data tracks. A spindle motor rotates
the hub 24 and the attached discs 22 about the axis 25 to allow a head or “slider” 26
carr.ying electromagnetic transducers to pass over each disc surface and read -
information from or write information to the data tracks.

The slider 26 is typically formed from a ceramic block having a specially
etched air bearing surface that forms an air “bearing” as the disc rotates beneath the
slider. The hydrodynamic lifting force provided by the air bearing surface causes
the slider 26 to lift off and “fly” a very small distance above the surface of the disc
22 as the disc spins up to its operating speed. Although the fly height of the slider
26 is only a fraction of a micron; this thin film of air between the slider 26 and the
disc 22 prevents damage to the fragile magnetic coating on the surface of the disc.

The slider 26 is j:referably moved between data tracks across the surface of
the disc 22 by an actuator mechanism 28 such as a rotary voice coil motor. The
actuator 28 includes arms 30 (FIGS. 1 and 2) attached to each of the sliders 26 by
flexible suspensions.32. Each suspension 32 essentially comprises a flat sheet metal
spring that exerts a controlled preload force on the slider 26 in the vertical direction
(i.c., against the surface of the disc 22 as shown in FIG. 2). The preload force
supplied by the suspension 32 effectively counters the hydrodynamic force
generated by the slider 26 and prevents the slider from flying too far off the surface

of the disc 22. Although relatively flexible in the vertical direction, the suspension
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32 is relatively stiff in the .latgral:dire_ction,in orde: to provide for precise lateral
positioniﬁg of the slider 26 over the clols'ely spaced data tracks.

The suspension 32 typically includes a relatively stiff load beam 34 (FIG. 3)
and a relatively flexible gimbal 36 fof attaching the slider 26. A first or proximal
end 38 of the load beam 34 is attached to the arm 30 (FIG. 2) of the rotary actuator
28, and a relatively flexible region 40 (FIG. 3) of the load beam 34 adjacent the
actuator arm 30 is typipally bent downward toward the surface of the disc 22 to
supply the aforementioned preload force. A second or distal end 42 of the load
beam 34 opposite the actuator arm 30 is attachéd'(such as by welding) to the more
flexible gimbal 36 which, in turn, is fixed to the slider 26. An end of the gimbal 36
includes a cutout regxon defining two para]lel flexure beams 44 and a cross member
45 defining an attachment pad 46. A tongue 48 of the load beam 34 typlcally
protrudes within the cutout region of the gimbal 36 so thata dimple (not shown) on
the bottom of the tongue 48 may contact a top surface of the slider 26 o transfer the
preload force directly "_to the slider 26. The attachn_iént pad 46 of the gimbal 36 is

- secured to the top surface of the slider, such as by an adhesive, so that the flexure

beams 44 provide a resilient connection between tﬁé'SIider 26 and the relatively stiff
load beam 34. The resilient connection provided by the gimbal 36 is important to

" allow the slider 26 to pitch and roll (i.e., “gimbal™) Eﬁrhilo: following the topography

of the rotating disc 22. While FIG. 3 illustrates the load beam 34 and gimbal 36 as

separate components, it is understood that these components may be formed from a

~ single piece of metal forming an integrated suspensmn 32 (not shown). -

Although the preload supplied by the bend region 40 of the load beam 34 is
effectively countered by the hydrodynamic force genei'éted by the slider 26 during
rotation of the disc 22, that same preload force typically forces the siider'26 to rest
on the surface of the disc 22 once the disc stops spinning and the hydrodynamic
force dissipates (e.g., when the disc drive 20 is powered down). During these
periods of inactivity, and particularly during assembly, shipping and handling of the
disc drive 20 before the drive is assembled within a computer, the fragile magnetic
coating on the surface of the disc 22 is susccptible to. damage from accidental
vertical displacement of the slider 26, such as by a shock event.
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Vertical displacement of the slider 26 may occur when a disc drive 20 is
subjected to a shock of sufficient magnitude to cause the actuator arm 30 and the
attached suspension 32 to move away from the disc surface (either on the initial
shock or on a rebound from the initial shock). Although the bend region 40 in the
load beam 34 and the resilient nature of the gimbal 36 tend to hold the slider 26
against the disc surface even as the actuator arm 30 moves away from the disc 22, a
sufficiently large shock (e.g., a shock 200 times the acceleration of gravity or 200
“Gs") will typically overcome the preload force and cause the slider 26 to be pulled
off the disc surface. The return impact of the slider 26 against the disc surface can
cause severe damage to the thin magnetic coating on the surface of the disc. If the
shock event occurs during operation of the disc drive, the damage to the disc coating
may create an unusable portion or sector of the disc and a potential loss of data
stored on that portion of the disc. However, most large shock events typically occur
during periods of inactivity, as described above, when the slider 26 is positioned
along an inner radial portion or “landing region” of the disc 22 not used for data
storage. Regardless of whether the impact occurs in the data region or the landing
region of the disc 22, the impact typically generates debris particles that can migrate
across the surface of the disc 22 and interfere with the air bearing surface of the
slider 26, thereby causing damage to more vital regions of the disc 22 during disc
operation and possibly leading to a disc “cr:

Previous efforts to minimize the above described “head slap” phenomenon
have focused on either increasing the preload force applied by the bend region 40 or
reducing the mass of the suspension 32 between the bend region 40 and the head or
slider 26. Due to the resiliency of the bend region 40 of the load beam 34, it is
primarily the mass of the end portion of the suspension 32 distal to the bend region
40 that determines the lifting force applied to the slider 26 during a shock event.
That s, if the force tending to pull the head or slider 26 off the disc surface - as
measured by the acceleration of the shock event (the number of Gs) multiplied by
the combined mass of the slider 26 and the portion of the suspension 32 distal to the
bend region 40 - is greater than the preload force applied by the load beam 34, then
the slider 26 will separate from the disc surface resulting in a “head slap” as
described above. Therefore, a reduc;ion in the mass of the suspension 32 distal to
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the bend region 40 leads to a reduction in the force applied to the slider 26 during a
shock event and thus to improved shock performance for the disc drive 20.

However, reducing the mass of the suspension 32 typically leads to further
problems and design compromises. For example, the tyf)ical method for reducing
the mass of the suspen_sion 32 entails shortening the portion of the suspension
between the bend region 40 and the slider 26. However, shortening the suspension
tends to increase the variation in the preload force appli_éd by the suspension since
the shof_ter suspension can not typically accommodate variations in the bend angle of
the load beam 34 at the bend region 40.. In other words, longer suspensions 32
provide lower varia_tionS- in the preload force resulting from manufacturing
tolerances in the bend region 40, while shorter suspensions trade enhanced shock
performance for higher variations in the preload force due to these same
manufacturing tolerancgs in the bend angle at the bend region 40. Due to the
requirement for _caréfixl balancing of the preload force against the hydrodynamic
force created by the slider 26, any significant variation of the preload force may
cause damage to the fragile surface of the disc 22.. Additionally, reducing the mass

 of the suspension 32 typically reduces the stiffness of the suspension and can
adversely affect the tracking performance of the drive 20. _

Furthermore, regardless of whether the preload force is increased or the mass
of the suspension 32 is decreased, such a “solution” can lead to increased friction
and wear problems at the head-disc interface.. - _

It is with resp‘ect.tlo these and other background considerations, limitations
and problems that the present invention has evolved.

Summary of the Invention

The present invention relates to a disc drive assembly having a suspension
that includes a “cushion” to protect the slider attached to each suspension by limiting
the vertical excursions of the slider and dampening any vibratory motion of the .
slider when the disc drive assembly undergoes a shock event.

Iﬂ accordance with one embodiment of the present invention, a suspension is
provided for connecting a slider to an actuator arm of a disc drive. The suspension
maintains the slider substantially engaged with a disc sﬁrfaoe and in one preferred
embodimeﬁt includes a load beam with a gimbal at a distal end of the load beam.
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The gimbal is a flexible member that allows limited pitching and rolling motion of
the slider while maintaining a stiff connection with the slider in the lateral direction.
A “cushion” (i.e., a motion limiter and/or dampener) attached to the suspension
extends vertically from the suspension. The cushion contacts another surface within

the disc drive to limit vertical excursions and to dampen motion of the suspension

during a shock event, thereby preventing head slap or at least reducing the severity

of a resulting head slap. The cushion may comprise an external feature attached to
the suspension, such as a foam or plastic cushion, or may comprise an integral
feature of the suspension.

The present invention can also be implemented as a disc drive assembly
having at least one disc mounted on a hub for rotation about a spindle axis and an
actuator for moving an actuator arm above a surface of a disc. A suspension
connects a slider to the actuator arm to maintain the slider substantially engaged
with the disc surface. A cushion extends vertically away from the suspension. The
cushion defines a contact surface spaced a predetermined distance from an

-engagement surface within the disc drive, and the contact surface contacts the

engagement surface to limit vertical excursions and dampen motion of the
suspension when the disc drive undergoes a shock event.

In one embodiment, the engagement surface comprises a contact surface of
an adjacent cﬁshion extending vertically from an adjacent suspension. Inan
alternative embodiment, the engagement surface comprises an adjacent suspension
itself so that only a single cushion attached to one suspension separates two adjacent -
suspensions.

The present invention can further be implemented as a disc drive having a
suspension maintaining a slider substantially engaged with a surface of a disc and
means for limiting vertical excursions and for dampening motion of the suspension
when the disc drive undergoes a shock event.

These and various other features as well as advantages which characterize the
present invention will be apparent from a reading of the following detailed

description and a review of the associated drawings.
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Brief Description of the Drawings

FIG. 1 is a top plan view of a disc drive in which the present invention is
beneficially utilized.

FIG.2 isan elévated side view of three discs within the disc drive shown in
FIG. 1, illustrating prior art suspensions connecting read/write heads or “sliders” to
the arms of a rotary actuator. '

FIG.3isan en‘larged,_isometric view of a suspension/slider combination and
an anti-shock cushion in accordance with a preferred embodiment of the present
invention. o

FIG. 4 is an enlarged section view taken substantially in the plane of line 4-4
of FIG. 1, illustrating an end view of the suspension/slider combination and the anti-
shock cushions shown in FIG. 3. ' '

FIG.5isa schematic view of two. opposing antl-shock cushions 1llustratmg
both the elastic and dampening properties of the cushions.

FIG. 6is an enlarged-sectlon v1ew similar to FIG. 4 illustrating the anti-
shock cushions compressed such as for loadmg the suspension/slider. combmatmns
and the anti-shock cushions between the discs of the disc drive.

FIG. 7 is an enlarged, 1sometnc view of the anu-shock cushion shown in
FIG. 3 made from a'foam material. _

" FIG. 8-1i is a_n_enlarged, isometric view of an anti-shock cushion made froma
plastic material with a hollow interior and an air port in accordance with an
alternative preferred embodiment of the present invention.

FIG. 8-2 is an enlarged, isometric view of an anti-shock cushion made from a
plastic xha_terial with four sides and a hollow interior in accordance with another
alternative preferred embodiment of the present invention.

FIG. 9 is an enlarged, isometric view of a suspension/slider combination in
accordance with an alternative preferred embodiment of the present invention where
the anti-shock cushion is an integral feature of the suspension.

FIG. 10 is an enlarged, isometric view of a suspension/slider combination
similar to FIG. 3 illustrating two anti-shock cushiéns_ offset from a centerline of the
suspension in accordance with an alternative preferred embodiment of the present

invention.
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FIG. 11 is an enlarged section view similar to FIG. 4 illustrating a single,
larger anti-shock cushion attached to the top and bottom suspensions and to one of
two opposing suspensions in accordance with an alternative preferred embodiment

of the present inventiori.

.Detailed Description of the Preferred Embodiments
The disc drive 20 illustrated in FIG. 1 includes a rotary actuator 28 for

moving a head or “slider” 26 across the surface of a disc 22. The actuator 28 utilizes
a voice coil motor 49 having a voice coil 50 that moves laterally within a magnetic
field in response to electrical signals sent to the coil 50. The coil 50 is secured to

one side of an E-block 52 (FIG. 2) for rotation about a pivot shaft 54 (FIG. 1)

centered on a vertical axis 56, as best shown in FIG. 2. The opposite side of the E-
block 52 includes a plurality of parallel, spaced-apart actuator arms 30 (FIG. 2)." The
top and bottom actuator arms 30 each attach a single suspension 32 for holding a
slider 26 against the top and bottom surface (58 and 60) of their respective discs 22,
while one or more intermediate actuator arms 30 attach two separate suspensions 32
to the bottom surface 60 of one disc 22 and the top surface 58 of another disc 22.
Thus, movement of the voice coil 50 causes rotation of the E-block 52 about the axis -
56 and movement of the sliders 26 over the surfaces 58 and 60 of the discs 22.
Although several embodiments of the present invention are preferably described -
below with respect to the rotary voice coil motor 49, it is understood that the present
invention may be used with any other type of actuator commonly wutilized in disc -
drives, such as a linear actuator (not shown). Furthermore, while three discs 22 and
six suspensions 32 are shown in FIG. 2, it is understood that the present invention
may be beneficially used with any number of discs.

The load beam 34 comprises a metal sheet having a nominal thickness of
approximately 2.0-2.5 thousandths of an inch (“mils™). The first or proximal end 38
of the load beam 34 includes a circular hole 86 for attaching the load beam 34 to the
end of the actuator arm 30 of the E-block 52 (FIG. 2). A base plate 88 (FIG. 2)
secures the load beam 34 to the actuator arm 30 to ensure that the relatively stiff load
beam 34 moves together with the actuator 28. An opening 90 formed adjacent the

proximal end 38 of the load beam 34 defines two relatively narrow spring elements
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92 that may be bent downward to provide a predetermined preload force to the -

remainder of the load beam 34. The relatively flexible spring elements 92 and the
opening 90 thus comprise the bend region 40 of the suspension 32, and the portion
of the load beam 34 exténding distally from the bend region 40 transfers the preload
force to the slider 26. ' '

The load beam 34 also includes vertical rails 96 extending distally from the
bend region 40 along the side edges of the load beam 34 to enhance the stiffness of
the load beam 34 in the vertical direction. The vertical stiffening rails 96 terminate

- at the tongue 48 at the distal end 42 of the load beam 34, and a dimple or etched post
(not shown) is preferably fabricated on the underside of the tongue 48 for applying
the preload force from the bend region 40 directly to the slider 26.

 The gimbal 36 is formed from a relatively thin metal sheet having a nomiinal

- thickness of approximately 0.5 mils. The relatively thin flexure beams 44 thus allow
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the slider 26 to “gimbal” about the dimple (not shown) to follow the pitching and
rolling motions of the disc 22 as described above.: It will be understood by those
skilled in the art that the suspension 32'may take a number of alternative forms, and
that the load beam 34 and the gimbal 36 represent.only one preferred embodiment of
the suspension 32.. For example, the suspension 32 may be formed as a single,
integral body (not shown) rather than a combination of 2 separate load beam 34 and
gimbal 36. ' '

- FIGS. 3-7 illustrate-one preferred embodiment of an anti-shock cushion 100
of the present invention attached to the suspension 32. FIG. 3 illustrates that the -
cushion 100 is preferably attached to a top surface 102 of the load beam 34 between
the opposing rails 96 and adjacent the distal end 42 of the load beam proximate to
the gimbal 36 and the slider 26. Conventional means such as an adhesive material
may be used to attach the cushion 100 to the top surface 102 of the load beam 34 so
that a contact surface 104 of the cushion 100 extends a predetermined distance above
the top surface 102 of the load beam 34. The precise shabe and position of the
cushion 100 on the load beam 34 may be chosen by one skilled in the art to optimize
the cushioning properties described below. Additionally, the cushion 100 may be
attached to the gimbal 36 or may be formed integrally with one part of the
suspension 32, as described in greater detail below. Furthermore, the cushion 100
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may be sized for use with a variety of different suspensions 32. Thus, it is
understood that the invention is not limited to the particular cushion 100 and
suspension 32 shown in Fig. 3.

A separate cushion 100 is preferably attached to each suspension 32 as
shown in Fig. 4. The cushions 100 are preferably sized to leave a gap 106 between
the contact surfaces 104 of adjacent cushions 100 so that the adjacent cushions do
not contact each other under normal conditions (i.e., in the absence of a shock
event). A similar gap 106 is preferably maintained between a top cushion 108 and a
top cover 110 (FIG. 4) of the disc drive 20, as well as between a bottom cushion 112
and a base plate 114 of the disc drive. The gap 106 allows the cushions 100 and thus
their corresponding sliders 26 to move a small vertical distance relative to the
nominal horizontal plane of the disc surface 58 or 60. This freedom of movement
allows adjacent sliders 26 to move independently as necessary to follow the contours
and vertical undulations of their corresponding disc surface. However, the gap 106
is sufficiently small to substantially limit any vertical excursions of the suspensions
32 due to a shock event. Each gap 106 is approximately eleven (11) mils in the
preferred embodiment shown in FIG. 4, although the gap 106 may be adjusted for
optimal performance with suspensions 32 of different size or for different spacing
between adjacent discs 22. '

In essence, each disc 22 will typically vibrate or wobble as it spins during
operation of the disc drive 20. It is therefore preferable for the sliders 26 to have a
certain freedom of movement in the vertical direction to follow the contours and the
motion of the disc surface. If the gap 106 between adjacent cushions 100 did not
exist (i.e., if a single cushion was attached to both adjacent suspensions 32), the
sliders 26 would be constrained from moving in the vertical direction and additional,
variable forces would be applied to each of the sliders. Such additional forces may
cause friction between (and thus damage to) the slider 26 and the surface of the disc
22. That is, without the air gap 106, the relatively stiff cushions 100 (which are
necessary to limit and dampen relatively large non-operational shocks) would not be
sufficiently compliant to allow unimpeded motion (i.., the small, fast oscillations)
of the slider 26 during operation of the disc drive 20.
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Thus, the cushions 100 are preferably separated from one another, and from
the top cover 110 and the base plate 114, 5o as to not interfere with the normal -
operation of the disc drive 20. It is only when the disc drive experiences a shock
condition that the cushions 100 act to protect the fragile surfaces 58 and 60 of the
discs 22. Such shock conditions can occur during operation of the disc drive 20
(such as when a user sgikes a computer while the drive is operating), but more -
typically occur during tganufacture, shipping or installaﬁon of the drive 20 within a
computer. In either case, the cushions 100 function similarly to reduce or eliminate

the “head slap” phenomenon and protect the disc surfaces from damaging impacts

 with the sliders 26.

FIGS. 4 and 5 illustrate the preferred operation of the cushions 100. In these

FIGS. 4 and 5 the discs 22 can be considered either to be at rest with the sliders 26 in
contéct with the disc sur_faca; 58 and 60 or, alternatively, the discs 22 can be
cbnsidered to be spinning so that the sliders 26 are “flying” a very small distance off
of the disc surface. In-¢ither case, the cushions 100 are positioned to contact an -
adjacent cushion 100 (or top cover.110.or base plate 114) in the event that the disc
drive 20 expericnces a shock that is sufficiently strong to cause an excursion of the
load beam 34. In this manner, the cushions 100 act first to limit the motion of the
load beam 34 in an effort to maintain the slider 26 in contact with the disc surface 58
or 60. That is, due to the flexible connection of the slider 26 to the load beam 34 via
the gimbal 36, the sl_idér 26 may remain in contact with the disc surface even though
the load beam 34 is ve__rt_it_:ally displaced a small distance away from the disc surface.

| However, if the force of the _shocic is sufficiently strong to lift the slider 26 off the
disc surface, the cushiqm 100 serve to limit the vertical displacement of the slider 26
and thereby reduce the force of the return impact betweén the slider 26 and the disc

~ In addition to limiting the motion of the load beam 34, the cushions 100 also

preferably serve to absérb the energy from the shock gvént to reduce vibrations

between the siider 26 and the disc surface. Thus, the cushions 100 preferably exhibit

dampening bmperties to prevent the load beam 34 from'rattling.betwe_en the disc.

surface and.an adjacent cushion 100 (or top cover 110 or base plate 114) following a
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shock event. This dampéning componentl:f the cushions 100 is shown
schematically by the dashpots 120 in FIG. 5.

In the preferred embodiment of the cushion 100 shown in FIGS. 3-7, this
dampening characteristic is provided by forming the cushion 100 from a viscoelastic
foam material. Such a viscoelastic foam cushion 100 would have a sufficient-
thickness, as described in greater detail below, to allow a slight compression of the
cushion 100 in response to a shock event. For example, during a shock event where
one cushion 100 impacts an adjacent cushion 100, both cushions may undergo a
slight compression or deformation to absorb the energy of the shock (i.e., the shock
energy is dissipated or converted into the work required to compress the foam
cushions 100). A similar dampening effect occurs with a single cushion such as
between the top cushion 108 and the top cover 110 or between the bottom cushion -
112 and the base plate 114,

In addition to the dampening characteristics (or viscous portion) of the
viscoelastic foam, it is also important that the cushion 100 exhibit an elastic quality
as signified by the schematic springs 122 shown in FIG. 5. The elastic nature of the ~
cushions 100 is necessary to ensure that cushions 100 retain their shape and
functionality over the life of the disc drive 20. In essence, it is important that the
cushions 100 “spring” back to their nominal shape (and maintain the preferred
spacing within the gap 106) following a shock event so that they are prepared to
cushion a subsequent shock event.

Secondly, the elastic nature of the viscoelastic cushions 100 allows the
cushions 100 to be initially compressed for assembly between the discs 22 within the
disc drive 20, as shown in FIG. 6. For example, the load beams 34 of a pair of
adjacent suspensions 32 that must be inserted between two discs 22 can be pressed
together so as to compress the cushions 100. The compressible or “viscous™ nature
of the cushions allows the cushions 100 to remain compressed while the opposing
suspensions 32 and their attached sliders 26 are inserted between the discs 22 as
shown in F1G. 6. Furthermore, the elastic nature of the cushions 100 allows the
cushions 100 to return to their normal shape once the load arms 34 have been
released and the preload force urges the sliders 26 to their normal position in contact
with the disc surface. '
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The viscoelastic cushions 1 O'O shown in FIGS: 3-7 are preferably formed
from a microcellular foam material. The rnicrocellular foam preferably exhibits the
above-described propertres and thus is relatwely stiff agalnst sudden compressions
(on the order of a mllllseeond) in order to hm1t vertical excursmns and dampen
external shocks to the disc drive, However, the microcellular foam can be slowly
compressed (on the order ofa second) to allow for initial placement of the
suspensions 32 and_. the attached cushions 100 between the discs 22 during
manufacture of the dnve 20, as described above. |

While one _slcilled in the art may- uti_liie a variety of such microcellular foam
materials, it s preferred 10 utilize a foam that exhibits relatively low levels of
outgassing since outgassed compounds may accumulate on the disc surfaces and -
ultimately interfere w1th operation of the disc drive 20.- Addmonally, the
dimensions of the bl_oek may differ from that shown in FIGS. 3 and 7, provided that
there are a sufﬁeienl'humber of cells 126 'along the vertical:dimension of the block to
cushrons 100.. For e_xemple, th_e vemaal dlmenslon of the cushion 100 shown in -
FIG. 7is approximate_lylo mils (or about 0..5 '-nrillimetere);- However, one skilled in

- the art may utilize different dimensions for the cushion 1 00 or may utilize a foam:
- material having different sized cells. It is understood thhl the present invention is
not limited by the preferred embodiment of the cushion 100 shown in FIGS. 3-7.
Asan altematlve to usmg a mxcrocellular foam, FIGS 8-1 and 8-2 illustrate
two further preferred embodlments of the present mventlon utilizing alternative anti-
- shock cushions 130 and 135, respectlvely The cushions 130 and 135 in FIGS. 8-1
and 8-2 are two examples of cushrons that may be used in place of the cushion 100
shown in FIGS. 3-7: and are preferably formed from a thin walled plastic material
(such as polyethylene) Of course, it is understood that one skilled in the art may
conceive of alternative forms for the plastic cushions 130 and 135.

Specifically, the cushion 130 in FI_G‘ 8-1 is either extruded or molded to
form a sack ora “bﬁhble” with a hollow interior. The pleetic material that forms the
cushion 130 thus .p_r':o_:vides the elastic or spring quali.ty that ensures the cushion will
undergo only elastic Ec__leformation as a result of a shock event. An air port 132 is
pre.ferably formed in_E at least one side 134 of the cushion 130 to allow air to fill the
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hollow interior of the cushion 130.. The air port 132 also meters the outflow of air

from the cushion 130 wh’en the cushion is compressed. I this manner, the air port
132 and the hollow interior of the cushion 130 act like a conventional air shock
absorber to dampen any impact experienced by the cushion 130.

The cushion 135 in FIG. 8-2 preferably takes the form of a frame having
walls 136 on four sides and two open ends 138 leading to a hollow interior. The
walls 136 have sufficient rigidity to withstand the types of non-operational shocks
described above with minimal deflection. However, the open ends 138 aliow the
cushion 135 to be compressed in a conventional manner (i.e., with two pairs of
adjacent walls 136 contacting one another) to enhance the assembly operation shown
inFIG. 6. '

The cushions 130 and 135 are preferably formed withi dimensions similar to
that of the microcellular foam cushion 100. One potential advantage of the plastic
cushions 130 and 135 over the foam cushion 100 relates to outgassing and the fact
that plastic materials such as polyethylene typically do not outgas compounds in the
manner of foam materials. ' - h

A further advantage of both embodiments of the present invention shown in
FIGS. 3-8 is that no change in the design of the suspension 32 or the slider 26 is
required to achieve the shock absorbing benefits of the cushions 100, 130 or 135.
However, additional work is required to first form and then attach the cushions 100,
130 or 135 to each suspension 32 of the disc drive. Thus, FIG. 9 illustrates a further
embodiment of the present invention where an alternative cushion 140 is formed
integrally with the load beam 34.

As shown in FIG. 9, the remainder of the suspension 32 and the slider 26 is
substantially as shown in FIG. 3, and thus like portions have been identified with the
same reference numbers. However, in place of the cushion 100 near the distal end
42 of the load beam 34, a three-sided opening 142 is preferably formed in the load
beam 34 portion and a portion of the load beam is bent upward (such as through a
stamping process) to form the cushion 140. Specifically, the cushion 140 includes a
base segment 146 that remains attached to the load beam 34 along the closed end of
the three-sided opening 142. A vertical segment 148 rises above the top surface 102
of the load beam to approximate the vertical dimension of the cushions 100 and 130
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(e.g., approximately 20 mils). - The vertical segment 148 terminates in a contact

surface 150 having a tapered end 152 that is tapered downward toward the load
beam 34. The contact surface 150 and tapered end 152. present a smooth surface for
contacting an adjacent contact surface 150 of an adjacent cushlon 140 (or a top cover
110ora base plate 1 14 of the drive) without danger of the two cushions 140
becommg 1nterlocked

of course, one skllled in the art could form the lntegra.l cushion 140 in many
dlfferent ways. For example the cushion 140 may be formed as part of the -
stiffening rails 96. Altematlvely, the cushion 140 may be formed on the tongue 48
at the end of the load beam 34 or may be formed from the glmbal 36 to position the
cushion 140 more closely to the slider 26. Furthermore, the suspension 32 may be
formed asan mtegral body itself rather than from the combmatlon of a separate load
beam 34 and gl_mba_} 3§, as described above. .In thrs-case, the integrat cushion 140
may'be formed as one feature of the integral suspension 32

As d_escri_be.;d; above, the l_oad h_eam-:34 is preferablj!é.formed from a metal -
sheet having a nomine_i thickness of a_pproxirhately 2.0-2_.5; mils while the gimbal 36

typically has a ﬂlickneés' of less than one mil. Thus, regerdless of whether the

integral cushion. 140 is formed from the load beam 34 or the gimbal 36, the cushion
will have elastic propertles similar to that of a metal sprmg in that the cushion 140
will return to its nommal position (and thus maintain the preferred gap 106)

following a shock event Furthermore, the cushion 140 can be compressed during

. manufacture of the dnve (as described in FIG. 6) so long as the compression remains

within the elastic range of the metal spring. While the integral cushion 140 will
likely have a lower degree of dampemng (i.e., a lower dampemng constant) than the
foam or plastic cush;gps 100, 130 or 135, it is understoo.d.,;that the choice of a
particular cushion involves a number of trade-offs and it iédesired to provide a disc
drive designer with as rnany options as possible. Additienally, one skilled in the art
may modify the mtegral cushion 140 by placing an additional dampening material

_ atop the contact surface 150. _ , L

It should be further emphasized tha1 the present. mventron is not limited to

any particular locatron- for the cushion or x_ndeed to the use of a single cushion. As
an altemative to the particular embodiment shown in FIG. 3, FIG. 10 illustrates that
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two or more cushions 100 may be positioned closer to the first end 38 of the load

beam 34. The two cushiéns 100 are equally offset from a Egfiterline axis 154 of the
load beam 34. In this manner, the cushions 100 serve to dampen not only vertical
vibrations of the load beam 34 but also torsional oscillations about the centerline
154. Such torsional oscillations can cause misalignment of the slider 26 with respect
to the disc surface and can even cause damage to the disc surface when the slider
impacts the surface of the disc 22 at an angle.

Furthermore, it is possible to use one relatively large cushion 100 rather than
two smaller cushions 100 as shown in FIG. 11. That is, while it may be preferable to
attach identically sized cushions 100 to each of the suspensions 32 to promote
uniformity within the disc drive 20 as shown in FIG. 4, the present invention _
encompasses the use of a single cushion 100 attached to only one of the two '
opposing suspensions 32 positioned between two adjacent discs 22. Thus, in the
embodiment shown in FIG. 11, a single cushion 100 is attached to only one of the
suspensions 32 and extends toward the opposing suspension 32 while still leavinga =
gap between the cushion 100 and the opposing suspension 32.

It will also be evident to those skilled in the art that positioning the cushion
100 closer to the slider 26 will typically provide for smaller vertical excursions of
the slider before the cushion contacts an opposing cushion or 2 portion of the case
(such as the top cover 110 or base plate 114). However, the extra mass of the
cushion 100 becomes a more significant design factor as the cushion approaches the
slider 26 since the mass of the distal end of the load beam 34 (including the mass of
the slider 26) determines the lifting force applied to the slider during a shock event.

Thus, it is preferred to choose a relatively low-density material for the cushion 100
so that the mass of the cushion 100 will not overwhelm the mass of the suspension
32. For example, in the embodiment shown in FIG. 3, the mass of the microcellular
foam cushion 100 is preferably approximately 1/10® the mass of the slider 26.

Finally, it is to be understood that the present invention is not limited to any ‘
specific type of cushion. The choice of a particular type, size or position of a :
cushion will vary with the size and mass of the suspension/slider combination.
While a number of exemplary cushions have been described in the above detailed

description, the present invention encompasses alternative types of cushions as well
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as alternative materials: for the cushions. .For example, a rubber or other elastomeric
material could be used in place of the specific foam and plastic materials described

“above. The only requi_rement is that the cushion act to both limit the movement of

thie suspension 32 and dampen any vibrctory motion fo}lo;\iwing a shock event.

5 In summary, the preferred embodiment exempléry'of the invention and

disclosed herein is directed to a suspé_nsion (such as 34) for connecting a slider (such

as 26) to an actuator arm (such as 30) of a disc drive. The suspension (such as 34)

includes a body haii_ng a proximal end (such as 38) for: a&é.ching the suspension to
the actuator arm and a-distal end (such as 42) for aﬁachingfthe slider (such as 26). A
10 cushion (such as 1.00; 130, 135 or 140) extends vertically: from the suspension to
contact a surface (such as 32, 104, 110, 114 or 150) within the disc drive (such as
20) to limit vertical excursions and dampen motion of the suspension (such as 32)
during a shock event.
* In another preferred embodiment of the present- mventlon, the surface
15 . contacted by the cush;on is part of an adjacent cushion (such as 100,.130, 135 or
. 140) extending vetﬁcally.ﬁom an cdjaccnt suspension (such as 32). Thetwo -

. adjacent cushions ,a_rc_spacec_l _apart,-ffom one another by a predetermined distance in
the absence of a shock event and, in one preferred embcdi_ment,- the predetermined
distance is approxunately 11 mils.

20 - . Inanother preferred embodiment of the present invention, the surface -
contacted by the cush;_on (such as 100, 130, 135 or 140) is either a top cover (such as
110) or a base plate (such as 1 14) of the disc drive (such as 20). -

In another prcfened embodiment of the presenﬁxivention, the body of the

suspension (such as 32) further includes a load beam (such as 34)-and a gimbal (such

25 - as 36). The load beam (such as 34) includes a proxzmal end (such as 38) for
attaching the load beam to the actuator arm (such as 30) The gimbal (such as 36) is
attached to a distal end (such as 42) of the load beam (such as 34) for attachment to
the slider (such as 26). The cushion (such as .100, 130;'- 135 or 140) extends
vertically from either the load beam (such as 34) or the gimbal (such as 36).

30 ‘In another preferred embodiment of the present? ixivention, the cushion (such
as 140) is formed mtegrally with the suspension (such as 32) as a vertical protrusion
extending from one of the load beam (such as 34) and the gimbal (such as 36).
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In another pfe_ferred embodiment of the present invention, the cushion (such

as 100) is formed froni'4 viscoelastic foam material.

In another preferréd embodiment of the present-inVeﬁtion, the cushion (such
as 130 or.135) is formed from a plastic material. '

In another preferred embodiment of the present invention, the cushion (such
as 130) comprises a hollow body having an air port (such as 132) for expelling air
during compression of the cushion. '

In another preferred embodiment of the present invention, the cushion (such
as 135) comprises a frame having a plurality of walls (such as 136) defining two
open ends (such as 138) and an open interior.

In another preferred embodiment of the present invention, the cushion (such
as 140) is formed integrally with the suspension (such as 32) as a vertical protrusion
(such as 148 and 150) extending from the body.

In another preferred embodiment of the present invention, the suspension
(such as 32) defines a longitudinal centerline (such as 154) and includes a second
cushion (such as 100, 130, 135 or 140) extending vertically from the body. The two
cushions are positioned symmetrically on opposite sides of the longitudinal
centerline (such as 154) and equidistant from the distal end (such as 42) of the
suspension. Each cushion (such as 100, 130, 135 or 140) is adapted to contacta
surface (such as 32, 104, 110, 114 or 150) within the disc drive (such as 20) to limit
vertical excursions and dampen torsional oscillations of the suspension (such as 32)
during a shock event.

A further exemplary preferred embodiment of the present invention includes
a disc drive assembly (such as 20) having at Jeast one disc (such as 22) mounted on a
hub (such as 24) for rotation about a spindle axis (such as 25), the disc (such as 22)
having a surface (such as 58 or 60) for recording data, and the disc drive assembly
(such as 20) further including an actuator (such as 28) for moving an actuator arm
(such as 30) above the surface (such as 58 or 60) of the disc (such as 22). A
suspension (such as 32) connects a slider (such as 26) to the actuator arm (such as
30) to maintain the slider (such as 26) substantially engaged with the disc surface
(such as 58 or 60). The slider (such as 26) includes a transducer for reading and
writing data to the disc surface (such_ as 58 or 60). The suspension (such as 32)
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includes a body having a proximal end (such as 38) attached to the actuator arm

(such as 30) and a distal end (such as 42) attached to the slider (such as 26). A
cushion (such as 100, 130, 135 or 140) extends vertically from the suspension and
defines a contact surface (such as 104 or 150) spaced a j;)redetermined distance from

_an engagement sur_face (such as 32-, 104, 110, 114 or 150) within the disc drive (such

as 20). Ihe contact s@rface (such-as 104 or 150) of the.: cushmn (such as 100, 130,
135 or 140) contactihg the engagement surface (such as 32, 104, 110, 114 or 150) to
limit vertical excur;si'mims and dampen motion of the suspe'nsion (such as 32) when the
disc drive (such as-.20)i undergoes a shock event.

In another preferred embodiment of the present invention, the engagement

~ surface comprises a contact surface (such as 104 or 150) of an adjacent cushion

(such as 100, 130;'135 or 140) extending-vertically from an adjacent suspension -
(such as 32). o ' - _

In another preferred embodiment of the preseht:_invention, the engagement
surface comprises an adjacent suspension (such as 32). = -

- In another'ﬁreferred embodiment of the preSent' invention, the engagement
surface comprises eith,er a top.cover (such as-110) or-a base plate (such as 114) of
the disc drive (sucﬁ as 20). - ' -

~ In another preferred-embodimmt of the present invention, the cushion (such

as 100) is formed from a viscoelastic foam material. -

. In another preferred embodiment of the present invention, the cushion (such
as 130 or 135) is formed from a plastic material, '

In another preferred embodiment of the present invention, the cushion (such

~ as 140) is formed integrally with the suspension (such as 32) as a vertical protrusion

(such as 148 and 150) extending from the body. = -
A further exemplary preferred-embodiment of the present invention includes
a disc drive (such as 20) having a suspension (such as 32) maintaining a slider (such
as 26) substantially engaged with a surface (such as 58 or 60) of a disc (such as 22)
and means for limiﬁng vertical excursions and for dam?ening motion of the
suspension (such as 32) when the disc drive (such as 20) undergoes a shock event.
It will be clear that the present invention is well adapted to attain the ends

and advantages mentioned as well as those inherent therein. While a presently
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preferred embodiment has been described for purposes of thls disclosure, numerous
changes may be made'ivﬁich will readily suggest themselvbs to those skilled in the
art and which are encompassed in the spirit of the invention disclosed and as defined
in'the appended claims.
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. WHAT IS CLAIMEDIS: S

L A suspension for connecting a slider to an actuator arm of a disc
drive, the suspension comprising:
a body having a proximal end for attaching the suspension to the
actuator arm and a distal end adapted for attachment to the slider; and
a cushion extending vertically from the body, the cushion adapted to
contact a surface within the disc drive to limit vertical excursions and dampen

-motion of the suspension during a shock event.

2. A suspension as defined in claim 1, wherein:
the surface comprises an adjacent cushion extending vertically from
an adjacent suspension; and _
the cushion is spaced apart ﬁ-dm the adjacent cushion by a

predetermined distance in the absence of a shock event.

3. . A suspension as defined in claim 2 wherein the predetermined

distance is approximately 11 mils.

4. A suspension as defined in claim 1, wherein:
the surface comprises one of a top cover and a base plate of the disc
drive; and
the cushion is spaced apart from the one of the top cover and the base

plate by a predetermined distance in the absence of a shock event.

5. A suspension as defined in claim 4 wherein the predetermined

distance is approximately 11 mils.

6. A suspension as defined in claim 1 wherein:
the body further comptises a load beam and a gimbal, the load beam
having a proximal end for attaching the load beam to the actuator arm, and the

‘-‘_—‘__’____—_____———-—-——v'
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gimbal attached to a distal end of the load beam, the gimbal adapted for attachment

to the slider; and
the cushion extends vertically from one of the load beam and the

gimbal.

7. A suspension as defined in claim 6 wherein the cushion is formed
integrally with the suspension as a vertical protrusion extending from one of the load
beam and the gimbal.

8. A suspension as defined in claim 1 wherein the cushion is formed

from a viscoelastic foam material.

9. A suspension as defined in claim 1 wherein the cushion is formed
from a plastic material.

10. A suspension as defined in claim 9 wherein the cushion further
comprises a hollow body having an air port for expelling air during compression of
the cushion.

11. A suspension as defined in claim 9 wherein the cushion further
comprises a frame having a plurality of walls defining two open ends and an open

interior.

12. A suspension as defined in claim 1 wherein the cushion is formed

integrally with the suspension as a vertical protrusion extending from the body.

13. A suspension as defined in claim 1 wherein the suspension defines a
longitudinal centerline, the suspension further comprising:
* a second cushion extending vertically from the body, the two
cushions positioned symmetrically on opposite sides of the longitudinal centerline
and equidistant from the distal end of the body, each cushion adapted to contact a

I

AL -




10

15

20 .

25

30

WO 00/30078 PCT/US99/27320

=22
surface within the disc drive to limit vertical excursions and dampen torsional

oscillations of the suspension during a shock event.

14. A disc drive assembly having at least oﬁé disc mounted on a hub for
rotation about a spindle axis, the disc having a surfacefor recording data, the disc
drive assembly further including an actuator for movir:;':g"aiii actuator arm above the
surface of the disc and a suspension connecting a slider -tgi_ the actuator arm to
maintain the slider substantially engaged with the disc:sdi'face, the slider including a
transducer for reading and writing data to the disc surfécé, and wherein the
suspension comprises: DR

a body having a proximal end attached to the actuator arm and a
distal end attached to the slider; and o
-a cushion extending vertically from the.body, the cushion defining a
contact surface spaced a predetermined distance from a_h:g:ngagement surface within
the disc drive, the contact surface of the cushion contaéting the engagement surface
within the disc drive to limit vertical excursions and dampen motion of the

suspension when the disc drive undergoes a shock event.
15. = A disc drive assembly as defined in-claini 14, wherein the
engagement surface comprises a contact surface of an-édj acent cushion extending

vertically from an adjacent suspension.

16. A disc drive assembly as defined in claim 14, wherein the

engagement surface comprises an adjacent suspension. - . -

17. A disc drive assembly as defined in claim 14, wherein the

engagement surface comprises one of a top cover and é,b;ase plate of the disc drive.

18. A disc drive assembly as defined in claim 14 wherein the cushion is

formed from a viscoelastic foam material.

0
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19. A disc drive assembly as defined in claim 14 wherein the cushion is

formed from a plastic material.

20. A disc drive assembly as defined in claim 14 wherein the cushion is
5 formed integrally with the suspension as a vertical protrusion extending from the
body.

21. A disc drive comprising:
a suspension maintaining a slider substantially engaged with a surface

10  ofadisc; and

means for limiting vertical excursions and for dampening motion of

the suspension when the disc drive undergoes a shock event.

-
g



