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DISC DRIVE ANTI-SHOCK SUSPENSION CUSHIONS 

Field of the Invention 

The present invention relates to disc drive storage devices. More 

5 panicularly, 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 

10 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 

infonnation 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 

15 carrying electromagnetic transducers to pass over each disc surface and read · 

infonnation 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 

20 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 preferably moved between data tracks across the surface of 

25 the disc 22 by an actuator mechanism 28 such as a rotary voice coil motor. The 

actuator 28 includes anns 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.e., against the surface of the disc 22 as shown in FIG. 2). The preload force 

30 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 lateral. direction in order to pr~vide for precise lateral 

positioning of the slider 26 over the closely spaced data tracks. 

The suspension 32 typically includes a relatively stiff load beam 34 (FIG. 3) 

and a relatively flexible gimbal 36 for attaching the slider 26. A first or proximal 

5 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 Ioad beam 34 adjacent the 

actuator arm 30 is typically bent downward toward the surface of the disc 22 to 

supply the aforementicmed preload force. A second or distal end 42 of the load 

beam 34 opposite the actuator arm 30 is attached· (such as by welding) to the more 

10 flexible gimbal 36 which, in turn, is fixed to the slider 26. An end of the gimbal 36 

includes a cutout region defining two parallel flexure beams 44 and a cross member 

45 defining an attachment pad 46. A tongue 48 of the load beam 34.typically 

protrudes within the cutout region of the gimbal 36 so that a dimple (not shown) on 

the bottom of the tongue 48 may contact a top surface of the slider 26 to transfer the 

15 preload force directly to the slider 26. The attachment: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 the·sJidet 26 and the relatively stiff 

load beam 34. The resilient connection provided by the gimbal 36 is important to 

20 
· allow the slider 26 to pitch and roll (i.e., "gimbal") 'while following the topography 

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

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

single piece of metal fonning an integrated suspemion 32 (not shown). 

Although the preload supplied by the bend region 40 of the load beam 34 is 

effectively countered by the hydrodynamic force generated by the slider 26 during 

25 rotation of the disc 22, that same preload force typically forces the slider 26 to rest 

on the surface of the disc 22 once the disc stops spinniri.g 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 a8sembled within a computer, the fragile magnetic 

30 coating on the surface of the disc 22 is susceptible 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 

5 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 ann 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 

10 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 

15 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 debri!I 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 

20 operation and possibly leading to a disc "crash." 

Previous efforts to minimi7.e 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 

25 primarily the mass of the end portion of the suspension 32 distal to the bend region 

40 that detennines the lifting force applied to the slider 26 during a shock event. 

That is, 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 

30 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 reduction in the mass of the suspension 32 distal to 
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the bend region 40 leads to a reductfon in the force applied to. the slider 26 during a 

shock event and thus to improved shock perfonnance for the disc drive 20. 

Howe:ver, reducing the mass of the suspension 32 typically leads to further 

problems and design compromises. For example, the typical method for reducing 

5 the mass of the sµspens,ion.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 applied by the suspension since 

the shorter 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 

10 provide lower variations in the preload fqrce 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 tolerances in the bend angle at the bend region 40. Due to the 

requirement for careful balancing of the preload force against the hydrodynamic 

15 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 stiffuess of the suspension and can 

adversely affect the tracking perfoi-mance of the drive 20. 

Furthennore, regardless of whether the preload force is increased or the mass 

20 of the suspension 32 is decreased, such a."solution" can lead to increased friction 

and wear problems at ~e head-disc interface. 

It is with respect to these and other background considerations, limitations 

and, problems that the pre~ent invention has evolved. 

Summary of the Invention 

25 The present invention relates to a disc ~ive 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. . 

In accordance wi:th one embodiment of the present invention, a suspension is 

30 provided for connecti~g a slider to an actuator ann of a disc drive. The suspension 

maintains the slider substantially engaged with a disc surface and in one preferred 

embodiment 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 

5 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 resuhing 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. 

10 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 

15 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 

20 an adjacent cushion extending vertically from an adjacent suspension. In an 

alternative embodiment, the engagement surface comprises an adjacent suspension 

itself so that only a single cushion attached to one suspension separates two adjaeent 

suspensions. 

The present invention can further be implemented as a disc drive having a 

25 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 

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

FIG. 1 is a top plan view ofa disc drive in which the present invention is 

beneficially utilized. 

FIG. 2 is an elevated side view of three discs within the disc drive shown in 

5 FIG. 1, illustrating priQr art suspensions connecting read/write heads· or "sliders'' to 

the arms of a rotary actuator. 

FIG. 3 is an enlarged,. isometric view of a suspension/slider combination and 

an anti".shock cushion in accordance with a preferred embodiment of the present 

invention. 

10 FIG. 4 is an enlarged section view taken substantially in the plane of line 4-4 

. 15 

20 

of FIG. l, illustrating an end view ofthe suspension/slider combination and the anti­

shock cushions shown.in FIG. 3. 

FIG~ 5 is a schematic view· of two opposing anti-shock cushions illustrating 

both the elastic and dampening properties of the cushions. 

FIG. 6 is an enl.ai'ged·section view similar to FIG. 4 illustrating the anti-

shock cushions compressed such as for loading the suspension/slider combinations 

and the anti-shock cushions between the di8cs of the disc drive. 

FIG. 7 is an enlarged, isometric view ofthe anti-shock cushion shown in 

FIG. 3 made from afoammaterial. 

FIG. 8-1 is an enlarged, isometric view of an anti-shock cushion made from a 

plastic material with a hollow interior and an .air port in-aceordance with an 

altemative·preferred embodiment of the present invention. 

FIG; 8-2 is an enlarged, isometric view of an anti-shock cushion made from a 

plastic material with four sides and a hollow interior in accordance with another 

25 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 ofa suspension/slider combination 

30 similar to FIG. 3 illustrating two anti-shock cushions offset from a centerline ofthe 

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 illuSt:rating 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 

ofthe present invention. 

. 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 

10 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 

15 slider 26 against the top and bottom surface (58 and 60) of their respective discs 22, 

while one or more intermediate actuator anns 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. 

20 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 utilized 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 

25 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 ann 30 of the E-block 52 (FIG. 2). A base plate 88 (FIG. 2) 

30 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 re1ative1y narrow spring elements 
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92 that may be bent down.ward to provide a predetennined preloa4 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 extending distally from the bend region 40 transfers the preload 

5 force to the slider 26. 

The load beani 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 

10 (not shown) is preferably fabricatedon 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 nominal 

thickness of approximately 0.5 mils.· The relatively thin ·flexure beams 44 thus· allow 

the slider 26 to "gimbal" about the dimple (not shown) to follow the pitching and 

· 15 rolling motions of the disc 22 as described above.: It will-be understood by those 

skilled in the art that the suspensjon 32··may take a number of alternative forms, and 

that the load beam 34 and the gimbal 36 represeiitonly 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 a separate load beam 34 and 

20 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 lOO 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 

25 the gimbal 36 and the slider 26. Conventional means such as an adhesive materia1 

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·IOO extends a predetermined distance above 

the top surface 102 of the load beam 34. The precise shape and position of the 

cushion 100 on the load beam 34 may be chosen by one skilled in the art to optimize 

30 the cushioning properties described below. Additionally, the cushion· I 00 may be 

attached to the gimbal 36 or may be formed integrally with one part of the 

suspension 32, as described in grea~r detail below. Furthermore, the cushion 100 

. l 
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may be sized for use with a variety of different suspensiori.S ·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 

5 shown in Fig. 4. The cushions 100 are preferably siz.ed 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 pieferably 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 

10 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 

15 is sufficiently small to substantially limit any vertical excursions of the suspensions 

32 due to a shock event. Each gap 106 is approximateJy eleven (I 1) 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. 

20 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 adjaceilt suspensions 32), the 

25 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 

30 sufficiently compliant to allow unimpeded motion (i.e., the small, fast oscillations) 

of the slider 26 during operation of the disc drive 20. 



W000/30078 PCT/US99/27320 
-10-

Thus, the c~ons 100 are preferably separated from one.another, and from 

the top cover 110. and ~e base plate 114, so 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.~t to protect the fragile surfaces 58 and 60 of the 

5 dises 22. Such shock c;:onditions cm. occur during operation of the disc drive 20 

(such as when a user s~kes a computer while the drive is operating), but more 

typically occur during ~anufacture, shipping or installation of the drive 20 within a 

computer. In either case, the cushions I 00 function similarly to reduce or eliminate 

the "head slap" phenomenon and protect the disc surfaces from damaging impacts 

10 with the sliders 26. 

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

FIGS. 4 and S the discs 42 can be considered either to be at rest with the sliders 26 in 

contact with the disc SlJl'faces 58 and 60 or, alternatively, the discs 22 can be 

considered to be spinnlng so that the sliders 26 are "flying" a very small distance off 

15 of the disc surface. In ~ither case, the ·cushions I 00 are positioned to contact an 

adjacent cushion J 00 (or top cover 110 or base plate. 114) in the event that the disc 

drive 20 experiences a shock thatis.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 

20 or 60. That is, due to the flexible connection of the slider 26 to the load beam 34 via 

the gimbal 36, the slider 26 may remain in contact with the disc surface even though 

the load beam .34 is vertically displaced a small distance away from the disc surface. 

However, if the force of the shock i~ sufficiently strong to lift the slider 26 off the 

disc surface, the cushions 100 serve to limit the vertical displacement of the slider 26 

25 and thereby reduce. the force ~f the return impact between the slider 26 and the disc 

surface. 

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

preferably serve to absorb the energy· from the shock event to reduce vibrations 

between the slider 26 and the disc i;urface. Thus, the cushions 100 preferably exhibit 

30 dampening properties to prevent the load beam 34 from rattling.between 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 dampening component of the cushions ioo is shown 

schematically by the dashpots 120 in FIG. 5. 

In the preferred embodiment of the cushion I 00 shown in FIGS. 3-7, this 

dampening characteristic is provided by fonning the cushion 100 from a viscoelastic 

5 foam material. Such a viscoelastic foam cushion I 00 would have a sufficient: 

thickness, as described in greater detail below, to allow a slight compression of the 

cushion I 00 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 

1 0 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 

15 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 l oo·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 

20 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 I 00 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 

25 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 FIG. 6. Furthermore, the elastic nature of the cushions 100 allows the 

30 cushions I 00 to return to their normal shape once the load anns 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 l 00 shown in FIGS~ 3 .. 7 are preferably formed 

from a microcellular foam material. The microcellular foam preferably exhibits the 

above-described prq~~J,1ies and ¢.us is relatively stiff a~ainst sudden compressions 

(on the order of a mili~second) in order to limit vertical ~xeursions and dampen 

5 external shocks to th~ disc drive. f:lc;>wever, the microcellular foam can be slowly 

compressed (on the ~i;ler of a sec9nd) to allow for initial placement of the 

suspensions 32 and ifie attached cushions lOObetween the discs 22 during 
·':"' . 

manufacture of the c;b;iye 20, as de:scribed above. 

While one s~lled in the art niay utilize a variety ·of such microcellular foam 
': 

10 materials, it is pref~d to utilize a foam that exhibits relatively low levels of 
·. ·,: 

outgassing since out;~~sed·compounds may accumulate on the disc surfaces and 

ultimately interfere ~th operatio11 ofthe disc drive 20. ·Additionally, the 

dimensions of the block may differ from that shown in FIGS. 3 and 7, provided that 
. ~ . . : . 

there are a sufficient number of ~lls l 2t) along the vertical dimension of the block to 

.15 provide for consiste'1~ dampenin~ a,id· elastic characteristics between different 

cushions 100. For ~xample, the vertical diinension·of the cushion 100 shown in 
. ·, 

FIG. 7 is approximately 20 mils (or abo\lt 0.5 millimeters). However. one skilled in 
. . 

the art may utilize different dimensions for the cushion l 00 or may utilize a foam· 

· material having different sized cells. It is:understood that :the present invention is 

20 not limited by the pre.ferred embodiment of the cushion 100 shown in FIGS. 3-7. 

As an alternative to using a microcellular foam, FIGS. 8-1 and 8-2 illustrate 

two further preferred embodimen~ of the present invention utilizing alternative anti­

shock cushions 130:'$1.d 135, respectively. The cushions 130 and 135 in FIGS. 8-1 

and 8-2 are two exam:ples of cushions that may be used in place of the cushion 100 

25 shown in FIGS. 3-7 ~d are preferably fornied from a thin walled plastic material 

(such as polyethyle~e). Of course, it is understood that one skilled in the art may 

conceive of alterna,tive forms foi: the plastic cushions 130 and 135. 

Specifically, tlie cushion .130 in FIG. 8-1 is either extruded or molded to 

form a sack or a "~l?ble" with a boJiow interior. The plastic material that forms the 

30 cushion 130 thus provides the elastic or spring quality that ensures the cushion will 

undergo only elasti~ deformation as a result of a shock event. An air port 132 is 

preferably formed in 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 wlfen the cushion is compressed. lri !ffiis manner, the air port 

132 and the hollow interior of the cushion 130 act like a eonventional air shock 

absorber to dampen any impact experienced by the cushion 130. 

5 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 allow the 

cushion 135 to be compressed in a conventional manner (i.e., with two pairs of 

10 adjacent walls 136 contacting one another) to enhance the assembly operation shown 

in FIG. 6. 

The cushions 130 and 135 are preferably formed with 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 

15 that plastic materials such as polyethylene typically do not outgas compounds in the 

manner of foam materials. 

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, 130or135. 

20 However, additional work is required to first form and then attach the cushions 100, 

130or135 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 fonned 

integrally with the load beam 34. 

As shown in FIG. 9, the remainder of the suspension 32 and the slider 26 is 

25 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 

30 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 I 02 

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 v~cal se~ment 148 terminates in a contact 

surface 150 having.~ ~ered end 152 tµat is qipered downward toward the load 
~ . . . . : 

beam 34. The conta.ctsurface 150 and tapered end 152.present a smooth surface for 
·.: ::· . . . . . 

contacting an adjacFnt contact surface 1 ~O of an adjacent cushion 140 (or a top cover 

5 110 or a base plate f.14 of the drive) without.danger ofthetwo cushions 140 
. . . ' 

becoming interlock~.• 

Of course, o~~ skilled in the art could form the integtal cushion 140 in many 

different ways. Fo~ ~~pie, the cushion 140 may be formed as part of the 
. ·.·.· 

stiffening rails. 96. :Alternatively, the cushion 140 may be ~onned on the tongue 48 

10 at the.end of the lo~<l beam 34 or may be formed from the gimbal 36 to position the 

. , cushion 140 .more closely to the slider 26. Furthermore, the suspension 32 may be 

formed as an integr'1 l,Jody itself rather than f,rom the ~ombination of a separate load 

beam 34 and gimb~·~~. as describedabove. In this case~ the integral cushion 140 

may be formed. as on,e.feature ofthe·integrill suspension 32. 

15 As describe({, above, the load beam 34 is preferably formed .from a metal 
:.··.·· . . . . . . 

sheet having a nomirutl thickness of approximately 2.0-2.S. inils while the gimbal 36 

typically has a thickneS.s of less than one mil. Thus, regardless of whether the 

integral cushion. 140. is formed from the loatl beam 34 or the· gimbal 36, the cushion 

will have elastic p~perties similar to that of a metal spnng in that the cushion 140 

20 will return to its noiliinalposition (and thus maintain the.preferred gap l 06) 
' ' 

following a shock eyeµt. Further,more, the cushion 140 can be compressed during 

manufacture of the.drive (as described in FIG. 6) so long as the compression remains 
. : . ~ .. . . 

within the elastic range of the metal spring. While the 4tt~gral cushion 140 will 

likely have a lower d~gree of dampening (i.e., a lower dampening constant) than the 
·.:·. : 

25 foam or plastic cus¥011s 100,130or135, it is understoodlhat the choice of a 

particular cushion iQ.v<>lves a number of trade"'.'offs and it i~ desired to provide a disc 

drive designer with as many options as possible. Additionally, one skilled in the art 

may modify the integi:al cushion 140 by placing an additional dampening material 

atop the contact suWice 150. 

30 It should be further emphasized tl,1at the presentinv~tion is not limited to 

any particular location for the cushi9n or indeed to the use of a single cushion. As 

an alternative to the_particular embo~ment shown in FIG. 3, FIG. 10 illustrates that 

'i 
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two or more cushions lOO may be positioned closer to the first end 38 of the load 

beam 34. The two cuSliiqns 100 are equally offset from a·e'~terline axis 154 of the 

load beam 34. In this maimer, the cushions l 00 serve to dampen not only vertical 

vibrations of the load beam 34 but also torsional oscillations about the centerline 

5 154. 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 

l 0 attach identically sized cushions l 00 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 

15 suspensions 32 and extends toward the opposing suspension 32 while still leaving a 

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 a portion of the case 

20 (such as the top cover 110 or base plate 114). However, the extra mass ofthe 

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 

25 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 1110th 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 

30 cushion will vary with the size and mass of the suspension/slider combination. 

While a mnnber 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 requirement is that the cushion act to both limit the movement of 

the suspension 32 and dampen any vibratory motion foJ.lowing a shock event. 

5 In summary, tlie preferred embodiment exemplary of the invention and 

disclosed herein is directed to a suspension (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 hav~g a proximal end (such as 38) for attaching the suspension to 

the actuator arm and a.distal end (such as 42) for attaching the slider (such as 26). A 

10 cushion (such as 100, 130, 135or140) extends vertically: from the suspension to 

contacta 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 ·invention, the surface 

15 contacted by the cushion is part of an adjacent cushion (such as 100, 130, 135 or 

140) extending vertically from an adjacent suspension(such as 32). The two 

. adjacent cushions .are spaced apart, from one another by a predetermined distance in 

the absence of a shock event and, in one preferred embodiment, the predetermined 

distance is approx~ately U mils. · 

20 , . In another ·preferred. embodiment of the present invention, the stirface 

contacted by the cusltjon (such as 100, 130, 135 or 140) is either a top cover (such as 

110) or a base plate (such as 114).ofthe disc drive (such as 20) .. 

In another preferred embodiment of the present'invention, 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 proximal ~nd (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 aslOO, 130, 135or140) extends 

verticalJy from either the load beam (such as 34) or the. gimbal (such as 36). 

30 In another pft'!ferred embodiment of the present invention, the cushion (such 

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

extending from one of the load b~ (such as 34) and ~e gimbal {such as 36). 
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In another preferred embodiment of the present invention, the· cushion (such 

as 100) is formed front:''l:l: :Viscoelastic foam material. 

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

as l30or135) is formed from a plastic material. 

5 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 

10 open ends (such as 138) and an open interior. 

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

as 140) is fonned 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 

15 (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 contact a 

20 surface (such as 32, 104, 110, 114 or 150) within the disc drive (such as 20) to limit 

vertical excursions and dam.pen 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 least one disc (such as 22) mounted on a 

25 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) fmtherinc1uding an actuator (such as 28) for moving an actuator ann 

(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 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 ann 

(such as 30) and a distal end (such as 42) attached to the slider (such as 26). A 

cushion (such as 1.()0,,130, 135or140) extends verti~lyfrom the suspension and 

defines a contact surface (such as 104or150) spaced a' predetermined distance from 

5 an engagement surface (such as 32, -104, 110, 114 or 150) within the disc drive (such 

as 20). The contact sqrface (such as 104 or 150) of the c1lshion (such as 100, 130, 

135 or 140) contactin~ the engagement surface (such as32, 104, 110, 114or150) to 

limit vertical excursions and dampen motion of the suspension (such as 32) when the 

disc drive (such as-20) undergoes a shock event 

10 In another preferred embodiment of the present invention, the engagement 

surface comprises a co,ntact surface (such as 104 or 150) of an adjacent cushion 

(such as 100, 130~ 135or140) extending vertically from an adjacent SUSpension 

(such as 32). . . 

In another preferred embo~ent of the present invention, the engagement 

15 surface comprises an adjacent suspension (such as 32); ·· 

In another.preferred embodiment of the present invention, the engagement 

surface comprises eith,er a top cover (such as 110) ora base plate (such as 114) of 

the disc drive (sue~ as 20). 

In anotherpreferrCd embodiment ofthepresent invention, the cushion (such 

20 as 100) is fonned frc;>~ a viscoelasticfoam material. · ·· 

In another pn,=ferred 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 th~ suspension (such as 32) as a vertical protrusion 

25 (such as 148and150) 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 limiting vertical excursions and for dampening motion of the 

30 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 ofthis disclosure, numerous 

changes may be made 1Wiilch will readily suggest themsel.J~~' fu 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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WHATISCLAIMEDIS: .· 

1. A s~sion for connecting a slider to an actuator·ann of a disc 

drive, the suspension comprising: 

5 a body having a proximal end for attaching the suspension to the 

10 

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 from the adjacent cushion by a 

15 predetermined distance in· the absence of a shock event 

20 

25 

30 

3. A slispension as defined in claim ·2 wherein the predetennined 

distance is approximately J 1 mils .. 

4. A suspension as defined in claim l, wherein: 

the surface comprises one ofa 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 predetennined 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 comprises a load beam and a gimbal, the load beam 

having a proximal end for attaching the load beam to the actuator ann, and the 

t \11\11\,il\\I\\ Ill\\ \\1\1 \\'\llf. 
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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 

giinbal. 

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 defmed in claim I 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 

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

13. A suspension as defmed in claim 1 wherein the suspension defines a 

longitudinal centerline, the suspension further comprising: 

a second cushion extending vertically from the body, the two 

30 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 

\ \11\llH\\I\\ Ill\\ \\1\1.\\:\11\ ·· 
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surface within the <iisc drive to limit vertical excursions and dampen torsional 

oscillations of the suspension during a shock event. 

14. A disc drive assembly having at least orie disc mounted on a hub for 

5 rotation about a spindle axis, the disc having a surface,for recording data, the disc 

drive assembly further including an actuator fQr moving an actuator arm above the 

surface of the disc and a suspension connecting a slider t() the actuator arm to 

maintain the slider substantially engaged with the disc surlace, the slider including a 

transducer for reading and writing data to the disc surface, and wherein the 

10 suspension comprises: 

a body having a proximal end attached to the actuator arm and a 

distal end attached to the slider; and 

a cushion extending vertically from the. body, the cushion: defining a 

contact smface spaced a predetermined distance from an engagement surface within 

15 the disc drive, the contact surface of the cushion contacting the engagement surface 

within the disc drive fu 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 claim 14, wherein the 

20 , engagement surface comprises a contact; surface of an adjacent 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. · 

25 

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

engagement surface comprises one of a top cover and a base plate of the disc drive. 

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

30 fonned from a viscoelastic foam material. 

\ \11111\ \1\11\ 111\11\111 \11111 
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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 of a disc; and 

means for limiting vertical excursions and for dampening motion of 

the suspension when the disc drive undergoes a shock event. 

f llllf I~ 11(011111 u./111 
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