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VISCOELASTICALLY DAMPED SLIDER SUSPENSION SYSTEM 

TECHNICAL FIELD 

The present invention relates to a suspension system for 

s the slider in a disk drive and more p~rticularl y to a 

laminated suspension system having a pattern etched into one 

of the laminated layers for creating constrained areas that 

facilitate damping of various vibrational modes in the 

system. 

10 

BACKGROUND ART 

Magnetic recording disk files t~at utilize a transducer 

mounted on a slider for reading a~d/or writing data on at 

least o~e rotatable disk are well-known in the art. In such 

15 systems, the slider is typically attached to an adtuator arm 

by a suspension system. 

The use of laminated materials for constructing slider 

suspension systems in magnetic disk files is also known in 

the art. For example, Erpelding et al., in U.S. Pat. No. 

20 4,996,623, issued February 26, 1991, disclose a suspension 

system comprised of a sheet of polyimide material sandwiched 

between two metal layers. Similarly, Ainslie et al., in U.S. 

Pat. No. 4,761,699, issued August 2, 1988, disclose a slider 
...... ;. 

attached to a laminated suspension. 

25 It is known that v~bration of the arm and suspension in 

disk drives produces undesirable effects such as 
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nonrepeatable runout of the recording element on the slider. 

One known approach to reducing such vibration is to 
.. 

incorporate a viscoelastic material into the suspension 

syst~m that supports the slider. For example, Pal et al., in 

5 U.S. Pat. No. 4, 760,478, .issued July 26, 1988, disclose a 

magnetic head support arm having a . layer of viscoelastic 

material fixed to the load bearing member for damping 

vibrations in the support arm. 

In analyzing the problem of unwanted vibrations in 

10 generalized systems, theoretical models have been developed 

for using a constrained layer and a constraining layer to 

damp' the vibrations. These. models indicate that the · 

effectiveness of the overall damping 6btained depends on the 
. . 

stiffness of the constrained layer as well as on its length. 

15 The appropriate length can be estimated in several ways, and 

both analytical and experimental methods have been used. For 

example, in a paper entitled "Damping of Flexural Waves by a 

Constrained . Viscoelastic Layer," The Journal of the 

Acoustical Society of America, vol .. 31 ( 1959), by E. M. 

20 Kerwin, the effective length of the constrained layer is 

related to the wavelength of bending waves. 

In another paper, entitled "Length Optimization for 

Constrained Viscoelastic Layer Damping," The Journal of the 

Acoustical Society of Ar.:•= r l ca, vol. 48 ( 1970}, by R. Plunkett 

25 and C.T. Lee, an effect.!.'w·e constraining layer length is 

determined for single -'1;:d mu! tiple damping layers. In 
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another paper, entitled "Viscoelasticity and Creep Recovery 

of Polyimide Thin Films," VLSI Memo 90~600, MIT (June 1990) 

by F. Maseeh and S. Senturia, the viscoelastic properties of 

thin polyimide films are characterized and measured. 

None of the prior art discloses using the constrained 

layer/constraining layer principles to solve the problem of 

unwanted vibrations in slider suspensions for magnetic disk 

drives. Furthermore, as the track density of information 

storage media, like hard magnetic disks, increases, the need 

10 for slider suspension- systems that reduce vibrations to a 

minimum continues to grow in importance. 

SUMMARY OF THE PRESENT INVENTION 

Briefly, .the preferred embodiment of the present 

15 invention is a slider suspension system for use in a magnetic 

recording disk file that utilizes a constrained layer/ 

constraining layer design to damp vibrations existing in the 

suspension system. The system includes a laminated 

suspens~on for attachment between the slider and the actuator 

20 arm, c~mprised of a conductor layer, a dielectric layer and 

a stiffener layer. The dielectric layer is comprised of a 

material that exhibits some Viscoelastic properties, like a 

polyimide, and functions as the constrained layer to damp 

vibrations arising in the stiffener layer. The conductor 

25 layer includes a pattern of land areas that act as 

constraining areas for the dielectric layer. 
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In an alternative embodiment of the present invention, 

a V-shaped tongue is formed in the conductor layer and 

stiffener layer. The tongue allows the polyimide dielectric 

layer to undergo stretching and shear, thereby damping 

5 bending and torsional modes of vibration experienced by the 

suspension system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of· a slider suspension system 

10 according to the present invention; 

Fig. 2 is a cross-sectional view of the slider 

suspension system taken along the line 2-2 of Fig. 1; 

Fig. 3 is a top view of an alte~native embodiment of .a 

slider ~uspension sys~em according to the·present invention; 

15 Fig. 4 is a cross-sectional view of the slider 

suspension system taken along the line 4-4 of Fig. 3; and 

Fig. 5 is a schematic diagram· .of a disk file that 

ut~lizes the slider suspension system according to the 

present invention. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
. . 

Fig. 1 is a top view 6i a slider suspension system 10. 

The system 10 has a slider portion 14, an arm portion 18 and 

a link portion 22 (also referred to as a load beam). A 

25 plurality of signal guard lines 25 and electrical lines 26 

are present on a surface 30 of the system 10. Each 
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electrical line 26 has a space 34 positioned along each of 

its sides so . as to prevent the electrical line 26 from 

shorting out with an adjacent electrical line 26 or iuard 

line 25. Similarly, each signal guard_iine 25 has a space 34 

5 positioned along each of its sides so as to prevent the guard 

line 25 from shorting out with an adjacent electrical line 26 

or guard line 25. The signal guard lines 25 function to 

carry unwanted electrical signals to the ground circuit of 

the disk file. These unwanted electrical signals are 

10 produ_ced by stray ele.ctromagnetic fields from the outside 

environment. 

The portions 14, 18 .and 22 designate regions of the 

system 10, but the system 10 is formed from ·one continuo4s 

piece of laminated material as is explained later with. 

15 reference to Fig. 2. 

The slider portion 14 is the part of the system 10 on 

which a read/write slider 35 is mounted. The read/write 

slider includes a trarisducer for reading and writing data on 

a medium such as a hard magnetic disk .. The electrical lines 

20 26 form the electrical connections for connecting the slider 

35 to an external system as is explained later with respect 

to Fig. 5. 

25 

The arm portion 18 is the part of the system 10 that is 

connected to an actuator arm, such as the arm 136 shown in 

Fig. 5. Typically, the arm portion 18 is attached to the 

actuator arm by bonding the arm portion 18 to the actua t•) r 
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arm along the first layer SO shown in Fig. 2. 

A pair of hinges 36 are provided between the arm portion 

18 and the link portion 22. Similarly, a hinge 37 is 

positioned at the end of the lirik portion 22 adjacent to the 

5 . slider portion 14. 

The link portion·22 includes a plurality of land areas 

38, a plurality of spaces 40 and a plurality of spaces 41, 

positioned on the surface 30 in a pattern referred to as a 

"zebra" pattern. Each land area 38 is separated from each 

10 adjaqent land area 38 by one of the spaces 40. The spaces 41 

borde~ the land areas 38 along each side of the land area 38 

not surrounded by a space 40, so that each land area 38 is 

completely surrounded)by a combination of the spaces 40 aRd 

41. 

15 The shape of the land areas 38 is not critical, but 

typically each land area 38 is a multisided enclosed region. 

As is shown in Fig. 1, some of the sides of the land area 38 

can be curved. Other shapes such as circles, polygons, 

squares, rectangles and trapezoids coul.d also be used for the 

20 land areas 38. 

A second set of land areas 43 and spaces 44 and 45 are 

positioned about a centerline 46 which lies along the 

longitudinal axis of the system 10. Each land area 43 is a 

mul t.isided enclosed .•region that is separated from each 

2S adjacent land area 43 by one of the spaces 44. The spaces 45 

border the land areas 43 along each side of the land area 43 
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not surrounded by a space 44, so that each land area 43 is 

completely surrounded by a combination of the spaces 44 and 

45. 

Xn the preferred embo~iment, some of the l•nd areas 38 

5 (labelled "a" in Fig. 1) are positioned about an axis 47 that 

passes near the anchor site 36 and bisects two or more of the 

10 

15 

land areas 38(a). Each of the land areas 38(a) are 

multisided regions that are slightly curved about the axis 47 

and are surrounded on all sides by either the spaces 40 or 

the spaces 41. The land areas 38(a) have a width "c" 

measured along a line that perpendicularly bisects adjacent 

land areas 38 (i.e. in the direction of the axis 47). Also, 

in the preferred embodiment one of the spaces 41 runs along 

an edge 48 of the system 10. · The spaces 40 intersect the 

space 41 that runs along the edge 48. An axis 49 runs 

through the two hinges 36 and is perpendicular to the 

centerline 46, and an axis st runs through the hinge 37 

perpendicul~r to the ceriterline 46. 

Fig. 2 is a cross-sectional view of the slider 

20 suspension system 10 illustrating that the system 10 is a 

laminated structure comprised of a first layer SO, a second 

layer 54 and a third l.:t y~ r 58. The first layer 50 is 

positioned adjacent to on·~ surface of the second layer 54. 

The third layer 58 is i ;;;itioned adjacent to a different 

25 surface of the second l .. y•: ~- 54 so that the second layer 54 

separates the first lay~~ 5~ and the third layer 58, with the 
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layers 50, 54 and 58 all lying in planes that are parallel to 

each other. 

As can be seen in Fig. 2, the land areas 38 are regions 

of the third layer 58 that are roughly rectangular in cross 

5 section, and that are separated from each adjacent land area 

38 by one of the spaces 40. The spaces 40 extend down to the 

second layer 54 so that the second layer 54 is exposed 

through the space 40. 

Representative dimensions and compositions for the 

10 various elements illustrated in Figs. 1 and 2 are as follows: 

The spaces 40 and 44 have a width "b" of approximately .05 to 

.1 millimeters. The land areas 38 and 43 have the width "c" 

of approximately 0.4 millimeters .. The. first layer SO has •a 

thickness "w" of approximately . 051 millimeters and comprises 

15 a rigid material such as stainless steel. The second layer 

54 has a thickness "x" of approximately .006 millimeters and 

comprises a viscoelastic dielectric material such as a 

polyimide. The third layer 58 has a thickness "y" of 

approximately . 0127 millimeters and comprises an electrically 

20 conducting material such as a high strength beryllium copper 

alloy. 

25 

It should be appreciated that the values listed above 

are dependent on the particular pattern of the land areas 38 

and 43, and spaces 40, 41, 44 and 45, and on the materials 

used in the layers SO, 54 and 58. For different systems, 

different values.will need to be determined. 
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The land areas 38 and 43, and the electrical lines 26 

and signal guard liries 25 are for~ed by etching the surface 

30 using standard metal etching techniques. For example, 

when the third layer 58 comprise~ beryllium copper, the layer 

5 58 is etched with ferric chloride. The etching process 

. removes metal from specified regions, thereby forming the 

spaces 34, 40, 41, 44 and 45 that define the electrical lines 

26, the signal guard lin~s 25 and the land areas 38 and 43. 

With respect to the spaces 34, 40, 41, 44 and 45, metal 

10 from the third layer 5~ is completely removed by the etching 

process leaving the second layer 54 exposed through the space 

34, 40, 41, 44 or 4 5. In practice, a typical chemical 

etching process will not form a groove having the perf ett 

rectangular shape illustrated in Fig. 2 for the spaces 40. 

15 Actual grooves formed by a chemical etching process are 

slightly rounded or tapered as is well-known in the art. 

In the.preferred embodiment, the first, se~ond and third 

layers 50, 54 and 58 initially comprise a continuous sheet of 

laminated material· of beryllium·copper/polyimide/stainless 

20 steel Laminate. A plurality of slider suspension systems 10 

are then manufactured from the sheet of laminate. The 

preparation of metal-polyimide film laminates is described by 

St. Clair et al. in U.S. Pat. No. 4,543,295 (issued Sept. 24, 

1985). 

25 Fig. 3 is a top view of an alternative embodiment of a 

slider suspension syster.i 70. The system 70 has a s 1 i de r 
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portion 74, an arm portion 78 and a link portion 82. A 

plurality of electrical lines 86 and signal guard lines 87 

are present on a surface 90 of the system 70. Each 

electrical line 86 is separated from each adjacent electrical 

5 line or guard line 87 by a space 94 so as to prevent the 
• 

electrical line 86 from shorting out with an adjacent 

electrical line 86 or guard line 87. Similarly, each signal 

guard line 87 has a space 94 positioned along each of its 

sides so as to prevent the guard line 87 from shorting out 

10 with .an adjacent electrical line 86 or guard line 87. A V-

shaped tongue 98, having a length "L," is formed on the 

surface 90 by cutting a V-:shaped channel 102 around the · 

perimeter of the tongue 98. 

Fig. 4 is a cross-sectional view of the slider· 

15 suspension system 70 illustrating that the system 70 is a 

laminated structure comprised of a fiist layer 106, a second 

layer 110 and a third layer 114. The first layer 106 is 

positioned on one surface of the second layer 110. The third 

layer 114 is positioned on a different-suiface of the second 

20 layer ~10 so that the second layer 110 separates the first 

·layer 106 and the third layer 114, with the layers 106, 110 

and 114 all lying in planes that are parallel to each other. 

As can be seen. in Fig. 4, the channel 102 is a region 

around the tongue 98 where the third layer 114 has been 

25 removed so that the second layer 110 is exposed. Also, a 

portion of the· first layer 106 underneath the channel 102 i~ 
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removed exposing the second layer 110 and forming a tapered 

channel 118~ Thus, the second layer 110 is exposed on both 

sides of the channel 102. The channel 118 follows the shape 

of the channel 102 all around the perimeter of the tongue 98 

5 and so also has the V-shape of the channel 102. 

Representative dimensions and compositions for the 

various elements illustrated in Figs. 3 and 4 are as follows: 

The channel 102 has a width "f" of approximately 0.4 

millimeters and th~ length "L" is approximately 6.3 

10 millimeters. The layers 106, 110 and 114 are analogous to 

the layers SO, 54 and 58 and have the same dimensions and 

compositions so that the first layer 106 has a thickness "g" 

of approximately . 051 millimeters and comprises a rigid 

material such as stainless steel. The second layer 110 has 

15 a thickness "h" of approxima~ely .006 millimeters and 

comprises a viscoelastic dielectric material such as a 

polyimide. And the third layer 114 has a thi~kness "k" of 

approximately . 0127 millimeters and comprises an electrically 

conducting material such as a beryllium copper alloy. 

20 I~ should be appreciated that the values listed above 

25 

are dependent on the particular pattern of the tongue 98 and 

channels 102 and 118, and on the materials used in the layers 

106, 110 and 114. For different systems, different values 

will need to be determined. 

The tongue 98 and the electrical lines 86 and guard 

lines 87, are ·formed by etching the surface 90 using standard 
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metal etching techniques as was discussed previously with 

respect to the suspension system 10. The etching process 

removes metal from specified r~qions, thereby forming the 

spaces 94 and the channel 102 that define the electrical 

5 lines 86, guard lines 87 and the tongue 98. 

10 

With respect to both the spaces 94 and the channel 102, 

metal from the third layer 114 is completely removed by.the 

etching process leaving the second layer 110 exposed through 

the spaces 94 or the channel 102. The channel 118 is also 

formed by chemical etching. The channel 118 has a tapered 

shape (i.e. it is wider at its bottom then it is adjacent to 

the second layer-110) because of the etching process. Wheri 

a thick layer of metal, such as the layer 106 is etched, the 

resulting groove typically has a slight tapered shape. 

15 Fig. 5 is a schematic diagram of a magnetic recordi?q 

disk file 120 that utilizes the slider suspension systems 10 

or 70 of the present invention. It should be appreciated 

that the suspension systems 10 and 70 could also be used with 

other data storage systems that require a vibration 

20 rninimiz.ing transduce:i; suspension system, such as floppy disk 

drives, optical drives or compact disk players. 

The disk file 120 comprises a plurality of magnetic 

recording disks 124 su1~_.i?;l•~ for use in hard disk drives. 

The disks 124 are mount"-':'! on a spindle shaft 128 which is 

25 connected to a spindle ~ut0r 130. Motor 130 ·is mounted to a 

chassis 131. 

SA993011 12 



iif ili1ii1Mlf 
The plurality of read/write sliders 35 are positioned 

over the disks 124 such that each disk 124 can be accessed by 

one of the sliders 35. Each of the sliders 35 includes a 

transducer for reading and writing data on a plurality of 

5 concentric data tracks on the disks 124 and are attached to 

one of the suspension systems 10 (or 70). Each of the 

suspension systems 10 (or 70) are attached to an actuator arm 

136 which is attached to a rotary actuator 140. The rotary 

actuator 140 moves the actuator arm 136 (and hence the 

10 suspension system 10 6r 70 and the slider 35) in a radial 

direction across the disk 124. An enclosure 144 (shown by a 

dashed line in Fig. 5) seals the disk file 120 and provides 

protection from particulate contamination. 

15 

A controller unit 148 provides overall control to the 

system 120. The controller unit 148 contains a central 

processing unit (CPU), memory unit and other digital 

circuitry and is connected t~ an actuator contrql/drive unit 

152 which in· turn is electrically connected to the actuator 

140. This allows the controller 148 td control the movement 

20 of the sliders 35 over the disks 124. The controller 148 is 

electrically connected to a read/write channel 156 which in 

turn is electrically connected to the sliders 35. This 

allows the controller 148 to send and receive data from the 

disks 124. The controller 148 is electrically connected to 

2 5 a spindle control/drive unit l GO which in turn is 

electrically connected to the spindle motor 130. This all0~s 
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the controller 148 to control the rotation of the disks 124. 

A host system 164, which is typically a computer system, is 

electrically connected to the controller unit 148. The host 

system 164 may send digital data to the controller 148 to be 

5 stored on the disks 124, or may request that digital data be 

read from the disks 124 and sent to the system 164. The 

basic operation and structure of data storage systems, such 

as the disk file 120 (without the suspension systems 10 or 

70), is well-known in the art and ~s described in more detail 

10 in Magnetic Recording· Handbook, c. Dennis Mee and Eric D. 

Daniel, McGraw - Hill Book Compani (1990). 

Referring now to Fig. S, the problem addressed by the 

present invention can be explained.. The vibration of the 

arms 136 and the suspension system 10 (~r 70) in the disk 

15 file 120 produces the undesirable effect of increasing the 

nonrepeatable run out (NRRO) of the recording element of the 

sliders 35. This effect limits the track density and 

capacity of the.disk file 120. 

In the disk file 120, the vibration of the arms 136 and 

20 suspension system 10 is excited by the vibration of the disk 

spindle 128, the motion of the actuator 140 and particularly 

the air flow inside the enclosure 144. The amplitude of the 

vibration and, therefore, the NRRO amplitude, is proportional 

to the degree of excitation. Additionally, the frequency 

25 content of the excitation ~ource is 6f importance. If an 

excitation frequency is close to a suspension assembly 
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natural frequency, the amplitude of vibration will be 

inver~ely proportional to the amount of damping. A system 

with very small damping in a particular mode will have a 

large amplitude if_ some driving frequency lies close to its 

5 natural frequency. Usually the air flow excites all 

frequencies of the suspension 10 (or 70). Then, to lower the 

NRRO, it is desirable to have high damping p~rticularly in 

the modes that have significant contribution the NRRO. It is 

also desirable to have a design with high natural frequencies 

10 and rigidity, with low coupling between the suspension and 

slider motion and less sensitivity to the excitation source. 

Referring now to Figs. 1 and 2, t.he functioning of the 

preferred embodiment of the present invention can ce 

explained. The suspension system 10. is· comprised of the· 

15 three layers SO, 54 and S8. The first layer SO is a 

stiffener layer that gives rigidity to the system 10 and is 

the structure that needs to be damped. The se~ond layer 54 

is a constrained layer that is constrained by the third layer 

58. The second layer. 54 is compiised of a polyimide 

20 dielect-ric material that functions as an electrical insulator 

between the first layer SO and the third layer 58, and that 

also has viscoelastic properties. Viscoelastic means that 

the stress in a deformed material is ~roportional to both the 

deformation and the rate of deformation. Viscoelastic 

25 materials ~lso exhibit creep and relaxation behavior. Creep 

means that under constant stress the deformation increases in 
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time. Relaxation means that under constant fixed deformation 

the stress decreases steadily in.time. 

The third layer 58 . is comprised of an electrically 

cond':J.cting material, such as a high strength copper alloy 

like beryllium copper. The third layer 58 is preferably 

comprised of copper because the electrical lines 26 need to 

function as efficient electrical conductors. The alloy is 

preferably high strength because the high mod~lus provides 

high stiffness which enhances the constraining layer's 

10 ability to transfer strain energy into the second layer 54. 

15 

Also, the hinges 36 and 37 carry the preload applied to the 

slider 35 and thus undergo high stress. Additinnally, such 

alloys are more stable under stress which means preload ~s 

not lost. 

The pattern of the land areas 38 and 43 and the spaces 

40, 41, 44 and 45 functions to dampen the bending modes of 

the suspension system 10 by providing regions in which the 

second layer 54 can undergo shear. When the suspension 

system 10 undergoes bending vibrations, the material of the 

20 first ;layer 50 undergoes cyclic deformation. Since the 

second layer 54 is bonded to the first layer 50, this 

deformation is transmitted into the bottom surface of the 

material comprising the second layer 54. 

In regions where the second layer 54 is covered by a 

25 land area 38, the top. surface of the second layer 54 is 

constrained from deforming beyond' what th~ stiffness of land 
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area 38 allows. Therefore, layer 54 ii sheared across jts 

thickness. Shear motion inside the layer 54 absorbs energy 

of the system thereby damping the modal motion of the 

suspension system. 

5 The function of the spaces 40 and 44 is to maintain the 

width "c" of the land areas 38 and 43 at some optimum value. 

For example, if the spaces 40 and 44 did not exist, the width 

"c" would be large and the land areas 38 and 43, 

respectively, would become too flexible to function 

10 effici~ntly as a consiraining layer. On the other hand, if 

the width ~c" of the land areas 38 and 43 is too narrow, the 

region covered by these land· areas would be small and no 

constraining effect would exist. In either case, less 

damping would occur.· Basically; the width "b" of the spaces 

15 40 is chosen to be as narrow as possible while still 

maintaining a discrete separation between adjacent land areas 

38. 

The "zebra" pattern of land areas 38 depicted in Fig. 1 

is aimed at damping the bending arid tbrsional modes of the 

20 suspension system 10. To damp these modes, some of the land 

areas 38 are positioned about the axis 47 which runs 

perpendicular to the cu rv.-1 tu re of the land ar.eas 38, and 

passes close to one o t t.li•: hinges 36. This orientation 

presents the optimized l -1:~'! width "c" to the maximum amount 

2 5 of deformation. 

In the land are as J ... , .ind 4 3, the width "c" is optimized 

SA993011 17 



to produce the highest damping. ·If the width "c" is too 

large, the land areas 38 will be stretched by the second 

layer 54. On the other hand, if the width "c" is too small, 

very little of the second layer 54 will be constrained. In 

5 either of these cases, the amount of damping obtained will be 

smaller than is possible with some optimized value for the 

width "c." 

An approximate technique for determining an optimum 

value for the width "c" utilizes equation l below where Es = 

10 elastic modulus of copper~ 1.279 x 10 8 ; E1 =viscous modulus 

of polyimide = 1.2 x 10 6 ; x = second layer thickness = .006 

mm; y = third layer width= .0127 mm; and u =Poisson modulu~ 

of polyimide = 0.34: 

15 

20 

( l ) 

Once an approximate value for the width "c" has been 

calculat~d, the width "c" can be optimized by constructing 

prototype systems 10 and measuring t·he amount of damping 

obtained for various configurations. 

"c" is in the range of .1 to .8 mm. 

Generally, the width 

Referring to Figs. 1 and 5,_ the pair of hinges 36 are 

provided between the arm portion 18 and the link portion 22 

to allow link portion 22 to pivot around axis 49 and thus 

2 5 al low the slider 35 and the slid er portion 14 to closely 

follow disk runcut without disturbing flying height betwc~n 
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slider 35 and disk 124. The hinges 36 are part of the third 

layer 58 and are positioned along axis 49 to produce a 

preload on slider 35. This preload forces the slider against 

the disk 124 and is balanced by the air bearing force 

5 produced by the rotation of disk spindle 128 that tends to 

separate the slider 35 from the disk 124. The portions of 

the electrical lines 26 and guard lines 25 located between 

the hinges 36 and arm portion 18 and link portion 22 is 

flexible enough so that they do not af feet the angle of 

10 hinges 36. Furthermore, the bending stiffness of t·he link 

portion 22 around the axis 49 depends mostly on the hinges 

36. 

The hinge 37 allows the slide·r portion 14 to pitch 

around the axis 46 and roll ~round the ·axis 51. The portioris 

15 of electrical lines 26 and guard lines 25 located on bot~ 

sides of hinge 37 and between link portion 22 and slider 

portion 14,. are flexible enough to make the ben4ing stiffness 

of the slid~r portion 14 around the axes 46 and 51 mostly 

dependent on the stiffness of hinge 37: The length and width 

20 of hinqes 36 and 37 are appropriately chosen to provide the 

slider portio~ 14 with adequate stiffness in bending and 

displacement away from its plane, thus making the slider 35 

fly at the· desired flying height and keeping it as constant 

as possible. Dynamic response and natural frequencies of the 

25 suspension are also deterra1ned by the hinge stiffnesses. 

Referring, to. Figs. J and 4, the functioning of the 
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alternative embodim~nt can be explained. During operation of 

a disk drive, the bending and torsional modes of the 

suspension system 70 cause the system 70 to bend and twist. 

However, the shape of the tongue 98 allows it to remain 

5 relatively flat during this motion, thereby causing the part 

of the second layer· 110 that lies under the tongue 98 to 

undergo stretching and shearing motions. A narrow width "f" 

favors shear in the second layer 110.while a wider width "f" 

produces more stretching. 

10 ·An approximate technique for .determining an optimum 

value for the length "L" utilizes equation 2 below where f = 

0.4 mm: 

15 

Once an approximate value for the length "L" has been 

calculated, "L" can be optimized by constructing prototype 

systems 70 and measuring the amount of damping obtained for 

various configurations to yield an optimized value. 

20 Generally, a short length "L" will produce little damping, 

but a longer length "L" will deteriorate the suspension 

dynamics of the system 70. 

The V-shape of the tongue 98 is chosen because this will 

minimize the reduction in stiffness in the suspension system 

25 70 while giving maximum stiffness to the tongue 98. Th·~ 

maximum stiffness in the tongue 98 and suspension system ;o 
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is achieved when each of these elements have the wiaest oase 

possible. 

Al though the present invention has been described in 

terms of the presently preferred embodiment, it is to be 

5 understood that such disclosure is not to be interpreted as 

limiting. Various alterations and modifications will no doubt 

become apparent to those skilled in the art after having read 

the above disclosure. Accordingly, it is intended that the 

appended claims be interpreted as covering all alterations 

10 and modifications as fall within the true spirit and scope of 

the invention. 
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CLAIMS 

What is claimed is: 

1 l. A suspension system for supporting a data transducer 

2 compri~ing: 

3 a laminated section comprised of a first layer, a second 

4 layer and a third layer; and 

5 a plurality of land areas in the third layer that 

6 constrain a plurality of regions in the second layer, whereby 

7 the plurality of regibns in the second layer dampen at least 

8 one vibrational mode of the suspension system. 

1 2. The suspension system of claim 1 wherein each of the 

2 plurality of land areas comprises a multisided region of ttte 

3 third layer surrounded on all sides by a space that exposes 

4 the second layer. 

1 3. The suspension system of claim 2 wherein each of the 

2 plurality of land areas has a width in the range of 

3 approximately O. 1 to O. 8 millimeters. · 

1 4. The suspension system of claim 1 wherein the second layer 

2 comprises a viscoelastic material and the third layer 

3 comprises an electrical!~ conducting material. 

1 5. A suspension sys:~~ for supporting a read/write 

2 transducer ~n a disk driv~ comprising: 
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3 a laminated section comprised of a first layer, a second 

4 layer and a third layer; and 

5 a plurality of land areas, with each of the plurality of 

6 land areas comprising a multisided region of the third layer 

7 surrounded on all sides by a space that exposes the second 

8 layer. 

1 6. The suspension system of claim 5 wherein each of the 

2 plurality of land areas is comprised of a high strength 

3 copper alloy and has ~ width in the range of approximately 

4 0.1 to o.a millimeters. 

1 7. The suspension system of claim .s wherein a plurality o'f 

2 the multisided regions have at least one curved side that is 

3 bisected by _an axis running perpendicular to two or more of 

4 the land areas. 

1 8. A suspension system for supporting a read/write slider in 

2 a magnetic disk drive comprising: 

3 a -laminated member comprised of a stiffener layer, a 

4 dielectric layer and a conductive layer, the laminated member 

5 having a first end on which a read/write slider is mounted 

6 and a second end which is attached to an actuator means for 

7 advancing the read/write slider to a position over a magnetic 

8 disk; and 

9 a plurality of land areas, with each of the plurality l)f 
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10 land areas comprising a multisided region of cne conductive 

11 layer having a width in the range of approximately 0.1 to 0.8 

12 millimeters and surrounded on all sides by a space that 

13 exposes the second layer. 

1 9. The suspension system of claim 8 wherein the dielectric 

2 layer comprises a polyimide and the conductive layer 

3 comprises a high strength copper alloy. 

l 10. A suspension system for a disk drive comprising.: 

2 a first layer comprised of a rigid material; 

3 a second layer comprised of a damping material overlying 

4 the first layer; and 

5 a third layer co~prised of an electrically conductive 

6 material overlying the second layer, the third layer having 

7 a plurality of land areas which are completely surrounded by 

8 a pluralitv of apertures which extend from the second layer 

9 to a surface of the third layer opposite the second layer and 

10 not in contact with the second layer. · 

1 11. The suspension system of claim 10 wherein each of the 

2 plurality of apertures comprise etched slots. 

1 12. The suspension system of claim 11 wherein two or more of 

2 the etched slots intersect an outer edge· of the third layer. 
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1 13. The suspension system of claim 10 further comprising a 

2 means for mounting a transducer. 

1 14. A suspension system for a disk drive comprising: 

2 a support member; 

3 a transducer member; 

4 a connecting member for connecting the transducer member 

5 to the support member, the connecting member comprising a 

6 first layer of a rigid material, a second layer compris~d of 

7 a damping material over! ying the first layer, and a third 

8 layer comprised of an electrically conductive material 

9 overlying the second layer, the third layer having a 

10 plurality of land areas which are completely surrounded b~ a 

11 plurality of apertures which exten~ from the second layer t6 

12 a surface of the third layer opposite the second layer and 

13 not in contact with the second layer; 

14 a data storage medium proximate the transducer member; 

15 and 

16 a means for moving the support member relative to the 

17 data storage medium. 

1 15. The suspension system of claim 14 wherein two or more of 

2 the apertures intersect an outer edge of the third layer. 

1 16. A su~pension system for supporting a read/write 

2 transducer in a disk drive comprising: 
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3 a laminated member comprised of a second layer 

4 positioned between a first layer and a ~bird layer; and 

5 a first V-shaped channel positioned in the third layer 

6 through which the second·layer is exposed. 

1 17. The suspension system of claim 16 wherein the third 

2 layer is ·comprised of a high ~trength~cci~~er alloy and the \.<' ..... 
first V-shaped i::{liannel has a widtl'l..,;Jit the range of 

~r. · millimeters. ·,.JJ.£11~'.~ 
approximately O. 4 ·1.i:~Q'~~ 

3 

4 

1 18. The suspension system of claim 16 further including a 

2 second V-shaped channel, the second V-shaped channel bein~ · 

3 formed in the first layer directly unde.rneath the first V-

4 shaped channel with the second layer being positioned between 

5 the first V-shaped channel and the second V-shaped channel. 

1 19. A suspension system for a disk drive comprising: 

2 a support member; 

3 a transducer member; 

4 a ~onnecting member for connecting the transducer member 

5 to the support member, the connecting member comprising a 

6 firs~ layer of a rigid material, a second layer comprised of 

7 a damping material overlying the first layer, and a third 

8 layer comprised of an electrically conductive material 

9 overlying the second layer, the third layer having a V-shaped 

10 channel positioned in the third layer t_hrough which the· 
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11 second layer is exposed; 

12 a data storage medium proximat~ the transducer member; 

13 and 

14 a means for moving the support member relative to the 

15 data storage medium. 
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