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TECHNICAL FIELD
_ The present invention relates to a suspénsion system for
_the slider in a disk_ drive and ‘more particularly to a
laminated suspénsion systeﬁ having a pattern etched into one’
of the laminated layers for.creating constrained areas that
facilitate damping of various vibra;ional ‘modes in the

system.

BACKGROUND ART

Magnetic recording'disk files that utilize a transducer

- mounted on a slider for reading and/or writing data on at

least one.rotatable disk aré well-known in ghe art. In such
systems, the slider i§:£ypiCaliy attached to an actuator arm
by a suspension'sySteﬁ.

The use of 1éminated materials for constructing siider
suspension systems in magnetic disk files is élso known in
the art. For example, Erpelding et al., in U.S. Pat. No.
4,996,623, issued February 26, 1991, disclbse a sﬁspension
system comprised_of a éhéet of polyimide material sandwiched
between two metal layers. Similarly, Ainslie et al., in U.S.
Pét. No. 4,761,699, issued.August 2, 1988, aisclose a slider
attaéhed to a laminated suspension.

It is known that vibration of the arm and suspension in

'disk drives produces undesirable effects such as
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"BACKGRCUND ART Magnetic recording disk files that uﬂhksmeH&sBachlmmd
transducer nounted on i‘gl | der for reading and/or Iti ng mlll ﬂ
S

Ieast one rotatable disk are well-known in the art. In suc
slider is typically attached to an actuator arm by a suspen5| on sy

The use of | agiRled sFalAl %h%of&r 0@0RAk" ¥eldloHd ity d9lemetitS w&mn s3 %teer”B
in magnetic disk files is also known in the art. For exanple, Erpel I ng et

al ., in US Bae Noownd, QPprodLh i ssdieded@bé gy 26ch1991brdie3eh0sgsd to
suspensi.on. system conprised of a sheet of polyinide material sandw ched
bet ween two nmehebrpayerte Si nviﬁdsbylaé\tﬂel lxsaeérﬁél intd). The suspension
system that supports the slider. For example, Pal et al., in
5 U.S. Pat. No. 4,760,478, issued July 26, 1988, disclose a
magnéti; head support arm haQing a layer of viscoelastic
material fixed to the ioad bearing member for damping
vibrations in the support arm.
In analyzing the problem of 'unwanted vibrations in
10 gene:alized systems, theoreticél models have been developed
for using a coﬁstrained layer and a constraining layer to
damp ' the vibfations. These models indicate that the-
effectiveness of the overall damping obtained depends on the
étiffness.of thé consﬁrained léyef as well as on its length.
15 The appropriate length éan be estimated in several wafs,.and
both analytical and gxperimental metﬁodé have been used. For
example; in a paper entitled ?bampipg of Flexural Waves.by.a
Constrained . Viscoelastic Layer,"  The Jou?nal of the
Acdustical 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 énother paper, entltled "Length Optimization for
-Constrained Vlscoelastlc Iayer Damplng," The Journal of the
Acoustical Society of America, vol. 48 (1970), by R. Plunkett
25 and C.T. Lee, an effect:ve qonstraihing layer length is

determined for single =2id multiple damping 1layers. In

to
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Pat, No. 4,761,699, issued August 2, 1988, disclose a sIT la
~ lamnated suspen5|on(f It is known that V|br i on of "E l
- suspension in disk “drives pr oduces undesir bIe

REPLACEMENT SHEET -2 - nonrepeatable
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reduci ng

such vibration is to incorporate a viscoelastic naterlal

t he suspensf dplyimide Thin Films,"” VLSI Memo 90-600, MIT (June 1990)
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by F. Maseeh and S} Senturia, the viscoelastic properties of
thin polyimide films are characterized and measured.

None of the prior art diﬁcloses using the conétrained
layer/constraining iayer pringiples to solve the problem of
unwanted vibrations in slider suspehsions for magnetic disk
drives. Furthermore, és the track denSity of information
storage media, like hard magnetic disks, increases, the need
for slider suspension-systems ﬁhat reduce vibrations to a

minimum continues to grow in importance.

SUMMARY OF THE PRESENT INVENTION | '

‘Briefly, .the preferred embodiment of the present
invention is a slider suspension system for use in a magnetic

recording disk file that wutilizes a constrained layer/

constraining layer design to damp vibrations existing in the

suspension system. The system includes_ a laminated
suspension for attachment between the.slider and the actuator
arm, comprised of a conductor iayef, a dielectric layer and
a stiffener laYér. The.dielectric layer is comprised of a
material that exhibits séme visgoelastic properties, like a
polyimide, and_functions:as1the constrained layer to damp
vibrations arising in the stiffener layer. The cohdﬁctor
layer includes a' pattern. of land_ areas that act as

constraining areas for the dielectric laver.
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System that supports the slider. For exanple, Pal et al., | This SHeebHadHden Ré¥Riced.
4,760,478, issued July 6, 1988, disclose a nagnet € head s

having" a | ayer of viscoetastic naterial fixed tot | oad b _

for danping vibrations in the support arm I'n anal yzi ng-t

of unwanted vi brat},png, i {y + SE0LE B d ZEAbSASHERE oENERLCLIeAe JTOAG] Fe J1AY,

been devel oped for using a constrained |ayer and a constraining layer to

danp the vVidrgtsaaped ddpgee NMRAeksrmbAdi Gat &nd habndubeoref { ¢LEVENRSS
of the .overall danping obtained depends on the stiffness of the

constrai ned |syeffefe Maldyeds. Ohiet Tolnghi@t B11ok3e thRPpORiidiifld NG Nk Cawy be
estimated in several ways, and both analytical and experinental nethods
have been usehyd®r 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 1is a top view of 'a slider suspension system
10 according to the present invention;'
Fig. 2 1is 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_emhodiment of.a
slider suspension system according to the present invention;
15 | Fig. 4 1is a cross-secﬁionai view of the slider
suspension sysfem taken along the line 4-4 of Fig. 3; and
Fig. 5 is a schemapic diagram of a disk file that
utilizes the slider suspension system accogding to the
present invention.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 is a top view 6f 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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exanple, in a paper entitled "Danping of Flexural Vaves by Tis$ 1
i sce Layer, gﬁe Journal of the Acous cal Soc
/ a, .. 31 (1959 by EM Kerwin, the effe tive Ien

~constrained layer is related to the mavelength of bendi ng waves.
anot her paperelestrnitdaeeld I'ireng26 Epsla1EQHQﬁ1SQNPOSDnsDnadne@OVBS@@@mnnﬁc

Anerica, vol
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shorting out with an adjacent electrical 1liné 26 or guard
iine 25. Similarly, each signal guard;Iine 25 has a space 34
positioned along each of its sides so as to prevent the guard
line 25 from shorting out wiﬁh an adjacent electrical line 26
or ghard.line 25. The signal guard lines 25 function to
carry.unwanted electrical signals to the ground circuit of
the disk file. These unwanted eléctrical signals ‘are
produced by stray electromagnetic fields from the outside
environment. |

The portions 14, 18 .and 22 designate regions of the
system 10, but the systém 10 is formed from one continuouys
piece of laminafed material as is explained later with,
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 transducer for reading and writing data on

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

26 form the electrical connections for connecting the slider

aced

The Journal of the Acoustical Society of Anerica, vol. 48

35 to an external system as is explained later with respect

to Fig. 5.

The arm bortidn 18 is the part of the system 10 that is
connected to an actuator afm, such és'the arm. 136 shdwn in
Fig. 5. Typlcally, the arm portion 18 is attached to the

actuator arm by bondlng the arm portlon 18 to the actuator

SA993011 L 5



-*'3- ~anot her paper, entltled "Viscoelasticity and Creep R cmggmetmjgeenReplmd

Poly|n1de Thin Filns, | Meno 90-600, MT (June 0) by
S. -Senturia, the vi scoelsti c. properties of thin pyimni
characterized and neasur ed. None of .the prior art dISC|

constrai ned ggxeg&gggsgﬁglthgthgggrp@dugﬂg¢§ {9 pplvesthe problem(ﬁ

unwanted vi brations 1n s suspensi ons for magnetic disk drives.
Furthernore, as thg paaeks fansides ofs Ia&feob%w%d plerRes Bl arnl bEEtfi%d

magnetic disks, increases, the need for slider suspension systens t
reduce vi bratugnsarhp fhe link portion 22. Similarly, a hinge 37 is
positioned at the end of the Iink_portion 22 adjacent to the
S .slider portibn 14.
The link portion'zz.includes a plurality of land areés
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 adjacent land area 38 by one of ﬁhe spaces 40. - The spaces 41
border 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 surroundedxb& a'combina;ion of the spaces 40 and
41.

15 : The éhape 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 circlés, polygons,
squares, rectangles and trapezoids could also be used for the’
20 land areas 38.

A second sé; of'land areas 43 and spaces 44 and 45 are
positioned aboﬁt a centerline 46 which lies aloné_ ﬁhe

| longitudinal axis:of the system 10. Eaéh land area 43 is a
nultisided enclosed  region that is separated from each

25 adjacent land.area'43_by oné_of the spéces 44, The spaces 45

border the land areas 43 along each side of the land area 43

SA993011 ' 6



PRESENT | NVENTI ON riefly, the preferred enbo ment of the present

i nvention is a slider suspension systemfor use in magnetic recording
disk file that -utilizes a constrained, |layer/ constraining |ayer
‘design to danpowi buatbonseaxbgt |ang;p|an:etmax ssspenstoBachydtadd aredhes is
system i ncludes a |lamnated suspension for attachnent between the
slider and theompletedy Sarrpunéapr byed SOMpigGtdrn RE |eyerspaces efecanilc
| ayer and a stiffener layer. The dielectric layer is conprised of a

mat eri al that4®xhibits some viscoelastic properties, like a

mi ni mum conti nues to grOé in inportance. SUMVARY-OFTHE

In the preferred embodiment, some of the land areas 38

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

passes near the anchor sité 36'and-bisects two or more of the

land areas 38(a). ~ Bach of the 1and. 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

10 thé spaces 41. The land areas 38(a) have ‘a width "c"

measured along a 1ine that perpendicularly bisects adjacent

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

in the preferred embodiment one of ;he spaces 41 runs aloqg

én edge 48 of the system 10. 'The Spaces 40 intersect the

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

through the two hinges 36 and is perpendicular. toi the

centerline 46, ahd.an axis Si.runs through the hiﬁge 37
pérpendicular to the centerline 46. |

Fig. 2 1is a <cross-sectional view of the slider

20 suspension system 10 illustrating.that the system 10 is a

laminaged structure comprised of a first layer 50, a second

layer 54 and a third layer 58. Théeé first layer 50 is

positioned adjacent to one surface of the second layer 54.

The third layer 58 is | :sitioned adjacent to a different

25 surface of the second l.y«r 54 so that the second layer 54

separates the first layer 7 and the third layer 58, with the

SA993011 S 7
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pol yi'mide, and functions as the constrained |ayer to danp Agﬁa%gﬁlmmd
arising in the stiffener(fayer The conductor lay€r .in

pattern of land areas "t hat act as constrainin ar'eas “ ﬁﬂ‘“&“\“‘\\

- dielectric |ayer. '

REPLACEMENT SHEET n an alternative
enbodi nent of Pﬁérﬁr 8fent i AVEn1§ At g\?%ﬁdbé’c}ﬂ%&é‘aﬁ ?nfeoPﬁE&q et tPhe
conduct or Iaé t%e stiffener layer. The tongue allows the polyinide

£0 undergo stretching and shear, thereby danping '

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

of the third layer 58 that are roughly rectanéular in cross
5 section, and that are separated from each adjacent land area
38 by one of the spaces 40.._The spaces 40 exﬁend 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 elemernits illustrated iﬁ Fiés. 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 aﬁd 43 have the width "c"
of approximateiy 0.4 hillimeters. .The. first laver 50 has 'a
.thickness "w" of appfoximately .051 millimeters and comprises
15 a rigid material such as stainless steel. The second layer
54 has a thicknesg "x" éf approximately .006 millimeters and
comprises a Viscoelastic ‘dielectric material such .as a
polyimide. ~ The third iayer ‘58 has a thickness "y" of
approximately .0127.millimeters and comprises an electrically
20 conducting material such as a high strength beryllium copper
_alloy..
It should be appreciated that ﬁhe 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
25. used in the layers 50, 54 and 58. For different systens,

different values will need to be determined.
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bendi-ng. and torsional nodes of vibration experienced by the ! Ig)eenRe laced
syst eni . | EF DESCRI PTI ON OF THE DRAWNGS

top view of a slider suspension system according tosthe presi m ﬂ
Fig. 2 is a cross-sectional vi ew of the sI ider suspension sy

along the line 2-2 of Fig. S top view of an alternative
enbodi nent of a sFP&eP%ﬁérﬁﬂ%rP%y%‘?‘énﬁéccéPdl rYgﬁ‘echltG}fét{ﬁ‘"e%hn@lnes 26

i nventi on; cr.ass-sectional_view of the der ‘suspensi on

syst em t aken 3P8n§ gﬂé&i f’H@rﬁl A5 SFi%y. aFe aﬁﬁjrmed b¥; ﬁtc’%l{‘g §cﬁ8ﬁ§tai°6

di agram of a ngK HUéaééggdard metal etchlng technlques For example,

when the third layer 58 comprises beryllium copper, the layer

5 58 is etched with ferric chloride. The etching process

. removes metal from specifiéd'regions, thereby'forming the

spaces 34} 40, 41, 44 andl45 that definé the electrical lines

26, the signal guard lines 25 and the land areas 38 and 43.

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

10 _f;om‘the third layer 58 is completely removed by the etching

| process léaving the second layer 54 exposed through the space

34, 40, 41, 44 ér 45. In practice, a typical chemicai

etching process will not form a groove having the perfedt

rectangular shape iliustrated.in Fig.'z'for the spaces 40.

15 Actual grooves formed by a chemical etching process are
.sligh£ly roundéd or tapered as is well—kﬁdwn in the art.

| In the.preferred.embodiment, the firét, second and third

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

laminated material of bérYllium'coppér/pblyimide/stainless

20 steel laminate. A plurality of slider suspension systems 10

are then manufactured from the sheet of laminate. The

préparation of metal-polyimide film laminates is described by

St. Clair et al. ip 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 system 70. The system 70 has a slider

SA993011 . 9



utilizes the slider suspensi on system according to the presmgmwaumeg&mgaﬂmmd

of "a slider suspension stem 10. The system 10 haX a slide

DETAI LED DESCRI PTI GN OF PREFERRED EMBODI MENT Fi g. j
;
an armportion 18 and a link portion 22 (also referred to a

W

A plurality péreignalzaguaddl kirRe b oW ekeddnd cal 1I1|nrkespc2§clélﬁ6829reSRnt

on

a surface 30 of the system. 10. Each

10

15

20

25

plurality of electrical lines 86 and signal guard lines 87
are present on é sufface 90 qf the system 70. Each
electrical line 86 is separated from each adjacent electrical
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 pos;tioned along each of its
sideé so as to prevéht the guard line 87 frdm.shorting out
with an adjacent electrical line 86 or guard line 87. A V-
shaped tongue 98, having a length "L," is formed on the
sufface 90 by cutting a vfshaped channel 102 around the
perimeter of the tongue 98. ' : .
Fig. 4 is. a cross-sectional view of the slider.
suspension systen 76 illustrating thét the system 70 is a
laminated structure comprise&'of a first layer 106, a second
layer 110 and a third layér 114. The first layer 106 is
positibned on one.sufface_of the secopd layer 1i0. The third
layer 114 is positioned on a differenﬁ-sufface of the second
layér 110 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 ﬁhat are parallel.to each other.
As can be seeﬁ.in Fig. 4, the channel 102 is a region
around the_tongue' 98 wheré the third lavyer .114 has been
rgmoved so that the second layer 110 is exposed. Also, a

portion of the first layer 106 underneath the channel 102 :sg

SA993011 : ' ST 10



“5- -electrical line 26 has a space 34 positioned al ong eachmpf & ;gga |mmd

SO0 as"to prevent the el Tical line 26 from short g out w
electrlcal line 26 or gdard - line 25. Sinmilarly, ea8h signa
has a space 34 positioned along each of its sides so as to p
guard line 25 fromsshortin

wi th an adjacent el ectrjcal I|ne 26 or
34

guard |ine 25FemOYfd §¥§ﬂ§?g§u§ 8 PEAAEE ﬂﬁﬁﬂn%%ﬂ1ﬁﬁﬁ %ﬁT&"%nﬁaﬁ?%ﬁred

el ectrical SI nal s ; ig und ChrCUIt of lth . _

unwanted el € ???E% 1P gnaf BUSar EhepFEERREY @V%ﬁr eﬂ%c?¥%%%§%e??cb°th
fields fron1the Ogtsfc%he éhégékim¥32 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.
Reéresentative dimensions and compositions for the
various elements i;lustrated in Figs. 3 and 4 are és follows:
The channel 102 has a width "f" of approximately 0.4
millimeters and the lenéth "L" is approximaiely 6.3
10 millimeters. Thg layéers 106, 110 and 114 are analdgous to
the'layers 50, 54 and 58 and have thé same dimensions and

compositions so that the: flrst layer 106 has a thickness "g“
of approximately .051 mllllmeters and comprlses a rigid
material éuch as stainless steel. The second layer 110 has

15 a thickness "h" of approximately .006 millimgters and
comprises a viscoelastic dielectric material such as a
polyimide. :And the thifd layer 114 has a thipkness "k" of
appfoximately .0127 millimeters and comprises an electrically
.conducting material such as a beryllium copper alloy.

20 ' It should be appreciated that the values listed above
are dependent on.the particular pattern of the tongue 98 aﬁd
channels 102 and 118, and on the matefials used in the lavyers
106, 110 aﬁd 114. For different systems, different values
will.need to be determined. |

25 The tongue 98 énd the giectfical lines 86 and guard

lines 87, are formed by etching thé surface 90 using standard

SA993011 o 11



The portions 14, 18 and 22 designate regions of the system 1Q. gsl]feenRe laced
system 10 is f or med- fror(bﬁe conti nuous piece of at ed ma Hfﬁm Hm

expl ained later with reference to Fig. 2. The i der por
Th d/ I d
e rea ‘M'tﬁecﬁi Q%Ehlﬂﬁ‘%%%hé&+ é%ngC%k$i°&1 £gdLpg %%%Q%ggégg V%Eﬁ

the part of the system 10 on which a read/wite sllder 35 is
on a nedium such as a hard magnet ectrl cal
the electri Ca]:eS?QEEC{:bOQ%ef QuspRMNEG ydHenskbder 3 t@cam&gﬂswélass

systemas is explained later with respect” to Fig. 5. he arm portion

18 is the par}eﬁ&végem&‘.%tlenhl&x t Qé&ch%legorﬂlﬁﬁt&fL t Otﬁ@r@BE(UE’Ecﬁrmiar(d“ tfECh
as the arm 136 shown in

spaces 94 and the channel 102 that define the electrical

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

With respect to both ;he spaces 94 and the channel 102,
metal from the third layer ;14 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

10 formed by chemical etching. The qhannel 118 has a tapered
shape (i.e. it is wide: at its EOttom then it is adjacent to
the second layer 110) because of the etching process. When
a thick layer of metal such as the layer 106 is'etched the
resultlng groove typlcally has a sllght tapered shape.

15 Fig. 5 1s_a schematic dlagram of a magnetic recordipg
disk file 120 that upilizes thé slider suspension systems 10
or 70 of the present invention. It should bg appreciated
that the suspension systems 10 and 70 could also be used with
other data storage systems that require a vibration

20 minimizing transdu;e: suspension system, such as floppy disk
drives, optical drives or compact disk players.

The disk file 120 cﬁmp;ises a plurality of magnetic
recording.disks 124 suit.hle for use in hard disk drives.
The disks 124 are'mduntéd on a spindle shaft 128 which is

25 connected to a spindle mutor 130._ Motor 130'is mounted to a

chassis 131.

SA993011 ' o - 12



‘Fig. 5. Typically, the armportion 18 is attached to the aC{ﬁE&é&;ﬁgﬁ&ﬂ%&mmmd

bondi ng the arm portio 8 to the actuator (T‘
-6- armalong the first layer 50 shown in Fig. 2.

36 are provided between the armportion 18 and the link porti
a hin

Simiarly,

o IR

37 is positioned at the end of the link portion 22

e
adj acent to the gmpd@ﬂwﬁyhﬁQﬁ]qﬁnread/write sliders 35 are positioned

10

15

20

25

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 .

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

suspension system 10 or 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.

A contfolier 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 to an actuator control/drive unit
152 which in turn is electricaliy connected to the éctuator

140; This allows the controller 148 to control the movement
of the sliders 35 qver-the disks 124. The controller 148 1is
electrically connected to a fead/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 electriéally connected to
a spindle control/drive unit 160 which in turn is

electrically connected to the spindle motor 130. This allouws

SA993011 13
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The link portion 22 includes a plurality of |land areas 38, This Stektiab Bée Rﬁaced

spaces 40 and a plurali ﬂbf spaces 41, positionedgon the s
pattern referred to as a- "zebra" pattern. Each |amd area 3
fromeach adjacent |and area 38 by one of the spaces 40. The S

border the 'aEHeaégﬁérg*g%é‘l:ofﬂﬁg?ghcé%g o of tﬁ@erggﬁg,igﬁe?gﬁgf’g?g?ﬁks 124.

surrounded by a space 4

surrounded bypaygeEbkpatbanigh,t R isRAGES i ' | e 0
the land ar ea}s\ %8 S graot gr iltical ;ﬁl%(i}tq tytgbclal yl'lé;abhc?%%létg?e3§gggﬁ' 1

so t eac and ar ea

is
S a-

mul tisi ded engheogedibgulPNeonAct8aSPOWBRENCEhEroll e2OTRIRl 14Re StHESHEE:
the land area 38 can be curved. O her shapes such as circles, polygons,

10

15

20

25

system 164 may send digi;al data to the controller 148 to be
stored on the disks 124, or may request thét diéital data be
read from the disks 124 and sent to the system 164. The
baéic 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 is described in more detail

-in Magnetic Recording Handbook, C. Dennis Mee and Eric D.

Daniel, McGraw - Hill Book Company (1990).

Referring now to Fig. 5, thé problem addressed by the’

present invention.can be explained.. The vibration of the
arms 136 and the suspehsion_system 10 (or 70) in the disk
file 120 produces the undésirable effect of increasing the
nonrepeatable run out (NRRO) of the recording element of the
sliders 35.  This éffedt limits the track density and
capacity of the disk file 120.

In the disk file 120, tﬁe vibration.of the arms 136 and
suépension system 10 is excited by the vibration of the disk
spindle 128, the motion of the actuator 140 and particularly
thé air flow inside_the enclosure 144; The amplitude of the
vibration and, therefore, the NRRO amplitude, ié proportional

to the degree'of gxcitation. Additionally, the frequency

|

content of the excitation source is of importance. If an -

excitation frequency 1is <close to a suspension assembly
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squares, rectangles and trapezoids coul d also be used for thﬁﬁ éggghgégsﬁ loced
€place

38. A second set Tand areas 43 and spaces 4#r-and 45
positioned about a cerMerline 46 which lies along the [l&!lll"mﬂ”ﬂl"
axis of the system 10. Each land area 43 is a nultisided e
region that is separated from each adjacent |and area 43 by one of
t he spaces 44natghalspireguancyportiee taeplahudarecof 4Bibrangonactkididebef
the | and area 43 :

g ~ dinversely proportional to the amount of damping. A system

with very small damping in;a particulér mode will have a
large amplitude if some driving frequency lies close to its

5 natural frequency. Usually the air floﬁ' excites all
frequencies of the sﬁspension 10 (or 70). Then, to lower the -
NRRO, it is desirable to have high damping particularly in

the modes that have significant contribution.the NRRO. It is

also desirable to have a design with high natural freguencies

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, the functioning of thé'

preferred embodiment of the present .invéntion can Be
explained. The suspension systeﬁ lo-is'compriséd of the’

15 three layers 50, 54 and 58. The first layer 50 is a
stiffener layer that gives'rigidity to the system 10 and is

the structure that needs to be damped. The second layer 54
is a constrained layer that is cqnstrained by the third 1ayern

58. The second layer 654 1is compfised of a polyimide

20 dielectric material that fﬁncﬁions as an electrical insulato;
between the fifst layer 50 and the third layer 58, and that

also has viscoelastic properties. Visqoelastic means that
the'stresé in a deformed material is proportional to both the
deformation and thé rate of deformation. Viscoelastic

25 materials also exhibit creep and relaxation behavior. Creep

means that under constant stress the deformation increases in
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-7- not surrounded by a,space 44, so that each |and area 43 is—econpletely. .
surrounded by a combi nagi on of the spaces 44 and 4 In the :
preferred enbodi nent, sone of the land areas 38 (| el led "a”" in Fig. 1)
are positioned about an axis 47 that passes near the anchor site 36 and

bi sects two afin@rerelakbeiohanélanarewst e consdamh ridled 4o2orhadon
areas 38(a) are nultisided regions that are slightly curved about the

axis 47 and tiee sutesnIdiRiradsed | sSéal@SlPpyiri thee.t he spaces 40 or the
spaces 41. The Iland areas 38(a) have a width "c" neasured along a
‘line that perpendiThd athyrhi secter adjgacest comprd srdasf3khr(i edecitrithaly
direction of the axis 47). Al so,
conducting material, such as a high strength copper alloy
5 like beryllium copper.. The third layer Sé is preferably
coﬁprised of cepper because the electrical lines 26 need to
function as effidieht_electrical conductors. The alloy is
preferably high strength because the'high_modulus provides
high stiffness whicﬁ enhances the. constraining layer’'s
10 ability to transfer strain energy into the second layer 54.
Also, the hinges 36 and 37 carry the preload applied to the
. slider 35 and thus undergo high stress. Additionally, such
alloys are more stable under stress which means preload is
not lost.'
15 The pattern of the land areasl38 and 43 and the spaces
40, 41, 44 and 45 functlons to dampen the bending modes of
the suspension system 10 by providing regions 1n_wh1ch tbe
second laver 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 seeond'layer 54 is covered by a

25 land area 38, the top surface of the second layer 54 1is

constrained from deforming beyond what thelstiffness of land

SR993011 A 16
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in the preferred enbodi nent one of the spaces 41 runs al ong ﬂp d oﬁ
the system 10. The-spacﬁ§.40 I ntersect the space rhat rum)
An axis 49 ruhs through the two hinges and is p u :

edge 48.

to the centerline 46, and an axis 51 runs, through the hinge 3

per pendi cular to the centerline 46.

of the slider 2r8@spénidPves st ehtapefPF st Faviesg Sdhaks t$leayed eaT £Osks ias
| ami nat ed structure conprised of a first |ayer 50, a second |ayer 54 and a

third layer tBadcknefge Hhear mofjgn ifpide thailer¥aEdo4dphsenrbst snemay

surface of

to a differenff the

10

15

20

25

t he secgnd ga.er 54, The-tglrd_la er 58 |sd285|t|oned adj acent

ystem thereby ampin the mo mnotion o the

suspeﬁsion system;

The.functionSof tﬁe spaces 40 and 44 is to maintain the
width "¢" of the land areas. 38 énd 43 at some optimum valﬁe.
For example, if thé spaces 40 and 44 did not exist, the.width
“c" would Dbe large and the. land areas 38 and 43,
respectively, would become too flexible to function

efficiently as a constraining layer. On the other hand, if

€

+"Fig. 2 is a cross-sectional view

the width "c¢" of the land areas 38 and 43 is too narréw, the

region covéred by these land areas would be small and nb

constraining effect would exist. In either case} léss

damping would occur.~ Basically; ﬁhe width "b" of the spaces
40 is chosen to be 55 narrow ' as 'possible while still
maintaining a discrete sepafation between adjacent lénd areas
38. |

The "zebra"” pattern of land areas 38 depicted in Fig. 1
is aimed at damping the bending énd torsional modes of the
suspension system 10. To damp thése modes, some of the land

areas 38 are positioned about the axis 47 which runs

. perpendicular to the curvature of the land areas 38, and

passes close to one of the hinges 36. This orientation

'presents the optimized i..nnd width "c” to the maximum amount

of deformation.

In the land areas 2+ and 43, the width "¢" is optimized

SA993011 ' o 17
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surface of the second layer 54 so that the second |ayer 54 i 1
first layer 50 and the Qﬁ]rd | ayer 58, with the | a :
and 58 all lying in planes that are parallel to eack other.

be seen in Fi

g. 2, the land areas 38 are regions of the third [ayer 58

aced

that are rougbby prec@RgUtRé NI gHeaasS d&%ih@n,'mdthgatwiaftﬂx separ atedefpom |

each adj acent
down to the

10

15

20

25

| and area . 38 by one of the spaces 40.- The spaces 40 extend
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
either of tneselcases, the amount of damping obtained will be
smaller than is poasible with_some optimized value for the
width "¢.”

An approximate technique "for determining an optimunm

value for the width "c" utilizes equation 1 below where Eg =

elastic modulus of copper = 1.279 x 108; Eq = viscous modulus

of polyimide = 1.2 x 106; x = second layer thickness = .006

mm; y = third layer width = .0127 mm; and p = Poisson modulus’

of polyimide = 0.34: o .

c = 4.64\Jal+u) Xy ES/E1 = .3 mm {1)

Once an approxinate Qalue'for_the width "c" has been
calculated, the width.“c“ can be optimized by constructing
prototype systems 10 and measuring the amount of damping
obtained for various configurations. Generally, the width
"c¢" is in the range of -1 to .8 mm.

Referring to Figs. 1 and 5, the pair of hinges 36 are
provided between the arm'portion'ls and the link portion 22
to allow link.portion 22 to pivot around axis 49 and thus
allow the slider 35 and the slider portion 14 to closely

follow disk runcut without disturbing flying height between

SA993011 18



second.l ayer 54 so that the second | ayer 54 is exposed thrm@megthgs@g@@ laced

40. ‘ Represent-ati vg di nensi ons and conposi tion or the

elenents illustrated in¥igs. 1 and 2 are as followss The. s

have a width "b" of approxi mately .05 to .1 millineters. Th

and 43 have the w "c" . of ap roximatel 4 mllinmeters. Theflrst

| ayer 50 has 3 if‘ﬁFcWﬁe%%‘l"%s’&fP%\?bpro%?rd%/%‘??esoﬁi aFe| PAELefS Bhg third

t h t I teel. Th d | 54
has . thi cknobadekr T APR AASmPER ¢ 1%'6%%%?&5?@@%@?8%&%&&& a

viscoelastic dhe) sehrde JPEL ¥s SUafli2% 8180V BLYS: enlMeatlllaohaist
the disk 124 and is balanced by the air bearing force
5 producgd by the rotation of disk_spindie 128 that tends to
separate the sliderx 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 ﬁhey.do not affect the angle of
10 hinges 36. Eurthermbre, the bending stiffness of the link
portion 22 around the akis 49 depends mostly on the hinges
36.. |

The hinge 37 allows the slider portion 14 to pitth
around the axis 46 ana-roll around the”axis 51. The portions
15 of electrical lines 26 and guard lines 25 lécated on both
sides of hinge 37 and Setween link portion 22 and slider
i portion 14, are flexible enough to make the bending stiffness
of the slider portion 14 around the axes 46 and 51 mostly
dependent on the stiffness of hinge 37. The length and width
20 of hingesl36 and 37 are'appropriaﬁely chosen to pfovide the
slider portion 14 with adequate stiffness in bending and
displacement away from its plane;_thus making the slider 3Sl
fly at the desired flying height and keeping it as con&tant
as possible. Dynamic response and natural frequencies of the

25 suspehsion are also determined by the hinge stiffnesses.

Referring, to Figs. 3 and 4, the functioning of the

SA993011 . - . 19



.'approxi mately .0127 mllimeters and conprises an el ectri cal Ithis SEQMNMBednFolaced
material such as a higlf strength beryllium copper | oy. ) _ |
_be appreciated that the~values |isted above are dépendent on _ I,
particular pattern of the |land areas 38 .and 43 and spaces 40741 }
45, and on thl? rrli_at ef[j‘;tls %sdedei r)cthe g%yg;:s 50 .%4 9:?1-8{ c,For di fferent
systens, diTYereht -Va FEPHME e @™ BSpE*HAPAP e d 9 operation of
REPLACENENTE§H§§LR drive, the bending and 9Eorsional modes of the
suspension system 70 cause the syétem 70 to bend and twist.
However, the shape of the tongue 98 allows it to remain
5 relatively flat during this motion, thergby 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 .dgtermining an optimum
value for the length "L" utilizes equation 2 below where £ =
0.4 nim:

L - 1.204\l+/1/3 Eg/E; (y/x)3b_£3[1+2.4(1+p) (x/y)2] = 6.3 (2)°
15 |
Once an approximate value for ghe length "L" has been
calculated,."L“ cén be optimized.by_constructing prétotype
systems 70 and measﬁring the amount of damping obtained for
various .cohfigurations to yiéld an optimized value.
20 Generaliy, a short length "L" will produce little damping,
but a 1longer 1length "L" will deteriorate the suspension
dynaﬂiés of the system 70.
The V-shape of the tongue 98 is chosen because this will
minimize the redﬁction in stiffness in the suspension system
25 ?Q-while giving maximum stiffngss to the tongue 98. The

maximum stiffness in the tongue 98 and suspension system /0

SA993011 20



The | and areas 38 and 43, and the electrical lines 26 and

| rd :
lines 25 are fornmed- by ching the surface 30 usingfsStandar Q@ﬂ#t_gﬁ.n _ edf
t echni ques. For exanpl®, when the third |ayer 58 onprise1MWN' l 1
copper, the layer 58 is etched with ferric chloride. The. et _

renmoves netal ,fro eci,fied regions t hereby fornm ng the spaces 34, 40,
41, 44 and 451Fh3$LZgVFﬂe"?ﬁ% %gﬁﬁt?Fc ?ef?nﬁgemEBFstﬁévgiQHSF“bﬁQFB PRAEs

25 and the | and angﬁg 38 and 43. Wth respect to the spaces 34, 40,
41, 44 and 45P°REtAr€fromthe third layer 58 is conpletely renoved by the

etching process | Ln he ,second er, 54 pesed t hrough §he space .34,
40, 41, 44  or 45%“@%&&? c%‘;'eSAa‘?EYyﬁlng’ael“c%rnﬁ%:%% bedd" deteSHHEE 1n

terms of the presently preferred embodiment, it is to'be

5 -understood that such disclosﬁre is not to be interpreted as
limitiné. Various alterations and modifications will no doubt
becpme appareﬁt télﬁhose skilled in thé art after having read
‘the above disclosure. Accordingiy, it is intended that the
appended claims be interpreted as covering all alterations

io0 and modifications as fall within the true spirit and scope of

the invention.
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‘etching processwill not forma groove having the perfect rectangul ar
shape illustrated in Fig. 2 for the spaces 40. Actgral groomssﬁeamyeebﬁfﬁ

e TR s 1
layers 50, 54 and" 5& initPalby conpri Segﬁé%' nuous sheet of

material of beryllium copper/polyim de/ ss steel | am nate.

plurality of I|d r S systens 10 are then manufactured fromthe
sheet .of arvfl%ng't 3s sclisa?%'%d gl%epar ation of rret al -polyimde filmlam nat es

'5 descrgbed 1Ry §t sugp%l 51eotn aé stQme% %?ygtlﬁl 543, g9pa (113548 %

198 VI ew o rhiative enbodiment
comprising: '

3 a laminated section compriséd of a first layer, a setond
4 layer and a third iayer; and
5 a plurality of laud areas in the third layer' that
6 constrain é plurality of regions iu 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 comprlses a multisided region of tH
3 third layer surrounded on all 51des 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 0.1 to 0.8 millimeters,

1 4. The suspension system of claim 1 wherein the second layer
'_2 comprises a viscoelastic material and the third laver

3 comprises an electrically conducting material.

1 5. A suspension system for supporting a read/write

2 transducer in a disk drive comprising:

SA993011 ' . 22



sl i der suspension system 70 The sy st em 70 has a sI | der is She etHasBeenRe laced

o, 10 portion 74 an § dlmllllﬂmrulﬂ BN, o PoCon o2 ﬂlﬂﬂlﬂn o |

surface 90 of the system 70 " Edch” electrlcal line 8

fron1eac$ adj acent %]eg&{lc i.ne or %grd 4 3 87 bxs ace Qf so as to

prevent el ect? i@ na5 °§6t q‘nré:r?l 39 A§ 2oht ﬁﬁf Yehn 2 & eeh

el ectri CQI I |£1aeye81§ é)l{dgua&lranfayer' ang1 | arly, each signal
5 a plurality of land areas, with each of the plurality of
6 1and areas comprising a multisided region of the third lgyer
7 surrounded on ail sidés by g 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 a width in the range of gpproximately
4 0.1 to 0.8 millimeters. |
1 7. The suspension s&stem pf_claim.s wherein a plurality of
i the ﬁultisided regions have at least one curved side that is
3 bisected by an axis running perpendicuiar to two or more of
4 = the land areas. |
1 8. A suspension system for supporting a read/write slidef in
2 ' a magnetic disk drive comprising: e
3 a laminated member comprised of a stiffener layer, a
4 dielectric layer and a conductive layer, the laminated member
5 haviﬁg a first end on which a read/write slider is mounted
6 and a second end which is attached to an éctuaﬁor means.for
7 advancing the read/write slider to a position over a magnetic

8  disk; and

9 a piurality of lahd_areas, with each of the plurality of
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guard line 87 has a space gﬁml ti oned aI ong each of its Shisl8eetdias Been 1aced

prevent the guard |ine Hﬂlﬂ“ with af adj acent mlllmﬂ
e 98, having aI

"line 86 or guard |line 8
formed on the 'surface 90 by cuttlng a V-s haped channel 102 aroun

perimet go of {dedtQpPELE 88mprisinki 4. mﬁlh&s&d@@@&%dﬁ%ﬁ'6¥E%n¥'@wh@uc£b€e

slider suspension system70 illustrating that the system70 is a
_lami nat ed st rusyet en0Rmy issed dh anf ithet rhayer o08ppoosenandlyl ayercdlf, and
~a third-layer 114. The first layer 106 is positioned on one surface of

the secand | ayerliddtedbe anld rsurtoyriedldr sapdsididaedbgn & diphlcer ephat
surface of the second

13 exposes the second layer.

1 9. The suspension system of claim 8 wherein the dielectric
2 layer comprises a pdlyimide and the conductive layer
3 comprises a high strength copper alloy.

1 10. A suspension 5ystem 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 _ o .

S a third layer cbmprised 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 plurality 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 suséension system of claim 10 wherein each of the
2 plﬁrality 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 laver.
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[ayer 110 so that the second layer 110 separates the first !
the third layer 114, w t he and al | TihlS%Xee[HaS% ced '
that are parallel to each ot hH“T“ﬂ“ﬂL“%l“ﬂﬂme seer~in Fi g

102 is a region around the toxngue ese thethlrd Iayer

renoved so that the second |ayer 110 is exgosed a portlon of the
first |aybr 136 -undd¥enSHIPaneiThahneten o2t claim 1° f“rtF‘éﬁo\F@d‘Pémgng?

the seconzg ! a%e anslofoarn%guonrtnl]nngg aa ézgatjertfucer.

1 14. A suspenéion system'for a disk dri&e_comprising:

2. a support member; -

3 " a transducer member;

4 a connecting memberx fo; connecting the transducer member
5 to the support member, the connecting member comprising a
6 first layer of a rigid material, a second layer compriséd of
7 a damping material oVerlying the first layer, and a third
8 layer comprised 6f ah' electrically conductive material

9 overlying the second' layer, the third layer having a

10 plufality of land areas which are completely.surrounded_by‘a
11 plurality of apertures which exteﬁé frém thé second.layer'to
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 menber;
15 and

i6 a means for moving the support member relative to the
17 data storage medium. | | |

1 15. The suspen#ion system of claim 14 wherein two.or more of
2 the apertures intersect an outer edge of the third_layer.

1 l6. A suspension system for supporting a read/wrlce
2 transducer in a disk drive comprising:
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channel 118. Thus, the secon posed on both i Rﬁlmﬁ
channel 102. The chann 11 I! mﬁl ﬂ@lsﬂﬂpe of ft he chann 3‘“ “
around the perineter of the r al so s the V

channel 102. Representati ve di mensi pns and conpositions for the
various glenents id| usdmipi@€ed N Kkgber3 aRGhptidfeldl aSof Ol hoWsecche Cf |
102 has a width "f" of approximately 0.4 mllinmeters and the |engt

"L" s sapprpmeéimicied Metwedn |4i fRiStSlaydbeahayar 2hiG@ 1k mndinld4 are’
anal ogous to the layers 50, 54 and 58 and have the same di nensions and '
conposi tsons so thatfihet fVrshapegechddhe hapoaithbakdedn thg' tm‘frd layer

approximately .051 mllinmeters and conprises a rigid
6 through which the second layer is exposed.
1 17. The suspension_system of claim-ls wherein the third
2 layer is'compriseF of a high Strength“cdpper'alloy and the
3 first V-shaped Eﬁénnel has a width the range of

4 approximately 0.4ﬁ ' 0 millimeters. i

1 18. The suspension systém of claim 16 furthgr including a
2  second V-shaped chanhel, the second V-shaped channel being-
3 ﬁormed in the first layer directly_undgtneath the first V-
4 shaped qhénnel with the séc§nd layer being poéitioned between
5 the first V-shaped channel and the second V-shaped channel.
1 19, A suspension'éystem for a.disk drive comprising:
2 ~ a support member;
3 a transducer member;
4 a connecting member for connecting thé tfansducef member
5 to the support member, the éonnecting member comprising a
6 first layer of a riéid material, a second layer comprised of
7 a'damping material overlying thg first layer, and a third
. 8 layer comprised of an electrically conductive material
9 overlying the second layer, ﬁhe third layer having a V-shaped
10 channel positioned in the ;hird layer through which the
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" material such as stainl éss steel. The second | ayer 110 has ~a Thicknmess———

~"h" of approximtel yf" . e and cofffTi ses ahibResk BSL :
. dielectric material suth ammnu“mﬂum And the\third | a _. .&BRQ laced .
thi ckness "k" of approxinatety t 027 Sm Flinmeters and conpri ! ,’ ﬂﬂ' ,I o

el ectri ?al ly con ti n)g mat eri al auch as a beryllium copper
It shobfd b HPPEctaIel tHat*PRE®0al ues |isted above are dependent on the

particulbar patter he. ue 98.and__channels 102 .and 118 and qn the
mat eri-g#s used ingt%tet% a%rééggggo%?gﬁﬁ gﬁat}}lfﬁ&eF& edifTaﬁ‘aenrsedﬁl‘}desﬁ/é'l Yok
differggt values wll need to be determ ned. The tongue 98 and the

el ectrical lines 86 and guard lines 87, are formed by etching the surface
90 usinpg standardy peans for moving the support member relative to the

15 data storage medium.
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et Has Been Replaced

" -12- netal etching techniques as was dlscussed preV|oust o
- the suspension systen1{; The et-¢hiing ‘process ves
~specified regions, thefeby forning the spaces 94 the c

define the electrical lines 86, guard |ines 87 and the tongue 98.

Wth respect to borscobrASPRCERELY4DARHEDhSLIbERNGUSEEASIOR®tSHSTRIOM t he

third layer 114 is conpletely renpoved by the
- ABSTRACT

A slider suspension system for use in a magnetlic

recording disk file coxﬁpriséd of a laminated suspensi.on

posi_tioned between an actuatof arm and a read/write slider.

The laminate is comprised of a copper alloy conductor layer,

a polyimide dielectric layer and a stalnless steel stlffener

layer. A pattern of land areas are etched in the conductor

layer and act as constraining areas for the viscoelastic

dielectric lavyer. The constrained layer/éonst.x.'aining layer

configuration damps ?ibfa_tio_ns existing in the suspension

system. _ ' . ' .
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Tegching process | eaving_t he secdnd'lay 110 éxposed thréagh the'ébaces 94
or the channel 102. Tie channel 118: rﬁhﬂﬂdeﬂﬂbhnhﬂﬂ "

_The channel 118 has a tapered shgp .Agr\ gr at
it is adjacent to .the second Iayer E 10) .be use of the etc
Wien a thick layer of metal, such & fOaVkr 106 is etche

resulting groove typically has a slight tapered shape. : Flg 5 s a
schemati c diagram of a nmagnetic recording disk file 120 that utilizes the
slider.suspension systens 10 or 70 of the present invention. It should

be appreciated that the suspension systens 10 and 70 could al so be used
with other data storage systens that require a vibration mnimzing 14

transqgger suspensi on system such as fl di sk /,—_/”\__\
,‘/\_,_——\ . — Y
| 3¢ My R .

N

Z %




‘drives, optical drives or conpact disk players. The disk-file 120

conprises a plurality magnetic reqQbRding di sksgﬁl suill i?ﬁﬁﬁ'ﬁawm laced -

hard disk drives. - The ¥isks 124 a uﬁﬁumlm
f -

_ m)\edonqtidlej
i's connected to a spindle motor 150 PeNE 9138 s bunte

131. . The plurality o
read/ wite sliders 35 are positi'onedsp‘dﬁ3on

9 - 8a - 2%
" ' — /T
[
O
=< It y 10 T e gy e -
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one of the
er f &his Bbetd{amaeean

over t he disks 124 such that each disk 124 can be accessed by
sliders 35. Each of thegsliders 35 |nct;¢ ran

witing data on a plural My of- concentr éfdata trac
are attached to

on the
or 70).

one of the suspefsion st ens 0
suspensi on systens 10 (or 70) areig &@%

attached to a rotary actuator

actuator arm 136 (and hence the

35)

in a radial

from particul ate contam nation

140.

§éé€g%32§ﬂfsys
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A controller unit 148 provides overall control to the

cogkroller unit 148 contains a central processing un| §§§E§2qﬁ%ﬁB$VE‘T
whtt and other digital ci rcuitry and is connected to an atgrtuagog AUG 1995
control /drive unit 152 which in-turn |s el ectrically cojn tortires

actuator 140. This allows the controlller 148 to control the novenent  of
the sliders 35 over the disks 124. The controller 148 is electrically
connected to a r e¥XSOOEBLASTICAIAY DAMPHD SLIDER (SUSPENSEORCSYSTBHI ¥
connected to the sliders 35. This allows the controller 148 to send and
receive data fromthe disks 124. The controller 148 is electrically
connected to a spindle control/drive unit 160 which in turn is

electrlcally connected to the spi nHEGHRHEAL FRBLDThi s al | ows

The present invention relates to a suspension system for
the slider in a disk drive and more particularly to a
laminated suspension s;stem having a pattern etched into one
of the laminated layers for creating constrained areas that

facilitate damping of various vibrational modes in the

system.

BACKGROUND ART
Magnetic recording disk files that utilize a transducer
mounted on a slider for reading and/or writing data on at
least one rotatable disk are well—known.;n the art. In such.
systems, the slider is typically attached to an actuator arm
by a suspension systenm.
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.
4,996,623, issued February 26, 1991, disclose a suspension
system compriéed of a sheet of polyimide material sandwiched
between two‘metal layers. Similariy, Ainslie et al., in U.S.
Pat. No. 4,761,695, issued August 2, 1988, Aisclose a slider
attached to a laminated suspension.
B Ié is knéwnngﬁa; vibration of the arm and suspension in

disk drives produces undesirable effects such as




- 14 = the controller 148 to control the rotation of the[frSke—T%

host system 164, which is typically a conputer system is 3§3&H9£M§NT§HEET

connected to the controller unit 148. The host system 16 may BepQUG
data to the controller 148 to be stored on the disks 124 E@#’nay ‘Fegues

al

that digital data be read fromthe disks 124 and sent to The System 164.
The basic operation and structure of -data storage systens, such

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
'system that supports the slider. For example, Pal et al., in
U.S. Pat. No. 4,760,478, issued July 26, 1988,-disclose a
magnetic head support arm having a layer oi viscoelastic
material fixed to the 1load bearing member for damping
vibrations in the support arm.

In analyzing the problem of unwanted vibrations in
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 dbtained depends on the
stiffness of the constrained layer as well as on i;s length.
The appropriate length can be estimated in several ways, and
both analytical and experimental methods have been used. For
example, in a paper entitlea "Damping of Flexural Waves by a
Constrained Viscoelastic Layer," The Journal of the
Acoustical Society of America, vol.. 31 (1959), by E.M.
Kerwin, the effective length of the constrained layer is
related to the wavelength of bending waves.

In ;nother paper, entitled "Length Optimization for
Constrained Viscoelastic Layer Damping,"” The Journal of the
Acoustical Society of America, vol. 48 (1970), by R. Plunkett
and C.T. 'Lee, an effective constraining layer length 1is

determined for single and multiple damping 1layers. In




as the disk file 120 (wi thout the suspension systens 10 or

70) IS

wel |l -known in the art and is described in nore detail in
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R&cor di ng Handbook, C. Dennis Mee and Eric D. Daniel, NbG SFgFN
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Conmpany (1990). Referring now to Fig. 5, the problen
present invention can be expl ai ned. The vibration of th
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t he suspension system 10 (or 70) in the3disk file 120 produces the
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vi brati on of

h%‘mﬁ%seeh 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 th; problem of
unwanted vibrations in slider suspensions for magnetic disk
drives. Furthermore, as the track density of information
stofage media, like hard magnetic disks, increases, the need

for slider suspension systems that reduce vibrations to a

minimum continues to grow in importance.

SUMMARY OF THE PRESENT INVENTION

Briefly, ﬁhe preferred embodiment of the present
invention is a slider suspension system for use in a magnetic
reqording disk file <that utilizes a constrained‘ layer/
constraining layer design to damp vibrations existing in the
suspension system. The system includes 'a laminated
suspension for attachment between the slider and the actuator
arm, comprised of a conductor iaye;, a dielectric layer and

a stiffener lavyer. The dielectric layer is comprised of a

material that exhibits some viscoelastic properties, like a

polyimide, and functions as the c¢onstrained layer to damp
vibrations arising in the stiffener laver. The conductor
layer 1includes a pattern of 1land areas that act as

constraining areas for the dielectric laver.




épi ndke 128, the notion of the actuator 140 and 'particul arly the air flow

i nside the enclosure 144. The anplitude of the vibrationguu;tiererore,—
the NRRO anplitude, is proportional to the degree of exc|tHH-APEMENT SHEET
Additionally, the frequency content of the excitation sofirce i € 8fAUG 1995
| mport ance. If an excitation frequ_erlcy Is close to a s s%é%S'r'Oﬂ"as-seﬁbi-y

REPLACEMENT SHEET -15- natural Trequency, tne
anpl i tude of vibrahigR WhllrRSeabd' SubSat TP Y | HPlp L Sudde ANDHRL: S,
a V-shaped tongue is formed in the conduc:or léyer and
stiffener layer. The tongue allows the polyimide dielectric
layer to undergo stretching and shear, thereby damping
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
according to the present invention;

Fig. 2 1is a cross-sectional view of the slider
suspénsion system taken along the line 2-2 of Fig. 1;

Fig. 3 is a top view of an alternative embodiment of a
slider suspension system according to the present invention;

Fig. 4 1is 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 5 disk file that
utilizes the slider suspension system according to the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 is a top view of 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 beamn). A

plurality of signal guard lines 25 and electrical line; 26

are present on a surface 30 of the system 10. Each
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with very small danping in a particular node will have a
if some driving frequency lies close to its natural fre
the air flow excites all frequencies of the suspensi
Then, to lower the- NRRO it is desirable to have high da
in the nodes that have significant congribution the NRRO

desirable to have a design with high al frequencies and rigidity,
with | ow coupéiegrbetakenifde26ubpenal cipaaiel 34| polefttohednadnfdgl @agh of
sensitivity to the excitation source. Referring nowto Figs. 1 and 2,

t he functioniigsosides goefesrred @reowntenthef dlwepriseht liimeen?é orf roan
be explained. The suspension system 10 is conprised of the
- shorting out with_an adjacent electrical line 26 or guard
line 25. Similarly, each signal guard line 25 has a space 34
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
produced by stray electromagnetic 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 continuous
piece of laminated material as is explained later with
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 transducer for reading and writing data on
a medium such as a hard magnetic disk.  The electrical lines
26 form the electrical connections for connecting the slider
35 to an external system as is explained later with respect
to Fig. S.

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

- Pig. 5. Typically, the arm portion 18 is attached to the

actuator arm by bonding the arm portion 18 to the actuator
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t;hree>l ayers 50, 54 and 58. The first layer 50 is

=S FEReF— oy e
that gives rigidity to the system10 and is the structur§g RERILAGEMENT SHEEE
danped. The second layer 54 is a constrained |ayer that s consngﬂ“ﬂ@ﬂEmﬁ '
the third | ayer 58. The second layer 54 is conpri gedateof. ...a: o

polyimde dielectric material that fungtions as an el ect
between the first |ayer 50 and the thi+d-1ayer 58, and that also has

vi scoel astic properties. Viscoelastic means that the stress in a defornmed
material is FFpFIIGhdAre FIFth kaver &4 otheitt ol Bha-the rate of

def ormati on. Vi scoel,astic.  materjals also exhibit creep and rel axation

behavior. Creep ArB2AS PRBIVFERAT AT BRC VIS bete cfetdenarmoRortion

|ncreases Inls and the 1link portion 22. Similarly, a hinge 37 1is

positioned at the end of the link portion 22 adjacent to the
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
adjacent land area 38 by one of the spaces 40. The spaces 41
border 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 and
41,

The shape of the lénd 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 c¢ircles, polygons,
squares, rectangles and trapezoids could also be used for the
land areas 38.

A second set of land areas 43 and spaces 44 and 45 are
positioned about a centerline 46 which 1lies along the
longitudinallaxis of ;he system 10. Bach land area 43 is a
multisided enclosed region that 1is separated from each

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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- 16 = tine. Relaxation neans that under constant fixed -
stress decreases steadily in tine. The third | ayer 58 REPLAGEMENTSH

an electrically conducting material, such as a high strepgth p qgggy
| i ke berylliumcopper. The third layer 58 is preferably Eamnrﬂgsdxqﬁ ..............
copper because the electrical lines 26 _fieed to function

el ectrical conductors. The alloy is preferably high strength because t he

hi gh modul us poavistexoutidgid Hy 4 nepscehéeh sohahaes dawh clarsd rat@angs is

layer’s completely surrounded by a combination of the spaces 44 and

45.

In the preferred embodiment, some of the land areas 38

(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

land areas 38(a). Each of the land areas 38{(a) aré

multisided regioqs 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 51 runs through the hinge 37
perpendicular to the centerline 46.

Fig. 2 1is a cross-sectional _view of the slider

Suspension System 10 illustrating that the system 10 is a

laminated structure comprised of a first layer 50, a second

layer 54 and a third layer 58. The first layer 50 is

- positioned adjacent tq one surface of the second layer 54.

The third layer 58 1is positioned adjacent to a different

surfacé of the second layer 54 so that the second layer 5¢

separates the first layer 50 and the third layer 58, with the



ability to transfer strain energy into the second | ayer 54—-=~ALso.the
hi nges 36 and 37 carry the preload applied to the slider mEPNN¢EMEH?SHEET
undergo high stress. Additionally, such alloys are nore tabl ﬂﬁr

stress which neans preload is not |ost. The patterh Date &1% ________ 10N
areas 38 and 43 and the spaces 40, 41, g4 and 45 functi

bendi ng nodes of the suspension systeﬁr&O by providing regions ‘in which

the second | ayer 54 can undergo shear. When the suspension system 10
under goes bendygrsiddr.atSidorsd fBeabhitbyind Dh plhaned vkt lagyepad@ llrdergoes
cyclic deformation. Since the second |ayer 54 is bonded to the first

| ayer 50, thisach other.

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

" of the third layer 58 that are roughly rectangular inlcross

section, and that are separated from each adjaceq; l;nd 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 cqmpositions for the
various elements illustrated in Figs. 1 and 2 are as followvs:
The spaces 40 and 44 have a width "b" of approximatel& .05 to
.1 millimeters. The land areas 38 and 43 have the width "¢"
of approximately 0.4 millimeters. The first layer 50 has a
thickness "w" of approximately .051 millimeters and comprises
a rigid material such as stainless steel. The second laver
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
conducting material such as a high strength beryllium copper

alloy.

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 50, 54 and 58. For different systems,

different values will need to be determined.




deforrmation is transnmitted into the bottom surface of the [=reacera
conprising the second | ayer 54. I n regi ons where the({|SBERDACEMENT SBEET

is covered by a land area 38, the top surface of the sec@nd Ia2% m%
constrained from defornming beyond what the stiffness of | gnldate =% 0l Tl .

-17- area 38 allows. Therefore, layeyj 54 is sheared across 1ts
t hi ckness. Shear notion inside the | ayer—54 absorbs energy of the system

thereby danping they@dalndPii@0s 088t BRa 43, and the electrical lines 26
and signal guard lines 25 are formed by etching the surface
30 using standard metal etching techniques. For example,
when the third layer S8 comprises.beryllium copper, the layer
58 is etched with ferric chloride. The etching process .
removes metal from specifiéd regions, thereby‘forming the
spaces 34, 40, 41, 44 and 45 that define the electrical lines
26, the signal guard lines.25 and the land areas 38 and 43.

With respect to the spaces 34, 40, 41, 44 and 45, metal
from the third layer 58 is completely removed by the etching
process leaving the second layer 54 exposed through the space
34, 40, 41, 44 or 45. Ih practice, a typical chemical
etching process will not form a groove having the perfect
rectangular shape illustrated in Fig. 2 for the spaces 40.
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, second-and third
layers 50, S4 and 58 initially comprise a continuous sheet of

laminated material of beryllium coppér/polyimide/stainless
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) .

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

slider suspension system 70. The system 70 has a slider
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possible while still

are present on 70.

a surface 90 of the system Each

electrical line 86 is separated from each adjacent electrical
line or guard 1line 87 by a space 94 so as to prevent the
”

shorting out with ‘an adjacent

electrical 1line 86 from

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

guard line 87 hés a space 94 positioned along each of its
sides so as to prevent the guard line 87 from shorting out
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

suspension system 70 illustrating that the system 70 is a
laminated structure comprised of a first layer 106, a second
layer 110 and a third layer 114. The first layer 106 1is
positioned on 6ne surface of the second layer 110. The third
layer 114 is positioned on a different surface of the second
layer 110 so that the second layer 110 separates the first
layer 106 and the third layer 114, with the layers 106, 110
and 114 all lving in planes that are pérallel 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

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

a

portion of the first layer 106 underneath the channel 102 is
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The "zebra" pattern of |and areas 38 depicted in Fig. 1 isjjai r?é% a{“ENTSHEET
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danp these nodes, sone of the l'and areas 38 are positioned-about LHEHRTE™
47 whi ch runs perpendlcular to the curypture of the |land areas 38, and
passes close to one of t he hi nges 36. IS orientation presents the
optim zed | and wi dt c" to the maxi num apount of defornmation. In

the | and area%eﬁﬁf%icFﬁ@Ps%%% heitfecend; Laypfi Alfegnd 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
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 the length "L® 4is approximately 6.3

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

the layers 50, 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
a thickness "h" of approximately .006 millimeters and
comprises a viscoelastic dielectric material such as a
polyimide. And the third layer 114 has a thickness "k" of
approximately .0127 millimeﬁers and comprises an electrically
conducting material such as a berylliudm copper alloy.

It should be appreciated that the values listed above
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 958 and'the electrical lines 86 and guard

-lines 87, are formed by etching the surface 90 using standard
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danping. If the wwdth " c¢c" is too large, the | and areas 3§
stretched by the second |ayer 54. On the other hand, if tie wi d

too small, very little of the second.layer 54 will be congtPaién

ei ther of these cases, the amount of danping obtained wll et HaA
is possible with sone optinized value fd2.the width "c." An

approxi mate technique for determ ning an optimum value for the width "c"
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x 10[err]; E[err] = viscous nodul us )
respect to the suspension system 10. The etching process

removes metal.from specified regions, thereby forming the
spaces 94 and the channel 102 that define the electrical
lines 86, guard lines 87 and the tongue 98. )

With respect to both the spaces 94 and the channel 102,
metal from the third laver 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. When
a thick laver of metal, such as the layer 166 is etched, the
resulting groove typically has a slight tapered shape.

Fig. 5 is a schematic diagram of a magnetic recording
disk file 120 that utilizes the slider suspension systems 10
or 70 of the present invention. It should be appreciated
that thg suspension systems 10 and 70 could also be used with
other data storage systems that require a vibration
minimizing transducer 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 suitable for hse'ih hard disk drives.
The disks 124 are mounted on a spindle shaft 128 which is
connected to a spindle motor 130; Motor 130 is mounted to a

chassis 131.
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range of
36 are

.1 to .

ally, the width
Referring to Figs. 1 and 5, the pair of hinges

c" is in the

The plurality of read/write sliders 35 are positioned
over the disks 124.such that each diék 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
concentric data tracks on the disks 124 and are attached to
one of the suspension systems 10.(or 70). BEach 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
suspension system 10 or 70 and the slider 35) in a radial
direction across the disk 124. An enclosure 144 (shown by a
dashed line in Fig. S5) seals the disk file 120 and provides
protection from particulate contamination.

A éontroller 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 to an actuator control/drive unit
152 which in turn is electrically connected to the actuator
140. This allows the controller 148 td.control the movement
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
a spindle control/drive unit 160 which in iurn is

electrically connected to the spindle motor 130. This allows



provi ded between the armportion 18 and the link portion 22
paortion 22 to pivot around axis 49 and thus allowthe slid
slider portion 14 to closely follow disk runcut w thout di
hei ght between -19- slid
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124. The hinges 36 are part of the third |ayer 58 and are posiiioned
along axis 49 to produce a preload or dfider 35. This preload forces t he
slider against the disk 124.and is balanced by the air bearing force

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
stored on the disks 124, or may request that diq}tal 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 is described in more detail

in Magnetic Recotding'Handbook, C. Dennis Mee and E;ic D.

Daniel, McGraw - Hill Book Company (1990).

‘Referring now to Fig. 5, the problem addressed by the
present invention can be explained. The vibration of the
arms 136 and the suspension system 10 (or 70) in the disk
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
suspension system 10 is excited by the yibration of the disk
spindle 128, the motion of thg 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
content of the excitation source is o¢of importance. If an

excitation frequency is c¢lose to a suspension assembly
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cal lines 26

~ produced by the rotation of disk spindle 128 that tends to
slider 35 fromthe disk 124. The portions of the electr
and guard lines 25 | ocated between the hinges 36 and arm
link portion 22 is flexible enough so that they do not aff g
hi nges 36. Furthernore, ‘the bending sgi{fgess of the link portion 22
around the axis 49 depends nostly on the*hi nges 36. The hi nge 37
allows the slider portion 14 to pitch around the axis 46 and roll around
the axis 51. Tyl i drequencyl.ectihiecalampiligad26 afd gabrdtliiomesw23l be

| ocated on both sides of hinge 37 and between link portion 22 and slider
inversely proportional to the amount of damping. A system

with very small damping in a particular mode will have a
large amplitude if some driving fregquency iies close to its
natural frequency. Usually the air flow gxcites all
frequencies of the suspension 10 (or 70). Then, to lower the
NRRO, it is desirable to have high damping particularly in
the modes that have significant contribution the NRRO. It is
also desirable to have a design with high natural frequencies
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, the functioning of the
preferred embodiment of the present invention c¢an be
explained. The suspension system 10 is comprised of the
three layvers 50, 54 and 58. The first layer 50 is a
stiffener layer that gives rigidity to the system 10 and is
the structure that needs to be damped. The second layer 54
is a constrained layer that is constrained by the third layer
58. The second layer 54 is comprised of a polyimide
s dielectric material that functions as an electrical_insulator
between the first layer S0 and the third layer 58, and thaﬁ
also has viscoelastic properties. .Viscoelastic means that
the stress in a deformed material is proportional to both the
deformation and the rate of deformation. Viscoelastic

materials also exhibit creep and relaxation behavior. Creep

means that under constant stress the deformation increases in



portlon 14, are flexible enough to make the bendi ng stlffne
sllder portlon 14 around the axes 46 and 51 nostly dependefpt

stiffness of hi nge 37. The length and width of hinges 36 g

appropriately chosen to provide the slider portion 14 wth

1 :
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stiffness in bending and displacenent-déay fromits plane,

thus naklng The

slider 35 fly at the desired flying herght and keeping it as constant as

possi bl e. Dynafhe. I GRS 1t nedhnyr ehaf:r@ﬂ&@fn%&sseinékﬁxe%l%&w
al so deternined by the hinge stiffnesses. Referring, to Figs.

the functioni pgeOkttb8s decreases steadily in time.
The third layer 58 is comprised of. an

conducting material, such as a high strength

electrically

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 modulus provides

high stiffness which enhances the constraining layer’s

ability to transfer strain energy into the second layer 54.

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

slider 35 and thus undergo high stress. Additionally, such

alloys are more stable under stress which means preload is

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

first layer 50 undergoes cyclié 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.

land area 38, the toé surface of the second

In regions where the second layer 54 is covered by a

layer 54 1is

constrained from deforming beyond what the stiffness of land




Q20¢, *alternative enbodi ment can be explained. During operfatToft of —a tSk—
drjve, the bending and torsional nodes of the suspension sy SEPMAGCEMENTSHEET

the system 70 to bend and twist. However, the shape of thgjtong 9
allows it to remain relatively flat during this notion, t BFEBVZQQUEQQJQSEm-‘

the part of the second layer 110 that |j.es under the tongué 98 tO UNdergo
stretching and shearing notions. A narr width "f" favors shear in the
second layer 110 while a wider wwdth "f" produces nore stretching. An

approxi mat e t extwd (A drowet er hherafoana, opkhiyerms4 is sheared across its
thickness. 'Shear motion inside the layer 54 absorbs energy
of the system thereby damping the modal motion of the
suspension systenm.
The function of.the spaces 40 and 44 is to maintain the
width "¢ of the land areas 38 and 43 at some optimum value.
For example, if the spaces 40 and 44 did not exist, the width
- would be . large and the 1land areas 38 and 43,
respectively, would become too flexible to function
efficiently as a constrainiﬁg layer. On the other hand, if
the width "¢” 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 Spacés
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 athdamping the bending and torsional modes of the
suspension system_lo. To damp these modes, some of the land
areas 38 are positioned about the axis 47 which runs
perpendicular to the curvature of the land areas 38, and
passes close to one of the hinges 36. This orientation

presents the optimized land width "¢" to the maximum amount

of deforhation.

In the land areas 38 and 43, the width "c¢” 1is optimized



value for the Iength "L" utilizes equation 2 bel ow where f[==——g—#-fmt. =
= 1.204 [err] Once an approxi mate val ue for the | efjgtEPLACEMENT SHERT

cal cul ated, "L" can be optinized by constructing prototype|| sys
measuring the anount of danping obtained for various conf fﬁéﬁeﬁ

yield an optinized value. Generally, -alghort length "L" || proauce
little danping, but a Ionger | ength "E” mAII deteriorate the suspension
dynam cs of the s r uce the hlggﬁéc gngf tPg ngulé¥%|$ chq&gntoo

because this Wi
large, the land areas 38 will be stretched by the second

layer 54. On the other hand, if the width "¢™ is too small,
very little of the second layer 54 will be constrained. 1In
either of these cases, the amount of damping obtained will bhe
smaller than is possible with some optimized v;lue for the
width "¢.” |

An approximate technique for determining an optimum

value for the width "c¢" utilizes equation 1 below where Eg =
elastic modulus of copper = 1.279 x 108; El = viscous modulus
of polyimide = 1.2 x 106; X = second layer thickness = _00¢
mm; Y = third layer width = .,0127 mm; and p = Poisson modulus

of polyimide = 0.34:

¢ = 4.6a\f(1+v) x y Eg/E; = .3 mm (1)

Once an approximate value for the width "c¢" has been
calculated, the width “c" can be optimizea by constructing
prototype systems 10 and measuring the amount of damping
obtained for various configuratiogs. Generally, the width
"¢" is in the range of .1 to .8 mm.

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

allow the slider 35 and the slider portion 14 to closely

follow disk runcut without disturbing flying height between



m nisi’ze the reduction in stiffness in the suspension syste e
gi.ving maxi mum stiffness to the tongue 98. The naxi mum st fﬂﬁ&é@EMENnEHEET

t ongue 98 and suspensi on system 70 i s achi eved en e
t hese el ements have the w dest base possible. Al t ho Pat%zcgr&&m
invention has been described in terns_qfp the presently preferred
enbodi nent , -

it is to be

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
produced by the rotgtion of disk spindle 128 that tends to
separate the slider 35 from the disk 124. The portions of
the electrical lines 26 and guard linés 25 located hetween
the hinges 36 and arm portion 18 and link portion 22 is
flexible enough so that they do not affect the angle of
hinges 36. Furthermore, the bending stiffness of the 1link
portion 22 around the axis 49 depends mostly on the hinges
36.

The hinge 37 allows the slider portion 14 to pitch
around ﬁhe axis 46 and roll around the axis 51. The portions
of electrical lines 26 and guard lines 25 located on both
sides of hinge 37 and between link portion 22 and slider
portion 14, are flexible enough £o make the bending stiffness
of the slider portion 14 around the axes 46 and 51 mostly
dependent on the stiffness of hinge 37. The length and width
of hinges 36 and 37 are appropriately chosen to provide the
slider portion 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 posgsible. Dynamic response and natural frequencies of the

suspension are also determined by the hinge stiffnesses.

Referring, to Figs. 3 and 4, the functioning of the
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"Accordingly, it is-intended that the appended clains be i t Dater:

covering all alterations and nodificat20ons as fall within The true Sprrrt
-and scope of the invention.

REPLACENMENT SHEET CLAINB
alternative embodiment can be explained. During operation of

a disk drive, the bending and torsional modes of the
suspension system 70 céuse the system 70 to bend and twist.
However, ;he shape ¢of the tongue 98 allows-it to remain
relatively flat during this motion, thereby causing the part
of the second laver 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.

An approximate technique for determining an optimum
value for the length "L" utilizes equation 2 below where f =

0.4 mn:

L = 1.208V1/3 Eg/E; (y/x)3b £3[(1+2.4(1+0) (x/¥)2] = 6.3 (2)

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.
Generally, a short length "L" will produce little damping,
but a 1longer length "L" will deteriorate the suspension
dynamics of the system 70.

The V~shape of the tdngue 98 is chosen because this will
minimize the reduction in stiffness in the suspension system
70 while giving maximum stiffness to thg tongue 98. The

maximum stiffness in the tongue 98 and suspension system 70



‘What jss’claimed is: 1. A suspension systemfor supporting a data

transducer conpri sing: a |l am nated section conprise R L L A=A ——
| ayer, a second layer and a third |ayer; and a plur IFF?LﬁﬁEMﬁNHSHEET
areas in the third layer that constrain a plurality of regions i ;Fg ,

second | ayer, whereby the plurality of gegions in the sec nemﬁégguu g@éﬁgﬁm-
at least one vibrational node of the stspension system Z. 1ne

suspensi on system of claim 1l wherein each of the plurality of |and areas
conprises a mitisdhlistvedgihem cfacdth@f these elements have the widest base

possible.

Although the present invention has been described in
terms of the presently preferred embodiment, it is to be
understood that such disclosure is not to be inEerpreted as
limiting. Various alterations and modification; will no doubt
become apparent to those skilled in the art after having read
the above disclosure. Accordingiy, it is'intendéd that the
appended claims be interpreted as covering all alterations
and modifications as fall within the true spirit and scope of

the invention.



fhipd*layer surrounded on all sides by a space that exposgs—%
| ayer. 3. The suspension—systemof claim2 wherein eaghREPLAGEMENT SHEET

lurality of Iand h dth h f |t
0.8 milimters. ""m@wﬁ@fmﬁmm“stysteeinag?ecf’a. 1 wilcounn & S AUE

| ayer conprises a Il al 2and the third | a)
electrically conducting ma erfals * _ suspension system for
supporting a read/wite transducerllkﬁkfh§k drive conprising:

What is claimed is:
1. A suspension system for supporting a data transducer
comprising:

a laminated section comprised of a first layer, a second
layer and a third layer; and ’

a plurality of 1land areas in the third laver that
constrain a plurality of regions in the'second layer, whereby

‘the plurality of regions in the second layer dampen at least

one vibrational mode of the suspension systen.

2. The - suspension system of claim 1 wherein each of the
plurality of land areas comprises a multisided region of the
third layer surrounded on all sides by a space that exposes

the second layer.

3. The suspension system of claim 2 wherein each of the
plurality of 1land areas has a width in the range of

approximately 0.1 to 0.8 millimeters.

4. The suspension system of claim 1 wherein the second layer
comprises a Qiscoelastic material and the third 1ayer_

comprises an electrically conducting material.

5. A suspension system for supporting a read/write

transducer in a disk drive comprising:



- 23, - a | am nated section conprised of a first |aygr : ]
Iayer and a third layer; and “"a plurality of land ar gpREPWACEMENTISHEET

the plurality of ing a multisided regid Qg
| ayer surrounded - omﬂm“ﬁﬁlmﬁmﬂﬂmspace t hat exposes thg Qé@d%gh elgss

a laminated section comprised of a first layer, a second
layer and a third laye;; and

a plurality of land areas, with each of the plurality of
land areas comprising a multisided region of the third lavyer
surrounded on all sides by a spéce that exposes the second

layer.

6. The suspension system of claim S5 wherein each of the
plurality of 1land areas is comprised of a high strength
copper alloy and has a width in the range of approximately

0.1 to 0.8 millimeters.

7. The suspension system of claim S wherein a plurality-of
the multisided regions have at least one curved side that is
bisected by an axis running perpendicular to two or more of

the land areas.

8. A suspension system for supporting a read/write slider in
a magnetic disk drive comprising:

| a laminated member comprised of a stiffener layer, a
dielectric layer and a conductive layer, the laminated member
having a first end on which a read/write slider is mounted
and a second end which is attached to an actuaﬁor means for
advancing the read/write slider to a poéition over a magnetic

disk; and

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



6. ~The suspension_systemof claim5 wherein each of the =g
areas is conpri sed of a hi gh strength copper alloy and

range of apprOX|natEn “HlW“n1lllneters 7. Th
of claimb5 wherein Il“llmll lnﬁ he mul ti sided region
curved side that is *bi%ected by af axi_s g4unni ng per pend
nore of the |and areas. 8. A suspenstomr system for supporting a
read/ wite sligifd dreas ¢dopeisIngli Skndltvei808PERGEBH: of the @ohnAtctaived
menber conprised of a stiffener layer, a

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

millimeters and surrounded on all sides by a space that

exposes the second layer.

9. The suspension system of claim 8 wherein the dielectric
layer comprises a polyimide and the conductive layer

comprises a high strength copper alloy.

10. A suspension system for a disk drive comprising:

a first layer comprised of a rigid material;

‘a second layer comprised of a damping material overlying
the first layer; and

a third layer comprised of an electrically conductive
material overlying the second layer, the third layer having
a plu;ality of Iand areas which are completely surrounded by '
a plurality of apertures which extend from the secondllayer
to a surface of the third layer opposite the second layer and

not in contact with the second lavyer.

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

plurality of apertures comprise etched slots.

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

the etched slots intersect an outer edge of the third lavyer.



dlelectrlc | ayer and a conductive |ayer, the |am nated ngpber=—a e,
; mmc&mmmiﬁﬁ

flrst end on which-a téad/wite slider is mounted and a |
Ite t
ﬁﬂmarz!gﬂkgf §95

i,s attached to an a advanci ng the read/}
posi tion over a nmag mm“mﬁﬂmﬂm aplurality of If
each of the plurali 5 -24 - | and=BFes S—CONpPr T ST 1y
a nultisided region of the conductive nger havi ng a MAdth i n the range of

apprOX|nater 0.1to 0.8
13. The suspension system of claim 10 further compr151ng a

means for mounting a transducer.

14. A suspension system for a disk drive comprising:
a support member;

a transducer member;

a connecting member for connecting the transducer member
to the support member, the connecting member comprising a
first layer of a rigid material, a second layer comprised of
a damping material overlying the first layer, and a third
layer comprised of an electrically conductive material
overlying the second 1layer, the third layer having a
plurality of land areas which are completely surrounded by a
plurality of apertures which extend from the second layer to
a surface of the third layer opposite the second layer and
not in contact with the second layer;

a data storage medium proximate the transducer menber;

and

a means for moving the support member relative to the

data storage medium.

15. The suspension system of claim 14 wheréin two or more of

the apertures intersect an outer edge of the third layer.

l6. A suspension system for supporting a read/write

transducer in a disk drive comprising:



ﬁiILLnéters and surrounded on all sides by a space that ¢xposes the se
| ayer . 9. The suspension system of claim8 wherein the dﬁ%?%ﬁQEMENTﬁ ET

conprises a pon| ctive layer conprisesia hig gggngs
copper al | oy. mggm*mﬁmlamrystem for a disk drive cB‘h‘ﬁrizs?fqg --------- weeees |
r+s

a first |layer conp af & rsgid- matepial_; a secor y nmp
of a danping material overlying the frrst Iayer; and a third | ayer

conprlsed of an electrically conductive
a laminated member comprised of a second layer

positioned between a first layer and a third layer; and

a first V-shaped channel positioned in the third layer
through which the second layer is exposed.
17. The suspension system of claim 16 wherein the third
layer is comprised of a high strength copper alloy and the
first V-shaped channel has a width in the range of

approximately 0.4 to 1.0 millimeters.

18. The suspension system of claim 16 further including a
second V-shaped channel, the second V-shaped channel being
formed in the first layer directly underneath the first Vv-
shaped channel with the second layer being positioned between

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

19. A suspension system for a disk drive coﬁprising:

a support member;

a transducer menber;

a connecting member for connecting the transducer member
to the support member, the connecting member comprising a
first layer of a rigid material, a second layer comprised of
a damping mate;ial overlying the first layer, and a third
layer _comprised of an electrically conductive material
overlying the second layer, the third layer having a V-shaped

channel positioned in the third layer through which the
[
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mat ertal overlying the second |ayer, the third |layer havi
| and areas whi ch_are_conpletet-y—surrounded by a pluralit)y REPLACEMENTESHEET
whi ch extend fromthe second Ia er, to a surface of the tfhird | aye -
opposite the sec “mm“am g .in contact with the se qmb!ede\{mm.l,
The suspensi on sm wher eiyy, each of the pl = '
apertures conprisé efched 1ot s. 12. e suspension systemof claiml11l
wherein two or nore of the etched slots intersect an outer edge of the

third layer' second layer is exposed;

a data storage medium proximate the transducer member;

and

a means for moving the support member relative to the

data storage medium. -



25 _ 13. The suspension systemof claim 10 further conpri
mpuhti ng a transducer. 14. A suspension systemfor a
conpri si ng: a support nenber; a transducer
connecti ng nenber for connecting the transducer nenber
menber, the connecting nenber conprising a first |ayer
material, a second | ayer conprised of 1}
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a danping material overlying the first layer, and a third—layer-conprised=—-
of "an electrically conductive material overlying the se n@PLA&EMENﬂSﬂEET i
third layer having a plurality of land areas which are rrpl et el

surrounded by a plurality of apertures which extend fro QSA&IGJ %r
to a surface of the third | ayer opposite the second | aydk=asn ot
contact with the second | ayer; g data storage nedium pI’OXI mate the
transducer nenber; and a nmeans—for noving the support nenber
relative to the data storage nmedi um




*15. TFhe suspension system of claim 14 wherein two or
i ntersect an outer edge of the third |ayer. 16.
for supporting a read/wite transducer in a disk

second | ayer positioned between a fikrst |ayer and a

nor e a
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third Tayer, and

a first V-shaped channel positioned irm—the third | ayer
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t hrqugh which the second | ayer is exposed. 17. The su
claim 16 wherein the third layer is conprised of a high
alloy and the first V-shaped channel has a width in the

——u

approximately 0.4 to 1.0 mllineters. 18. The suspens
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claim16 further including a second y-shaped channel, the second V’shaped
channel being forned in the first |ayer directly underneath the first V-
shaped channel with the second | ayer being positioned between the first

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




19. A suspension systemfor a disk drive conprising: ' —aerber.

a tTansducer nenber; a connecting nenber for connecdrﬁgPLheEmEﬂnsﬂ@g¢rg
menber to the support menber, the connecting nmenber co Wrisin r@wgﬁﬁg

| ayer of a rigid material, a second | ayer conprised of @ ﬂaﬂpqggp ,,,,,,,,,,,,
overlying the first layer, and a'thir | ayer conprised oF—ar—etrectrcably
conductive material overlying the s d layer, the third Iayer haV|ng a

V-shaped channel positioned in the third layer through which the
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"‘3'2-7,,; “ second | ayer is exposed; a data storage nedi
tr&nsducer menber; and a nmeans. for noving the supppy
to the data storage nedi um

VISCOELASTICALLY'DAHPED SLIDER SUSPENSION SYSTEM

ABSTRACT

A slider suspension system for use in a magnetic
recording disk file comprised of a laminated suspension
positioned between an actuator arm and a read/w;ite slider.
The laminate is comprised of a copper alloy conductor layer,
a polyimide dielectric layer and a stainless steel stiffener
layer. A pattern of land areas are etched in the conductor
layer and act-és constraining areas for the viscoelastic
dielectric layer. The constrained layer/constraining layer

configuration damps vibrations existing in the suspension

system.



