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The present invention relates t ices. In particular, the
present | WRAMIWAT el ates to suspensitos*assenblies in st or BgHUHR(6006s
BACKGROUND COF THE | NVENTI ON I n data storage devices, data is typically
stored in tracks on a nedium To access the data, a head is positioned
within a track while 10 the nedi Mmmmm Mmmeath the head. In nmany data
storage devices, the head is posi ! actuat or assenbly that
i ncludes a notor that rotates one or -e@icd+actuator arns. Each actuator arm
supports a suspension that in turn supports a head/ ginbal assenbly.
Typi cal ly, the suspension includes three distinct 15 areas: a base plate
area that connects to the actuator arm a spring area that provides a
vertical spring foSTIFFENEDSUSFENSION FORA'STORAGEDEVICE HAVING #ad beam
that extends fromthe spring RASER OFICOMPOSITENAIERIASSembly. The spring

force provided by the suspension is designed to allow the head to follow
hei ght variations on the surface of the nmedi um

FIELD OF THE INVENTION

5 The present invention relates to storage devices. In particular, the |

present invention relates to suspension assemblies in storage devices.
BACKGROUND OF THE INVENTION
In data storage devices, data is typically stored in tracks on a

medium. To access the data, a head is positioned w1thm a track while
10 the medium moves beneath the head.

In many data storage devices, the head is positioned by an
actuator assembly that includes a motor that rotates one or more actuator
arms. Each actuator arm supports a suspension that in turn supports a
head/gimbal assembly. Typically, the suspension includes three distinct

15 areas: a base plate area that connects to the actuator arm, a spring area
that pfovides a vertical spring force to bias the head toward the mediufn,
and a load beam that extends from the spring area to fhe head/ gﬁnbal
assembly. The spring force provided by the suspension is designed to .
allow the heaci to follow height variations on the surface of the medium

20 without impacting the medium or moving too far away from the
medium.

In the past, suspensions have typically been formed from sheets of
stainless steel. Stainless steel is used becduse it provides the desired
spring force for the head, it has mechanical properties that are relatively

25 insensitive to heat, it does not outgas, and it can be welded to other parts
of the actuator assembly.

In some prior art systems, using sheets of stainless steel results in

a suspension in which the spring area and the load beam are the same




20 without inpacting the nediumor noving too far away fromthe nmedium In
the past, suspensions have typically been forned from sheets of stainless
steel. Stainless steel is used because it provides the desired ring
force for WHEZHSR] it has nechanical properties that are HEH/UIR (9809 25

I nsensitive to heat, it does not outgas, and it can be wel ded to ot her
parts of the act uator assenbly. In sone prior art systens, using sheets of
stainless steel results in a suspension in which the spring area and the

| oad beam are the sane ulln *ACTI ON* WO 02/ 095737 PCT/ US02/ 06006 -2

t hi ckness. Because of this, both areas exhibit simlar nmechani cal
properties. However, because the spring area and the | oad beam perform
different functions, it is desirable that they have different mechanical
properties. In particular, it is desirable2that the spring area 5 be nore
el astic or flexible than the | oad beam because a | oad beamthat is  too
elastic will tend to bend and resonate in response to w ndage _induced
forces. To sol vettﬁcknesq:rBﬁEhusg of this, potivareas exhibi similer pieshasisokr al

techni ques for forming a suspensjon so that.the thi e sprin lo
area is |ess thaopaEieshilewess. because thespringanen aﬁg‘ﬁioﬁ‘ggﬁﬁquuel,o thg

perform different functions, it is desirable that they have different
mechanical properties. In particulaf, it is desirable that the spring area
5 be more elastic or flexible than the load beam because a load beam that is
too elastic will tend fo bend and resonate in response to windage
induced forces.
To solve this problem, the prior art has developed several
techniques for forming a suspension so that the thickness of the spring

10 area is less than the thickness of the load beam. In one techni&lue, the
spring area is partially etched to reduce its thickness. However, partial
etching'provides poor thickness control of the partially etched portions

.and results in poor pre-load stability in the spring area. A second
technique welds a second metal sheet to the load beam. However,

15 welding is costly and causes distortion of the load beam due to the
heating of the metal. In addition, welding requires a minimum surface
area that will not be present in smaller suspensions of the future.

A third technique taught by the art is to form the suspension
through lamination. For example, U.S. Patent 4,996,623 shows a

20  suspension in which the load beam is formed with a polyimide layer
sandwiched between a copper layer and a stainless steel layer. In the
'623 patent, the copper layer and stainless steel layer are bonded to the
polyimide using an adhesive such as a polyimide-based liquid adhesive.

Although laminated structures of the past help dampen some

25  oscillations in the suspension, the use of two layers of metal in the



spring area is partially etched to reduce its thickness. However, partial
et ching provi des poor thickness control of the partially etched portions
and results in foor pre-load stability in the spring area._A second

t echni que WRPYISI%econd netal sheet to the | oad beam HovEGEPSO2B00¢0 gi ng
Is costly and causes distortion of the | oad beam due to the heating of the
nmetal. In addition, welding requires a mninmmsurface area that wll not
be present in smaller suspensions of the future. A third techni que taught
by the art is to formthe suspension through |amnation. For exanple, U S
Pat ent 4, 996, 623 shows a 20 suspension in which the | oad beamis forned
with a polyimde |ayer sandw ched between a copper |ayer and a stainless
steel layer. In the '623 patent, the copper |ayer and stainless steel

| ayer are bonded to the polyimide using aB adhesive such as a

pol yi m de-based |iquid adhesive. Al though | am nated structures of the past
hel p danpen sone 25 oscillations in the suspension, .the use of .two |ayers
of metal in the laminatedoandesirable bewmse obthe relativaly low stffaesstodvassp) e
because of the relatively low stiffness to mass ratio of nbst netals. The
pr esént inventidﬁbﬁﬁgﬁp §ngm¥blution to these and other problens, and

of fers ot her advant aofs. Sieend Eefifio préVilies 2 sSIMYATY thEscTfid HIMENTI ON A
suspension for a -stora evice 1 ncludes a netal [ayer and one or nore
conposi te stiff epiblerks)asidcoffers otiernkivahtdgey evet theypriéf ant. part but not al|
of the suspension. The conposite stiffeners are made of a i o conposite
materi al and sare bonded to the netal |ayer by an adhesi ve.

SUMMARY OF THE INVENTION

A suspension for a-storage device includes a metal layer and one
or more composite stiffeners bonded to the metal layer to stiffen part but
not all of the suspension. The composite stiffeners are made of a
10 composite material and are bonded to the metal layer by an adhesive.
Under most embodiments, the composite material has a higher stiffness

to weight ratio than a metal. |
These and various other features as well as advantages which
chéracterize embodiments of the present invention will be apparent
15 upon 1|'eading the following detailed description and review of the

associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a disc drive in which embodiments

20  of the present invention may be practiced.
FIG. 2 is a top view of a suspension under the prior art.
FIG. 3 is a side view of a suspension under the prior art.
FIG. 4 is a cross section of one embodiment of a laminate structure
used on suspensions of the present invention. _
25 . FIG.5 is a top view of one embodiment of a suspension under the

present invention.




Under nost enbodi ments, the conposite material has a higher stiffness to
wei ght ratio than a netal. These and various other features as well as
advant ages which characterize enbodi ments of the present invention wll be
apparent WMGOUMSFTr eadi ng the fol | owi ng detailed descri pt i Br/E¥3/F®0i ew of
the associated drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an

I sonetric view of a disc drive in which enbodi nents 20 of the present

i nvention may be practiced. FIG 2 ins a top view of a suspension under the
prior art. FIG 3 is a side view of a suspension under the prior art. FIG
4 is a cross section of one enbodi ment of a |lam nate structure used on
suspensions of the present invention. 25 FIG 5 is a top view of one

enbodi ment of a suspension under the present invention. W 02/ 095737

PCT/ US02/ 06006 -4 FIG 6 is a top view of & further enbodi nent of a :
suspension under the present invention. FIG 7 is a top view of a further
enbodi nent of a suspension under the present I nvention. 5 FIG 8 is a top

view of a further entfG. fisa tep vievsoba erﬁmb@mentr@arﬁuéﬁémﬁlomnvent i on.
DETAI LED DESCRI PTION OF | LLUSTRATI.VE EMBODI NENTS FIG 1 is an isonetric
view of a di sc dmdes thepresanbHiVeRtien: enbodi nents of the present invention

are useful. Disc driyaclo0. | gk yiles o rIRHSY diibiiilet dia¥Rshikiand a top

cover (not .shown).
under the present invention.

5 FIG. 8 is a top view of a further embodiment of a suspension

under the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
FIG. 1is an isometric view of a disc drive 100 in which
10 embodiments of the present invention are useful. Disc drive 100 includes a
housing with a base 102 and a top cover (not shown). Disc drive 100
further indudeé a disc pack 106, which is mounted on a spindle 109 by a
disc clamp 108. Disc pack 106 includes a plurality of individual discs,
~ which are co-rotated about spindle 109 by a spindle motor (not shown)
£5 attached to the bottom of spindlé 109. Each disc surface has an associated
| disc head slider 110 which is mounted to disc drive 100 for communication
with the disc surface. As the disc pack is rotated, it generates air
circulation through the drive and in particular generates an air bearing
between each head slider 110 and each disc surface. .
20 In the example shown in FIG. 1, sliders 110 are suppofted by
suspensions 112 which are in turn attached to track accessing arms 114 of
an actuator 116. The actuator shown in FIG. 1 is of the type known as a
rotary moving coil actuator and includes a voice coil motor (VCM), shown
generally at 118. Voice coil motor 118 rotates actuator 116 with its attached
25 heads 110 about a pivot shaft 120 to position heads 110 over a desired data
track along an arcuate path 122 between a disc inner diameter 124 and a



further includes a disc pack 106, which is nounted on a spindle 109 by a
disc clanp 108. Disc pack 106 includes a plurality of individual discs,

whi ch are co-rotated about spindle 109 by a spindle notor 0f S ) 15
attached MWOOHOSEHtt om of spindle 109. Each disc surface Hégnéﬂngg@gciated
di sc head slider 110 which is mounted to disc drive 100 for conmuni cation
with the disc surface. As the disc pack is rotated, it generates air
circulation through the drive and in particul ar generates. an air bearing - .
bet ween each head slider 110 and each disc surface. 20 In the exanple shown
in FIG 1, sliders 110 are supported by suspensions 112 which are in turn
attached to track accessing arns 114 of an actuator 116. The actuat or
shown in FIG1 is of the type known as a rotary noving coil actuator and

i ncludes a voice coil notor (VCM, shown -Benerally at 118. Voice coil

notor 118 rotates actuator 116 with its attached 25 heads 110 about a pivot

shaft 120 to position heads 110 over a desired data track along an arcuate
path 122 bet weerdisc duter dianmneter tR6aNaiee coibmotoyd 18 ismdyiven by seryo electronics

PCT/ US02/ 06006 - i sc,outer dianmeter,126. |.ce i tor 118 is driven
by servo electr d eps &Wéﬁﬁ&?@a@@ﬂ%hﬁr}%ﬂgﬁéa%Tﬁand a
host conputer ( W_Ighown). FIGS. 2 and 3 provide a top view and a side

Vi ew, respectiv%, T 5 a suspension 200 of the prior art. Suspension 200

i ncl udes a base pl at IGE 2and@provides topvieieand 4idediew, respictively) of ea
206. Base plate area 202 is designed to be welded to a base plate (not

shown) that iss |ssuspensiag@f0iof thenprior artt Suspension B0 inwdedes advaseplater al | y
extends beneath the _entire base plate area gﬁth a gghél on of the base plate
i 0 extending thraseg R0 spping aga 204 and algad S8aATER QN0 The base plate area

Base plate area 202 is designed to be welded to a base plate (not
shown) that is later swaged to an actuator arm. The base plate generally
extends beneath the entire base plate area with a portion of the base plate

10  extending through an opening 214 in the suspension. The base plate area
also includes three flex circuit tabs 208, 210, and 212, that extend to one
side of the base plate area and that provide a structure to support a flex
circuit. In general, the flex circuit is woven between the tabs such that it
is above tabs 208 and 212 and below tab 210.

15 Spring area 204 is located between base plate area 202 and load
beam 206. A gap 216 in spring area 204 is designed to reduce the
stiffness of the spring area so that the spring area resiliently bends in
response to aerodynamic lifting forces applied to the head.

Load beam 206 extends from spring area 204 to a gimbal assembly

20 208, which holds a head (not show). Load beam 206 includes a through
hole 218 that is provided to reduce the weight of the suspensionand a
dimple 220 that provides a pivot point for the gimbal assembly. When
the medium is moving, the gimbal assembly pitches and rolls about the'
pivot point in response to aerodynamic forces that are applied to the

25 head. Load beam 206 also includes a pair of side rails 222 and 224 that
are formed by bending the edges of the load beam upward.




al so includes three flex circuit tabs 208, 210, and 212, that extend to one
side of the base plate area and that provide a structure to support a flex
circuit. In general, the flex circuit is woven between the‘gﬁﬁ CQ t hat

it is abdVRU¥8HBD08 and 212 and bel ow tab 210. 15 Spring §“§§% is

| ocat ed between base plate area 202 and | oad beam 206. A gap 216 in
spring. area 204 is designed to reduce the stiffness of the spring area so
that the spring area resiliently bends in response to aerodynamc lifting
forces applied to the head. Load beam 206 extends fromspring area 204 to a
gi nhal assenbly 20 208, which holds a head (not show). Load beam 206

I ncl udes a through hole 218 that is provided to reduce the weight of the
suspension and a dinple 220 that provides a pivot point for the ginbal
assenbly. Wien the nediumis noving, the -6t nbal assenbly pitches and rolls
about the- pivot point in response to aerodynam c forces that are applied
to the 25 head. Load beam 206 al so includes a pajir of si ails 222 and

d
224 that are formed Agnotesddnthe backgoyad, W@R@Wéﬁcﬁ%‘?&‘%flﬁ%rd. VO
02/ 095737 PCT/ US02/ 060 .Jpoted.in_the kar o ' : t
have increased YRECasSE %?‘?1 LNeSs OBIBPWWS&E& ?ﬁ?‘%@ﬁ‘m‘éﬁ&@g lgﬁﬁt%tlﬁ%; o
lam nate  strucldglurd! Aelgnd oAB RrRfBmMNENED tHefprkliht Rivafitn prowady o

provi des a suspension In Ich the am and/ or the base plate area

are 5 fornmed by guspensipatie with tialoadbeain and/ ardhe base platesarearaze| ayer of
conposite material that stiffens the |oad beam and/or the base_plate. Such
conposi te naser ifarmedrby allamisatestructurs thatjincludesat lgaghene layerofess to nass

rati o than nost netal s such as..c and staknless e d
P Lhe past Lo 1RRPOSIA Matesl iy ahitien e Rl g and/ddhe ba8! plalfier *°°
stiffness to masghaldfpoditimSRIRNShiechiffefert ROnRERE Bale ahighér stffness

to mass ratio than most metals such as copper and stainless steel that

were used in the past to form laminate suspensions. Because of their
10 higher stiffness to mass ratio, the composites of the present invention
result in better suspension performance than metal on metal laminates of
the pridr art. FIG. 4 provides a cross section of one embodiment of a
laminate structure under the present invention.
In FIG. 4, laminate structure 400 ﬁcludes a thin bottom layer 402,
15 anadhesive layer 404, and a thick top layer 406. In most embodiments,
thin bottom layer 402 is formed from a sheet of stainless steel that defines
the body of the suspension. Thick top layer 406 is formed of any
number of composite materials inclﬁding high performance plastics
(such as Ultem or Liquid Crystal Polymer), reinforced plastics (such as
20 epoxy with carbon fibers, particles, or fabric), metal matrix composite
(such as Aluminum with Alumina fibers), ceramics (such as Zirconia,
alumina, boron nitride, or sapphire), and glasses (such as silica glass).
In some embodiments, the thickness 410 of thin layer 402 is
selected based on the desired spring force for the spring area. Typically,
25  thickness 402 is between 1 - 1.5 mils(.0025 - .0037 cm). In many
embodiments, thickness 412 of thick layer 406 is 2-5 mils (.005 - .0125



result in better suspension performance than netal on netal |am nates of
the prior art. FIG 4 provides a cross section of one enbodi nent of a

| am nate structure under the present invention. In FIG 4, é’f’\%%
struct ur e. O20BTLdes a thin bottom | ayer 402, 15 an adh® é%r 404,

and a thick top layer 406. In nost enbodinents, thin bottomlayer 402 is
formed froma sheet of stainless steel that defines the body of the
suspension. Thick top layer 406.is forned of any ,nunber of conposite.

mat eri al s including high performance plastics (such as Utemor Liquid
Crystal Polyner), reinforced plastics (such as 20 epoxy with carbon

fibers, particles, or fabric), nmetal matrix conposite (such as Al um num
with Alum na fibers), ceramics (such as Zirconia, alumna, boron nitride,
or sapphire), and gl asses (such as silica-gtass). In sone enbodinents, the:-
t hi ckness 410 of thin layer 402 is selected based on the desired spring
force for the spring area. Typically, 25 thickness 402 is between 1 - 1.5

mi | s(. 0025 -.003dm}nYhe thickmesy 414 obadhesive 404 is hargehrdependent pnithe £%p¢ ayer

406 is 2-5 m | 005 -.012 02/ 095737, PCT/ US02/ 060 -7 - 1Th

t hi Clk?less 4r1n4 gf é%a&ef‘ssi‘(ﬂeuiﬁ%‘:t\fg§°¥fﬁr?§? Rl YBW‘{)EE%“;%@“‘% gdhe‘si ve
d . e S | . . .

use n sone engaﬂé‘srﬁé;%%ea_ mb&ﬁéﬂﬁ@g@,éﬂ%meﬂ%mmdﬁs used. In

ot her enbodi ment hesrve | ncast 712 from El ectronic

Materials, Inc. picRsErIoFREidREctrérit MateiGalssInk. ofBreckennddge Coleradiddis | n
general, the adhesive thickness 414 is .01 ml- 0.120 m!l| (.000025cm

-.00025cm) . §n aséd is ddinesiner 40dntiogenenal she adhesjue thickoespidH e Olapdr | s
P L AR o TR ARG oo Rt 2o
polyimide layer is applied to the stainless steel layer and the composite
material is placed on top of the liquid polyimide before the polyimide is
cured. '
10 FIGS. 5-7 show various positions for the composite stiffeners of
the thick laminate layer under embodiments of the present invention. In
FIG. 5, a composite stiffener 502 is applied to a load beam 504 of a
suspension 500. In FIG. 6, a composite stiffener 602 is applied to a base
area 604 of a suspensioﬁ 600. FIG. 7 shows an embodiment in which
15 composite stiffeners 702 and 704 are applied to a base area 706 and a load
beam 708, respectively, of a suspension 700.

Under one embodiment of the present invention, the suspension
with composite stiffeners is formed by first forming the stainless steel
layer of the suspension using current known techniques. The composite -

20 stiffeners are then cut from a sheet of composite material using laser
precision cutting. Adhesive is applied to the suspension and the cut
stiffener is placed on the adhesive using a "pick and place" robotic
system such as the systems used in integrated circuit manufacturing.

Under a second embodiment, a sheet of composite material is

25  bonded to a sheet of stainless steel to form a laminate. The laminate or

the steel sheet is then etched to form the generai shape of the suspension.



10 FIGS. 5-7 show various positions for the conposite stiffeners of the
thick lam nate | ayer under enbodi nents of the present invention. In FIG
5, a conposite stiffener 502 is applied to a | oad beam 50 (g&g pensi on
500. In FM9 009587 onposite stiffener 602 is applied to a4% gozé“?gh; 604 of
a suspension 600. FIG 7 shows an enbodi ment in which .15 conposite
stiffeners 702 and 704 are applied to a base area 706 and a | oad beam 708,
respectively, of a suspension 700. Under one enbodi nent of .the present

i nvention, the suspension with conposite stiffeners is formed by first
formng the stainless steel layer of the suspension using current known
techni ques. The conposite 20 stiffeners are then cut froma sheet of
conposite material using |aser precision cutting. Adhesive is applied to

t he suspension and the cut stiffener is p8aced on the adhesive using a
"pick and place" robotic system such as the systens used in integrated
circuit manufacturing. Under a second enbodi nent, sheget of%(f'(:)(%1 osite

material is 25 bBaieamposite matesial and adhesive isthenselectiyelyptgh PRf€e. The
| am nate or the,steel, sheet,.is then etch to for h . e of
the suspensi on. %S%é%%%l%&WF%B@@‘Q%S?EB&S@@SM% tal and
adhesive is the%oﬁé}&@&'s‘fﬂeﬁeﬁ&ﬂ d@z@d%ﬁ%_sohhﬂe%h@ﬁéﬂs@&% steel in

certain areas of suspensi on, "t hereb I ng the ‘conposite stiffener
only in desired pl aceRIG8 proeidesanopsiew of BlsGspénsion808icfamaddjtionabw of a
suspensi on 800 of an additional 5 enbodinent_of the pres ng invengi Sn. I n
suspensi on 830, dmbedimend of the present ipygntien. JBsuspenst assATea 802 5

conposite material, and..spri area 806 is fornmed onl . . Jhe

metal of spring %ﬁ’agw%g&wﬁé%nﬁ 0 SQI%F%TQP%%G ﬁ??géﬁl%fgﬁfo@a{mgm

along two bondi ng 25685 f88ed only of a metal. The metal of spring area 806 is
bonded to base area 802 and load beam 804 along two bonding areas 808

and 810, respectively. Under most embodiments, the metal is bonded to

10 the composite material with an adhesive.

Note that although both the base area and the load beam are
shown as being formed of a composite material in FIG. 8, in other
embodiments, only one of these two areas is formed of a composite
material.

15 In summary, a data storage device (such as 100) is provided that
includes a suspension (such as 500, 600, 700, 800). The suspension
includes a metal (such as 402, 806), an adhesive (such as 404) and a
composite material (such as 406, 802, 804). In some embodiments, the
composite material is positioned over a load beam (such as 504) and/or a

20 base area (such as 604).

A suspension is also provided that includes a suspension body
(such as 504, 604, 706, 708) and a composite stiffener (such as 502, 602,
704, 702) that is formed from a composite material and that is bonded to
a portion of the suspension body. |

25 A suspension (such as'504, 604, 706, 708) also includes a

suspension body and stiffener means formed of a composite material for



and 810, respectively. Under nost enbodinents, the netal is bonded to 1o
the conposite nmaterial with an adhesive. Note that although both the base
area and the | oad beamare shown as being formed of a co Sj erial
in FIG 8WOR28SAYr enbodi nents, only one of these two a%ﬁ@%@%&%d of
a conposite material. 15 In summary, a data storage device (such as 100)
is provided that includes a suspension (such as 500, 600, 700, 800). The
suspension .includes a netal (such as 402, 806), an adhesive (such as 404)
and a conposite material (such as 406, 802, 804). In sone enbodiments, the
conposite material is positioned over a | oad beam (such as 504) and/or a

20 base area (such as 604). A suspension is also provided that. includes a
suspensi on body (such as 504, 604, 706, 708) and a conposite stiffener
(such as 502, 602, 704, 702) that is form® froma conposite nmaterial and
that is bonded to a portion of the suspension body. 25 A suspension (such
as' 504, 604, 706, 708) also includes a suspension body and stiffener neans
formed of a conpistéasingptherstiffnesoof satecter] aes fsuchcry/ 5040604 §066708) of the
increasing the stiffness of selected areas (such as 504, 604, 706, 708) of
t he suspensi on.suspensiofly pbe understood that even though nunerous

have been set 5 for U3 b PhATRERon s et MRABHRErcls HFeCUREG 1T, | ¢
14151 Mty oy st . 1
especial l'y ins forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in
matters of structure and arrangement of parts within the principles of
the present invention to the full extent indicated by the broad general
10 meaning of the terms in which the appended claims are expressed. For
example, the particular elements may vary depending on the particular
application for the composite stiffeners while maintaining substantially
the same functionality without departing from the scope and spirit of the
present invention. In addition, although the preferred embodiment
15  described herein is directed to a suspension for a disc drive system, it
will be appreciated by those skilled in the art that the teachings of the
present invention can be applied to other systems, like tape drive
systems, without departing from the scope and spirit of the present

invention.

20



matters of structure and arrangenent of parts wthin the principles of the
present invention to the full extent indicated by the broad general 1 o
meani ng of the terns in which the appended clains are expre For

exanmpl e, WROM¥SIYcul ar el ements may vary depending on thepgf(ﬁg‘?z(:qﬁﬁ%
application for the conposite stiffeners while maintaining substantially
the sanme functionality without departing fromthe scope and spirit of the
present invention. |n addition, although the preferred enbodi nent 15
described herein is directed to a suspension for a disc drive system it

wi || be appreciated by those skilled in the art that the teachings of the
present invention can be applied to other systens, |ike tape drive

systens, w thout departing fromthe scope and spirit of the present

i nvention. 20 WD 02/ 095737 PCT/ US02/ 06006-10¢0 WHAT IS CLAIMED IS: 1. A data
storage device for storing and accessing data in tracks on a nedium the
st orage devi ce having a suspension conprising: a nmetal material defining at
| east a portionWHARG AMEDAR: an adhesi ve bonded to a portion of the
metal material; and a conposite material having a higher stiffness to

wei ght ratio than the nmetal material and being bonded to the adhesive. 2.

The data storagq_devi &ﬂaﬂstﬁ%ﬁfﬂt img{d}iﬁélgndrﬁ&@ssiﬁgtdﬁ}aﬁuadﬁbﬂﬁs a

| oad beam of the suspension a e adhesive and the conposite nmateri al

are positioned gRediien,thadtdragededice Tavingpa suspensiopecabepiisingof claim 1
wherein the nmetal material defines a base area of th? suspensi.on and the
adhesi ve and the conpuwietal material defining at least a portion of the suspension;

an adhesive bonded to a portion of the metal material; and

a composite material having a higher stiffness to weight ratio than
the metal material and being bonded to the adhesive .

2, The data storage device of claim 1 wherein the metal material
defines a load beam of the suspension and the adhesive and the

composite material are positioned on the load beam.

3. The data storage device of claim 1 wherein the mgtal material |

defines a base area of the suspension and the adhesive and the composite

material are positioned on the base area.

4. The data storage device of claim 1 wherein the metal material
defines a spring area having a first bonding area, the composite material
defines a load beam having a second bonding area and the adhesive is

bonded between the first bonding area and the second bonding area.

5. The data storage device of claim 1 wherein the metal material
defines a spring area having a first bonding area, the composite material
defines a base area having a second bonding area and the adhesive is

bonded between the first bonding area and the second bonding area.



material are positioned on the base area. 4. The data storage device of
claim1l wherein the netal material defines a spring area having a first
bondi ng area, the conposite material defines a | oad beam i econd
bondi ng aWO@P2M83 he adhesive is bonded between the firngﬁé#Qgﬂgmirea and
t he second bonding area. 5. The data storage device of claim1 wherein the
netal material defines a spring area having a first bonding area, the
.conposite material defines a base area having a second bondi ng area and

t he adhesive is bonded between the first bonding area and the second
bondi ng area. WO 02/095737 -11 PCT/ US02/ 06006 6. The data storage device of
claim1l wherein the conposite material conprises a high performance
plastic. 7. The data storage device of claim®6 wherein the conposite
material conprises a liquid crystal polyi#dfr. 8. The data storage device of
claim1 wherein the conposite material conprises a reinforced plastic. 9.
The data storage device of claiml1l wherein the conposite materi al

conprises a netal matrix conposite. 10. The data storage device of claim9
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conprises a ce;g%&%g%g[wﬁ%&gmmgeggé&.storage device of claiml

wherein the co conpr a glass material. ; 13. A
suspensi on for a data storage device, the suspension

7. The data storage device of claim 6 wherein the composite material

comprises a liquid crystal polymer.

8. The data storage device of claim 1 wherein the composite material

comprises a reinforced plastic.

9. The data storage device of claim 1 wherein the composite material

comprises a metal matrix composite.

10.  The data storage device of claim 9 wherein the metal matrix

composite comprises aluminum with alumina fibers.

11.  The data storage device of claim 1 wherein the composite material

comprises a ceramic material.

12.  The data storage device of claim 1 wherein the composite material

comprises a glass material. i

13. A suspension for a data storage device, the suspension
comprising:

a suspension body formed from a layer of metal; and



conprising: a suspension body formed froma |ayer of netal;

and WO

02/ 095737 PCT/ US02/ 06006 -12 a conposite stiffener formed froma conposite

mat eri al ed to a portion of the suspension body. 14. The
ﬁ’;}g?z’@ggﬁm 13 wherein the conposite stiffener is 28508 5 base

suspensi o

area of the suspension body.

15. The suspension of claim 13 wherein the

conposite stiffener is bonded to a | oad beam of the suspensi on body. 16.

The suspension of claim 13 wherein the conposite materi al
17. The suspension of claim 13 wherein the conposite
18. The suspension of claim 13

per formance pl astic.
material conprises-.a reinforced plastic.
wherein the conposite material conprises a netal matrix conposite.
suspensi on of claim 13 wherein the conposite nateri al

conprises a high

19. The

conprises a ceranc

material. 20. The suspension of claim 13 slerein the conposite materi al
conprises a glass materi al .

a composite stiffener formed from a composite material and

bonded to a portion of the suspension body.

14.  The suspension of claim 13 wherein the composite stiffener is

bonded to a base area of the suspension body.

15.  The suspension of claim 13 wherein the composite stiffener is

bonded to a load beam of the suspension body.

16.  The suspension of claim 13 wherein the composite material

comprises a high performance plastic.

17.  The suspension of claim 13 wherein the composite material

comprises a reinforced plastic.

18.  The suspension of claim 13 wherein the composite material

comprises a metal matrix composite.

19.  The suspension of claim 13 wherein the cqmi)osite material

comprises a ceramic material.

20. The suspension of claim 13 wherein the composite material

| comprises a glass material.



