WD 02/ 095737 PCT/ US02/ 06006 STI FFENED SUSPENSI ON FOR A STORACE DEVI CE
HAVI NG A LAYER OF COWPOSI TE MATERI AL FI ELD OF THE | NVENTI ON 5 The present

i nvent i orwoakad®s7t o storage devices. In particular, the porasenvcodaventi on
relates to suspension assenblies in storage devices. BACKGROUND OF THE

| NVENTION I n data storage devices, data is typically stored in tracks on a
medi um To access the data, a head is positioned within a track while 10

t he nmedi um noves beneath the head. In many data storage devices, the head
is positioned by an actuator assenbly that includes a notor that rotates
one or nore actuator arns. Each actuator arm supports a suspension that in
turn supports a head/ ginbal assenbly. Typically, the suspension includes
three distinct 15 areas: a base plate area that connects to the actuator

arm a spring aregTHﬁ@%&E I r i he head
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spring force for the as nechani cal perties that are relatively
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parts of the actuator assenbl
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 within 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 provides a vertical spring force to bias the head toward the mediufn,
and a load beam that extends from the spring area to the head/gimbal
assembly. The spring force provided by the suspension is designed to
allow the head 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 because 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



In sonme prior art systemnms, using sheets of stainless steel results in a
suspension in which the spring area and the | oad beam are the sane WO

02/ 09573 wWBG@THNYSB2/ 06006 -2 thickness. Because of this, Ipatrhusaz/emss exhi bit
sim lar nmechanical properties. However, because the spring area and the

| oad beam performdifferent functions, it is desirable that they have
different nechanical properties. In particular, it is desirable that the
spring area 5 be nore elastic or flexible than the | oad beam because a | oad
beamthat is too elastic will tend to bend and resonate in response to

wi ndage induced forces. To solve this problem the prior art has devel oped
several techniques for form ng a suspension so that the thickness of the
spring 1o area is less than the thickness, of the |oad beam In one
technique, the spring area is partially etched to reduce its thickness.
However, partial etching provides poor thickness control of the partially

etched portionsy,;@fthss eBEtAuSe of tIRQ BotRPed QoM 5it Shhlldd hetihrifld SPring area.

A second technique welds a second netal sheet to the | oad beam However,
15 wel ding is cpsipeytienndHomeses bdcaiserthe spriaf aréeahd tlie neanbedne to the

heating of the nmetal. In addition, welding requires a mninumsurface area
that will not bpenfpwnalifferent furdtions, i isgesiabimthastheynbayegdiffesenta t hird

Lochnigue, Laughl B LB S ebid 3\ QLELULE StRengen L Iugh ) amrt on,
R e e e
stai nl ess st eel tdoaigticwel] Raddebend drfitEresonate 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 tecMQue, 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



pol yi m de usi ng an adhesive such as a polyi m de-based |iquid adhesi ve.

Al t hough | am nated structures of the past hel p danpen sone 25 oscillations
in the suapansdsra; .the use of two layers of metal in thePODUXAZ/08¢ 37

PCT/ US02/ 06006 -3 | am nate is undesirable because of the relatively | ow
stiffness to mass ratio of nost nmetals. The present invention provides a
solution to these and other problens, and offers other advantages over the
prior art. 5 SUMVARY OF THE | NVENTI ON A suspension for a storage device
includes a netal |layer and one or nore conposite stiffeners bonded to the
metal layer to stiffen part but not all of the suspension. The conposite
stiffeners are nade of a 10 conposite material and are bonded to the netal

| ayer by an adhesive. Under nobst enbodi nents, the conposite material has a
hi gher stiffness to weight ratio than a netal. These and various ot her
features as well as advantages which characterize enbodi nents of the
present inventipmiwhid isR@dRBREPIRMecadse SRAB rélaBYERdoh&iffrRlsh ayihigs det ai | ed
description and review of the associated drawi ngs. BRI EF DESCRI PTI ON OF
THE -DRAW NGS FI faticlofimostmetadsret ri ¢ vi ew of a disc drive in which

enbodi ments 20 of the present invention may be practiced. FIG 2 is a top
view of a suspensi onThepesenhinvention previdespm sglution & these gd withey of a

suspensi on [ : .
P N ndelgrotbffgmg’ra{no offts other advantages over the prior art.

5
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 reading 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. 51is a top view of one embodiment of a suspension under the

present invention.



FIG 4 is a cross section of one enbodinent of a |amnate structure used
on suspensions of the present invention. 25 FIG 5 is a top view of one
enbodi nerwoaR/ogs7suspensi on under the present invention. WOTARNDGBHISE7

PCT/ US02/ 06006 -4 FIG 6 is a top view of a further enbodi ment of a
suspensi on under the present invention. FIG 7 is a top view of a further
enbodi nent of a suspension under the present invention. 5 FIG 8 is a top
view of a further enbodi nent of a suspension under the present invention.
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS FIG 1 is an isonetric
view of a disc drive 100 in which | o enbodi nents 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 _includes 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
spi ndl e notor (not spmmlsaiogtvﬁ&maﬁ%ﬂlﬂh%hen%dm@h%fé@ag}sﬂnglow9 Each
di sc surface has an associ ate di sc head slider 110 which'is nmounted to
disc drive 100 #finderctherproseratinwentios.th the disc surface. As the disc pack
is rotated, it generates air circulation through the drive and in
particul ar gener at esFEIn 7asﬁt©§a'r1¢wg> ajuriher “\b&’%ﬁ‘“ﬁ@h@ f & PRSRANSIPTO and each
di sc surface. 20 Ln the exa howmn in FIG 1, sliders 110 are supported
by suspenS|ons:T¥§ iRERS énYﬂﬁFHPn attached to track accessing arns 114

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

under the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 is 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 includes 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)

15 attached to the bottom of spindle 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 supported 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



an actuator 116. The actuator shown in FIG 1 is of the type known as a
rotary noving coil actuator and includes a voice coil notor (VCM, shown
gener al | yweto2049837 Voi ce coil notor 118 rotates actuator 1PE&TAiSORN0GDE
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 dianeter
124 and a WD 02/095737 PCT/ US02/ 06006 -5 disc outer dianeter 126. Voice
coil notor 118 is driven by servo electronics 130 based on signals
generated by heads 110 and a host conputer (not shown). FIGS. 2 and 3
provide a top view and a side view, respectively, of 5 a suspension 200 of
the prior art. Suspension 200 includes a base plate area 202, a spring
area 204 and a | oad beam area 206. Base plsate area 202 is designed to be
wel ded to a base plate (not shown) that i's |ater swaged to an actuator
arm The base plate generally extends beneath the entire base plate area

with a portion {gc bﬁ&rfa@éﬁet%tqt@ ﬂz&cgtéi@ﬁqﬁaﬂlmm&l&@g LPENeIBEr s i n the

suspensi on. The base plate area also includes three fl circuit tabs 208,

210, and 212, tMbﬁmﬂ©n®1grmls)gmqersﬂedé)ydfeaﬂhélﬂ)marhloat eompeier gnat t hat
provide a structure to support a flex «circuit. In general, the flex
circuit is wovethdy&een the tabs such that it |s above tabs 208 and 212

snd bel on 2 210. 15 5pcine Srea 201 b ocsld Satve Base Rl pecr e
T A et e S et e e
206 extends fr odpes ROR WsptiRBaRQdPMUANR Plodddeans sRAu0s.

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 suspension and 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.



20 208, which holds a head (not show). Load beam 206 includes a through
hol e 218 that is provided to reduce the weight of the suspension and a

di mpl e 22®0tobads7pr ovi des a pivot point for the ginbal asseairiusoziibesn the
mediumis noving, the ginbal assenbly pitches and rolls about the pivot
point in response to aerodynamc forces that are applied to the 25 head.
Load beam 206 al so includes a pair of side rails 222 and 224 that are
formed by bendi ng the edges of the | oad beam upward. WO 02/ 095737

PCT/ US02/ 06006 -6 As noted in the background, sonme prior art systens have
increased the stiffness of portions of the suspension by building | am nate
structures. At |east one enbodi nent of the present invention provides a
suspension in which the | oad beam and/or the base plate area are 5 forned
by a lam nate structure that includes at least one |ayer of conposite
material that stiffens the | oad beam and/or the base plate. Such conposite

materials are di fferRQtnoftéd)iHtﬁ@%ahﬁg‘ﬁnﬁxd)%%%rpr%ﬂefﬁ émstHaveass ratio
than nost netals such as copper and stainless steel that were used in the

past to form | amicheised shis sigffisdss 0§ poBgousfethefsus paision by iuglhkng $rhirfatess t o
mass rati o, the conposites of the present invention result in better
suspensi on per f gragihees. thidragteng enappdiment of the peasent wwentipe pspyislesart .
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406 is forned of any
Such composite materials are different from and have a higher stiffness
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 prior art. FIG. 4 provides a cross section of one embodiment of a
laminate structure under the present invention.
In FIG. 4, laminate structure 400 includes a thin bottom layer 402,
15 an adhesive 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 inchiding 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



nunber of conposite materials including high performance plastics (such as
Utemor Liquid Crystal Polyner), reinforced plastics (such as 20 epoxy
wi t h car bwo okiokess, particles, or fabric), nmetal matrix cecpasoL/e004 such as
Alum numw th Alum na fibers), ceramcs (such as Zirconia, alumna, boron
nitride, or sapphire), and glasses (such as silica glass). In sone

enbodi nents, 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 m|ls(.0025 -.0037 cm. In many enbodi nents, thickness 412
of thick layer 406 is 2-5 mls (.005 -.0125 WO 02/ 095737 PCT/ US02/ 06006 -7
cm). The thickness 414 of adhesive 404 is |largely dependent on the type of
adhesive used. In sonme enbodi ments, a pol yim de-based |iquid adhesive is
used. In other enbodi ments, an adhesive igtntified as Entast 712 from

El ectronic Materials, Inc. of Breckenridge, Colorado is 5 used as adhesive

404. In general cmz.h?h@@ﬂ@ﬂlé’s@ 44 hioe kARSSvE 164 isdardtly depen@erkQriHe typf00025cm
- .00025cm . In still further enbodinments, a liquid “polyimde |ayer is

applied to the ofaildsbssustidedh sbampesmbaodiinhdrets, copplysini de-baseddiquld i s pl.aced
on top of the liquid polyimde before the polyimde is_ cured, 10 FIGS. 5-7
show various poadhespresisfusedt ke othsreorhadiments, Parashesive idenfiehpgk | ani.nat e

[ayer under emho et ot e DL M NI OBk Renli G BT S L
oo EOID°S e SR e AR 8 nkecs ke g spens o
704 are appl i ed.10n@l hesm28e@a .F0R5am) . dnlstifldurther embodiments, a liquid
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 suspension 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. -



beam 708, respectively, of a suspension 700. Under one enbodi ment of the
present invention, the suspension wth conposite stiffeners is forned by
first forwDmgoe3187 stainl ess steel |ayer of the suspensi orCuw4iSngoaoe r ent
known techni ques. The conposite 20 stiffeners are then cut froma sheet of
conposite material using |aser 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 systens used in integrated
circuit manufacturing. Under a second enbodi nent, a sheet of conposite
material is 25 bonded to a sheet of stainless steel to forma |lam nate. The
| am nate or the steel sheet is then etched to formthe general shape of
the suspension. WO 02/095737 PCT/ US02/060@6 -8 The conposite material and
adhesive is then selectively etched to expose the stainless steel in
certain areas of the suspension, thereby |eaving the conposite stiffener

only in desiredTpl 86508 hﬂﬁeﬁélm@%lvézls%eﬁsélé&Wél'?étc?&eHQ@ eXp8ye of a
suspension 800 of an additional 5 enbodi ment of the present invention. In

suspensi on 800, tHeatginkiseatedDih ceatuin hoexd diehesbipbraian, tierebyl laviyg die a
conposite material and spring area 806 is formed only of a metal. The
nmetal of spri ngCCHnE@SIQ:)fﬁlff@eb@ﬁbém desitpskplagesen Hysuspensigad beam 804 al ong
two bondi ng areas 8 g}gr e.CtI(\%/f %/1 Under st e e ts, the
nmetal is bonded to t 4 2SBRP éﬁﬁ&ﬁ te that

TS AT i S
two areas is fosietbadl beant 80P foemed only of a composite mater1a1 and spring

area 806 is formed 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



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

i ncl udes worewad731 such as 402, 806), an adhesive (such asP¢@A)SIAMIOE
conposite material (such as 406, 802, 804). In sonme enbodi nents, 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 formed froma conposite 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 neans
formed of a conposite material for WO 02/ Q95737 PCT/ US02/ 06006 -9

i ncreasing the stlffness of selected areas (such as 504, 604, 706, 708) of
t he suspension. is to be understood that even though nunerous
characteristics; Mﬂn&ﬁ i on
have been set ? ort!%il nt g‘?eéggga%lé‘%&ﬁges%n pﬂﬁmfggitﬁk?g?w;bﬁ@%%t ails
of the structurgugpaﬁjbunctlon of various enbodi nents of the invention, this

disclosure is illustrative only, and changes may be nmade in detai
especially in mat t ektds mbsunderano@ddmeaen&h@gimnun@romehagavterlﬁnes t he
princi pl es of i@aresent Pventl on o the full extent. i %t ed by the
broad gener al KARGEE? Ot Hariprt ft Pﬂ“ﬁ?ﬁ‘téﬁ’f fhenyspl HH VSI SFRSCar e

expressed. For fo'%ﬁ?mh% fokdBoiRE debGHbtRn, EOSHREE &itiPetd A ¥ ARRERALAE on the

particul ar
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



application for the conposite stiffeners while maintaining substantially
the sanme functionality without departing fromthe scope and spirit of the
present iwoeabd)a? | n addition, although the preferred enpadiusentcodd
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- WHAT IS CLAIMED IS: 1. A
data storage device for storing and accessing data in tracks on a nedium
the storage device having a suspension conprising: a netal nateri al
defining at |least a portion of the suspengpon;, an adhesive bonded to a
portion of the netal material; and a conposite material having a higher
stiffness to weight ratio than the netal material and being bonded to the
adhesive. 2. TheydatrasstoapdeDdeyi ce of claim 1l wherein the netal materi al
defines a | oad Deam of tThe suspension and the adhesive and the conposite
material are positioned on the | oad beam 3. The data storage device of

claim1l wherein the netal nmaterial. defines a hase area_of .the suspension
and the adhesi vk andAtdpsa siarpafevice fon SPTIRG apAaceessing da@dnSRckReNFase

. 4. The d devi f clai 3 | i al
Gef rnes a spri nedrelt ARG Foie BB LR ol PR (5 mat ori a

a metal 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 metal 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.



defines a | oad beam having a second bondi ng area and the adhesive is

bonded between the first bonding area and the second bonding area. 5. The
dat a st orwgezdesrdte of claim 1l wherein the netal material pcaafSome®o@ spring
area having a first bonding area, the conposite material defines a base
area having a second bonding area and the adhesive is bonded between the
first bonding area and the second bondi ng area. WO 02/ 095737 PCT/ US02/ 06006
-11 6. The data storage device of claim1l wherein the conposite nateri al
conprises a high performance plastic. 7. The data storage device of claim®6
wherein the conposite material conprises a liquid crystal polymer. 8. The
data storage device of claiml wherein the conposite material conprises a
reinforced plastic. 9. The data storage deyice of claim1 wherein the
conposite material conprises a netal matrix conposite. 10. The data
storage device of claim9 wherein the nmetal matrix conposite conprises
alumnumwi th alumna fibers. 11. The data storage device of claiml
wherein the conposite material conprises a ceranmic material. 12. The data
storage device @f cl@hedatawteragenlevite sfalgiasi ehereinstheabmpusitpmhatesian gl ass
material. 13. A suspension for a data storage device, the suspension

conpri sing: a stwpprisesonhighggerfemmangefplestica | ayer of netal; and WO

02/ 095737 PCT/ US02/ 06006

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.

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

a suspension body formed from a layer of metal; and



-12 a conposite stiffener forned froma conposite material and bonded to a
portion of the suspension body. 14. The suspension of claim 13 wherein the
conposi t ewstoehdeser is bonded to a base area of the suspeaIiusaimdy. 15.
The suspension of claim 13 wherein the conposite stiffener is bonded to a
| oad beam of the suspension body. 16. The suspension of claim 13 wherein
the conposite material conprises a high performance plastic. 17. The
suspensi on of claim 13 wherein the conposite naterial conprises a
reinforced plastic. 18. The suspension of claim 13 wherein the conposite
material conprises a netal nmatrix conposite. 19. The suspension of claim
13 wherein the conposite material conprises a ceramc material. 20. The
suspension of claim13 wherein the conposije material 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 composite material

comprises a ceramic material.

20.  The suspension of claim 13 wherein the composite material

comprises a glass material.



