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OF THE I NVENTION 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 1o the nmedium noves beneath the head. In nany 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

one or two suspensions that each support a head/ ginbal assenbly.
Typi cal ly, a suspension includes three 15 distinct areas: a base plate
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that extends fromthe spring area to ead/ gi nbal assenbly. The spring
force provided by the suspension is designed to allow the head to foll ow

hei ght variations on the surfacBEMD GPTHEINVENTIONM t hout i npacting the
medi um or noving too far away, fromthe nedium |n the past, suspensions
have typical |y been fHieREgsent Biventirutelatesito storage dexices. dngarticulay, hene pri or
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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 one or two suspensions that each
support a head/ gimbal assembly. Typically, a suspension includes three

15 distinct 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 medium, 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

20 the medium 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. In some prior art 5ystems, using sheets of stainless steel
results in a suspension in which the spring area and the load beam are

25  the same thickness. Because of this, both areas exhibit similar
mechanical properties. However, because the spring area and the load
beam perform different functions, it is desirable that they have different

mechanical properties. In particular, it is desirable that the spring area
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mechani cal properties. However, because the spring area and the | oa eam .
perform dif unctions, it is desirable that they rent
mechani cal %ﬁ)og)ggrlts(ff‘ses. In particular, it is desirable t g't(’%?“gé'gé’gr. ng area
- 4 FEB 2004 WO 021091366 PCT/ US02/ 02504 -2 be nore elastic or flexible
than the | oad beam because a | oad beamthat is too elastic wll tend to
bend and resonate in response to wi ndage induced forces. To solve this
problem the prior art has devel oped several 5 techniques for formng a
suspensi on so that the thickness of the spring area is |less than the

t hi ckness of the | oad beam In one technique, the spring area is
partially etched to reduce its thicknesssy However, partial etching

provi des poor thickness control of the partially etched portions and
results in poor pre-load stability in the spring area. A second 10

t echni que wel ds ge meddsmélBX@MbM the lodebdagehbciisemloddbbranethat iswel di ng
is costly and ca %Sglc beam due, t o, the heati ng of

the metal. In ad | e&\ld %mfreeg FPROMSE IR ¥indage area that will

not be present imcmlaadfce&essuspenm ons of the future. A third techni que
taught by the art is to formthe susggnsi on 15 through | am nation. For

exanple, U S. Pat ent 10 s thisproblemy e paion grtbes ﬁ‘?"eIOR!’F@EY%%les a suspensi on
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met al | ayers. Howmadslessthamtheshickmays af tha Joatllteadnl & orhé texhiiige, 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 f)re-load stability in the spring area. A second
10  technique welds a second metal sheet to the load beam. However,
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
15 through lamination. Fot example, U.S. Patent 4,996,623 to Erpelding et al.
| discloses a suspension formed about a flat flexible material. In the base
area and the load beam, the flat flexible material is bonded on both sides
to patterned metal layers. However in the spring area, the flat flexible
material is only bonded on one side to a metal layer. This makes the
20  spring area more flexible than the base area and the load beam.
Although the spring area is more flexible than the load beam in
Erpelding, it is still formed of two different material layers. In addition,
the laminated structures of the past do not aid in the manufacture or
installation of the suspension. In particular, the laminated structures of
25 the past do not aid in rail formation, welding the suspension to a base

plate, aligning the suspension with other pieces, attaching a flex
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the spring )sccnore flexible than the | oad beamin lhg, it is
still for mgf(ﬁ?/o%lag different material |layers. In addi t;ﬁ}@?&;@%&gﬂl am nat ed
structures of the past do not aid in the manufacture or installation of
the suspension. In particular, the | am nated structures of 25 the past do
not aid in rail formation, welding the suspension to a base plate,
aligning the suspension with other pieces, attaching a flex WD 02/ 091366
PCT/ US02/ 02504 -3 electrical circuit to the suspension, or attaching

m cronotors such as piezo-electric elenents to the suspension. The
present invention provides a solution taathese and other problens, and

of fers ot her advantages over the prior art. 5 SUMWARY OF THE | NVENTI ON A

| am nat ed suspension includes recesses in one |ayer of the suspension
that aid in attaglftrgaleirewitin the sespenton, o5 pipdiingymigiempters snchias zi ng a

m cronot or pl aced..on . j i cular, exanples of the
recesses incl udegﬁggafeggg}ﬁ%?ﬂ\ﬂgﬁ%ﬁdﬁget er{-'suspensi on to other lo itens,
fiducials that are uSBw preseatingentidrneprouisipea solatiomid thesetanerothdrens,

m cr onot or recesse% that receiv mérom)tors, gdhesive controls that

restrict the | ocBIGPlMSANd gHessothes adyraryages St tbaRg At el ect ri cal

i nterconnect attachment tabs &gV ARSEH THEENVENTIONt S, Side rails that
reduce torsional resonance during m croactuation and m croactuator 15

hi nges that reduce th% laminated eespensiéwrineliidesoracesses iroone |layexdefi theon, a

suspension that aid in attaching elements to the suspension and in

utilizing a micromotor placed on the suspension. In particular, examples

of the recesses include weld areas for welding the suspension to other

10  items, fiducials that are used to align the suspension with other items,

micromotor recesses that receive micromotors, adhesive controls that

restrict the location of adhesives on the suspension, electrical

interconnect attachment tabs that accept flex circuits, side rails that

reduce torsional resonance during microactuation and microactuator

15  hinges that reduce the force needed for microactuation. In addition, a

laminated suspension with a single metal layer in the spring area is
provided.

These and various other features as well as advantages which

characterize embodiments of the present invention will be apparent

20 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 embqdiments
25  of the present invention may be practiced.

FIG. 2 is a top view of a suspension under the prior art.
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I sonetric view of a disc drive in which enbodi nents 25 of the present

i nvention may be practiced. FIG 2 is a top view of a suspension under the
prior art. - 4 FEB 2004 WD 02/091366 PCT/US02/02504 -4 FIG 3 is a side
view of a suspension under the prior art. FIG 4 is a cross section of one
enbodi nent of a |am nate structure wused on suspensions of the present
invention. FIGS. 5 and 6 are bottom and 440p views, respectively, of one s
enbodi ment of a suspension under the present invention with rails forned
of a single sheet of material. FIGS. 7 and 8 are bottom and top views,
respectively, of an H&uPiSatide viewnsasuiension uadenthpprier ot under t he
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respectively, of used omsipensioralof thelpreientinvemtfora suspensi on under the
present invention w tlt"}GS. 5 and 6 are bottom and top views, respectively, of one
5 embodiment of a suspension under the present invention with rails
formed of a single sheet of material.

FIGS. 7 and 8 are bottom and top views, respectively, of an
additional embodiment of a suspension under the present invention with
electrical interconnect attachment tabs formed of a single sheet of

10  material.

FIGS. 9 and 10 are bottom and top views, respectively, of an
additional embodiment of a suspension under the present invention with
weld holes formed in one sheet of material.

FIGS. 11 and 12 are bottom and top views, respectively, of an

15 additional embodiment of a suspension under the present invention with
a gimbal end formed of one sheet of material.

FIGS. 13 and 14 are bottom and top views, respectively, of an
additional embodiment of a suspension under the present invention with
micromotor wells formed in one sheet of material.

20 FIG. 15 is a bottom view of the suspension of FIG. 13 with
micromotors attached to the suspension.

FIG. 16 is a top view of an additional embodiment of a suspension

under the present invention with fiducials formed in one sheet of

material.
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microactuator hinges formed of one sheet of material.

FIGS. 21 and 22 are bottom and top views, respectively of an
additional embodiment of a laminated suspension under the present
invention in which a spring area is formed of a single layer of material.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 is an isometric view of a disc drive 100 in which
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)
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.

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



enbodi nents of the present invention are useful. Disc drive 100 iru:u,uFIEB 04
housing wth a base 102 and a top cover (not shown). Disc drive 100

further incyggesiskedi sC pack 106, which is nounted on a&%gg%ﬁo 109 by a
15 disc clanp 108. Disc pack 106 includes a plurality o? In |V|Jual di scs,

whi ch are co-rotated about spindle 109 by a spindle notor (not shown)
attached to the bottom of spindle 109. Each disc surface has an associ ated
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 20
circulation through the drive and in particular generates an air bearing
bet ween each head slider 110 and each disc surface. In the exanple shown
in FIG 1, sliders 110 are supported by gsuspensions 112 which are in turn
attached to track accessing arns 114 of an actuator 116. The actuator

shown in FIG1 is of the type known as a 25 rotary noving.coil actuator
and includes a vbeasls 1ihatoupppivet sheftlfQ to position heagls 120 everp desirediddta Voi ce

Corl LT, 1L2 | AR B PR SR SEIRESCC |
over a desired ddis@outer diatert 126y Vaite asithiotod 1184 dritebpairve@éectdnits SC i nner
dianeter 124 and_ a  disc oquter dianeter 126. Voice coil notor 118 is
driven by servo &30Resedsn signalsgenensteddy hepdscllfand 3 g cemputes(M9y heads 110
and a host cogpulefdynot 5 shown). FIGS. 2 and 3 provide a bottom view and
a side view, respec?ively, of a suspension 200 of the prior art.

Suspensi on 200 i ncl Jd@e8. 2andispropidatadotiveavi®@and a sgjeniiesy, area 204 and a

| oad beam ar ea xzeggéctively, of a suspension 200 of the prior art. Suspension 200

includes a base plate area 202, a spring area 204 and a load beam area

206.

10 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
extending through an opening 214 in the suspension. The base plate area
also includes three electrical interconnect attachment tabs 208, 210, and

15 212, 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.

Spring area 204 is located between base plate area 202 and load

20 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.

Between spring area 204 and base plate area 202 are microactuator
hinges 230 and 232 and microactuator gaps 234 and 236. Two respective

25  micromotors (not shown) extend across microactuator gaps 234 and 236
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ext ends bengpthodililg entire base plate area with a porti base
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area also includes three electrical interconnect attachnent tabs 208,

210, and 15 212, 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. Spring area 204 is |ocated between base plate area 202
and | oad 20 beam 206. A gap 216 in spring area 204 is designed to reduce
the stiffness of the spring area so thag_the spring area resiliently
bends in response to aerodynamic lifting forces applied to the head.

Bet ween spring area 204 and base plate area 202 are m croactuator hinges
230 and 232 and An¢ peablatemevesapng aca 20handRed baaw 20@bgsed bhve 25

m cronmotors (not )es . ss _m.croactuator gaps 234 and 236 Ir 4
FEB 2004 WO 02/ 05%5%‘%&%&?3%‘/’@%8’4" e-mfcrgﬁ‘(?goﬁ'e able to nove spring area
204 and | oad beam 20@.daddeam®06 extbrds fidrf 8prifg ealet @ragxmt@ld to the

m cronotors. Load beam 206, eétercgg frorrhsprl ng area 204 to a ginbal
attachment porti B#aRmEnt RRtioR 208 ¢ es4o gigiphal agsemhin (npt shayy)- show). 5

Load beam 206 ngbaws‘éanazdsqa&m&&_attesm&ggmrég%gﬁ\yo?é%gggqtaﬁdé&ker%z@ g0 that

provi des a pivot point for the ginbal —ass umis
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 head. Load beam
206 also includes a pair of side rails 222 and 224 that are formed by

10  bending the edges of the load beam upward.

Under many aspects of the present invention, a laminated
suspension is provided wherein material is removed from one of the
laminate layers to aid in the production of the suspension and/or to aid
in the microactuation of the suspension. FIG. 4 provides a cross section

15 of one embodiment of a laminate structure under the present invention..

In FIG. 4, laminate structure 400 includes a thin top layer 402, an
adhesive layer 404, and a thick bottom layer 406. In one embodiment,
thin top layer 402 is formed from a stainless steal sheet having a
thickness 410 of 30.5 um. Under this embodiment, thick bottom layer 406

20  is also formed from a sheet of stainless steel and has a thickness 412 of
63.5 um. The two stainless steal layers are bonded together by adhesive
layer 404. In one embodiment, adhesive layer 404 is Rogers 1500
adhesive applied to a thickness 414 of 27 pm.

FIGS. 5-20 show various embodiments of the present invention in

25 which a portion of one of the layers on the suspension is removed to aid

in the production or installation of the suspension and/or in the
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bendi ng thgﬁg g@émﬁf the | oad beam upward. Under nany a%%%coégé t he
present invention, a |lam nated suspension is provided wherein material is
renoved fromone of the lamnate layers to aid in the production of the
suspension and/or to aid in the mcroactuation of the suspension. FIG 4
provi des a cross section 15 of one enbodiment of a |am nate structure
under the present invention. In FIG 4, lamnate structure 400 includes a
thin top |layer 402, an adhesive |ayer 404, and a thick bottom | ayer 406.
In one enbodiment, thin top layer 402 ig.forned froma stainless steal
sheet having a thickness 410 of 30.5 gm Under this enbodinent, thick
bottom | ayer 406 20 is also forned froma_sheet of stainless steel and has
a thickness 412 #ticrogguationyof thihauspopsian: dn FIGCS §-20; topllayex o2 is depistedonded

t oget her by adheg| 4 J A . ' er 404 is
Rogers 1500 adhg’gﬁ\%%%%ﬁ&e a&da%tﬁpgﬁﬁég@g%g?&gg’bgg%%ﬂ( " 5-20 show
various enbodi ments oFortekamplecRIGSt 5 am/@ piavide bottonandvvipolieves ¢far t i on of one
of the layers on the sus sion is reno to.aid in.the production or
Chstall att on of  ERPeRRIOR SALRAEH RS RreR SOk ASPring Srseis050d ANERD! 091366

PCT/ US02/ 02504 - Bedth $08 anlsHétenSiBn 850 pdtBoRe SRR bBRom! Hateliff06 230, toP
| ayer 402 is depicted by di‘agonal hatching and bottom | ayer 406 is
depi cted by dot adhesivegi4 are removed so that two side rails 500 and 502 along the

side of the load beam 508 are formed only from top layer 402. During
construction of the suspension, the side rails are bent to form a 90 degree
angle with the rest of the load beam. By forming the rails with one layer

10 of matefial, the rails are easier to bend than if the rails were formed from
both layers of the suspension. Using one layer for the rails also reduces
the mass of the rails, which helps to push the torsional resonance
frequencies of the load beam to higher levels. The reduced mass also
makes microactuation of the load beam easier and as such, load beams

15 formed from a single material are also referred to herein as
microactuation recesses.

In other embodiments, merge wings are found in place of the two
side rails. Like side rails 500 and 502, the merge wings are formed by top
layer 402. However, instead of extending down the length of the load

20  beam, the merge wings appear as two short tabs on each side of the load
beam. By making the merge wings out of only one layer, they are easier
to form and have less mass. .

FIGS. 7 and 8 provide bottom and top views of an additional

suspension embodiment 720 in which two electrical interconnect
25  attachment tabs 700 and 702 are formed only from top layer 402. By

rerno{ring bottom layer 406 and adhesive 404 from these two tabs, it is



For exanple, FIGS. 5 and 6 provide bottomand top views of a suspension
520 having a base area 504, a spring area 506, and a | oad 5 beam 588 FEB 2004

suspensi on {20, BA4&i ons of thick bottom material 406 an Lve 404 are
removed so tﬁa?aﬁmo side rails 500 and 502 al ong the s?ﬁgﬁgﬁﬁéhﬁ | oad

beam 508 are forned only fromtop |layer 402. During construction of the
suspension, the side rails are bent to forma 90 degree angle wth the
rest of the load beam By formng the rails with one |ayer 10 of material,
the rails are easier to bend than if the rails were fornmed from both

| ayers of the suspension. Using one |layer for the rails also reduces the
mass of the rails, which helps to push the torsional resonance
frequencies of the |oad beamto higher lgyels. The reduced nmass al so
makes m croactuation of the | oad beam easi er and as such, |oad beans 15
formed froma single material are also referred to herein as

m croact uati on r €aserde weayeithetflew riraurithetivesthe elenwicglintercogsecir e f ound i n

B o Tormed by 1 oftitiral Bhsoin iy B8 deR b dres 0w mie BowS: e "O°
l'ength of the | oathcR@o fitader tittbotRngef tibs TS aBRPERWhAE eXtéRdifiPOvér t abs on

each side of the |oad _beam By nmaking the nerge w ngs out of only one
| ayer, they are thedopef tabg04.0r m and have | ess mass. FIGS. 7. and 8 provi de

PoLi o and, Lop V1 o1 Stesnaltdshorsuseeuian eTkggeh, 20 1 il
fromtop | ayer 4embodiynent B20iniwhjcloweldoecesses 800,207 984,906,908 indd1804 fr om
these two tabs, Ltavej been fcfi'mlie I':i"n %gtgtg'm layer 406 and adhesive layer 404. The weld
recesses make it easier to weld laminated suspension 920 to a base plate
because they provide direct access to the layer of material that is to be
10 welded to the base plate. In general, this allows for a more direct
application of the heat needed for welding and thus is more efficient. It
also prevents damage to the laminate structure that would otherwise
occur if heat or electrical current were applied to the adhesive.
FIGS. 11 and 12 provide bottom and top views of a suspension
15 embodiment 1120 of the invention in which a gimbal attachment section
1100 of the load beam is formed only from top layer 402. By forming
gimbal attachment section 1100 from only a single layer of material, it is
easier to form dimple 1102 on the load beam and it is easier to weld the
gimbal to the load beam.
20 FIGS. 13 and 14 provide bottom and top views, respectively, of a
suspension embodiment 1320 in which micromotor recesses 1302 and
1304 have been formed in bottom layer 406 and adhesive layer 404.
Recesses 1302 and 1304 each provide a space into which a micromotor
may be placed. When inserted, the micromotors cross gaps 1302 and

25 1304, respectively, and are able to mow}e the spring area relative to the
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the electrical interconnect attachment tabs. In particular, the ftek FEB 200

circuit doegy oi@ve to be bent as nmuch to fit under of tabs
700 and 702 vﬂa};ﬂe extending over the top of tab 704. SEE'F/E@%@I;M 10

show bottom and top views of a suspension enbodi ment 920 in which weld
recesses 900, 902, 904, 906, 908, and 910 have been fornmed in bottom

| ayer 406 and adhesive |ayer 404. The weld recesses nake it easier to
wel d | am nated suspension 920 to a base plate because they provide direct
access to the layer of material that is to be 10 welded to the base plate.
In general, this allows for a nore direct application of the heat needed
for welding and thus is nore efficient. k. also prevents damage to the

| am nate structure that would otherwi se occur if heat or electrical
current were applied to the adhesive. FIGS. 11 and 12 provi de bottom and
top views of a siageeddGold shows aibottomeriew of the suspensioniwithemicramotiors whi ch a

gi nmbal attaChnentlsﬁzeaﬁ\tdﬁB%B];a%Q(:gﬂqjec &%1? seé{]ﬁaﬂ] is formed only fromtop

| ayer 402. By formng 1100 fromonly a single

| ayer of material, itBy msemgltleafnﬁ@oxhefolﬁs iEtoTible eeckdses, thelovehdl haglk beam and
it Is easier to Wéthtethe gi nb to the | oad beam 20 FIGS. 13 and 14

provi de bott om aRitheSHsRengiRE wi %é%‘?‘i"mt?f"s Wdacedsﬂbﬁéﬂ%keéﬁeéﬁ%dl ment
1320 in whichsni ¢ BBl theSRDSRTon BRZtHR Mk dh%%ﬂéa\fﬁ 6§%§‘%§Qﬁﬁd in

bottom | ayer 406 and adhesive | ayer 404. Recesses each
provi de a space space batywesh the discsrin it disc stack. The recesses also aid in placing

the micromotors in the proper location on the suspension which in turn
improves microactuation of the suspension.
FIG. 16 provides a top view of a suspension embodiment 1620 in
10 which fiducials 1600, 1602, 1604, 1606, and 1608 are formed in top layer
402'and adhesive 404 but not in bottom layer 406. The fiducials provide
visual alignment features for attaching items such as the flex circuit, the
slider and the micromotor to the suspension. By forming the fiducial in
only one steel layer, the number of complete holes that pass through the
15 suspension is reduced. This makes it easier to use vacuum-based clamps
and pick-up tools to hold down and pick up the suspension during
assembly.
FIGS. 17 and 18 provide bottom and top views, respectively, ofa
suspension 1720 in which adhesive control features 1700, 1702, 1704, and
20 1706 are formed in bottom layer 406. These adhesive control features
extend below micromotors (not shown) and help to restrict the location
of adhesive used to bond the micromotors to the suspension. When used
to aid in placing the micromotors, the adhesive control features are also
referred to herein as microactuation recesses. Additional adhesive

25  control features can be added to the suspension to restrict the location of



may be placed. When inserted, the micronptors cross gaps 1302 and- 26 FEBOZ)04
respectively, and are able to nove the spring area relative to the 4 FEB

2004 WO 02/ CT/ US02/ 02504 -10 base. FIG 15 sho vi ew of
t he suspens@%#%%?%G m cromotors 1502 and 1504 pl aced rﬁcﬁgggé%@£]1302 and
1304. By inserting the mcronmotors into the recesses, the overall height

of the suspension with the mcronotors is reduced. This makes it easier 5
to assenble the suspension into the disc drive when there is very little
space between the discs in the disc stack. The recesses also aid in
placing the mcronotors in the proper |ocation on the suspension which in
turn inproves mcroactuation of the suspension. FIG 16 provides a top
view of a suspension embodi ment 1620 in_4410 which fiducials

1600, 1602, 1604, 1606, and 1608 are fornmed In top |layer 402 and adhesive
404 but not in bottom|ayer 406. The fiducials provide visual alignnment
features for att adhesivgs isedito bond hthesiters shicteas feaxrcorauits, tathe sl i der and t he
m cronmotor to the sugyension. By formng the fiducial in only one steel

| ayer, the nunbef 5F 6%mplete hol es that pass through the 15 suspension is

reduced. This nmakes iHIGSaS)i&d 20proibae BREH Ghd ews,a88pectivalll oPh CK- up
tools to hold down and pick up_ the suspension during assenbl FI GS. 17

and 18 provi de b#tspensiemed2 spwhidsgicraastuptos hingss gqoodﬂdéoo%%lfspghs ion 1720
5, e s, R e e g g 2020 o
with only one sheet of metal, the hinges become more flexible than the
remainder of the suspension, making it easier for the micromotors to
move the load beam relative to the base plate.
FIGS. 21 and 22 provide bottom and top views, respectively, of a

10  suspension 2100 in which two arms 2102 and 2104 of a spring area 2110
are formed from only top layer 402 while base area 2106 and 2108 are
formed from the laminate of top layer 402, adhesive layer 404 and
bottom layer 406. In this embodiment, spring area 2110 is more flexible
than base area 2106 and load beam 2108. In most such embodiments,

15  adhesive layer 404 is chosen so that it has certain mechanical damping
characteristics in the load beam and the base area. In particular, an
adhesive that has better dampening properties than polyimide, such as
Roger's 1500, is used in most such embodiments.

Although the features mentioned above are described as

20  occurring in different embodiments, the present invention also includes
combining two or more of the features in a single embodiment of the
suspension.

Under one embodiment of the present invention, the suspension
is formed by forming the two material layers separately using known

25  stamping or cutting techniques such as laser precision cutting. Adhesive



extend bel ow m cronotors (not shown) and help to restrict the locaLiQnF§§f00#
adhesi ve used to bond the mcronotors to the suspension. Wen used t0o 'J
in placing l,cronotors, the adhesive control featur o]
referred tokﬁﬁ¥@¥%%as m croactuation recesses. Addition ?ngéﬁ@§$€e 25
control features can be added to the suspension to restrict the | ocation
of WD 02/ 091366 PCT/ US02/ 02504 -11 adhesives used to bond other itens,
such as flex circuits, to the suspension. FIGS. 19 and 20 provide bottom
and top views, respectively, of a suspension 2020 in which m croactuator
hi nges 2000 and 2002 are 5 formed only frombottom | ayer 406. By form ng
hi nges 2000 and 2002 wth only one sheet of netal, the hinges becone nore
flexible than the renminder of the suspgpsion, naking it easier for the
m cronotors to nove the |oad beamrelative to the base plate. FIGS 21
and 22 provide bottomand top views, respectively, of a 10 suspension
2100 i n which twi themspplicdZo anel oPU@H muafterzal Byyersrgddhetw@lh§érs ase e f or med

fromonly top | aygr 402 i ase area 2106 and 2108 are formed fromthe
| ami nate of top ?@@‘E?W%b‘é%ﬁg%ﬁ : F%%’é’?‘jtgﬁl?ﬂaﬂﬁe BORSBEf | ayer 406. In
this enmbodi nent, ThekligHn&itAad foidiflglobtheRivg 1dyetsdahlbR peitbAfeBEE "piEI€a 2106
and | oad beam 2108. In nost such enbodi nent’'s, 15 adhesive |l‘ayer 404 is

chosen so that iandhplace’apbaticpysiertash anthegusipmpygseddnantagratad drcpids in t he

| oad beam and.th . In particular, an adhesive that has better
danpeni ng proéerﬁagﬁﬁg&%gol yi mde, such as Roger's 1500, is used in

nost such enbodi ment sUnder a second embodiment, two sheets of material are bonded
together to form a laminate. The entire laminate is then etched to form
the general shape of the suspension. One layer of material (and the
adhesive if there is any) is then selectively etched to form one or more of
10  the features described above.

Although the present invention has been described above in
connection with embodiments that use two stainless steal layers, the
invention is not limited to these materials. In particular, one or both of
the stainless steel layers may be replaced with another metal, such as

15  copper, or a composite material such as a high performance plastic or
metal matrix composite.

In summary, a data storage device (such as 100) for accessing data
on a medium (such as 106) includes a laminated suspension (such as 520,
720, 920, 1120, 1320, 1620, 1720, 2020) that has a base area (such as 504), a

20  spring area (such as 506), and a load beam (such as 508). The suspension
also includes an attachment aid area (such as 700, 900, 1100, 1302, 1600,
1700) that is formed as a recess in a material layer (such as 402, 406) and
aids in attachment of an item to the laminated suspension.

" In other embodiments, a suspension (such as 520, 720, 920, 1120,

25 1320, 1620, 1720, 2020) includes a base (such asb 504), a load beam (such as
508) and at least one micromotor (such as 1502, 1504) positioned between



Al though the features nmentioned above are described as 20 occurring jn '
different enbodiments, the present invention also includes conbi ntnb RkBo 2004

or nore of (@ bfigsures in a single enbodiment of the guspadsispn- Under
one enbodi nent of the present invention, the suspension 1s forned by

formng the two material |ayers separately using known 25 stanping or
cutting techni ques such as | aser precision cutting. Adhesive WO 02/ 091366
PCT/ US02/ 02504 12 is then applied to one or both material |layers and the
two | ayers are aligned and brought together to formthe | am nated
structure. The alignnment and joining of the two |ayers can be perfornmed by
a "pick and place" robotic system such as the systens used in integrated
circuit 5 manufacturing. Under a secondigenbodi nent, two sheets of

material are bonded, together to forma lamnate. The entire Lam nate is
then etched to form the general shape of the suspension. One |ayer of
material (and théheb&%%fg‘él‘?aldheﬁ@r-é[%%u%?ﬁmﬂglsﬂft\ﬂlil@élaél?@ﬁt@éﬁy etched to

formone or nore ¢ t he present
i nvention has bererﬁ raae%‘gartfoggaéeg%{ggéﬁ?&nﬂs'ilg’g?fggt |’gﬁ8\?m6q0%ﬁ%%g%%'%nt S that
use two st ai nl estheshiesdactuatien of the kespensiorention is not limted to these

materials. In particular, . one,or both of he stainl ess steel ]ayers may
be replaced with anoﬁﬁ’érto h%’t‘ﬁ‘fle;mtga@#‘aég"% EB%BV?‘e‘Eﬂusﬁh?Bmcfe mat eri al
such as a high pgrd advERREEs B WRHou§ eRbodifRh of MRS ik EnticH IHE bb&h set

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
10  the present invention to the full extent indicated by the broad general
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 suspension while maintaining substantially the same
functionality without departing from the scope and spirit of the present
15 invention. In addition, although the preferred embodiment 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



In sunmary, a data storage device (such as 100) for accessing datak BbBa2004
medi um (such as 106) includes a | am ngted suspension (such as 520, 720,
920, 1120, 1320, 1620, 1720, 2020) that” has a base area (such as 504), a .
20 spring area (such as 506), and a | oad beam (such as 508). The ’
suspension also includes an attachnent aid area (such as 700, ‘
900, 1100, 1302, 1600, 1700) that is fornmed as a recess in a material |ayer
(such a%%ﬁ£§¥4égﬁ%%ﬂa£¥%§%ds in attachnent of an itemto the |am nated
suspensi-eft: i ments, a suspension (such as 520, 720, 920,
1120, 25 1320, 1620,1720, 2020) includes a base (such as 504), a |oad
beam (such as 508) and at | east one m cronotor (such as 1502, 1504)
positioned between L- 4 FEB 2004 WD 02/ 091366 PCT/ US02/ 02504 -13 the base
and the | odd A d&aminated suspershemenmaprisiigso i ncl udes at | east one

m croactuation recess (such as 500, 1300, 1700, and 2000) that assists in
the m croactuati o lmse tfe@; suspension. It is to be understood that even

t hough nunerous characteristics 5 and advantages of various enbodi nents

of the invention inb@gR: set forth in the foregoing description,
together wth details of the structure and function of various

enbodi ments of the, jaygtiapg this disclosure is illustrative only, and
changes may be ma?e |% %ieﬂtl’al F especially in matters of structure and

arrangenment of parts w.thin the inciples of lo.th r nt invention to
Che o ext ent | i b e i e torE R e e e 36 e e rm 1
whi ch the appended clains are expressed. For. exanple, the particul ar

el enents may vary deperiBickiess af engoffhe mategipblayers without passing through the

entire thickness of the laminated structure, wherein the attachment
aid area is located within one of the base area, spring area, or load
beam and aids in the attachment of an itém to the laminated

suspension.

2. The laminated suspension of claim 1 wherein the attachment aid area is a weld
access area that provides access to a material layer that is to be welded to the

item.

3. The laminated suspension of claim 2 wherein the weld access area is formed in

the base area.

4. The laminated suspension of claim 2 wherein the weld access area is formed in a

gimbal attachment portion of the load beam.



application for the suspension while maintaining substantially the_zggﬁ‘ﬁ ,
functionality without departing fromthe scope and spirit of the pr. B 2004
15 invention. In addition, although'ﬂﬁé preferred enbodi nent descri bed
herein is directed to a suspension for a disc drive system it will be
appreci ated by those skilled in the art that the teachings of the present

i nvention can be applied to other systens, |ike tape drive systens,

wi t hout depard,i fr t he scope and_spirit of the present jnvention. 20 -
4 FEB 2004 1’@“‘&%&‘1‘13%@%@&%%0?@?1“11 “%CF%MH?%@Q“%‘%& Bl7Le%ls 1953tR9ans ng:

a base area; a spring area; a long beam and an attachnent aid area forned
as a recess pasdqciical Htrcepneetritaghipent sab pasiiencelcthe base asspcandfaidstin nat eri al

| ayers wi thout passing through the entire thickness of the |am nated
structure, whattadiing a lfilex aircuitiortbaisusperistbnarea is | ocated within one of the
base area, spring area, or |load beamand aids in the attachnent of an

itemto the am nated suspension. 2. The | am nated suspension of claim1l
wherein the attachment aid area is a weld access area that provides

access to g nﬁie%hﬁlatéd%ﬁﬁlfen_ﬁibﬁgf bl @_“hﬁ{éri]‘@{lfvé\gﬂa&ﬁnénl?ﬁid dréaﬁg‘a_fi?cm?ﬂi‘e .

| am nat ed suspension of claim2 wherein access area is tornmed in
that is used to align the suspension relative to the item.

7. The laminated suspension of claim 1 wherein the attachment aid area is an
adhesive control feature that restricts the location of adhesive used in bonding the

item to the suspension.

8. The laminated suspension of claim 1 wherein the attachment aid area is a
micromotor recess and the item is a micromotor and wherein the micromotor

recess 1s sized to receive the micromotor.

9. The laminated suspension of claim 1 wherein the attachment aid area is a gimble

dimple formation area located on the load beam.

10. A laminated suspension comprising:
a base;
a load beam;

at least one micromotor positioned between the base and the load beam



the base area. 4. The | am nated suspension of claim2 wherein the we

access area is forned in a ginbal at t1§chment portion of the |oad bedeEBlBﬂﬂ't
4 FEB -2004 5. The | am nated suspension of claiml wherein the attachnment
aid area is located on an electrical interconnect attachnent tab portion

of the base area and a'tﬂa%é& Itd?ﬁmv%%\/vﬁe (Jaﬁ)f)e &&g&@{e&% eSaEﬁ pensi on.

6. The | am nated suspensi on achrre area i s
a fiducial that is used oall n the.su |onrel tlvet item 7.
The | ani nat ed suspeRETYH u&?‘m&f gF%pfSva’eﬁ?‘E tﬂP‘F’ee“é’tr?ﬁﬁ %YFEa is an
adhesive control feature that restricts the | ocation of adheswe used in
bondi ng the itemYighouneassingssrughythe egtirethisknessphihe suspsusipe et awsisef ¢l ai m
1 wherein the attachnent aid area is a mcronotor recess and the itemis
a mcronotor and Jhereioactudtionmf ¢heosnspensionr ecess is sized to receive the

m cronmotor. 9. The | am nated suspension of claim1l wherein the attachnent
aid area is a ginble dinple fornmation area | ocated on the | oad beam 10. A
| am nat ed suspension conprising: a base; a |oad beam at |east one

m cr onot or 1 PofetsuGiasioR oF YRER 10 WheRAS fhe MErohSBati AL RS atWistslfa - 4 FEB 2004
that is capable of noving the | oad beamrelative to the base; and

microactuation by assisting in the attachment of the micromotor to the suspension.

12. The suspension of claim 11 wherein the microactuation recess comprises a

micromotor recess that receives the micromotor.

13. The suspension of claim 11 wherein the microactuation recess comprises an
adhesive control recess that restricts the location of adhesive used to bond the

micromotor to the suspension.

14. The suspension of claim 10 wherein the microactuation recess comprises a

microactuation hinge.

15. The suspension of claim 10 wherein the microactuation recess forms a side rail on

the load beam.

16. A method of manufacturing a suspension, the method comprising:

bonding a first layer of material to a second layer of material;



a mcroactuation recess passing through the entire thickness of one'lafﬁ@r 2004
W t hout passing through the entire t?’ ckness of the suspension that

assists in mcroactuation of the su Be’nsi on. 11. The suspension of claim
10 wherein the mcroactuation recess assists in mcroactuation by

assisting in the aLhAGhOERbrRh drid: bGIOURRE dbrld o SYBREME IR 1ayke. The

suspension of claim rein the mcroatcttuation recess conpri ses a

m cronotor recess that .receiyes th 1.cronot.on. .. The ) i on of
claim 11 wherein the m-oép@iﬁ%ﬁﬂe@pﬁ%‘g@g@@hmeéggldaagea tgéhagcgﬁq\ﬁ/e control
recess that restricts the | ocatjon of adhesive used to bond the

m cromotor to the suspéifashing amitem i, thesusnsaeR-on of claim 10 wherein the
nricroactuation recess conprises a mcroactuation hinge. 15. The

suspensi on of claim 10 wherein the mcroactuation recess forns a side rail
on the | oad beam 16. A nmethod of manufacturing a suspension, the nethod
conpri si ng17.briedhétbodiof dlaist 16 aiteinadefinitgemni aahchmen agloaremcbmpises  of
material; - 4 FEB 2004 -17 renoving a portion of the second |ayer of
material to expasd 4W&dfatdast | ayer of material thereby defining an
attachnent aid ar€a that aids in attaching an itemto the suspension. 17.
The nmet hod of claim 16 wherein defining an attachnent aid area conprises
defining a weld area. 18. The nethod of claim 16 wherein defining an

attachment lgl ’Fhearglgt%og 8%)151].11? 6 w?)grfe%nn(iier%gninag :In' S&Sﬁ,%ém aid area comprises

defining a fiducial.

19. The method of claim 16 wherein defining an attachment aid area comprises

defining an adhesive control area.

20. The method of claim 16 wherein defining an attachment aid area comprises

defining a micromotor receiving area.

21. The method of claim 16 wherein defining an attachment aid area comprises

defining a flex circuit receiving area.

22. A disc drive for storing data on a disc, the disc drive comprising:

a laminated suspension having a base area, a load beam and a
micromotor positioned between the base area and the load beam,;

and

microactuation means for assisting in microactuation of the load beam



19. The method of claim 16 wherein defining an attachnent aid areah,Fgg 2004
conpri ses defining an adhesive contraol, area. 20. The nethod of claim
wherei n defining an attachment aid area conprises defining a nicronotor
receiving area. 21. The nmethod of claim 16 wherein defining an attachnment
aid area comprises def | B & the Gse aldatile mitRaRUNIHINEL R Romicd asfa dI SC

drive for storing data on a disc, the disc drive conprising: a |am nated
suspensi on having a base_ area

. a | oad beam.a m.gronot or_.nosj ti oned
bet ween the base area ah®t Wégsllngéllf%éhﬁf CE\W&QHWE%SM’@?W%}I%W%@E s for
assisting in mcroactuation of the | oad heam - 2004 -18 relative to
the base area, the ni crﬂ%ﬁi@gj&f‘i’%ﬁ thgcfitige g%ﬁa%ﬁf %éﬁengm%%glsb%{%nng
through the entire thickness of one |ayer wi thout passing through the
entire thickness of the |am nated suspension. 23. The disc drive of claim
22 wherein the mcroactuati on neans conprises a recess that receives the
m cr onot or 23 2khe diftedriliesof cthim\22 wiliereih dhenmizPoactvatien mehisscomprisesLtegedsi on
means conprises an adhesive control recess that restricts the | ocation of
adhesi ve useghhQend thd'Bricrémblopot or to the suspension. 25. The disc
drive of claim22 wherein the m croactuati on neans conprises a hinge
formed of a single |ayer of the suspension. 26. A data storage device for
storing and accessing data in tracks on a medium the storage device

havi n nsi.on rising . . . .
aving a Sgi.pfhes gc drive OF clain % wherein the microactuation means comprises an

adhesive control recess that restricts the location of adhesive used to bond the

" micromotor to the suspension.

25. The disc drive of claim 22 wherein the microactuation means comprises a hinge

formed of a single layer of the suspension.

26. A data storage device for storing and accessing data in tracks on a medium, the

storage device having a suspension comprising:
a base area formed of a first metal layer bonded to a second metal layer by
an adhesive;
a spring area formed of only a single metal layer; and

a load beam formed of a first metal layer bonded to a second metal layer

by an adhesive.

27. The data storage device of claim 26 wherein the adhesive in the base area and the

load beam provides better damping than a polyimide of equal thickness.

28. The data storage device of claim 26 wherein the second metal layer of the base



a base area forned of a first netal |ayer bonded to a second netd gr?i
by an adhesive; a spring area fornedg,f only a single netal |ayef;
| oad beam formed of a first metal |ayér bonded to a second netal Iayer
an adhesive. 27. The data storage device of claim 26 wherein the adhesi ve
in the base or=Tosel a
pol yi m de of aaé%‘aﬁglﬁ’%@ﬁn@%gé@@?ei%‘?ﬁﬂ@ﬁﬁﬁd&’lﬁaﬁ?@d&ﬁ%&@@gevI celgé;)éfr tog FHaéi m 26
wher ei n t he springadreaddral a tantimoousd methaklapase - 19 area, the second net al
| ayer of the | oad beam and the single netal |ayer of the spring area form
a continuous netal layer. 29. The data storage device of claim 28 wherein
the first petple da@ays%ragé dévie &mmazrs%eraﬂ%é ﬁl@t Ifnb{aﬁray&%f%e ba¥GreaOf the
| oad beam are thicker Than the continuous netal |[ayer.

and the first metal layer of the load beam are thicker than the continuous metal

layer.





