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(54) Title: ATTACHMENT AND MICROACTUATION AIDS IN A LIMINATED SUSPENSION

506

(57) Abstract: A laminates suspension (520, 720, 920, 11120,
1320, 1620, 1720, 2020, 2100) includes recesses (700, 900, 1100,
1302, 1600, 1700, 500, 1300, 2000, 2102) in one layer of the
suspension that aid in attaching elements to the suspension and
in utilizing a micromotor placed on the suspension. In particu-
lar, examples of the recesses include weld areas (900, 902) for
welding the suspension to other items, fiducials (1600, 1602) that
are used to align the suspension with other items, fiducials (1600,
1602) that are used to align the suspension with other items, mi-
cromotor recess (1302,1304) that receive the micromotors, adhe-
sive controls (1700,1702) that restrict the location of adhesives on
the suspension, electrical interconnect attachment tabs (700,702)
that accept flex electrical circuits, side rails (500, 502) that re-
duce torsional resonance during microactuation and microactu-
ator highes (2000, 2002) that reduce the force needed from mi-
croactuation. In addition, alaminated suspension with a single
metal layer in the spring area (2110) is provided.
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| ocation of adhesives on the suspension, electrical interconnect
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ATTACHVENT AND M CROACTUATION AIDS I N A LAM NATED SUSPENSI ON FI ELD OF THE
I NVENTI ON 5 The present inventi BIELDEDBTHE INVENTIOADe devices. In

particular, the present invention relates to suspension assenblies in
storage devi cds. BACRSRIEMD: tyventiqn telatesitr storpge deyisen [npartipplardde ces,

data is typicall re%&‘?cﬁﬁ@ar{ti'&ntrél%égﬁa mﬂg?%m i t%‘%helﬁi agﬁggﬁe‘t’@%édat a, a

head is position d W t trac ves neath the
head. I n many data storage @ACKE FIONoned by an

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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di stinct areas: ase plate area that connects to the orarm a
spring area that provides a vertical spring force to bias the head toward
the medium and a | oad beamthat extends fromthe spring area to the

head/ gi nbal assenbly. The spring force provided by the suspension is
designed to allow the head to foll ow height variations on the surface of
20 the nmedi um wi t hout inpacting the nmediumor noving too far away from
the medium In the past, suspensions have typically been forned from
sheets of stainless steel. In sone priop art systens, using sheets of
stainless steel results in a suspension in which the spring area and the
| oad beam are 25 the sane thickness. Because of this, both areas exhibit
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| oad beam perfo%om ii ft'f er. gt ftu ction it is desiraple, that they have

di fferent mechafical pr 1?) e ﬁn‘%gﬁs?ll‘aéﬁmffpofnfe OWHda8s apl e that the
spring area - 4 HidRcedfddcedD 02/ 091366 PCT/ US02/ 02504 -2 be nore el astic or
fl exible than the | oad beam because a | oad beamthat is too elastic wll
tend to bend and resolfalve thisjuablemshepsionaridagdevelopedseveralor ces. To sol ve

LS el e o sl [ R SRRSO SRR 0 0
t hi ckness of t heateadslefsethan therthiokmess efthe ladéeamh&n one technique, 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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is costly and causes distortion of the | oad beam due to the heating of
the nmetal. In addition, welding requires a mninumsurface area that wll
not be present in smaller suspensions of the future. A third technique
taught by the art is to formthe suspension 15 through |am nation. For
exanple, 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 |oad
beam the flat flexible material is bondgd on both sides to patterned
netal |ayers. However in the spring area, the flat flexible material is
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of two different €rra ion, the |am nated structures
of the past do not aiThepreseheinvantitrgmouides o solutiors tosthbsetandrotivdr t he

suspension. In particul ar he | .am nated structures of 25 the past do not
aidinrail for nﬁ’iqtbkﬁ"i’,‘s'ﬁﬁ‘ﬁﬂffﬂé Wéagm%g’?épﬁ?ft prEosEe plate, aligning

the suspension w th other piesgmmARYasITAR IRVENTION 4 FEB 2004 WO
02/ 091366 PCT/ US02/ 02504 -3 elTectrical circul 0 the suspension, or.

attachi ng mi cronot or sA damiinatesl syspensior |indudéscrageasessin one daydreofsthepensi on.
The present Invepld,on:of Wi’83 A SRAHINC Hehlnks RS A pOhdiSH 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 nterconnect attachnent tabs that accept flex circuits, side rails that
reduce torsional resonance during m croactuation and m croactuator 15

hi nges that reduce the force needed for microactuation. In addition, a

| am nat ed suspension with a single netal layer in the spring area is
provi ded. These and various other features as well as advantages which
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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.



FIG 4 is a cross section of one enbodi nent of a |am nate structure
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7 and 8 are bottomand top views, respectively, of an additional
suspensi on under the present invention with electrical
i nterconnect attachment tabs formed of a single sheet of to material.

FIGS. 9 and 10 are bottom and top views, respectively, of an additional
suspensi on under the present invention with weld holes
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Are Bottom and top views, respectively, of an
additional embodiment of a suspension under the present invention with
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

under the

4 FEB



FIGS. 17 and 18 are bottomand top views, respectively, of an addi i PE@'ZUU‘&
enbodi nent of a suspension under the present invention with adheS| ve
control feakphsemise med in one sheet of material. FIGS (#ZU% @0 are
bottom and top views, respectively, of an 5 additi onal |rrent of a
suspensi on under the present invention with m croactuator hinges forned
of one sheet of material. FIGS. 21 and 22 are bottom and top views,
respectively of an additional enbodi nent of a | am nated suspensi on under
the present invention in which a spring area is forned of a single |ayer
of material. 10 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS FIG 1
is an isonetric view of a disc drive 100 in which enbodinents of the
present invention are useful. Disc driveglO0 includes a housing with a
base 102 and a top cover (not shown). Disc drive 100 further includes a
di sc pack 106, which is nmounted on a spindle 109 by a 15 disc clanp 108.
Di sc pack 106 i nbeadsd0 abopt apirpt shaftd20 forpgsition heddsdlQower a desiteddate e

The bottom of spiidh Aeregy i 12 By fritifnt Rt Phendh 5720 hoaa

slider 110 whi ChdisSotﬁ]ﬂéﬂdilTamdtei'médl\/bﬁedbﬂﬂﬂtoiQfBl‘sﬁhv&OW&élédh%csW th the

di sc surface. 4 pack is raotated generates air 20 circulation
t hrough the dr| ve Ogtﬁ‘ﬂe ‘?PW%&?E}F@Fedé’éfﬂ@?%]éga%aaPﬁ*C%‘@RP‘iehG‘Ot bet ween each
head slider 130 ach disc surface. In the exanmple shown in FIG 1,

sliders 110 are supported by suspensions 112 which are in turn at t ached
to track accessing arki€S.Rlahdd progideadiottatroriew 26d aBide viewuat or shown in

S ekl R S B BRSO 27
nmot or 118 r ot at efhcheles/@bay¥e platé ai«@aQUZ, lalsprifg kG 204land 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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between -a @ogSndisgger di aneter 124 and a disc outer di geBE&hnked: Voi ce
coil notor 118 is driven by servo electronics 130 based on signals
generated by heads 110 and a host conputer (not 5 shown). FIGS. 2 and 3
provide a bottomview and a side view, respectively, of 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. 10 Base plate area 202 is designed to

be wel ded 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 extendpng through an opening 214 in the
suspensi on. The base plate area also includes three electrical

I nt erconnect attachnent tabs 208, 210, and 15 212, that extend to one side
of the base pl at andpreablate movesppngafed@04andlond beam 304 basedpport a fl ex

circuit. In general,. f i it is woven between the tabs such that
it is above ?absE 'D%ng%@%%gﬁggﬁé%\?v@gﬁmo% . Spring area 204 is

| ocat ed between base Igladtbeam206 extOzdstrsin kPt ardf 20em glfibal A gap 216 in
spring area 204 is gesigned_ tgéﬁ&g e the stiffness of the spring area so
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202 are mcroactuator hinges 230 and d m croactuator gaps 234 and
236. Two respect prayides 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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attachnment portion 208, which attaches to a ginbal assenbly (not show). 5
Load beam 206 i ncludes a tooling through hole 218 and a di nple 220 that
provi des a pivot point for the ginbal assenbly. Wien the nmediumis

novi ng, the ginbal assenbly pitches and rolls about the pivot point in
response to aerodynam c forces that are applied to the head. Load beam
206 also includes a pair of side rails 222 and 224 that are fornmed by 1lo
bendi ng the edges of the | oad beam upwarg. Under nmany aspects of the
present invention, a |lam nated suspension is provided wherein material is
renoved fromone of the lamnate |layers to aid in the production of the
suspensi on and/ omigrgagipgtion of thexwspensiasa dn FHES: §r20ctoptinyer 402isalepicted. FI G 4

provides a crossy ﬂl@ E!{mﬁlq cture
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In one enbodi nent, thin éﬁl% er 402 i formed fr a st |nI ess st eal
sheet having a t ArSPEAUERS appse area St Aspripgate t hi ck

bottom | ayer 406pezf) 50@ Ialsa%eﬁ@wsﬁ Jrﬁﬂh@oﬁthﬁﬁtbo%m%&bﬂh%é asdeel and
has a thickness 412 of m The two stainless steal |ayers are bonded

t oget her by adhegdkr@welflﬁﬂremmvedw@nmm@eﬂa#eﬁﬂqamﬁoa@imthayer 404 is
Rogers 1500

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
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| ayer 402 is depicted by diagonal hatching and bottom | ayer 406 is
depicted by dot markings. For exanple, FIGS. 5 and 6 provide bottom and
top views of a suspension 520 having a base area 504, a spring area 506,
and a load 5 beam 508. In suspension 520 portions of thick bottom materi al
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the side of the | oad beam 508 are fornmed.only fromtop |ayer 402. During
construction of the suspension, the side rails are bent to forma 90

degree angle with the rest of the | oad beam By formng the rails with
one | ayer 10 of me,rrtpweavuheﬂueamlrcsmabeéwmhheelecmcblemmdmaect|f the rails

were forned from ers of ..t ensi Q er for the
rails al so reduceggcwenlt%é fh Jrertisy arr é}ﬁ@x Cﬁﬂwugﬂ%?é\%@a‘fe tta‘rﬁie

t or si onal resonamhtéﬁemm«ﬁhseﬁot@in6ﬁteb§7mednaee:zmweb*tgh&ﬁ beatel s. The
reduced nmass al so makes. m croactuati on of the | oad beam eaS| er and as

such, | oad beans thedop&f #Rd04r om a si ngle material are also referred to

herein as m groact uaiflcgrggrg: ga,bomnp%xfgﬁ%g%ﬁgg éed‘sggr ge wings are

found in place of the two ralls and 502, the
merge W ngs are fembnémany%(hp whleiyweldzre@ssebi@()ﬂa\%z,pm 966,88} aatl 980 t endi ng
down the length ?mvet lpe%n fornged in bottom 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



20 beam the nmerge w ngs appear as two short tabs on each side of the |oad
beam By neking the nerge wi ngs out of only one |ayer, they are ea;i‘erFEBt Q[][]I,

form and hayg hR$SsMSS. - FIGS. 7 and 8 provide botto i ews of
an additiongﬁ) 2@usﬁr?ensi on enbodi ment 720 in which two g}g@@ﬂz@gﬁoy

I nterconnect 25 attachnent tabs 700 and 702 are forned only fromtop | ayer
402. By renoving bottom | ayer 406 and adhesive 404 fromthese two tabs,
it is 4 FEB 2004 WD 02/ 091366 PCT/ US02/ 02504 -9 easier to weave the flex
circuit between the electrical interconnect attachment tabs. In '
particular, the flex circuit does not have to be bent as nuch to fit
under the bottom of tabs 700 and 702 while extending over the top of tab
704. 5 FIGS. 9 and 10 show bottom and taoggvi ews of a suspension

enbodi nent 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 make it basesiFG. 15shewss 8 bottamiewof thespspession withomicroraotosse pl at e

because they prO\i.%&ean(y{%%é}a@%&riﬁsr%cetsgestlg&t%%gﬁg?pf material that is to be

1o wel ded to the base p general, |l ows for a nore direct

application of the heByinsetifgdhd micrombtdirdigitcihe rédastes,ithe kAl RdightCi ent . 1t
al so prevents darr? e to the lamnate structyre that would ot herw se occur

if heat or el ect °f BEISUBRAIPIGRVE %@W%ﬂséﬁ@H@daM%ﬁi@a@ 11 and
12 provi de bolst Ofy Adenbfiny hBPendiin A HEREIRN whendRROE WP lieh1 20 Of the
I 1100 of th

invention in which a ginbal attachnment section oad beamis

formed only fromspasp between thddiscsBy thiedisd 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



gi mbal attachment section 1100 fromonly a single |ayer of materialy FEB PS04
easier to formdinple 1102 on the |oad beamand it is easier to weld the

gi nbal to t{R hesskseam 20 FIGS. 13 and 14 provide bot p Vviews,
respectively, o/?ﬂa6 suspensi on enbodi nent 1320 i n whi chi’{r’)nﬂggog@rzosﬁor

recesses 1302 and 1304 have been forned in bottom|ayer 406 and adhesive
| ayer 404. Recesses 1302 and 1304 each provide a space into which a

m cromotor rmay be placed. Wien inserted, the micronotors cross gaps 1302
and 25 1304, respectively, and are able to nove the spring area relative
to the 4 FEB 2004 WO 02/ 091366 PCT/ US02/ 02504 -10 base. FIG 15 shows a
bottom view of the suspension with mcronotors 1502 and 1504 placed in
recesses 1302 and 1304. By inserting theyqricronotors into the recesses,
the overall height of the suspension vvit]h the mcronmotors is reduced.
This makes it easier 5 to assenble the suspension into the disc drive
when there is veaghdsives iseddpbond bthendems,tsheh ali flaxsircwits, hethdi sc st ack. The
recesses also aid in placing the mcronotors in the proper |ocation on

t he suspension WATERM Pt ur n | nproves m croactuati on of the suspension.

FIG 16 provides a tquG8i BMnd20preHa@BREdR Bné FPOHEWS RbspbbRRIY,Bfal O Which
fiducials 1600, 1602, 1604, 1606, and 1608 are forned in top l'ayer 402 and
adhesi ve 404 but Sygension 30 inmmhichraicropgmator hinges 2000iaad 2003 av¢i de  vi sual

e T e TR
only one steel | aythronly dre sheetind metdl, the hiriges bechmleasort lflekibjecthan tHer ough t he
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



15 suspension is reduced. This makes it easier to use vacuun}based.phafﬁﬁ 2004
and pick-up tools to hold down and pick up the suspension during L
assenbly. F and 18 provi de bottom and top vi ews, j vely, of a
suspensi on *&gzm%%ﬁwhich adhesive control features 1700?§§§§§ﬁ%$%4, and

20 1706 are formed in bottom|ayer 406. These adhesive control features
extend bel ow m cronotors (not shown) and help to restrict the |location of
adhesive used to bond the mcronotors to the suspension. Wen used to aid
in placing the mcronotors, the adhesive control features are also
referred to herein as mcroactuation recesses. Additional adhesive 25
control features can be added to the suspension to restrict the | ocation
of - 4 FEB 2004 WD 02/091366 PCT/ US02/ 0254 -11 adhesi ves used to bond
other items, such as flex circuits, to the suspension. FIGS. 19 and 20
provi de bottom and top views, respectively, of a suspension 2020 in which
m croact uat or hi fgben 2PEiEdan dn@ 00Both matdial tayawscindthgtwo lagedoate om | ayer

406. By form ng hj.nges 2000 2002 ith,only _one sheet of metal, the
hi nges becone m?jég%%@ﬂ%ﬂrguﬁﬁg%%mwé'ﬁghﬁ[}é‘%nﬁgﬁ‘éc%pensi on, naking
it easier for thghah tQhd jdifing BRI tivBEayefP@nibepatfbRh&d by £ fik t he base
plate. FIGS. 21 and 22 provide bottomand top views, respectively, of a
10 suspensi on 2160d plcelirobetic systery sush a3 the sysiems wepd ipfintggread; dirguiir ea 2110
are formed fr n1ﬁg&¥ﬁkﬁﬁng$yer 402 whil e base area 2106 and 2108 are

am e

formed fromthe na top | ayer 402, adhesive |ayer 404 and
Under 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



bottom | ayer 406. In this enbodinent, spring area 2110 is nore fngiEIe '
than base area 2106 and | oad beam 2108. In nbst such enbodinents,‘tS‘FEB 2004
adhesi ve | ay@fpffidsl S chosen so that it has certain nechapisdhastignPi ng
characteristics in the | oad beam and the base area. In par |cu%ar, an
adhesive that has better danpening properties than polyimde, such as
Roger's 1500, is used in nost such enbodi nents. Although the features

menti oned above are described as 20 occurring in different enbodi nents,

the present invention also includes conbining two or nore of the features
in a single enbodi nent of the suspension. Under one enbodi nent of the
present invention, the suspension is fornmed by formng the two nateri al

| ayers separately using known 25 stanpiogg.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 |ayers and the two |ayers are aligned

and brought t ogethedase and the feadheamy ffihg suspgnsion glse incdudeyptleagtioganent and

joining of the tﬁgcrbéee@g@nqa&sp@ua?sg566,5@,69,%@3;;&bﬁdﬁ) el robotic

system such as t systens used In Integrated ¢ircurt manuf act uri ng.
Under a second etteodicroantuatiomof thheedpensibn.mat eri al are bonded, together to

forma | am nate. TheIenti' e I&n‘i naég}is t hen eﬁched to 1f_lorm .the general
shape of the suspensi'bii.toenBNfer§topd fhat Egnehpugh pUmEraus charadlelsticy o ™ t t her e

is any) is then ged sdan¥ly o186 emBoditHemsUI ShinvBRidh tive bddh defie features
descri bed above. Although the present invention has been described above
in 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



connection with enbodi ments that use two stainless steal |ayers, .tHkeFEB 2004
invention is not limted to these matgrials. In particular, one or both of
the stainless steel layers may be replaced with another netal, such as 15
copper, or a conposite material such as a high performance plastic or ’
metal matrix conposite. In summary, a data storage device (such as 100)
for accessing data on a nmedium (such as 106) includes a |am nated
suspensi ,720, 920, 1120, 1320, 1620, 1720, 2020) that has
a base = 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 formed as a recess in a
material |ayer (such as 402, 406) and aids in attachnent of an itemto

t he | am natedA $umipatad sespension enmhpsisingrbodi ment's, a suspensi on (such as 520,
720, 920, 1120, 25 1320,1620,1720, 2020) includes a base (such as 504), a
| oad beam (such asabds®8japnd at | east one m cronmotor (such as 1502, 1504)
positi oned between WO 02/091366 -13 PCT/ US02/ 02504 t he base and the | oad
beam The suspensipirigbafeal NCl udes at | east one mcroactuation recess
(such as 500, 1300, 1700, and 2000) that assists in the mcroactuation of
t he suspension. It 4 nder st ood that even though nunerous
characteristics gugﬁ%ngggwpages of various enbodi ments of the invention
have been set forth.in the foregping,description oge r wth details
of the st ruct ur e merer sk T Rt B RerBoars PEEh e itvent | on,
this disclosure is illustrative onlg, and changes may be nmade in detail,
especially in thickness of one of the material layers 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.



matters of structure and arrangenent of parts within the principleg og 1?
the present invention to the full extegnt indicated by the broad gé'n:el'r EB 004
meani ng of the terns in which the appended cl ains are expressed. For
exanple, the particular elenments may vary depending on the particul ar
application for the suspension while maintaining substantially the sane
functionality without departing fromthe scope and spirit of the present

15 inventign.ln addition, alth h th referred enbodi ment descri bed
herein is di rEeaging dgug&gﬁgng%lﬁmiw%gﬁa@g@a&a&\r@enggxgitag;ﬁ isilgcafgdiqn e
appreci ated by those skilled in the art that the teachings of the present
i nventi on carflsdeckingl indefconnest: aiaghmgn tabnportion efcthe bpse atea and aidsinens,

wi t hout departing fromthe scope and spirit of the present invention. 20 t
4 FEB 2004 - lattathig a FISx CiréviMeDhé Sispdnsioh. | anmi nat ed suspensi on conpri si ng:

a base area; a spring area; a long beam and an attachnent aid area forned
as a recess passing through the entire thickness of one of the nmateri al

| ayers wi thout passing through the entire thickness of the |am nated

AR ass S . f the ated o
struct ur e, gWiALAkRidaha sﬁ&ﬁeﬂ?iﬂ%f‘&lam?'l%lﬁge@ngltﬂgsatthaﬁ%?gldvﬂréggh@ FRIEI e

base area, spring area, or |oad beam an s 1n the attachnment of an

itemto the |l am. j . L am ed suspension of claim1l
AR U R R LR
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



access area that provides access to a material |ayer that is to be wel ded
tothe item 3. The |am nated suspeg&i on of claim2 wherein the welld FEB 2004
access area is forned in the base area.” 4. The | am nated suspensi on of
claim2 wherein the weld access area is forned in a ginbal attachnent

portion of the |oad begg;is aﬁle%ﬁg&ﬁ%‘*}lglﬂaﬂgﬁg&j&ﬁ ttgghez#azsg,e&ﬁi on of

claiml| wherein the attachment ai oca 0 ctrical

i nterconnect attachnent ta ortion of the e area.qnd aids in
attaching a flex &Wﬁ?af:%“tagmﬁjﬁge%s@%sé%ﬁﬁ‘mﬂgggﬁe eftie ﬁ%ﬁﬁnﬁﬁg&ng@ﬁ%nsi on of
claim1l wherein the attachment aid area is a fiducial that is used to

ali gn the suspensivithoukpassingdhroggh the eptirrthicknesy pithe suspeasierthatiassistisi on of
claim1l wherein the attachnent aid area is an adhesive control feature
that restricts theénhnucmaitoatianfofshthsspensionsed i n bonding the itemto the
suspension. 8. The | am nated suspension of claim| wherein the attachnent
aid area is a mcronptor recess and the itemis a mcronptor and wherein
the mcronmobtor recess is sized to receive the mcronotor. 9. The

l'am nated $ysPRNGERAsiBh of LRI O WHRRIEIHE mibRadthdi¥eBRL a@idk @rea is a
ginble dinple formation area | ocated on the | oad beam 10. A | am nated

suspensi on’ c Sl o btaRARR, ifink AREHRRATE b pi GBS U GLRRLR!

posi ti oned between

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;



- 4 FEB 2004 that is capable of noving the | oad beamrelative to thet lEzEBe,mul‘
and a mcroactuation recess passing t7hrough the entire thickness of one

| ayer without passing through the e'nlt ire thickness of the suspension that
assists in mcroactuation of the suspension. 11. The suspension of claim

10 wherein the m gg@g@hgghbﬁgbpr&@@s%cmm drof nfhtdHat [PSGokink st Dyer

assisting in the the mcronbtor to the suspension. 12. The

suspensi on of claim 11 erein.th i croactuati,o i.ses a

ni cromotor recess that g@éqq;tggie{eﬁgr&qﬁgﬁng%tag?qhn%g_[ %S?ﬁagesastﬁ%%&rlslsllﬁon of
claim 1l wherein the m croactuation recess conprises an adhesive control
recess that restricts taHachipgan iteyn tothesuHS8IIOR used to bond the

m cromotor to the suspension. 14. The suspension of claim 10 wherein the
m croactuati on recess conprises a mcroactuation hinge. 15. The suspension
of claim 10 wherein the mcroactuation recess forns a side rail on the

| oad beam 116TheAnebdofclaiin h@whérint defining an stacipeers aiared ¢omprisehod
conprising: bonding a first layer of material to a second | ayer of
material; - 4hER0200ddateh. reNOVing a portion of the second |ayer of
material to exposg the first layer of material thereby defining an
attachnent aid area that aids in attaching an itemto the suspension. 17.
The net hod of claim 16 wherein defining an attachnment aid area conprises
defi ni ng al i deal?lf& 8‘@ Bﬁ%fnﬂ%— 2@ wrﬁg}epnogef%ngcalmaa{tt@c}%xger\lli}qf"c{ ﬁ%zpcéjrﬁ}gﬂiégh ng an

at.t achnent

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




defining a fiducial. 19. The nmethod of claim16 wherein defining am F_FhB 2004
attachment aid area conprises defining an adhesive control area. 20. e
met hod of claim 16 wherein defining an attachment aid area conprises
defining a mcronotor receiving area. 21. The nmethod of claim 16 wherein

def i ning an at tachment i 2o GATARSES rilElohdbMbrenbdi foftiedidda

receiving area. 22. A disc drive storing data on a disc, the disc

drive conprising: a |lam nated suspensi on havi a base area, .a | pad beam
and a mcronotor posi trF‘i?ﬁ%BaSBIé‘gaﬁgﬂgﬁ} ‘i?llg eﬂtz@éﬁgﬂegs 8ﬁ%lletalﬁ%erlv‘8§18u eam and
m croactuation neans for assisting in mcrqactuatjon of the |oad beam- 4
FEB 2004 -18 rel ative t%s%l%thﬂ&%%%ﬁ%{re fhﬁ‘é‘nﬁfscqa%éféecgﬂ‘é'ﬂa}t?fﬂs%ﬁ%‘ﬁ?nf orned as
a recess passing through the entire thickness of one | ayer w thout

passi ng through the entire thickness of the | am nated suspension. 23. The
disc drive of claim22 wherein the m croactuati on neans conpri ses a recess
t hat recei 28sTHehBsddriveasTelaixn.222xheréih ehedhieeoadtuiatien ofeans cpmpridds aveeessi n t he
m croactuati on neans conprises an adhesive control recess that restricts

the | ocati on g ReeSiItNEMtESHoiop bond the mcronotor to the suspension.
25. The disc drive of claim22 wherein the m croactuati on neans conpri ses

a hinge forned of a single |ayer of the suspension. 26. A data storage
device for storing and accessing data in tracks on a nmedium the storage

devi ce havi a suspension.c risi.ng: . . )
ZHgT he asc eVe of cTalm Whetin) 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



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 |ayer

an adhesive. 27. The data storage device of claim 26 wherein the adhesive
in the base ' S b1 SRR a

pol yi m de of aaégagg‘%%g ﬁ?tl@%%télg@?ei%?ﬁﬂ@ﬁﬁﬁd&’%&,{aﬁ?@d&ﬁ%é@@gevI celgé;)éfr t()(Er’r{a%i m 26
wherei n t he springdreaddral a tantmuoud metaklapase 4 FEB 2004 -19 area, the second
metal |ayer of the |oad beam and the single netal |ayer of the spring
area forma continuous netal l|ayer. 29. The data storage device of claim

28 wher ei N9 hehefdataSdordBe ddvidetofRNaiRi 28l iRrQAUR: HseRetaPdYer dT&hd bdse hardiE!t al
| ayer of the | oad beamare thicker than the continuous netal |ayer.

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

a base area fornmed of a first netal |ayer bonded to a second net& qugr;ﬁ%
by

layer.





