~TRANSDUCER .SUSPENSI ON SYSTEM Backgr ound of 1 PAES 0y b

i nvention . Field of the Invention Yoy 219 0.

i nvention relates generallyto transducer suspension systens and nore
particularly to a suspension systemw th stacked electrical |eads. ==
Description of Prior Art Direct access storage devices (DASD), or

di sk drives, store information on concentric tracks of a rotatable
magneti c recording disk.- A magnetic head or transducer elenent is noved
fromtrack to track to record and readlthe desired information. Typically,

t he magnetic head is positioned on a air beari Qﬂl sl ig‘?r which flies above
the surface of the disk as t h&RANSRUCER,SUSRENSIGN 8% ecent|y proposed

di sk drives, the slider (or C%Jﬂg%)m&iéfs;hgnlﬁvéﬂﬁ%d filmor bearing on
the disk. A suspension assenbl'y connects the slider to a rotary or |inear
actuator. The suspension provides support for the slider. Exanpl es of
suspensi on systens are shown in the follow n references: US Patent

5,560, 097, issued Oct. 1, 1996, E’;ﬁléiaj%%%%%—ﬂé%gﬂ&%ﬂus Patent 5,519, 552,

i ssued May 21, 19§6is hEABi6R R1a8bks gdierRi§NEo orhRbauddr gugguﬁsli&?b- 13,
1996, by Bennin et al; US Patent 4, 99%, 623, issued Feb. 26, 1991, by

Er pel di ng et-sgbtemdS ardhimomt HartiTul@bly itssacdufpensidn &990em lwwi tBpstsdrkddS

Pat ent _
electrical leads.

D_éggi_pt_mn_gf_um_lk_gt_

Direct access storage devices (bASD), or disk.drives, store
information on concentric tracks of a rotatable magnetic
recording disk. A magnetic head or transducer element is moved
from track to track to record and read the désired information.
Typically, the magnetic head is positioned oh a air beéring
slider which flies above the surface of the disk as the disk
rotates. In'some recently proposed disk drives, the slider (or
carrier) rides on a liquid film or bearing on the disk. &
suspension assembly connects the slider to a rotary or linear
actuator. The suspension provides support for the slider.

Examples of suépension systems are shown in the following
references: US Patent 5,560,097, issued Oct. 1, 1996, by Bajhorek
et al; US Patent 5,519,552, issued May 21, 1996, by Kohira et al;
QS Patent 5,491,597, issued Feb. 13, 1996, by ngniﬁ et al; US
Patent 4,996,623, issued Feb. 26, 1991, by Erpelding et al; US
Patent 4,975,795, issued Dec. 4, 1990, by Spash; US Patent

4,819,094, issued April 4, 1989 by Oberg; US Patent 4,645,280,



A, 819 094, issued April 4, 1989 by Ooerg; US Patent 4,645, 280,

|ssued Feb. 24, 1987, by Gbrdon et al; US Patent 3-,960,622, issued June
1, 1976 by Hofling et al; US Patent 3,633,189, issued Jan. 4, 1972 by
Bil |l awal a; US Pat ent 3,269,861, i ssued Aug. 30, 1966, to Schneble et al;
US Patent 3,051, 954, issued Aug. 28, 1962, by GOsterlund; TW 276333,
publ i shed May 21, 1996, by - Kl aasen; Japanese Patent Application 06-194945,
publ i shed Feb. 16, 1996, by Matsunoto et al; Japanese Patent Application
05-. 81630, published Cct. 21, 1994, by “Yamanura et al; Japanese Patent

licatio 11 68 bl shed June 22,1993, b naba nese Pat ent
ApBI:cat:oﬂ 628*?%%@&”Nﬁ§“§¥‘ef9%ﬁ IEVPXV%T%ﬁ%BQO'ggganese Pat ent

Appl i cathﬂsﬁiéal%Z%h PUPId SHEHo MBI et221 ; 1 Patbit Tﬁls@ham AHYhed
Japanese Patent Appli cation 4-272635, publ i shed May 6, 19 The

suspensi onJamst4 nEEF2sby el lawadar rmsntmﬁ%aépen@sundnm B0 .f | exi bl e
' in the vertical Thi s essary to

d d bi f
Spovfcrjgvia g%ﬁﬁfe:é’;sf’ﬁragg}%r%te 3 PRFIHEPE] gg‘{ﬁgfgégn ot*95E é??ne ring in
order to keea, Wfie optbf®hindd ﬁh%&%s‘ Soupheiilyd Maboye, tihgedi k. Al so,

vertical flexibility is needed to allow the slider to be [oaded and
unl oaded axdyadergmJiabendse kpatintt Appl icatgion c0f21194045 | lmblsabed®elon i s t hat
it nmust provide a pivotal connection for the slider. Irregularltles in

operati on My Y88, Y Hakrumato plenl; Jopapese fatgri AppldcaFier 035 able to

ConpensatEBiéEO}Igﬁ%iished Oct. 21, 1994, by Yamamura et al; Japanese
Patent Application 03-211668, published June 22, 1993, by Inaba;
-Japanese Patent Application 55-93422, published May 22, 1982, by
Wétanabe; Japanese Patent Application 51-104787, published March
 22, 1978, by Takahashi; and Japanese Patent Application 4-272635,
‘published-May 6, 1994.

' The suspension must meet several requirements. The
suspension must be flexible and provide a bias force in the
verticdl direction. This is necessary to provide a compensating
force to the lifting force of the air bearing in order to keep
the slider- at the correct height above the disk. Also, vertical
flexibility is needed to allow the slider to be loaded and
unloaded away ffom thé disk. Another requirement of the
suspension is that it must provide a pivotal connection for the )
slider. 1Irregularities in operation may result in misalignment
of the slider. The slider is able to compensate for these
problems by pitching and/or rolling slightly to maintain the
propef orientation necessary for the air bearing. Another

requirement of the suspension is that it must be rigid in the



-

Qproblens by pitching and/or rolling slightly to maintain the proper
orientation necessary for the air bearing. Another requirenent of the
suspension is that it nmust be rigid in the
3 lateral direction. This is needed to prevent the head from noving from
side to side, which would result in the head reading the wong track
Di sk drives have becone smaller in size and their recording track density
has increased dramatically. This has necgssitated the use of snaller and
smal | er heads and suspensions. The smald er size makes it more difficult to

string indiLyidual,;.\w al t ns| ntly, it has
been gropgégé tﬁ§$%éﬁg%??ig§ SIggdéﬁﬁggegéﬁ%ﬁbgPﬁg%F?éggﬁtggﬁﬁe suspensi on
in ordermbeindp favmysidé td Badegevhidh wbaldGesapar ot ahal head readindowever,
these etched | eads nay have sone di sadvantages. The separately strung
wires of FR® NG ®ER€kstrung in twisted wire pairs. These twisted pairs

were ef fecti veidh GaRGel ibeOtbeobd SudhiEF i 840X R Wbs B0kt W

etched | eads run par one ano al'long the surtace o

suspensi obra&adkl dédsiey h&€hinkveabbe Eriatiedse Oofn{Winee fAabesd itaitean.
Anot her di sadvantage of the etched leads is that they require a certain
di st ance bke Spffcicfigspellfe@ndhanellem hepds andasnepensiopensi B of the

L ot B EHEESOT Rtk B A hen b BRSSP P e
past. \Whahiémg R®RUSHEspension to the head. Recently, it has been proposed

that electrical leads be etched directly into the suspension in

order to do away with thé need to string separate wires.

However, these etched leads may have some disadvantages.

The separately strung wires of the past were strung in twisted
wire pairs. These twisted pairs were effective in canceling out
the_effects of external noise. The new etched leads run parallel

- to one another along the surface of the suspension and do not
achieve the same degree of noise cancellation.

Another disadvantage of the etched leads is that théy
require a certain distance of spacing between them. 1In the
smaller suspensions of the future, the suspension width may limit
the number of electrical leads. The newer transducer heads may
require more electrical leads than in the paét. What is needed

is a suspension system which solves these problems.



g1 S a suspension system which sol ves these problens.
REPLACEVENT SHEET SUMWARY OF THE
INVENTION It is an object of the present invention to aneliorate one ore
nore di sadvantages of the prior art According to.one aspect of the
present invention there is provided a transducer suspension system

conpri si ng: a support layer having a longitudinal axis, a latera
axis, and a perpendi cul ar axis; a electrically insulating |ayer
overlying a first planar surface of the4§ypport | ayer; a first
el ectrically conducting |layer Qverlying the first.electrically insulating

. . umma the \'d ion .
layer, the first electrically . . ng etched electrical
| eads; BroegPy Bl eChrbeattel icibolfiéity dfayRe predenyi Mivdriadal,anar
surface of the support I|ayer; and a second electrically conducting

| ayer over|§isRFRemeise cerates comprisngs ¢ rigid didadgbeamymembey and ehd

el ectrically_ conducting |ayef, havi tched el ectrical J|eads, each

el ectrical YT%%(?Q:&E Pﬁ'_@’esre'cohage#e%r}ﬁ}aﬁ:gél T‘?/m%eorn ﬁcff ‘Jlsa? e?fs%tb?tea?ﬁttl ally
overlying afoed negResd dGuppb8e! 1dfed, atatesdt e bléstriRlagtyrically
conducting | ayer, wherein the width of the electrical |eads of the first
el ectri cal | insweddogi haydrsyepndrat greastetwo hekeatirdcal tir lropfuchine| ect ri cal

| eads of the second el ectrically cqndugting | ayer and the_secon

el ectri cal !§a¥‘?F§u| a?fe‘ﬁglar“éf}?éf?ds Fhaf 3g‘blb?‘¥i58ﬁﬁo€hﬂt_h§h?o P%‘%?”_!‘f@é of
the el ectrigéddd @3ds r@fmdd1@nf thelchldittiveal dperstONEhE (1Rt LYEY lchds
exposed. According to anot her aspect of the present invention there

IS provi dedaxe tfoameduswerh thaspeach dreasly 35 estaakedr wéthginother lead Erompport
| ayer having a Ion%itudinal axis, a lateral axis, and a perpendicul ar _axi s;

a first el et iCECEyIFHIH &Pf‘ﬂljcﬁ‘jaﬁﬂerlaé’ﬁ\‘ér?%‘_’ﬁ’léf pPa¥faCTs BPi o &gt e

support | ay5¥;£he leads are run sﬁbstaﬁtially in parallel along the

longitudinal direction of the suspension, except for some turn§
and the front and back ends where the eleétrical connections ére
made. The result is that the leads are close enough to each
other that noise cancellation is achieved and the width of the
suspension may be reduced. 1In addition, more electrical leads
may be accommodated.

For a fuller understanding of the nature and advantages of
the present invention, reference should be made to the following.
detailed description-taken in conjunction with the accompanying

drawings.

THIS SHEET HAS BEEN
REPLACED




REPLACEMENT SHEET 4A

a first electrically conducting |ayer overlying the first electrically
insulating layer, the first electrically conducting |ayer having etched
el ectrical |eads; a second electrically insulating |ayer overlying
t he planar surface of the support |ayer; a second electrically
conducting | ayer overlying the second electrically insulating |ayer, the
second el ectrically conducting | ayer having etched electrical |eads, each
electrical |ead of the second electri.cally conducting |ayer substantially
overlying a -correspondin | £ ' 18239 .0f chd e dallighs €l ectrical ly
conducting | ayer, wherein e W 0 € elecirica eads of the first
electrically comrigct iings| aysthemneigrabigrant 88na tdetavsdbhagd dylseemad£ctri cal
' eads of the second electrically conducting | ayer and the second

el ectri cal | e [REQfeRt| Apvenkionisuch that a portion of a top surface of the

el ectrical lead he_f]r.s clLri.gal i ayer i s exposed;
a transducer eIgﬁg%taa??déﬁgﬁ’f§£§h%£§%%b%¥?€%£3§$%ﬁag i' a recording

medi a | ocated prrg.n3t gstH ddtaileanséhiRictelreéneidv of a suspehsibfli Syd@nsenent
device for noving the nedia; a transducer novenent device for
movi ng the % dituddr rel ative to the nedia; and an electrica

devi ce connect eq? tot Ee_ Is oLy it%al %eevgsdsofoté_ gh fi rsstofaglgg sseu%ond o
electrically con&@gtl ﬁ-faéérs oF THhe Susp HS| WS °fed 1 ng FSPEIT S t he
nedi a. Fig. 1; _ : - :
| Fig. 5 is a cross sectional view of a laminated material;
Fig. 6 is a cross sectional view of a laminated member of a
'suspension_of Fig. 1;
Fig. 7 is a detaiied perspective view of the system of
Fig. i;
i Fig. 8 is a cross sectional view of a laminated material;
Fig. 9 is a cross sectional view of an alternative
embodiment of a laminated member{
Fig. 10 is a cross sectional view of a laminated material;
Fig. 11 is a cross sectional view of an alternaﬁive
embodiment of a laminated member;
Figs. 12—1§ shoﬁ cross sectional views of various

alternative embodiments of a laminated member.
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«Bri ef  Description of the Draw ngs “Fig. 1 is a schematic diagramof a

data storage systemof the present invention; Fig. 2 is atop view
of the systemof Fig. 1; Fig. 3 is a detailed perspective view of a
suspensi on system of Fig. 1; Figs. 4a-f show top views of the |ayers
of the suspension of Fig. 1; . Fig. 5is a cross sectional view of a

| am nated materi al ; Fig. 6 is a cross sectional view of a | am-nated
menber of a suspension of Fig. 1; Fig. 7 is a detailed perspective
view of the systemof Fig. 1; Fig. 68 is a cross sectional view of a
| am nated materi al; e cFrl tionlg 8! PESrSECL '8&9' i %y_y of an
alternative enbodlnent 0O is a cross
sectional view ofigs. amanat 20sHBM @chahatic diagfdnﬁ; oklthe datal @%oragéet i onal
view of an alternative enbodinent of a |aninated nenber; Figs. 12-16

show cross SEEEPBRAl thecpseaent, dnventiomwhichats vesdgnetrdntt $h6f a
E:?cp?:)??orrlrsgg Jf:%e SIS EPF e RS a i Renysten 10 I‘—comgri_sLesand Eerﬁéitgc(lzlgmat iC
di agrans of mh§Retitd detoRt2HE diiEt 801 ofnaaaedpére&ﬁ@t al PY&Fd1 iy W@I chis
desi gnated by the
concentric data tracks. Disks 12 are mounted on a spindle motor
shaft 14, which is connected to a spindle motor 16. Motor 16 is
mounted to a chassis 18. The disks 12, spindle 14, and motor 16
comprise a disk stack assembly 20. .
A plurality of read/write heads 30 are positioned over the
aisks 12 such that each -surface of the disks 12 has a
corresponding head (or slider) 30. Each head 30 is attached to
one of.a plurality of suspensions 32 which in turn are attached
to a plurality of actuator arms 34. Arms 34 are connected to a
rotary actuator 36. Alternatively, the arms 34 may be an .
integradl part of a rotary actuator comb. Actuator 36 moves the
heads in a radial direction across disks 12. Actuator 36
typically comprises a rotating member 38 mounted to a rotating
bearing 40, a motor winding 42 and motor magnets 44. Actuator 36
is also mounted to cﬁassis 18. Although a rotary actuhtor is
shown in the preferred émhodiment, a linear actuator could also
be used. The heads 30, suspension 32, arms 34 and actuator 36
cpmprise an actuator assembly 46. The disk stack assembly 20 and
the actuator assembly 46 are sealed in an enclosure 48 (shown by
a dashed line) which provides protection from particulate

contamination.
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. general reference nunber 10. ‘System 10 conprises a plurality of nmagnetic
recordlng di sks 12. Each disk has a plurality of "~ concentric data tracks.
Disks 12 are nounted on a spindle notor shaft 14, which is connected to a
spindle notor 16. Motor 16 is nounted to a chassis 18. The di sks 12,
spindle 14, and notor 16 conprise a disk stack assenbly 20. A
plurality of read/wite heads 30 are positioned over the disks 12 such
that each surface of the disks 12 has a correspondi ng head (or slider) 30.
Each head 30 is attached to one of a pVurality of suspensions 32 which in

turn are attached lurality of actuator arnms 34. Arns are
connected to a c@l"a:ﬂ‘? g %GPrﬁt‘eﬁsngt’FG%Jr]y copfgol, 4, sf*f&tﬁﬂyl%e an

integral pashtff11ed QBQEYS@%EQ&l&OE%ta%EUEt&fnt:iﬁl Véseddifg BiRpds in a
radi al direction across disks 12. Actuator 36 typically conprises a

rotating neﬂﬂé)r. IemeTynaett tandaortheatd:tgtalleairqagtxtﬁr aCortinod 1ern80 ns 42

and not or nets 44. Actuator | o .,mounted to chassis 18. Al though
arotary aﬁ? 85eq &o gﬂo%t"}ar’r‘%?ﬁt:ﬁ?ljﬂréaeem&d|5ﬁeﬁ’f‘i°'a i kULR 1%t yat or

coul d al socomé&edtoTQet@aa&ts 380, SHEPSITLRR é&m@,&trer% %dcaﬁtyat or 36

conprise an actuator assenbly 46. The di sk stack assenbly 20 and the
actuat or atbenimveméatave Bemdsed0i bvan diskisodd: e PHe cohtwsllmyr 5a fashed
| i ne) which provides protection fromparticulate contam nation.

7 A cEARReAYeS tanat rersiiyrddedchannal £8) whish d8l tusn sif copnegted

to the heads 30. This allows controller 50 to send and receive
data from the disks 12. Controller 50 is connected to a spindle
control/drive unit 60 which in turn is connected to spindle motor
16. This allows eontroller $0 to control the rotation of disks
'12. A host system 70, which is typically a computer system, is
connected to the controller unit 50. SYStem 60 may send digital
data to controller 50 to be stored on disks 12, or may request
the digital data be read from disks 12 and sent to the system 70.
The basic operation of DASD units is well known in the art and is
described in more detail in “"Magnetic Recording Handbook",
C. Dennis ‘Mee and Eric D. Daniel, McGraw Hill Book Company, 1990.
Fig. 3 shows a perspective view of a head 30 attached to a .
suspension 32. This eombination is referred to as a suspension
assembly or head gimbal assembly (HGA) 80. Suspension 32 has a
longitudinal axis 100, a lateral axis 102 and a perpendicular
axis 104. Suspension 32 is comprised of a load beam 110 and a
laminated member 112. Laminated member 112 is formed from a
multi-layer laminated material comprised of a steel support

layer, and two electrically insulating layers interspersed with



. Controller unit 50 typically contains a central processing unit (CPU),
menory unit and other digital circuitry. Controller 50 is connected to an
actuator control/drive unit 56 which in turnis connected to actuator 36.
This allows controller 50 to control the novenent of heads 30 over disks
12. The controller 50 is connected to a read/ wite channel 58 which in
turn is connected to the heads 30. This allows controller 50 to send and
receive data fromthe disks 12. Controller 50 is connected to a spindle
control/drive unit 60 which in turn isgconnected to spindle nmotor 16. This

al | ows CQ‘.Q} r%fleg{:ri?-%rll% %gpx rotlfiev ?érf%%% QIQ\e v—a %St elaytta hgﬁt system

70, which 1s typrcally-a co fhe control | er

unit 50. 19yEnate8Onemersand Qfglétﬁineddaaaytﬁ G\Oﬁﬁéﬂhﬂhoéﬂaﬂ}ﬁcbe stored on
disks 12, or may request the digital data be read fromdisks 12 and sent

to the sﬂ@#ﬁﬁﬁ?OtOimh@lwasiée®b@¥hﬁmeneaf DASD units is well known in the

art and is - I bed in nore net c Re rd| ndbook", C.
Denni s Mee angﬁﬁr?%s!ﬁnsbgﬁl %?se'%&é A% Efl? eS‘ﬁ %? fanse Fig. 3
shows a rionpesbi ¥fd \dewnel agedifad Aemati achaget end ofsﬂﬁ@eé'ifdpgﬂsggn Thi's
conbination is referred to as a suspension assenbly or head- gi nbal

assenbl y isHExpigally us pbrsevteBDHAS . aSMOnngumthOakmcm@y a lateral
axis 102 and a geipgydlculaﬁ axi s . 104. Suspension 32 is conprlsed of a
| oad beaMeREYTERAL 220 i AaP®l FPiB™-112. Lami nated menber 112 is formed

froma nulti Thayeieé&mcaﬂgdcmﬁab £808d 360 Olodtribeply support laver,
and two electrically insulating layerS interspersed wth
insulating layers are etched to form electrical lines (or leads)
120 which run from a rear termination pad area 122 to the head
30. Head 30 is comprised of a slider and transducer electronics.
'_ The electrical lines 120 terminate and are electrically attached
to the head 30 at the head termination pads 132. The electrical
i lines 120 are bent vertically upward at the head termination pads
. 132.
TlHe support layer of the laminated member 112 is formed into
a rear member 140 and a flexure member 142 which are welded onto
load beam 110. The rear member 140 is attached to actuator arm
34 by an adhesive, welding or swaging process. Flexure member
142 provides a gimbal ﬁount for attachment of the head 30. The
gimbal mount allows the head 30 to pivot in order to adjust its
orientation (static attitude) to achieve the proper air bearing
between the head 30 and disk 12 while the disk 12 is rotating.
The rear member 140, flexure 142, and load beam 110 aléo serve
the purpose of providing support for the electrical lines 120,

among other purposes such as providing stiffness balance and an



8 two ‘el ectrically conductive |ayers. The various |ayers of the |am nated
menber 112 are etched away in a photolithographic process to formthe
desi red shapes. The suspension assenbly 80 is extrenely snmall. The
distance fromthe end of the actuator arm 34 to the end of the suspension
Is typically on the order of 15.25mm The head 30 typically neasures
1.25mm x 1. 0nm x 0. 3mm The electrically conducting | ayers and
electrically insulating |ayers are etched to formelectrical lines (or

| eads) 120 which run froma rear termifation pad area 122 to the head 30.
Head 30 is ceampai sexfl kiinddngl bdakelrtitlgt r ansducer el ectronics. The
electrical lines 120 term nate and are electrically attached to the head
30 at the head tefHsratlitoffpalry 9P viees Qfethe| variious; aemerto layers

vertically Ugugntndiod 1S Ngfol €14l 03! Lt NAdBecd ARy, an 1M HLEPRY!

| ayer of the m nat ed nenber Is forme er nd a

fl exure menbeonddétity aayereise) dededsttridadag beAilatifg Tdyeer ese, n@aber
140 is attached to actuator arm 34 by an adhesive, wel ding or swagi ng
process. Fl efliPetrigaidyy cendugking dayen Hidrbar edrmhrirallutingeppbing of the

head 30. The age) mount _al | ows .t h 30 .t Vot | rder to, adjust
its orient atllag%r( S 6a{t iaéﬁaf‘t FYRRIS" ?gy%’gﬁl% vgftﬁ%é)plraé“%%?@%frm ea |¥‘|§d

bet ween the hfadis8Nynadnd $kydss Waio-esé Neredilgfede irS af 8ingidQanidd€ed ear
menber 140, flexure 142, and | oad beam 110 al so serve the purpose of

provi di ng supheet dHmatiesrial ectThiec aembéndd 2] 26, thepmfiogmed Haromp bhe oslesetsuch
as prOVidingbgtL;Iﬁgﬁghog%hggggaégggignetch processes as are known in the
. art. Layers 150 and 154 are made of a conducting material such
- as copper. In a preferred embodiment, the. material is 67025
copper and each layer has a thickness of between 0.0lmm and
10.018mm and preferably 0.018mm. Layers 152 and 156 are made of
an electrically insulating material and in a preferred embodiment
are made of polyimide or Teflon and each layer has a thickness
of between 0.005mm and 0.018mm and preferably 0.018mm. Layer 158
is made of é thin stiff material which is able to bend slightly,
and in a preferred embodiment is made of stainless steel and has
a thicknéss of between 0.018mm and 0.05lmm and preferably 0.02mm,
Referring now to Fig. 4a. Two of the electrical leads 120
are formed in layer 150. The lines 120 start at the termination
pad area 122. Pads 122 provide connection to the read/write
‘ channel 58. The pads 122 are located on the side of the actuator
arms 34 when the drive is fully assembled. The lines 120 run
from the side of the arm 34 toward the center longitudinal axis

100 of the suspension 32. Lines 120 then run in a generally
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9  area for bonding or wel ding. Figs. 4a-4f show top views of the
various elenent |ayers of suspension 32. Figs. 4a-4e show respectively, an
el ectrically conducting |ayer 150, an electrically insulating |ayer 152,
an electrically conducting |layer 154, an electrically insulating |[ayer
156, and a support |ayer 158 of the |am nated nenber 112. Initially, the

| ayers 150-158 are layers in a single lamnated sheet of material. The
menber 112 is then forned fromthe shee by usi ng photolithographic etch
processes as are known in the art. Layers 150 and 154 are nmade of a
conduct ngl BhdPAlinaiUal redfi P RRGEra | thed nBhET R.F ed enbodi ment, the

mat eri al 025 copper and each layer has a thickness of betvveen 0. 01mm
and 10. 018nm & priseer abﬂ:glraﬁ:eOtBnmn lelpeg sbd3P sidds 166 apesrture® 200 an

el ectrical 16¥2| nsul ating material and in a ﬁref erred enbodi nent are nade of

pol yi ni de 8P2TéM1b$0%nd EBRPRERFUFeAACY 2HE R 200 BFe PSRl ER BEYHHIFm and
0. 018mm angps&d efcﬂ.bl%ogi % s whi‘&‘ﬁrar’g’ﬁse& ScdR4egh! e AnAngted f ,
material which is able to bend slightly, and in a preferred enbodinent is
made of stmembesamst eéhle do0ad asmam duting maastacfudect Wwerot ) s8paratibr). 051mMn
and preferably 0.02mm Referring now to Fig. 4a. Two of ‘the

el ectrical Of ERR 4igps PR PEFUREY atnPPLRte2045o0d 'F-ﬁeuf"?‘ﬁe‘? EegseR e at t he
termnatio 1 o, r Ite
channel saocTRe o ¥herdined Y Hee B MeuRBe0 W EhiPhdrbrklibn SO0 12,
when t he dbpu:eauforf ully assenbled. The lines 120 run fromthe side of the
arm 34 toward the center longitudinal axis 100 of the suspension 32. Lines
120 then run IrﬁQiﬁ?QnéﬁﬁFﬁy end of suspension 32, the lines 120 separate

and run along either side of the head 30, then turn backward to

the head 30 to terminate at the rear face of head 30 at the head
termination pads 132. This is necessary because the transducer
“electronics are located on the rear face of the slider. This
reaxr face of the slider is the trailing flace as the disk rotates
beneath the suspension during operation. The lines 120 are bent
90° vertically in order to interface with the pads 132.

Fig. 4b shows a top view of the electrically insulating
layer 152. Layer 152 is shaped to provide electrical insulation
protection to the lines 120 of layer 150 which directly overlay
the 1ayer.152. Layer'lsz forms an insulating strip 210 directly
beneath the lines 120 of layer 150.

Fig. 4c shows a top view of ‘the electrically conducting
layer 154. Layer 154 is shaped to form lines 120 to correspond
iﬁ.shape to the 1inés 120 of layer 150. The lines of layer 154
directly underlie the lines of layer 150 except at the

termination pad areas 122 and 132.



; 10 Tongitudinal direction toward the head 30. The lines separate to
run al ong both sides of apertures 200 202, and 206. The apertures 200, 202
and 206 are used to provide access for tooling pins which are used to
align the lamnated nenber and the | oad beam duri ng manufacture. Another
separation of the lines 120 occurs at point 204 and is used to | essen the
stress in the lines 120 due to novenent of the suspension during

operati on. At the distal end of suspension 32, the lines 120 separate
and run along either side of the head;g0, then turn backward to the head

30 to_terninatergd. the shak £oGsH Vieheal BR aledfia ead idLIHchaLi on pads

132. This is necessary because the transducer electronics are |ocated on
the rear fdeweuflithe Jlayeer 156 hiss shaped tapeeovidd kdestrilal iimsuhatiomi | i ng

f the disk rotates beneath th Lon duri tion, Th
| nes 120 ZFBBERIOR G0y ShP] Tyerd 120 Py 19S5 d6F HCPnAEFISY WERLEFe. pads

132. thieJ1a¢dr 51".‘3‘?5"5’3 Bal P i’ﬁise‘ﬁoi?flstsl}?,iﬁhlﬁfét{iin‘gﬁlski‘iﬁ REeatipg | ayer

152. Layer 152 is shaped to provide electrical insulation protection to
the |ines b2peath|theerlihed W0 odf diayertl54.ovat|the hehd awesmr lajér 15§er 152

forns an insulating strip 210 directl beneath the Iines 120 of |ayer 150.
Fig. 4c shd\f/ssﬁa??fg intonaoferirs QfePaflf 242 yhighdwderhie 1ingsr 1284 " Layer

e yer 150" te! B GRS 0l HGE ER Y Bt bl LA 1200
except at tlead afsanimbraerpes rlirdaizé 2thaaktlangs .of static altitude of
- the head caused by the exertion of force by the lines 120 under
different temperature and humidity conditions.
| Fig. 4e shows a top view of the support layer 158. Rear
member 140 provides support for the rear section of the lines
120. Flexure member 142 has a rear portion 220 and a front
i portion 222. Front portion 222 is raised slightly above the
plane of rear portion 220 by means of a stamped bend 224. The
front portion 222 ﬁas a distal end 226 having a front platform
228 which provides support for lines 120. Behind platform 228 is
a flexure aperture 230. A tongue section 232 provides support
and an attachment point for head 30. Between tongue sectibn 232,
and platform 228 are a pair of rectangular apertures 234.
Apertures 234 aliow theilines 120 to bend as they approach the
termination pads 132. A pair of tabs 236 extend from tongue
section 232 and function as motion limiters when they are bent
béck under load be&m 110. |
Fig. 4f shows a top view of load beam 110. Load beam 110 is

generally flat and rigid and made 6f a stainless steel or other



1 Fig. 4d shows a top view of the electrically insulating |ayer 156.
Layer 156 is shaped to provide electrical insulation protection to the
lines 120 of |ayer 154 which directly overlay the |layer 156. Layer 156
forms an insulating strip directly beneath the lines 120 of |ayer 154. At
the head area, layer 156 is shaped into a series of pads 212 which
underlie lines 120. This is done to allow the lines 120 to be nore
flexible at the head area in order to mnimze the change of static
altitude of the head caused by the ek®rtion of force by the lines 120
under dif régbdimdtenpel at urre thedphafexkddy embodinkantnsthe load Begm ¥E0 shows a
top view of the support |ayer 158. Rear _ nenber_ 140 provi des support for

the rear sdBtPtHtUEsEheteehaf abopt @B e Pellfemi45hids 289 ear porti on
220 and 2 GegRixaiyl bl 8Sde2, 1€l 98l aBPiabdR 22%diichh SOHL SphGHE| dnDOVe

the plane of rear "portion 220 by neans of a stanpe end 2247 The front
portion 222nbesia ofi thal 1leadl hedfm haviax) smalll cad polsafibbe mithadtwhi ch
provi des supggrt for lines 120. Behind platform228 is a flexure aperture

230. A tonGHEPERSIPE dbo fryetEal SKAHGALY - and an attachment point for
head 30. B ' 2 8 Y
o0 50 et RS S0 e P UAITSE  FEA To0

rect angul ar apertures ertur e |lines bend as

t hey appropebvidie addgt Domll istrupbdtall FXifhnpsd ) Gectads 2396naxtamd from
tongue section 232 and function as motion limters when they are bent
back under 2P8BERYs2521vpich is useyl gfoniftoghopkignmeyp dreipgfthPoad beam 110.

Load bean‘%égufékturing process.

Beam 110 has a distal end with a tab 254 which is used for
‘merge and dynamic loading and unloading of the suspension. An
aperture 256 is located behind tab 254. A tongue section 258
extends into aperture 256. A stamped raised button or dimple 260
is located on tongue 258. Dimple 260 contacts tongue section 232
of flexure member 142 and allows head 30 to gimbal (pitch and
roll) slightly such that it is able to maintain the proper air
bearing orientation. A pair of corners 262 of aperture 256
provide a contact point for.tabs 236 of flexure 142 such that
tabs 236 pass under load beam 110 and provide a motion limiting
function for Ehe flexure member 142. Beam 110 is also formed by
a photolithographic process and the raised features are stamped.
The laminated member 112 and the load beam 110 are attached by
welding. The head 30 is attached to flexure tongue 232 by
adhesive.
Fig. 5 shows a cross sectional view of a laminated sheet

300. Sheet 300 is the laminated material which is used to form



generally flat and rigid and nade of a stainless steel or other

*12 rigid material. In the preferred enbodi ment, the | oad beam 110 is
stainless steel of about 0.025 to 0.076 mm thick and preferably 0.038mm
It is desirable to nmaintain the weight and inertia of the | oad beam 110 as

smal| as possible without conpromsing its structural rigidity. Load
beam 110 has a depressed section 250 which is used to provide additional
structural stiffness. Section 250 has aperture 252 which is used for
tool alignnment during the manufacturiig process. Beam 110 has a

distal end vhéMdndiled fefl.CN123 USRS 8ho HRIMInENTafHIATE6-1AAdHI0 and

unl oadi ng of the suspension. An aperture 256 I1s |ocate ehind tab . A
tongue sect tba SRt S00echssthan asaPetd foem2the memdeanpkzl hyai sed button or

dinple 260 is |ocated on tongue 258. Dinple 260 contacts tongue section
232 of fleRuPEPHehographic A1¢hef| BFRCG%558-30 to gi mbal (pitch and roll)

slightly such thatyife | I | i Qe | ERAL ML
orientation. A t[;l?:i'i(';r t(‘)sf hgg‘?%ea(ras&ggga% %6&?%[?%%52 i%@%’ffltgg g(gcont <';:1l(%'t2 poi nt

for tabs 236akédn fdlongr @idd2% fcRighad. Sehst H3PH Withslaiiatedoshledte 310} 10
and provide a notion limting function for the flexure nenber -142. Beam

110 is al so2fRhkaresistaipmrRdipdhtrrtdishtter pfufiass afdlaver L8P sedheeat ures
gr e st anpedbhq%ctk%gi%? ggt&?erﬂ? @%rré‘étf w%gﬁ é[ﬁ’loltt%?gtgcgga%%%g RS Fubgched
y wel di ng: e hea I'S attached to Tl exure tongu y
that only the areas for lines 120 (the areas where material is to
remain) are exposed. The unexposed photoresist is then removed
from the areas surrounding lines 120. The méterial is etched
away such that the copper around lines 120 is removed. The
developed and hardened photoresist protecting iines 120 is then
removed. A similar series of steps is répeated for each layer-
such that each layer achieves the required geometry.

The resulting cross section shows that the lines 120 in the
layers ‘are now in a stacked relationsﬁib. Each line 302 and 304
of layer 150 has a corresponding underlying line 306 and 308 of
layer 154{ The two pairs of staéked lines 120 are separated by a
thin insulating layer 152.

The etched proceés has limits as to how fine the features
may be etched. For example, in today's etch proéesses the
minimum distance D1 separating lines 120 is 35 microns. This is
not sufficient to achieve noise cancellation. However, by
stécking the electrical lines as in the present invention, the

lines are separated by only the thickness D2 of the insulating

material layer 152. This distance D2 is limited only by the



adhe5|ve Fig. 5 shows a cross sectional view of a | am nated sheet
*300. Sheet 300 is the laminated material which is used to form

13 the | am nated nenber 112. Sheet 300 contains |ayers 150-158 and the
sheét 300 is then used to formthe menber 112 by photolithographic etched
processes. Fig. 6 shows a cross sectional view of |am nated nenber
112 taken along line 6 of Fig. 3. Stagjing with |am nated sheet 300, a
photoresist is applied to the top surface of Iayer 150. The photoresist is
then patterned wi th a photolithographi ¢ - mask such.  that only _the areas for

lines 120 {Yhe % &8s 1AMEPREGHEM BRCFEIAS PRk r’E)heaF'é“b'Sk‘B%f&&c“Fh‘éal

unexposed PRAIINAYNS hebded hertx{ %ﬁ{evspesefx{toatrhm&i%rneaayéyrmulaﬁF,ngeI snes
120. The material is etched away such that the copper around [ines 120 is

removed. The midewpeisopbdchnd Swaldenethidioessesimay peopestibigpe Mitbs 120 is

then reno A simlar series of ste IS rep ated for each | ayer such
t hat each ‘xggfe‘?’eé'(?hf“é\‘?% izlm %&FP‘éd"‘g‘éﬁﬁﬁ?ry is smajler SePArEFLQN cross

section Shﬂéﬁvé&?ﬁtthtahﬁihé@eéll% £ Br LA sel BYRES1IREGOROW I N @ stacked
rel ati onship. Each Iine 302 and 304 of |ayer 150 has a correspondi ng

under |l yi ng | i nan3@ddapriodp8nafe liagermakbde plekddvinpai a ssfllstracked |ines

120 are segarat ed by a thin insulating | ayer 152. The etched process
has |i nit sSSYEPIEIRGWAARR. ¢ H 85t BF%Eerrﬁﬁye‘b‘Epdéf“@HEd oRe Padra | blnes,

tOdayls etf&b}"éa%e§§9sb£h§%ed to connect to the write conductive element
of the transducer head and the other pair of lines 304, 308 may
be used to connect to the magnetoresistive read element of the
trénsducer head. In the future, more complex transducers or .
microactﬁator elements located at the head maymrequire additional
electrical lines. The stacked lines of the present invention
solves this problem.

Fig. 7 shows a detailed view of the head 30 and suspension
32. Note how the stacked lines 120 separ&te at the head
termination pads 132. The top lines 302 and 304 separate from
their corresponding bottom lines 306 and 308. The top lines 302
and 304 affach to the outer pads 132 and the bottom lines 306 and
308 attach to the inner pads 132.

Figs. 8 and 9 show cross secfional views of an alternative
embodiment of the laminated material 400 and laminated member
402, respectively. Laminated material 400 has a copper layer
410, polyimide layer 412, steel layer 414, polyimide layer 416
and copper layer 418. Note that steel layer 414 is located

between the two conducting layers. Fig. 9 shows a laminated



.mi ni mum di st ance D1 separating lines 120 is 35 mcrons. This is not
sufficient to achi eve noi se cancell ation. However, by stacking the

electrical lines as in the present invention, the |ines are separated by
only the thickness D2 of the insulating material |layer 152. This distance
D2 islimted only by the 14

ability to lamnate thin materials and by the m ni mum el ectri cal
i nsul ati on needed. In the present i nvehti on | ayer 152 may be 5- 18 microns

thick. Smahdiderd BoekRESRES TN REtePASI RO . W kdte @hbfetnistaekeqi al s and
line voltages. This snmaller separation between the Iines allows for noise

cancel | at i @¥ectrical Linesidiaw eun enreithemesuntacebefpbbk ethppart bawemd | er
suspensi o idth. In the preferred odi t, one jr of lipes 302, 306
oy be. U eRt A o thacl ek (o B, abdRi atc R < BRERENT Y RERTF ansducer
head and tHgeRaaer thai iuferd 102€31R0¢ whilh b @cSRfbddtR0RREL Lgih t he
magnet oresi stive read el enent of the transducer head. In the future, nore
conpl ex trewsminsdps widthi crioadhnatéd mepberef02 naychbe esukxitithbed ctalr may

require additional electrical lipnes. The stacked lines of the present
i nvent i on "¥RFed 12ni8 FHIAEALT 32 Fig. 7 shows a detailed view of the

head 30 and Susagas 89 s 11186y A GesL AokAC hbpesod A eseRacaye ot the

head term nation pa 132. The t I nes 302 and 304 separa rom their
cor r espondemgpdimeham of Netse IdminateBGhteThel t90 lndeladihatedantlemdsl at t ach
to the outer pads 132 and the bottomlines 306 and 308 attach to the inner
pads 132. 502, respectively. Member 502 is similar to member 402 except

that extra copper and insulating layers have been added to both

sides. This allows for stacking additional electrical lines on

éither side.

Figs. 12-16 show cross Seckional views of additional

alternative embodiments of ﬁhe laminated member. Figs. 12-13

show how the extension of the bottom copper layer can create

exposed copper areas for purposes of electrical connection.

Figs. 14 and 15 also show exposed copper areas for electrical

connection. 1In both cases the electrical connection méy be ﬁade

from below the suspension. In Fig. 16 a member is shown similar

to member 402 with a supporting steel layer in the middle.

Electrical connection to the bottom leads may be made through

apertures etched into the support layer. Figs. 15 and 16 show

one set of electrical leads on either side of the steel support

layer. However, additional stacked electrical leads éould be

added on top of or below the existing leads, with additional

insulating layers located in between.



Fi gs 8 and 9 show cross sectional views of an alternative enbodi nent of
“the lamnated material 400 and | ami nated nenber 402, respectively.

Lami nated material 400 has a copper |ayer 410, polyinide |ayer 412, steel
‘| ayer 414, polyimde |ayer 416 and copper |ayer 418. Note that steel |ayer
414 is located between the two conducting layers. Fig. 9 shows a | am nated
15 nmenber 402 formed frommaterial 400. Note that the stacked electrical

| ines now run on either surface of the osupport | ayer. Placing the |lines on
both sides of the support |ayer furthe’r i ncrease the nunber of |ines which
may be accorrrmdaﬂédozf rehee gltern«smns@enmbgdlmrmShofmemd mentees 402 may
be substituted for 2 in_sus Lon nd 11 show
cross secti (tghaln \'lPengso'f eiél’%ér’ﬁaa‘f iRPe & eg bia'ﬁ?éiﬁtfgrd?e“lhlﬁ ?g?‘nlﬁhttgﬁ mat eri al
500 and | arguapletdio®mer 502, respectively. Menber 502 is similar to
nmenber 402 except that extra copper and insulating |ayers have been added
to both sides. Wiklig ttd pneféored temblodigentklidfi thel pxdseotr imantliones on

either sid 16 show cross. sectional views of additional
al ternati vé’%’r‘?bBﬁF?re’rf‘é‘s&FaFﬁ% iy fietaida Hedfhonldprgappasenty thag,,y now t he

ext ensi on Qxfo&'%%c?@i&z@.{naﬁﬁp%épéﬁi%hsC1'38 AR %g.blS 5 S% gﬁ?%cui‘r €8‘5 for

pur poses of electrical connection. Figs. 14 an ow exposed
copper areame skikledtin thk aronwithbuendepartisghfras ahet beopd et theal

connection may be made from bel ow the suspension. In Fig. 16 a nenber is
shown si ni |IBRxesent invention as set -forth in the following claims.



t.o' menber 402 with a supporting steel layer in the mddle. Electrical
*connection to the bottom | eads may be nmade through apertures etched into
t he support layer. Figs. 15 and 16 show one set of electrical |eads on
ei ther ~side of the steel support |ayer. However, additional stacked
-electrical |leads could be added on top of or below the existing |eads,

with additional insulating |layers |ocatl&gd in between.

17 CLAI M5 1. A transducer
suspensi on system conpri si ng: a_ syppor t | ayer having a | ongitudina
axis, a lateral axis, and a per pendPcHierCiaipe. a electrically

insulating | ayer overlying a first planar surface of the support |ayer;

a first electrically conducting |ayer overlying the first electrically

i nsul ati ngWeagkaim: the first electrically conducting |ayer having etched
el ectrical |ead second el ectrically insulating |ayer overlying

t he pl anar surfgé:e i tfﬁﬂsg‘tﬁﬁforslus??ﬁ%?’f S¥fiem comPrisingy . ng electrically

conducting |ayes Qo mg,(wela%aﬁené BRAkhbeAR] Yardi3S ULl At a1l XL, @
second el ectrically conducting |ayér having etched el ectrical |eads, each
el ectri cal anfieadpexfpenidécebavrakisl;ectrical |l y conducting | ayer substantially
overlying a corresponding electrical |ead of the first electrically

conducting | ayet,*t elRctreatilat AnSTLaHA% LYY ( SF1YERI R RILNBRe fir st
el ectri cal i I eater than the width of the electrical
R 2000, 5F B0 LYt

| eads of the seco onducting | ayer and the second
el ectrical ly i nsutiatstngleayeicaldycBohdadtimgpdayeoverlybngtthe sigsace of
the electrical leads of the first electrically conductingylayer S

exposed. glectrigakly,ingutaking, dpEas; dihes féret aatrisphly conducting

layer having etched electrical leads;

a second electrically insulating layer overlying a planar
éurface of the support layer; and

a second electrically conducting layer overlying the éecond
electrically insulating layer, the second electrically conducting
layer having etched electrical leads, each electrical lead of the
second electrically conducting layer substantially overlying a
corresponding electrical lead 6f the first electricall&

conducting layer.

2. The system of claim 1, wherein the electrical leads run

in a direction substantially parallel to the longitudinal axis.

* c L M S *
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a‘support |ayer having a longitudinal axis, a lateral axis, and a

¥ per pendi cul ar axi s; a first electrically insulating |ayer overlying
a planar surface of the support |ayer; a first electrically
conducting | ayer overlying the first electrically insulating |ayer, the
first electrically conducting | ayer having etched el ectrical |eads;
a second electrically insulating | ayer overlying the planar surface of the
support | ayer; 18 '
REPLACEMENT SHEET 18
a second electrically conducting | ayer overlying the second electrically
i nsul ati ng | ayper, Thaesgeoandfeteain i1Galkvhyreiondhet sugpdresien hawiaty et ched
el ectrical_leads, each electrical lead of the second electrically

conduct i ngt928FePneyBEeA fhene Fheeleghirigal 1eads, a8 pbhRii HFsEl ectrical | ead
of the fir i : ctl I i ] f e

el ectri caléﬁtegg%g%%?i?ﬁ%&ﬁ%?qgl'iéé:{% gaﬁgf/a%on ugt ?'r‘]%h?‘aéy@é‘?&g?g 1g'"a'r&é{a;t er

t han t he waflttheobetbad @l atiricaaly|aadaceing Nayeecstuch ellatt themldo/ not
conducting layer and the second electrically insulating |ayer. such that a
portion ofovenlds enefaRethdr-the el ectrical |leads of the first electrically
conducting | ayer is exposed; a transducer elenent attached to the
support | ayer; a recording nedia | ocated proximate to the

transducer el e@eNt fhe system @£TELAf NGV EGEEHerd@onpe14 Mg MOEhDgat he nedi a;
a transducer novenent device for noving the transducer rel ative to the
medi a; andlectrically tnswhatisg| lawan cverbningthe secqntk edeseri¢aldly | eads

T a1 ngBl s REC P BT LRA YorCRREHENT0 bR Eurd) 1608 SUsPenst on
overlying the third electrically insulting layer, the third

electrically conducting layer having etched electrical leads.

5. The system of claim 1, wherein the support layer

comprises stainless steel.

6. The system of claim 1, wherein the insulating layers

comprise polyimide.

7. The system of claim 1, wherein the conducting layers

comprise copper.

O Y

TRIS SHEET HAS BEEN
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.18 3. The systemof claim1, wherein the suspension has at | east

one area where the electrical leads of the first electrically conducting

| ayer separate fromthe electrical |eads of the second electrically
conducting |layer such that they do not overlie one another. 4. The
systemof claiml1, further conprising a third electrically insulating

| ayer overlying the second el ectricallyjgconducting |ayer and a third

el ectrically conducting layer overlying the third electrically insulting
layer, the thigd ehedydeal by cPNAYGL I Rt nbaYidia 8EChRE el ectrical

| eads. 5. The systemof claim1l1l, wherein the support |ayer :
conpri ses shegitilicst beats of the firs: eThetsicldm ofndiicking 1laydeeeien t he

herern SRR cpEh 73BT saestpisun. fondl e URb TaShnd! 2 1 1
19 G1ebRe 18X $1E BRHauek 2hd) layei@h8i thd RRcYhddL Lribg11E! ectri cal

| eads of the first electrically conducting |layer are greater than the
wi dt h of tirsudhsingi bagterd sadb that we poetioml of the top surface of the

electrical leads of the first electrically conducting 1a§er is

exposed.

9. The system of claim 1, wherein the suppbrt layer is
shaped such that a portion of the bottom surface of the
electrical leads of the first electrically conducting layer is

exposed.

* c L ] s * _
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el ectrically conducting |layer and the second electrically insulating |ayer
such that a portion of the top surface of the electrical |eads of the
first electrically conducting |ayer is exposed. 9. The system of
claim1l1, wherein the support layer is shaped such that a portion of the
bottom surface of the electrical |leads of the first electrically

conducting |l ayer is exposed. 20
10. A transducer suspension systen1coﬂﬁrising: a support |ayer having
a | ongitudi nal isq\%.latgral axi s, nd a Qgrpendic .ar,axis, a first

X ucer sus §/lls g%n a?y& em’ com

Lar,
el ectrical ly insul att ng-layer - ove aNar Surtace of the support

layer, a first aeh@sforitCahb¥r aRRduet hNYorditiidiANErdiishJa t it lrhll Sixis,
electrically insulating |layer, the first electrically conducting |ayer
havi ng et @REda PexRandignlapaaeis o asEéprfl diestricaldly ynFwAniag havenyer

overlying nar surface_of the support | r second.. electrically
conduct i ng%lvggglfm & Ipﬁlaﬁart ‘értgaé"'gor?% g%%cstug%ggfl@ayeﬁrhsﬁl‘%]tr%ﬁg | ayer, the

second el ecliebealdal 1500AHELEOThd AMerNave NG ingt ERE G i9kRCeTdRRlichERFS, each
electrical lead of the second electrically eonducting |ayer substantially

overlying dnsgbatisupdageng thedtirstaplectricefl lyheorfducting|laveri baring
ﬁgggg??lquekgxgé;electricglt{gg]é{u%?;egégﬁnz1éc%;£ggi %gikghfigin§”9£§gé
overlying a planar surface of the support layer, a second
electricallﬁ conducting layer overlying the second electrically
insulating layer, the second electrically conducting layer having
9tched electrical leads, each electrical lead of the second
electrically conducting layer substantially overlying a
corresponding electrical lead of the first electrically
‘conducting layer;
a transducer element attached to the support member ;
a recording media located proximate to the transducer
element;
a media movement device for moving the media;
a trénsducer movement device for moving the transducer
relative to the media; and
an electrical device connected to the electrical leads of

. the suspension for reading data from the media.

11. The system of claim 10, wherein the electrical leads

run in a direction substantially parallel to the longitudinal

axis.

THIS SHEET HAS BEEN
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a Fecording media | ocated proximate to the transducer el enent; a

~ nmedi a novenent device for noving the nedia; a transducer novenent
device for noving the transducer relative to the nedia; and an
el ectrical device connected to the electrical |eads of the suspension for
readi ng data fromthe nedia. 11. The system of claim 10, wherein
the electrical leads run in a directi 8h substantially parallel to the
| ongi tudi nal axis. 21 12.

The system of chal Mdd SYbesridy heiaUsPeRRkLPbiNahedbuspBsilonOREs af€a Where
the electrical leads of the first electrically conducting |ayer separate

fromthe eleestierng areadwhend thiecedectridadl deads cfl thechirfilcti ng | ayer such
that they do not. averlie one anqther. 13. .The tem of. claim 10,
fUrther cofiPTEFHERLiY FEPASEEl e OPPeR TPAREEI TGP apLie BUSPLy 1 F2 ne
second el eglr tRa! ddcorORUEEE) 11113V 85ndRE ifg! Tdyed BLBATERAAhEy CANGRL | NY

| ayer overlying the third electrically insulting |ayer, the tglrd

el ectri cal byetbieluere mgokbhger havi ng etched el ectrical |eads. 14.

The system of claim 10, wherein the support |ayer conprises stainless
steel .

13. The system of claim 10, further comprising a third
electrically insulatihg layer oveflying the second electrically
conducting layer and a third electrically conducting layer
overlying the third electrically insulting layer, the third

electrically conducting layer having etched electrical leads.

14. The system of claim 10, wherein the support layer

comprises stainless steel.

15. .The system of claim 10, wherein the insulating layers

comprise polyimide.

16. The system of claim 10, wherein the conducting layers

comprise copper.

THIS SHEET HAS BEEN |
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k5. The system of claim 10, wherein the insulating |ayers conprise

~pol yi m de. 16. The system of claim 10, wherein the conducting
| ayers conprise copper. 22
17. The system of claim 10, wherein the width of the electrical |eads of
the first electrically conducting |ayer are greater than the wdth of the
el ectrical |leads of the second electrically conducting |ayer and the
second electrically insulating |ayer23uch that a portion of the top
surface of the electrical |eads of the first electrically conducting |ayer
IS exposed. 18. The system of claim 10, wherein the support |ayer

is shaped su that a portion_ of the_bhottom surface h ectrical
| eads of the fclihlr'st B eﬁgﬂ‘ﬁ'&l‘?? "ﬂt?r’r&b&pi' nPIEE o wgé%%sgfd.&{e

electrical leads of the first electrically conducting layer are
greater than the width of the electrical leads of the second
electrically conducting layer and the second electrically
insulating layer such that a poition of the top surface of the
electrical leads of the firgt'electrically conducting layef is

exposed.

18. The system of claim 10, wherein the support-iayer is
shéped such that a portion of the bottom surface of the
electrical leads of the first e;ectrically conducting layer is

exposed.
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