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| NTEGRAL FLEXIBLE CIRCUI T Field of the Invention The invention disclosed
herein r‘*b@&l’é@*beneral ly. to hard disk drive suspen5| ons .POUAFR0/27495

speci ficall E: EE ﬁg ﬁﬁv I‘?N%I sk dri ve sus enS| on 5

assenbl i es ZSAE ' s EGCRGEVIT and

I nt egral support nenber Background of the Invent|on SuspenS| on assenblies
in hard disk drives include a head gi nbal assenbly (HGA). The HGA incl udes
a ginbal assenbly, a head assenbFigld ofits Biventidrer connect 10 assenbly. The

head assenbly | Iudes a hl sen5| ive read/wite transducer, commonly
referred to as %@é{an %&é‘gﬂﬁé hegein i %tF?gEB’é fyr‘r'@héﬁ‘ii& drifhe head assenbly

al so 1 nel ugleseRidi! MdiBkpdoMdiNale iERALiGAIAL [0Qlard BLWEQRNREELRG, L 0 the

I nt erconnect® assenbly tor recélving and ayl ng data signa e head
assenbly f assembliestand circeiddisemblingiwithiah iimggral flexiblerci@iuit and megalsu fa;ﬁo&‘@e of a
rotating @%mgtlc di sk. The 1 interconnect assenbly includes a plurality of
transm ssi Fenents, such as wires or traces, for transnmitting data to
and fromthe head asserrbly The suspensi on asserrbly positions the head
assenbly at a generally const AN omthe noving surface of
the rotating disk. The suspen%.htcId;iﬂoaltldﬁ1 y tlI)ﬁs the head assenbly to
"fly" at a hei gﬁwpab@massbmbhwﬁldmed cbr&kﬂheesd’nslhde a heddigimbgl ssgerhblye

i rregul ari gl t.conventio on ass nbll al so referred
to herein Q’%E‘g) ﬁgfpgﬁimﬁ%éﬁg@ﬁ Iaﬁﬁﬂ’én agﬁad&%ﬂ&m é)h&ngaﬁluﬁff&}’%trtion.
The | o b Pt&l ater al

sti ffngjsjs g%%b@og[yegég%hlﬁgﬁi ga}s ilg%lrdgtgs eagb%o ap[ﬁ)?h%% orce on t e1J head

assenbl y t bemmeplyrrefenad teasa hedd, aftanhed tooan dihbednimgdliiératTheshepd asseaibly by t he

air streamgene ed, by, the r ot t| n Accordin he head assenbly
f11es 25 aBobEcueS ot %%efilf’orantﬁaoamwggﬁ%hq eﬁe&nﬁsﬁtt he

equi | i bri U@s@&bf&%rté&%@mc’bﬁﬁ%f ﬁﬁ%aﬁgﬁaﬁ? ’f”ﬂefﬁeafi% bh ?Eﬂﬁétg% portion

is positioned adjacent t& an en of the”load beam an
assenbly ataadmgeiddt»‘han‘gtaﬁ infolmagembrad spiactioda reteting nmcn@ld diga dl i tch

deercL_Cons of the hea SS rr%l y 1.n response to. fle)fl ng over, surface
i nper f ett | FHECYHECRRSTR lbll ‘3 ‘?Satﬂ’t}ératilﬁt(gtqaﬁ@m%ﬁs?ﬁ SHFR 35 WEet Fese _
def | ect i ONgacdsh@r %%%W&é%ﬂﬂﬁntﬁéheﬁ@'a%ﬁiﬂﬁ.”ﬁh& A8 pRiRRelss@ftignt at i on

and di stance of the head assenbly relative to
positions the head assembly at a generally constant dtstance away from the moving

Q)

surface of the rotating disk. The suspension assembly permits the head assembly to
“fly" at a height above the surface of the disk, including surface irregularities.
20 Most conventional suspension assemblies, also referred to herein as a support
. member, include a load beam and a gimbal portion. The load beam is a resilient
spring plate designed to provide lateral stiffness. The load beam is calibrated to apply
a force on the bead assembly that counteracts a lift force on the head that is provided
by the air stream generated by the rotating disk. Accordingly, the head assembly flies
above the surface of the disk at a height established by the equilibrium of the load

beam force and the lift force,

-2
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The gimbal portion is positioned adjacent to an end of the load beam and has
the head assembly attached thereto. The gimbal portion permits roll and pitch
deflections of the head assembly in response to flying over surface imperfections and

30  warping of the rotating disk. By permitting these deflections, the gimbal portion aids

in maintaining the proper orientation and distance of the head assembly relative to the
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-1 270CT7001 WD 01/36641 PCT/ US00127495 rotating di sk, even when tHel 0OR
beam ex&';(gi ts a slight anmount of flexing and tw sting. The suspension
assenbl K366 attached at its proximal end to a rigid KCHUEE2WFectly to

a linear : notion actuatqgr. The_ actuator rapidly noves and then 5
abrupt |y g{"g‘rﬁ‘gét%‘@ek’ ﬁ‘&&“é@%”rﬁ“ﬁﬁ?ﬁ@fﬁ?@?@?%ﬁ gﬁh@%@t@fﬁsmmdsk. The

radi al HGAwigtimgenent and the rotation of the disk allow the head to quickly
reach every location above the disk. However, the rapid stop and go
movenent causesIReeyupensifin asserablyean beattadhed kiG#s prainmal@ad 44l QA S €S

conponent s,. 1N s. Excessive inerti 10 nonentum caused by excessive
nmass can cdétegﬁe\ﬁ' %)Q/%;}EE%&I r WO%FLOW§%2’I[’IIW§ rapidbimovesend thsment um

car i et bnufilstoiGhle BIGA ohheu HoRA %3804 BBGRAN YLl Agpasi 1 oni ng
nmovenment. Lowin-nmass HGA's are €asier to nove, resulting f r savings
i n nul tiplroysusEnt end diegktationwéshe disk alloy tertead td glitlay raRh ety HaAtisn pernit
the head to be flﬂo Igl oser {1}0 thg surfﬁce of the disk. The tloser the head
15 assenbl3OLaMe @Qt CYRETSTUF F3R@ SIGP 2P 80 grayiementheauses ol gk strssses

i nformati oy @B sStored on the disk. Accordingly, a lightweight HGA is
desirable in high performance disk drives. It is known that the strength
of a magnetic fimidtal HGH domprists compummisiow iprmdzer Exeaaivk hektalt he square of
t he f|1¥) hei ght of theggbead. Manuf acturers of disk 20 drives strive to
reach Iyirﬂénﬁq%cfﬁé ¥ BERESH YRIRASSHEN RS RYEESAROL sRFe hOYaEshoot emgre r onet er s.

For conpargcs@ivheh MeABAnRR borrieSthR R e TR Fi P%%ﬁgg% {t%ﬁgm%mver, the

head assenbly nust not touch the disk, sinte Spi nni ng
di sk, whi chring pasidioniag radrement. 0L O@Anmpass BIG A astretasior a0 mdasTRgaltidy@nhead and

the surface of the disk. .25 Anmplifying and control circuits process, send
and recei V& th %ava%gsdnﬁxblﬁgfegal%%r dh%dp’g FH EE‘FFF?I'W@%I lighteewpight HGAGhal

he ol at G el Lan Ty of Ten ey I YA, of R IR R R oY TS

the related circuitry of the dri I 'ona ead assenbl i es use a
read- WPi t ésgemiduican flpop thei sunfacaof the didlicthe msore dsnsalyl ME@ORPET canvier €S

30 commni e reledi A SSHaghor oo et SES i tenratede i pogormasgal T o 1 out
or nore  diskdrives. :
It is known that the strength of a magnetic field in a disk drive varies
proportionally to the square of the fly height of the head. Manufacturers of disk

20 drives strive to reach flying clearances less than 100 nanometers, which is 0.1
micrometers. For comparison, a human hair is about 100 micrometers thick.
However, the head assembly must not touch the disk, since the impact with the
spinning disk, which rotates at about 10,000 rpm or faster, can damage the head and
the surface of the disk.

25 Amplifying and control circuits process, send and receive the data signals to
and from the head assembly. Signal transmission requires conductors to extend
between the head assembly and the related circuitry of the disk drive. Traditional
head assemblies use a read-write circuit loop with two conductors, usually copper
wires encapsulated in plastic sheeting. Newer types of magnetic read-write heads,

30 commonly referred to as magneto-resistance head assemblies, require four or more
independent conductors.

The increasing need for more wires, lower disk stack height and less stiffness

and mass of the suspension assembly has forced the manufacturers to consider

2-



I ndependent conductors. The increasing need for nore wires, |ower di %ﬁ]&g?ﬂﬂﬂ
stack height and | ess stiffness and mass of the suspension assenbl?/
f or ced PYRAtY acturers to consider -2 | WD 01/86641 2 PCOHURONQ7AS

PCT/ U500/ Z‘Ziﬁgl% gid‘ferent suspensi on desi ndag),proaches. I n one design
approach, AUSTELEREFEHOD A BIRFOFIES- |G€P1ER GRRIOAHL £ SUIRSNEeEhed from a
st ai nl ess gkarblyhas sidnaBkel ' l.at.1 | ently
fornmed over th_eysi ghte%ln tragé?ﬁat%ﬂﬁet@g&%ﬂﬁ egg%@é%&%g@%ﬂ%&g?f%%% al so
et ched t o nHatingey¢rdaduiequenshyr formed avet thesighaiabal Thefstaitess @feel hie 5
suspensi on, ke imtation of this type of construction is_excessive
yield rat e‘?aaﬂé 13{1%0@%@%[5? g‘b‘%ﬁ@goﬁdamm%a%ﬁf%??é%ﬂlhﬁwc‘ﬁmdthe
conductsi Vi §¥pkiont & RE Sk : E -

onvent | onalPTE o B R LBE of (P e B LIu R B ORI O rafs e
suspensi onodksiatdgrated fibnigation arivess and. podr keyuckivdinbefGkaintedsstdehi & t ype of
construction.is.the cost associated with the precision required for

assenbl i ngOHBT 49957 PRBEP#The 2CopXeRtionglflaxfitcyiispatinsheshtosssspamiely  Desi gner s
and manuf aghMéRdS ' ‘gs%g%: | and . it Q.

consi derati ons. ﬁj@?%%%p%ﬁ%?ﬁ%ﬂ, t %%@g%gér}s‘ﬁogﬁg‘%és“é E;ﬁ%&gﬁf@e@g free of
unpr edi ct aginetrilctiadss thed-obi Esesiatetivith thb pascistdierequiaat fopaseiblnd g of the
head al%seggl)l)q\{'m The suspensi on, assemhly shoul d respond instantaneously to
vari ati-onstTH0E FECUL X e SUPEDFIOBSSEHPIBHf a disk. Alterations to the flying

hei ght of the oo b ' nd accuracy and
even destroy dgfg%q%toriggi%ﬁ%ﬁ?ga%%ljgéfW@ﬁgacﬁggéﬁgg%?dé{a%m&vlﬁt S e surface
of the di stensifieretiongyi Qitiyg apetaton,fthaespemiontaskanily Rkl begeease in rel ation
to the cross- tional thickness,by the third power. Tq respond to air
stream c ha‘H’é’é@iﬁ?}e ?‘E?%ﬁ &PE biasgs Wﬁ@gﬁkﬁ &’6 exaA PoBitloning ofPisrhspt asewmbly.
orientati SEiSRy i | s Ver Q‘E'Sm,?cp@f .exj.bl ecially
around a glé!%]esi t vgi&?pa?’i&rﬁgﬁ ggrﬁwgﬁé%@?hﬁeﬁ oaé{% éam r?‘bgf?s’clgnt%e%ﬁﬁg%ssenbl y
condudtior stopelogy af & dishe Adferatidnsan thendyipe héighnenhehald cah eigalfkpsifti:
assenbly. nduct or C?tiffne_ss | one gr@ea&z[@y affects the rigidity of the
spring redtBh&ESERARY PEYRICY ARG OERSRTEY ditt sotsd gndbs diskifitae kasd salides
attached alRpiH=ReassSPERsSigNk can nore than double the stiffness of a |oad
beam and significantly limt the ability of the | oad beamto

The rigidity and stiffiess of a load beam increase in relation to the cross-

sectional thickness by the third power. To respond to air stream changes and to hold

20 the flying head at the appropriate orientation, suspension assemblies are very thin and
flexible, especially around a sensitive spring portion of the load beam. Interconnect
assembly conductors have a large effect on the performance of the suspension
assembly. Conductor stiffness alone greatly affects the rigidity of the spring regions
and flight performance.

25 A standard wire conductor attached atop the suspension can more than double
the stiffness of a load beam and significantly limit the ability of the load beam to
adjust to variations in the surface of the disk, vibrations, and movement. The effect of
the conductors on a gimbal region, the thinnest and most delicate spring in the
suspension assembly, is even more pronounced. Furthermore, conductors placed over

30  spring regions of the load beam and gimbal portion of the suspension assembly must
not plastically deform when the spring regions flex. Plastic deformation prevents the
return of the load beam or gimbal portion to its normal position and applies a biased
load on the suspension assembly. |



adjust to variations in the surface of the disk, vibrations, and noehB0r 20)
The effect of the conductors on a ginbal region, the thinnest and nost

del i cat e¥Q9P%dlin the suspension assenbly, is even nor PGIVEHORMIEd.
Furthernore, co or | aced over 30.spring regions_of the | oad beam and
gi nbal portion %’fdﬁﬁﬁdésili’éﬁ‘éﬁg?'a’ﬁn %f?zmeynmfm gisepblist. twaka fivalef or m when

the spr i NGlong@ 6RSidel©Xhe RARIImHl5 A MRNRY PERLEALS )Rl BL4LD: OF Lhe

| oad beam or ginbal portion to Its” nor position and app Hsed

| oad on t husesiie prmegotheasisenthije thay arebethgbdndedD4hYR: 486681 The
PCT/ US00/ 2?4%%6 #n .HGA' s th g;se é:onvent ional wre interconnect :
assenbl i es, ENO° Wi%nragﬁéﬁm P WFRS WSS Ze R enth ionding gesisienog tafosmmanual | y

connect®d t@vie ' y%g Wi r whil e t hey
are being bond_gg) o] theegih%%g&%g(g%%%{g%. ﬂ%é&fqg%gﬁogﬁas%% V?@‘?gﬂ%"sﬁ’é’ﬂual |y
shaped usi thg wincdorg s paritterminddngirapath shancaispansionragsently S Thy Wies Q0P

bet ween th{a Ee dagsseanllé and the suspension assenbly and to position the
wire al ong % ?5&8 T SSRFHEON WP 2P AFHFSHR OF Meresariyententresdorasinto thihe wires
are taCkeE*.lSS)EhsId?ﬁ suspensi on using an adhesive or wire capture features
formed into the suspension. Special care is taken to avoid pulling the
service | oop tobpadiajivarenis thleato agoid pulling the ervieokop téo tiglthr 1€a®nglifRo! 00P

pl aces @n rnvvan ed.torqgue on the head assenbly causing errors associated
with the fiRPShe Hight SAVics deop Rlasesiapanpanisd radven thediead pssemblyscaysingiown and
scrape t heegsh PR RS 4.1 | rophic to disk
drive perfol?fr&ég%gga;rhroughoutp?ﬁghtb%}:JgggQégglc%g)nglsdﬁlﬁégttﬁ%&ﬁggodsagssenbl Y,

i nt er connedewnasksdripne the adpmeenttshimningsiickn Bath casditton ate citheiPhico diski Sk of
damagi ng t%el: wires or the delicate | oad beam and ginbal. Load beans or

gi mbal s act] e‘?ﬁrgﬁwnff’ent during the manufacturing operations are

scrapped. Ot eMThidehiaadndpregllor nhdfetA0RON e N5 WA e AdAdy

addi ti o_nal fi nanci a? _I osse SSimlar t0 conventional>wre 1'n
assenbli esand thesuspleasion asseintbl R Ghérniscr dsknfatzinagigahbisires onthy deicty/Rad ent | y

{1 oxi bl o cPPEUFE BRLaT shbe PRESCTAB0HT S5 R SosBoeing e sunongane.
LA COSa TRl ol depratan, Mo AL SO,
suspensi onadgifipnal financial losses.
Similar to conventional wire interconnect assemblies, flexible circuit
20 interconnect assemblies may inadvertently impart unbalanced or excessive forces on
the suspension. Many common flexible circuit case substrates are also hydroscopic,
resulting in flexural characteristics that are dependent on moisture content and
humidity. Because the flexible circuits are formed separately from the suspension and
subsequently attached, precision manufacturing tolerances are difficult and costly to
25  maintain.
Therefore, what is needed is a circuit assembly for a disk drive head
suspension that provides improved fly height control, that reduces noise in signal
transmission to and from the head assembly, and that can be cost effectively

manufactured.

30 Summary of the Invention

Accordingly, in one embodiment of the present invention, a circuit assembly

includes a base member and a plurality of traces formed directly on a first surface of
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subsequently attached, precision manufacturing tolerances are difficu}grang
costly to 25 maintain. Therefore, what is needed is a circuit assenbly ftor
a di sk §Q0E8%dhd suspension that provides inproved flyPREUFA¥2EBMt r ol ,

t hat reducgs,noise in sjgnal transmssion_to and fromthe head assenbly,
and that cahog® ‘B%?k’%ﬁ%c??‘i‘?ﬁ?en shesi ¢ frstand aed spenpd gudpef thebasenvent i on

AcCor O 00! tembé. 908 RFHeL BRAle Rlmbdids RIERE Ak LAY Liling Befld Gk asSerD!y

i ncludes a base nenber an urality o ditec 8n a first
surface ofbas@r@ak200Thy\PhealiyafahcddGT poiidiied Td Berldytue IdastspotstDSs the The
traces extepd between a first end and a_second end of the base nenber. A

ref er ence NOTTEGe ONBEDHEEIIEST + HrSYBEOTHMEBOET i foned dissstnan suleasha pogiont he

base ngmbedfithd Remhid ddiidoy &%mggraces is positioned to overlay at |east a
portion of the referenc€ voltage nmenber. A support menber is forned

directly on at Tkmstppartpoemberis fimefi fiohea rateibadebiiag kagsiearpen The
support merrBer i.@ formed froma nmaterial exhibiting a tensile strength
subst ant i alPyagiaily Fraten thiandhe tepgirsteastaexhifyed b Mv rBferage woltaghe ref er ence
vol tage ngplsL r r | 1 he. support menber
I's a nickel &% Iroa?aqg%?ﬁc %‘sqﬁ‘?ﬁ%ﬁé(ﬁ%%fgﬁ&o@p%gg&@dﬁgég rollgtaﬁgJ ngl a@ﬁy

sui t abl e plugh esbickelimdren bahickél-gibsphicefiesr oy suhblde pateablrmithalt paces is
copper,,. gol d ﬁrggl I a%igéirta @Pin, or. any suitable plateable. In a preferred
enbodi HentPrefeped materal fonthetases israpremaold. grlladjempinisaany stitableor med of the
same mat eriakabldNtn § YrAGirEd BRBDGMChS tlFIE! BB ihe tORITRC HiECHEAD the

ref erence 'vol t age er using an électrol ess plating procéess. e

el ect r ol eswe fdratednd the eesmatesiall5 preferably an autocatal ytic el ectrol ess

pl ating process,., The use of_ an el ectroless plating process contributes to
providing a suppdt SURRSHIRFmRsT A PERicTRblY fomm Y, o e referensoaoltage support

menber to RBAR] t4 Ak, support
menber naylggrg for nu{e%%lgﬁg@ggsfﬁe%@&g SJ(:)‘%Q'd:l_??%lrg‘getflc{@%sﬁlﬁdc%ﬁgg%&g%?s wel | as
regi ons t haefesabdy enaploestalyyiciedartratesslphtingpmdi ac @he usegl andectloreeof . A | oad

20 beam portion of the SL{_P_OI‘t menber preferably has a thickness
subst ant i a@lp@ngggrga?sgrconm utes to providing a support member with uniform thickness and

allows the support member to be made from a preferred selection of materials.
The support member may be formed to have regions of different thickness as
well as regions that are completely isolated from adjacent regions thereof. A load

20  beam portion of the support member preferably has a thickness substantially greater
than a gimbal portion thereof. The load beam portion of the support member may
include spaced-apart flange portions having a main portion extending therebetween.
The flange portion of the support member has a thickness substantially greater than
the main portion of the support member.

25 Circuit assemblies and suspension assemblies according to the present
invention exhibit an impedance value of less than about 200 ohms between any two
traces.

In another embodiment of the present invention, a process for making a circuit
assembly includes the steps of forming a plurality of traces directly on a first surface

30  of a base member, wherein the traces extend between a first end and a second end of
the base member; forming a reference voltage layer directly on a second surface of the

base member, wherein the plurality of traces overlay at least a portion of the reference



than a ginbal portion thereof. The |oad beam portion of the support 7repiren;
may i n¢lude spaced-apart flange portions having a main portion extending

t her ebe?VBYP41The ] ange portion of the support nember REHUSHK¥ITHPKness
subst anti eater .tthan the main portion of the support nmenber. 25
Circuit a?sot%%qglirag % &H‘&%%f&%%ﬁéﬁlmﬁa&%fgm%%ﬂ%@&éwaﬁg Pegioned thy esent

i nvention remfanbéwogﬁgd'la?&dance val ue of | ess than about 200 ohns bet ween
any two traces. |In another enbodi nent of the present invention, a process
for making a cilp@furthezersodiingnt ofthapresent hwestiepa disk drivesigpandop! ural ity of

traces directly on,a,first surface 30. of a base nmenber, wherein the traces
ext end bet \%gérlrg%qorh}%e[s a@ﬁi}onﬁﬁ@dé’os’é‘@(‘?ﬁ B EPer havingrmplaralisnefaraces or ni ng a

ref er egce fyphddadifectigytra Hist Q6AcY 1R 2885 085 HE { A6 %{e&d%?fofr}%tég gnfég][”e)rere’nce

wherein the plurality of traces overlay at least a portion O
2 7 OCT 206e#nd@urfas888nbiPETUPEO0 tRMebis fomhdddiesctiaparas leastd poeidh 6l a

support nber direct]y on gt |east. a portion of the reference voltage
layer. In el}e&?f’%@r"%%b&#ﬁ&?‘ Ese PIHEah%’F %é@?’ﬁes Pﬁ‘?fiﬁ_ﬂtaf‘ it apagiiakofmiey e
SUSPENSi ORefeRAEE TBkage MEMYEC THRTe RIS B RAUNIRT £ @&Eoﬁ‘g{@é@f having a

plurality of traces% formed directly on a first surtacet and a
r ef er ence elestricalls copdinsive fuatenial and the suppromembear fsdomnddnfesme abecofds uppor t

Tonbert®' TelstifEatly Roh @it ol S8R SleBPchld Somtyerits mrtsnalgrovies o
ref erence sﬂﬁ@ﬂﬁﬂr@éﬁiﬁfelecﬁﬂﬁl eBARIBRBEaOhbSERABBGEr !eﬁsife%@‘n“gthf roma
S or ne

first electrically conductive material and the support nenber
froma sedndhe secomd elgcirenlly\conduntive matesiabaThe supiport Tireeler irstudes eqtad cal | y

conducti ve; ' vi des ubst antij al | reater electrical conductivity
and subst ;ﬁ%ﬁoﬁ nogé‘fmé %ﬁ%ﬁtlﬁcg?ef%ﬂﬁoagHg"ﬁntpﬂ@mgg’%% aSFRr i cal |y
conduct i vehickrdess.i The sddoad SUPRRS isFEBRATALID GHaBeSh a4 the Bekt ugbighad, portion
having_a first _thickness and a | oad beam portion having a second

t hi ckriéss. The LedsHaving erpehkayeite ilowingmearlings Whasatsed hethian t he fir st

t hi ckness. 15 The f owLhg ve.the fpllow ng nmeani| en used
herein: 1. The fer mot]%a t\éM(-:EFr811%‘2%@%2%8%%“3?%r{’e%r%ﬁ‘oe%‘%ﬁ?sﬁ? S’ngsagqurn which a
| ayer of offataesriadls depoditabeith adoarbahRiROBzGRRUCt i ve substrate. 2. The

term"el ectrol gss plﬁtli ng" refers to processes in which conductive
2. ¢ tefm “electroless plating” refers to processes in which conductive

features on a substrate are plated without being subjected to an externally applied
20 current or voltage.

3. The term “autocatalytic electroless plating” refers to a process of
depositing a metallic cog.ting by a controlled chemical reduction where a reducing
agent in the form of a chemical, such as sodium hypophosphite, provides the
electrons.

25 4. The term “head suspension assembly {(HGA)” refers to a structure
including a gimbal assembly, a head assembly, and an interconnect assembly.

5. ‘The term “suspension assembly” refers to a structure including a load
beam portion and a head gimbal portion.

6. The term “load beam” refers to a portion of the suspension assembly

30  that provides a flexural-induced loading relative to 2 longitudinal axis thereof and that
exhibits negligible torsional deflection relative to the longitudinal axis.

7. The term “gimbal portion” refers to a portion of the suspension
assembly that permits pitch and roll movement of the slider.
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features on a substrate are plated w thout being subjected to an ex§éri{dl 0}
applied 20 current or voltage. 3. The term "autocatal ytic el ectrol ess
plati ngWeYE0L! t o0 a process of depositing a metallic coBETMHEOHG744S

control |l ed cherg cal duct i.on ere reduci.n agent in_the formof a
cheni cal , suchrgas o) %Wﬂyﬁ'&ﬂ%%ﬁ?@ f%?%&?%é@%ﬁ@ﬂ@%{%k@mgz@% The
ter m " headosd 5D ahd OptasRBy PhfudirfA\rimya8 b6kl © @ structure including a

i ;

gi nbal assenbly, a head assenbly,” and an interconnect assenbly. 5. The term
"suspensi on assenbl y¥he etms Sslider zandt ‘heast” are usaddhtedibangeablydmekin badm porti on

and a head_gi rtion. 6. The term"|oad beani’ refers to a portion of
the suspen: ig(% gsogls"%g ﬁ%rl \jadifg apd, writipo brg{)n RAION T admaengfic {‘%H’GE oBtisad sermwy

rel atige to@ other @AW dflkNAbragX fsrmiaher eof and that exhibits negligible
torsional deflection relative to the longitudinal axis. 7. The term "gi nbal

portion" refersl®o alpwiermirefofntcolegs heasofers wsslapd of etdbaricafier mi ts pitch
and roll nopvenent of L l.ider..-6 2.7 OCT 2DU& 01/ 86641 PCT/ USOQ 27495
S. The teri n&%gﬂﬁﬁ%a}tfnﬂgﬁ%é? SPACRS AW t’lr%mg.nsa[d*la&gretd:}f%m% ePKél udi ng t he

| oad beammifdaRiidteital |y 1 ncluding a ginbal portion. 9. The terns "slider”
and "head" are used interchangeably herein and refer to a unit for reading
and witing information in a magnetic format, optical format 5 or other

type of data storage format Brief Destyiptionofihe Brasvinge vol tage | aver” refers
to a ligver of gl.ectricall onduct i terial.that |s.spaced away from an
adj acelgt el ect ?‘%lggﬁte ]Tfégtpt?\r{?egvea“e% #Y‘%H%%P%F‘&H%‘g@e%ﬁfér&&@w ption of

the Dr aw nsgspehfiohiagsenebly. i s a perspective view illustrating an enbodi ment
of a disk drive_, sus_p,ensi on assenbly. Figure 2 is a perspective view
i |lustrating a HEWE Zismersnsetive dew dHustangip brad gimbakpastiepefitiediskassenbl y

o 71 901 iy S WGt B EGGRY porspectve vl ow o the head o mhal
the |ine 4A-4A Higufe Yjisraadifferent perspective view of the head gimbal portion of Figure 2.
13 Figure 44 is a cross-sectional view 1aken along the line 4A-4A in Figure 1.
Figure 4B is a cross-sectional view taken along the line 4B-4B in Figure 1.
Figure 5 is a perspective view illustrating a disk drive circuit assembly for use
with a conventional disk drive load beam.
Figure 6 is a cross-sectional view taken along the line 6-6 in Figure 5.
20 Figures 7A-7N and 7P are serial views illustrating an embodiment of a step-
by-step process for fabricating a suspension assembly and a circuit assembly

according to the present invention.

Detailed Description of the Drawings

An embodiment of a suspension assembly 10 is illustrated in Figures 1-3. The
25  suspension assembly 10 includes a load beam portion 12 having a firstend 12aand a
second end 12b. A gimbal portion 14 is attached to the first end 12a of the load beam
portion 12. The gimbal portion 14 has a head assembly 16 mounted thereon.
A plurality of races 18 is attached to the load beam portion 12. The traces 18
extend between the first end 12a and the second end 12b of the load beam portion 12.
30 A first end 18a, Figure 2, of each one of the traces 18 is electrically connected to
corresponding terminals (not shown) of the head assembly 16. A second end 18b,

Figures 1 and 4B, of each one of the traces 18 extends from the second end 12b of the
-7-



Figure 4B is a cross-sectional view taken along the line 4B-4B in F'rzgﬂﬁq o4
Fi gure %6 a Plerspective view illustrating a disk drive circuit asse y
for use K& - onventional disk drive | oad beam Fi gur e PET{US0Y 27495

Cross-secti ' k | ong .t l.ine 6:6 in Figure 5. 20 Figures 7A-7N
and 7P are lgé@,’% @?IE&W.% ﬁnlét;%?'rugf !oﬁglea{ﬁl C%%E%Hﬁch@ﬁiag‘??ﬁpg‘_ﬂqé‘bg Ieb‘érggtf‘éfp
process f orbeimpslectpichlifcaueRaes s rélReacoB8ibhent 8N4 hard WidkGitve, assenbly
according to the present _invention. Detailed Description of the Drawi ngs An

enbodi ment of a APSFERPLrRchose abthy tges BB isicovered wiithch protedtivguages 20; 3. The

25 suspensi erb Lhel udes a | gad beam portion 12 having a first
end 12a anch gmggztﬁ’n%xg'?]“g4?2%.10%,&5ainﬁﬁﬁongﬁkﬂeg’hgtfﬁn?gfa%tcaﬁ‘&ﬁto the first
end 12a5of rhiteridloatkaRanes ofeithble PhRimIRabRicobak o o di ik ; head
assenbly 16 npunted t hereon. Ag ur alh?ty of Ctrac%s%%%‘é@#@%ﬁpe%yto t he

Y

| oad beam p6Ftlateformpulatiprs effered by Tgiyoamtenttie FSRWEMsarke add bysNippod 12a and

the second f : d_beam por.tia 2. 30 Afir end 18a, Figure

2, of each Ef;o:fpge%}fﬁ?cﬁeer t%lér]ggg?%fgmrssa%?%@i’@@ﬁ%?@%‘r?ﬁéegéﬁaﬁ% A8l r espondi ng

termnal s (Cleinisdle\wnllerahe Phﬁbiﬂtmeﬁgwmyynaﬁontﬁna&qa@ﬁyﬁﬂggéﬁaa Afgi gures 1
en

and 4B, of each one of the traces 18 extends fromthe secon b of the
- 7 270CT206¥appieoal] B8aieblortrrensontabrgserdoatmatogalniop thetprotactive lajEatd one of

the trages: hncl.u r,respondi ng l.ead 22 f.or, bei el ectrically
connec? gd t%ﬁléaér}'egfna%g%y?8%%%1%@?1@0%?&%gﬁérsﬁal Fgmigals %‘fﬁr qusbebf each
one of the GCR23E TBe potevtivelfdr B kdiudedth be&hiidFol esioadf thel gures 1, 2,
4A and 4B, fu_sﬂgch .as a non-conductive phot oi mageabl e covercoat 5 materi al .

Exanpl es ofunderlying|nertionstalithaityeces|l8. dsuseqromoniygrasticad in drhef aieitepoxy

late f ' Ta der _the RSR4000 i b
N ppon  Poriiaii: the Hrefns SE R e B4 LM ARk B TR e PRouteter BOFERG of 1 er ed
by Arch Chepicail BavendesvetplateRahi(#ot dBowey dfRSrdsdn Bysi IR aeriaN d&h dshe

Pyrali Q_Seri (Iecf An exanple of a suitable screen printable covercoat
materi aP f&0'q prePylagiuse fommed therepr20 10 i ncl udes an epoxy formul ation

oLt oed by nehlm SHEal el PRty DATRRT o SRR Tl e oE e
the traces Ti8.rrabss 18 acomonitey dire@bt dre £ flrst Bidalk 1fbasé methibbr 297Pkchced NE
portions Oletagewe:.[l{ glscg erltf',srpgshc{;ltt co%&gcﬁr:gtfe;tgx\ég rareedfo%eé fhrgmpar c%%ceiggtilv\e/ %e;n?r)éer 20
layer formed on the base member 24. A reference voltage member 26 is mounted
20 directly on a second side of the base member 24. The traces 18 and the reference
voltage member 26 are preferably mounted directly on the respective first and second
sides of the base member 24. By being mounted directly on a surface, it is meant that
an attachment layer such as a layer of adhesive is not used between the base member
24 and the traces 18 or the reference voltage member 26. A support member 28 is
25 mounted on a surface of the reference voltage member 26 opposite the second side of
the base member 24. The support member 28 includes a main portion 28a having
spaced apart flange members 28b extending therefrom. The flange members have a
thickness 28b' that is substantially greater than a thickness 28a' of the main portion
28a.
30 The base member 24 is typically a flexible polymeric substrate having a
thickness of from about 0.25 mils (6-7 microns) to about 3.0 mils (75 micons). The
specific application and design of the suspension assembly 10 will dictate the required
thickness of the base member 24. Suitable materials for the base member 24 include a
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typically have a coverplate |layer (not shown) of corrosion-resistant?7 (€T 2004
material such as 15 gold or palladiumfornmed thereon. Referring to Figure
aA, t he WOAHPEhm portion 12 includes a base menber 24. PETASOPATMES 18 are

wel | s ot R b haRielS n? Pubp BERE SR rets KABRON Bt ve

feature |@gﬁoﬂwnm&cMytd%ﬁlm&ﬁeﬂB{égﬂlyz§éic fﬁn{s‘?glﬁ:ﬁ%@,;fgre gﬂ%ﬂ&%}lgﬁ”bef 26

is mounted 20 directly on a second side of the base ne traces 1
S and t he Tadepfgnipesteraing pglypnanylene, @8y alse bpuetful asbhatenmisifurehk tiseect |y on

t he respectivlg f.ust and second sides of the base menber 24. By being
mount ed diTeC T”y‘ on a surface, it is neant that an attachnent |ayer such

as a | gyer of aghessnRiciive ffes1§add %ﬁ%@&c@%lt%ﬁem‘%rﬂrﬁb@ﬁf@gﬂf he

traces 18 or the reference voltage nenber 26. A Ssupport ne s 25
mount ed ormadaseirs ewsluofive materiaf sicknas eopper.t Brpferradrmhateri 2600 pipocindactive second

id f the b nb 24. T t nb 28 1 ncl ud ' ti
285 havi ndegh A8 88 ERErerF IS GL SN BERY SR e e A p UERAR The f| ange
romber o haygug {AkgkRas: 28Ris g br g SHASHARY PLOYORCAR o bAReGy

t hi ckness 28a' of the main portion a. 30 ase e
a fl exi bl ellpodopdaciive wades i B ahé theaefetgnca voltideakaaba 2gfimdyriasabaut 0. 25 mils

(6-7 ni,crons) .to out 3.0 mls (75 mc¢ons). The specific application and
desi gﬁbof ;ﬁ}:.x)@hg[,g sﬁS&iﬂa‘s@éﬁwvem&Wﬁi ?er example, aﬁfrstrl@xﬁyiolfé@ppqrhi ckness
of the ba RSmedtn Ry t~ar.i &: I | ncl ude a
78 27 LTI 866%%%%%%%%%@‘ %‘%ﬁbﬁﬁhﬁwﬁéﬂgﬁfﬁﬁl énﬁnﬁgﬁg ﬁp‘%dt“%at sol d
by DuPont amddesecoidd]dyenctoupper i(APEEOf ormed Onhie first lapesofebpreenmiiga al | y
avai l abl e fl exi bl e pol rif filns, SUCht:}i’ fﬁ)r_ exanple, filnms nade of
pol yest er %W%N%E&oﬂi}geéﬁé,ecﬁﬁl}m%%ﬁr Hectraess platiag. Pepeding ep ter t he base
menber 24.applidhifor: ALY idhBGAH dle ArRCId\Packe] PAENGE rofRlha0G, IREDE! 26

are preferably nade of a conductive material such as copper. Pre ed
mat er ilal s rhembehi2h sampively frem dboacismido andiet tvezboef W06 RGeroviatis’agdheenber 26

have a tensil.e strength of, ] ess than about 4218 kg/c and a resistance of
| ess t han 585‘8’%? afpsc%%rhd B St eSH'Efé?“é‘PBraé-‘{em%hhgé E’gﬁ@ﬁ%ﬁ%r??%@és 18

and the T ShRIAA AL LARCHRIE:s 30 oiBhel BRKUIE B pi@bist Y of | ayers of

the conductive material. For exanple, a first |ayer copper
The support member 28 is preferably made of a material having mechanical

properties superior to the material of the traces 18 and reference voltage member 26.
20  The mechanical properties of the support member 28 dominate the resulting overall

stiffness of the load beam portion 12 of the suspension aésembly 10. Depending on

the stiffness and spring properties required in a given application, the typical

thickness of main portion 28a of the support member 28 is from about 0.1 mils to

about 1.5 mils. The support member 28 may include one or more flanged portions
25  that are substantially thicker than the main portion thereof.

Preferred materials for the support member 28 include nickel-based alloys,
such as nickel-phosphorus alloys and nickel-boron alloys. Preferred nickel-based
alloys have a tensile strength of greater than about 6327 kg/cm®.

In most conventional suspension assemblies and circuit assemblies, stainless

30  steel is the preferred material for the support member. However, stainless steel
cannot be readily and reliably plated. Accordingly, support members 28 according to

the present invention are made of plateable materials such as nickel based alloys. In
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may be forned on the base nenber 24 using a deposition nethod, such 2207 7004
sputteri ng, and a second | ayer of copper may be fornmed on the first |ayer
of copp@YOUE$asdl a plating process, such as el ectropl ati RETAISOELBI r ol ess

pl ati ng. Depending on the . application, the overall thickness of the
addishn 0 being plateable Mekalpaisdalion bawganaterialsharagtensics yerwpi cal | y

conducti ve
from aboutsig@afioCdtanielsieg t o about 1000 micro inches. The specific
application and design of the suspension assenbly 10 will dictate the
requi red thi ckinessperisidniessanobliby ahd viecuir aseablies Scevrding e tHehrdepnce vol t age

menber 26.. Th .su&gort menher 2&3 is preferably made of a material having
nechani calm"ﬁﬁa?e | QOUIigYnalPR and ¢nstrhRtionafshs sferesice valiage meraber36 and

reference xphilagetHERMREE @Eﬁotvid%oa kﬁbﬁygpﬁé@ﬁdfc@ge@{nggfg\%jng’ﬁ}egcf%geg suppor t

menber 28 dom nate the res I ng oVe €SS 0 m portion

12 of the wWashensdferncassitgpineniier 2Dépanads figmdns sighificahtlyf hibR&elaRdeaPr i Ng.
properties rgqut red . in_ a 8{.%§n appl |fcat ion, the typical thickness of main
portion 2g@ngrct iy ten that msdsriatstrom whighihgisaprorignemhen 12 and  about 1.5

mls. The gup [TF;QQ EW o EmiIE 1Rk flanged portions 25
that are subs?‘g&%niaa Iy%{éﬁg‘g er %dr?én the rra?’nb%ﬁ%r p%r}rﬁcﬁ%?&ﬁd? referred
mat eri al s rkfarercke/ofagpmetmberbare (3nddnditedtle on ticelpebietirstddddsond SUCh as

ni ckel -.phosphor us. al | oys and ni ckel -boron all oys. Preferred nickel -based
al | oyswhaxﬁé‘%g"fiseqf ?haétm@ﬂgqfﬁ%@e&ﬂ%%ébetwn thaysterensg yvltagg/moeraben n nost

convent i ong Peiasd ; g‘g*,ﬁ ' ' ' tainless 30
steel is theang?gf g@% n%t%lzdr%l a %%ﬁ%g%%%%gﬁoaﬁméﬁg%%%ﬁver, st ai nl ess
steel carmvostrizgioneadhese stmclturat féamirky cqitAbed to dtandediipgkdance upport nmenbers

28 accordi ng@to t he present invention are made of plateable materials such
as ni ckel BFESEE* % oys. In -9 2 7 CO 2UCd WO 01/ 86641 PCT/ USOQ 27495

addition to bel BgilRls#hRAlh figuhl £5%hs SASEM ol A 8 SF AN GG dideng

characteristics very simlat to stainless stee n-suspensi o
and cilécuifromdshesasbnd sndittoofihefpaldbetohe 2pre satitd oh thealrt wde oftthe base

configuration, a nstruction of the reference voltage nenber 26 5
rel ative trgeqlh%rn.%, ;@Esreiéée%ed’ﬂ‘ﬂ%e BERPEIQ/IS Camicd on thsseropsbadmettheevel . The

material tiasé mehthet efie "I‘ﬁ@?ﬁ)_té’& Ve Rr gﬁg%)fléwttgcgm'{% éﬂft?a%g% 19Nt M Fesirable .

significantly higher electrical con of the naterials
f r om whi chhatitbe traggsold: extending frdR thewskcomdende 12t afnid lobd delrb ¢ 2 BRhidlta nade.

Furt her mor &, ;086 &ug%ge cgfh s%f%n[az%c %cc%:sdh?gr]}q, tEQ (saupport member 28 does not extend

20  past the second end 12b of the load beam 12.

Referring now to Figures 5 and 6, an embodiment of a circuit assembly 110
according to the present invention is illustrated. The circuit assembly 110 is made
according to processes of the present invention. In use, the circuit assembly 110 is
mounted on a conventional load beam (not shown) for providing electrical

25  interconnection between a head assembly 116 and the associated electrical
components of a hard disk drive (not shown). Additionally, the circuit assembly 110
includes a gimbal portion 114 for providing gimballing functional. The circuit
assembly 110 may optionélly include a support member 128 for providing a suitable
degree of stiffness. An advantage of using the circuit assembly 110 in conjunction

30  with a conventional load beam is that the thickness of the gimbal portion 114 can be
significantly less than the thickness of 2 gimbal portion of a conventional load beam.
Accordingly, control of the movement of the head assembly 116 is improved.
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reference voltage nenber 26 are formed directly on the respective fix3Q[anmL
second %ﬁ 6f6§]ces of the base nenber 24, the distance be# G'%nﬂ‘r'the
ref erence voltage nenber 26 and the traces 18 |s more ufff N

compared o b CThOUS ARl 11 MNGNS e IOo, S peluak festures

contribute to enhanced | npedance per ornmance.

t he secondl l@rate f@imentditeotly bi adiest skiz dffied bzﬁﬁhﬁ&iber 1@ iﬂm@fé}%n% end 12b
of the | oad bg gﬁé re carried on the first side of the base
The ref er SAEBOFO} 10§ dormsdsirecs on @ seandsilg of thetheee meoban124.d4 of the base

mber 2 d !
e o o PrOREHRE RBLIIE RAy 0k Sl ITRC 1R Shpd MR ERESE 11 1S | oa

desirabl e traces |ng 7' 6m th

beam 12 eﬂbnheddaectmwnmah*efdegdfeﬁ) afgesrtekﬁofeﬂese Accordingly, the support
nmenber 28 does ‘got extend 20 past the second end 12b of the | oad beam 12.
Referring now to REPsSs &3 makingpuspensionasssathlise pd eitcuit asserhlies agsardinpl y 110

accor di ng th@d fesAl E3RRloh IMARMD hFibLLISLIRL 84 7pThe Ll cpid assebl y 110

is made according to processes o he=preesen @4 he

circuit assenbidsifidQolsof Mbusokebhuar B)O@@Mﬁfﬂliz@ﬂ@kmb@.%o%%{@gﬁﬁ% shown)
for providi n%ael ectrical 25 interconnection between a head senb y 116 and

the associPIPEES-clUER £f pleirolessotpyapBRg or dremicah yanpr depdsitém, vath(afitst shown) .
‘Addi t | t rrb 114 f
| tiignaldofdudtl 04O | o AIRAID et dPso AL HIRT A T&o%}a%g onal by

providing gi l'i ng nctlon rcult

i ncl ude a sshmmw 200rivyireferabBBa floxibler ptyréritotiian amhtaabb@unﬁeg 1£e p;éfeﬁfedf fness.
An advant agqlebq usi gl&r#rhe ciircuit assenbly 110 in conjunction 30 with a

convent i off stcopdygtive fayer Rp%k#e%@@emébgﬁ“malabwmoon 114 can

be signi faunggtggﬂly g tth ‘Hg,gu. ll[gﬂg! on of a
convent i onaf IoadZ"llE?)ea%u %s:bcor" é\lg ?fﬁ&%ﬁ\ O%g ?%n%re‘ﬁfé e head
assenbl y »uéh ascopperoved 10 270CT2004 WO 01/ 86641 PCT/ USOQ 27495 The

circuit assenbly-110 includes a base menber 124. A plurality of traces 118
are formed direbtq frsbronguptvedayesiofe nsevidere watienqys sprductive layedta ref er ence

voltage Imedlke ddfoslibnlo? hBchrlichRidile 304 FigRE 9RT 1l dRc Qly i DARe menber

124. A protective l|ayer ormed oOver races %nsupport
menber 128ayes 204f mnmdnlthe&nedi ¥o ﬂm pletElgac & Al hageofehigaly 126. A
Process T ondthednS etk & copper "The fis: and Sesond conductve layers 302, 304 ' "9
on the first side 200a of the base substrate 200 jointly define a conductive feature base
20  layer 207, Figure 7B. The first and second conductive layers 202, 204 on the second
side 200b of the base substrate 200 jointly define a reference voltage layer 209.
The second conductive layer 204 is deposited using a known plating process,
including processes such as electroless plating or electroplating techniques. A
preferred method is electroplating and a typical plated thickness of the second
25  conductive layer 204 is between about 50 micro inches and about 1000 micro inches.
In instances where the second conductive layer is copper, copper is
electroplated from a copper sulfate & sulfuric acid plating solution. The plating
current density is maintained between about 10 and about 60 amps per square foot.
Following the formation of the conductive feature base layer 207 and the
30  reference voltage layer 209, an etching process is performed thereon to prepare the
surfaces thereof for application of 2 photoresist. Typical etching solutions for copper
include, but are not limited to, ammonijum, sodium persulfate and hydrdgen peroxide
sulfuric.
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to the present invention is illustrated in Figures 7A-7N and 7P. A fi1r7dT 2004
si de ZOQ'E agﬁ“ a second side 200b of a base substrate 200 are netallized
usi ng a kKR8HA%dEposition process, such as el ectrol ess, FEHERIRIS or

chem cal vapor i 1 Lbh.a,. first. 10 gqonducgtive | ayer 202, conmonl
referred Yopas %@ggdééﬁh%g@?e%h?@aﬁh@ ?ési’.h“%ﬁ%&?ﬁggué‘l\{{ﬁ§?4’-"§Fé’a§®bﬁfs d

Cor abl : ; . O I q
pref er abl y267 dddersithd ffarehor®iltage fayem @y g{%ﬁ\ﬁ Z‘dgpgﬁ/ % El}egﬁ'red ébﬁ}dﬂégrgte £

enbodi nent, the first conductive layer ness o &n about
200 angst PRercgpdays 06 ivamaqueoys prosessitde) diry-Slmpmhaitiveaictiag phetbtesist
conductive, omrt.eri-al uch _as copper.,.15 The.first conductive | ayer 202
provi des aa@%?:il%\lgﬁ&gﬁﬂﬁé’ﬁﬁﬁ%‘epiﬁ‘ﬁ)%‘%éﬁ‘eés of';%ipﬁ?t?&@@@t adhsdvpicdly of a
second 5conbitabénvabot045 niié@ i . 204,

5 miibttererd End s SEROAMRANILGHINE ploBiEls Rt |

commonly referred to as a flash plated [ayer, Is als
conduct i vetbgphetoresist fayen2Gfsinchpefor eaneple | photoresicls sared y ddabigkide | ayers

202, 204 he . firs i de .200a. of .t he S trate 200 jointly define a
conduct i veﬂx?%%? ﬁ‘ﬁirteed %é&gé%fosepﬁil‘g‘?sl%??nﬁ%ﬁ a"?%gfp}'h@elclfkcs%stsecond
conduct i veintRyeMacBRZnidOFs 10 MPEELAiforesisde 200b of the base substrate
200 jointly define a reference voltage | ayer 209. The second conductive

| ayer 204 is depBei lamdnasioned the Ksovesipl 206] sigtapleghesmasks P08 aidiengagedocesses

such el lating or ectropl ating techpiques, A preferred

et hod? o s e BRaRedtio I s R S e Brftorelh e ADae e evsbseiond 25

conduct i vesdegyyefiord Wsuitablaebiee E’ozaék%éixéég d@éif‘cﬂthg@{ﬁecﬁc ?H&o?eggﬂagépoo m cro
aye r,

inches. In instances where the second conductiv I'S copp copper
is el ect réfih Kigawr TPomnaulrayiphst light soutce igcominbolyiusedfirdxpbsitg igagesinit i on.

TP ar ShoubEe SRS Sl B R oBR e R AR et Abeve ont ur o
base | ayerTROphotuitlasks 208 HIGRS REHEARE HAINAGELANEE c@#&% %&ﬂoﬁé fo?i ng process
(0] |

is performed thereon to prepare the surfaces there r application of a
phot orlési SRIEVERyinE ¢k transetissien efoingrdvonspéaific exsppefithe phatbredist lalyert 206 € not

limted to MM . s0d] persul fate .and hydrogen peroxide , sulfuric.
11 207 o TR s dhiE 6%1‘53‘4%%1’%%0 5t B?%fsf@dmwapiﬂﬁl%e i s
then appl i areast Pholtenaskiefedrions cherivdlionsas BohAkRialR0R a8/0l.1 0 the reference
vol tage | ayer 209, Figure 7C. In a preferred enbodiment, the photoresist

layer 206 is anf AprEBEExRasHEscafshe photorssist InyenR06parsas ofithe pdtbresisplaperor esi st

206 that are not exposed to energy can be developed in a suitable developing solution.

20 Inapreferred embodiment where an aqueous positive-acting photoresist layer 206 is
used, the areas not having been exposed to energy from the light source are developed
out (removed) during the developing step, resulting in a desired circuit pattern in the
photoresist layer 206, Figure 7E. In the case of aqueous processible photoresists, the
developing step includes applying a dilute aqueous solution, such as a 0.5% - 1.5%

25  sodium or potassium carbonate solution, to the photoresist until the desired patterns
are obtained in the layers of photoresist layers 206. The developing step is typically
performed using commercially available equipment and solutions.

Following the developing step, areas of the conductive feature base layer 207

that are exposed through the photoresist layer 206 are ready for plating, Figure 7E.

30  To prevent plating on the reference voltage layer 209, a protective layer 210, is |
applied over the developed photoresist layer 206 on the reference voltage layer 209.
One example of a suitable protective layer 210 is a polymeric sheet held in place by a

layer of commercially available, releasable adhesive. The polymeric sheet and
-12-



applied using heat and pressure. The thickness of the photoresist 20§ a§ 2604
typically 5 between about 15 microneters and about 50 microneters. Suitable
phot or e¥Y@PEB44r t he photoresist |ayer 206 include, for PETA/RNRT4IS

photoresistg affered. b cDerm d_ | ncorporated under the series
desi gnat i offS* &S aﬁls,ele&%&h?wl magterigls that arg gesitand to &]ﬁdﬁm QsEEEryri AfteF310 and

MP413 phOtﬁE‘ggdtéétﬁve 14¥- @10 hﬁglfg&%dggn@exg%%% r@BRfoﬁg %?g?tﬁo?ﬁ@ctivg L3Rl e

phot onmasks 2 are engaged nst t ot oresi ayers and t he
phot or esi sbask dayer 30266 mated,tHigure &Fp tsprddtae a plualityyoff donduetive\fedtadek @1 sour ce

for exposing,a desired jmage in the photoresjst |ayer 206, Figure 7D. An
ul travi ol ef‘gpiaﬁﬁc%soﬁ?@éng ga@o?ﬁweypag%éﬁtf’ : Expetitaiie piatigs sefhods

hot oi e [hTe et Ly [ eni identified
bove. T Spehie B SRLB0E nsaHODIAS i WethdYoll MR ler T0L P Abforkd

e patterne ronme or enul si at ed
{)ﬁrt i ﬁnts fxmei_:hbta anr}daémE igg@pctdopilaxingraadria@sdfcrmdt)ﬁateﬁelrig?olb[ﬁers Eﬁe i:h’é&l@zeﬁf fas_ ?L
e photoresjs er 206, owi n er pass through and react wit

the phot or %@1’% FOIF‘Q;EW‘? %9@"_‘? {}dﬁl%&@ﬁ’%“‘é\%‘-‘é@%‘)%g FrHEAns abput P milss
Shotor oot st T ay-oN SERERIELE dhAHAAN oot P FIGE RO Biclontl'e
exposed t olagercti@yis cemovzd aidwagiropetivé layer Nai siehlae a peviehe petivg photdtedian. 20

In a preferred. enbadi nent, where an ueo positive-acting photoresist
| ayer 206 fageru?@(?PB‘F‘%EV%%%ISOWUH%&% sgién exposed to energy fromthe

light source arﬁeﬁ@ﬂﬁk@ﬁ%ce%hééﬁg?@w)is écf%htbr%ﬁ eg@:ﬁgﬁﬁ%&g ol ep,

resulting in a desired circuit pattern int ot or ayer 206,
Fi gur e 7E. removehay oasietiod. Aypicaleschingsdstiors/fer qoppeninelnidsttart atehwt devel opi ng

step includes | ying.a dilute aqueous | ytion, such a 0.5%- 1.5% 25
sodi um or gﬁtﬁigﬁﬂh‘%‘%nm&%ﬂ’ﬁgﬁmﬁgy%ﬁ%“pﬂ’ﬁf%‘td% $¢0Qnt i Iothe i
desired patterngon@kRoU ablag Sk&ekél?igaﬁa’m,sa 889}1%%9?;:@&595% s 206. The

devel oping step is typically erformed usi hg nmerci al 'y aval ['abl e
equi pnent fomcted oh dbd wigendeoidltegd agyet 9. dehechippirnorestheplayear 224sis 6frmtede

ive f | h . hrough t he, ph i
Cayer 206 & BorBITeE SPIEIRl Fig DOt A pesle PBRE arosest e PTFEE hg on the
ref erence mqhﬁggﬁ)c!:@i%n8@8mles§9b%f&%x@-\éﬁtdcmm?%{g??% gxéo%Ps}a%;ieS?Q%ig er the

devel oped photoresist |ayer 206 on the'reference . One
exanpl e of indomnativarelating tit edeatioless laatpeataly1io plating ippdoyided iie ASAAB3A€I d i n

pl b I f i.al,l i.l.abl I bl hesi ye. Th
porymer | o SRRl 30Ty S et Bl B kS TR A e phaors

20  alloy having a phosphorus content of from about 5% to about 15% and a nickel-boren

alloy having a boron content of from about 0.3% to about 10%.

A typical electroless autocatalytic plating process includes exposing the
reference voltage layer 209 to a plating bath comprising a nickel-phosphorus alloy
solution maintained at a temperature of between about 76.7°C and 93.3°C and having

25  apH level of between about 4.2 and about 6.2. The nickel concentration is
maintained between .05 and 1 oz/gal of nickel concentration. The phosphorous is
include with a reducing agent and deposits in the plated metal at a rate of 5.0 to 7.0
wgt%.

Following plating of the support member layer 220, Figure 71, the photoresist

30 layers 206 and 213 are removed using the previously mentioned photoresist stripping
method. Then, the portions of the conductive feature base layer 207 and reference
voltage layer 209 that were concealed under the corresponding photoresist layer are
removed using a suitable etching process, such as the etching processes described

-13-



adhesive are selected frommaterials that are resistant to the plat2ddiC 2004
chem stw lA)%é?e{ the protective layer 210 has been applied, exposed
portions BP1BA! conduct i ve feature base | ayer 207 are plP&TABORTYHre 7F,

to produce I e f..eonductive feature 11 such as traces, bonding
pads, capt ﬁl?oé}a p?&?t&i‘%%?“ﬁa"d‘ég’ Wﬁ?ﬁm‘?ﬂs@%ﬁ&aﬁq%c%ﬁm Base jayenide t he
same et hod0Tiagktefaemealotabh Ry ST the@ORMHIGYE Yénkray Stooffibiechiatiy” o T o

met hod for plating is electroplating and a preferred material 1S copper.

The t hi ckni8@teddfom gackoefhglict i ve features 211 is typically between about

0.2 mls and ab 1l.s. Follow | ati,n f.the conductive features

211, Figure 7G, Hl[ué]rggrpt(raoatméig?fé‘énenl%%r 19°9 %hagaéﬁ%ﬁgﬁ,gﬁgsg;ng}pgt ective |ayer

213, such asemblyagialdiraitasidnily BROUEeSiadditiodR thAYRE] ?biﬁi@Bg&%%"er the
ye

conductive features 211. Next, thé reference voltage I'a e subj ect ed
to an et chffgrdinddecugitbe bpsmsbsraind0bfigaes $h7N18: fPdHLstetefiiablesol ut | ons

and hyor ogR s aes 45 B tonel W M T RHNG o umI Fi qure 7, o
support _memsiber iy @t 22020 for fobmif dpRthuentbih BE Sh&NBaplL bage |aver 209,

The support nenber |ayer 220 is formed on the reference voltage |ayer 209
usi ng a suit abl &s plustrpieg ip Figws 31, aphptoedsist taydr 223 mtfomedonecdss i s an

‘el ectrg es togat al yti lLatjn ocess. Spegific

i nf or rr@t i o‘?f’nrdgﬁg{eﬁfﬁgﬂ% %ﬁ@@ﬁiﬁ %’i’e"ﬁmeﬁ’é’&{ ifiyg'h% SATEETES provi ded in
ASTM B374. emByditeit; e ghlodredist 187 00D & riiadelFroH dIR ML&H%@%@' | oys such as
a ni ckel - phospharus 20 al |l oy having a phosphorus content o rom about 5%

to about 1BRiURHStdayarcé) deseribed aheive yrefeaeriondo Higwoe 3@, dert, asillusfrattd om about

0.3%to abgut: - A tvwpbi.cal. elec l.ess aut o al yti | ati ng process

i ncl (:Jdes e@%%%"ﬂr g;ﬁ\’@% &?og%f’lgﬁ% er?g?ﬂsaed‘é’o?egifé]ﬁad[%@%m&é&ﬁﬁ é‘FiS ®bat h

conpri si ngexposire kgl dpvedspRREisds dbdctibed &Rk in %reﬁé&bqii@&?s ﬂ? agdtyﬁrmer ature
| evel o et ween about

of between_about 76.7C an}d 93. 3C and having 25 a pH
4.2 and abbif PhotoresiHayesi2Radjasemde fiercanduntive Seatunes At hisrflwbdexpoeedn . 05 and

1 ozlgal o ' l..6Q Latkan, oThe phosphorous i Lnclude with a
reduci ng a%ugﬁ{d?a g‘rﬁt © é‘%ggllqﬁr‘sg%ﬂr}}rgﬂh%ﬁeﬁﬁ?tc{é]ﬁaﬁﬁpalsye& Tj‘erpgp@rﬁ“%@yﬁf 2 7.0
wgt % Fol | adjdcegt tplthd suppoemétBerdap oo iseRpbE thavgh aBBiontzse Q_E@thlf-’ the
phot or esi st ﬁ'&éo | ayers 206 and 213 are renoved using the previously
ment i oned BRUEST TSI blaeking prripnsBRtribat araligned vatipte sippost mEmbére

PR L B I T
a sui bl edetibpingpthocessposding phstofelist leya I2NgthR FORRBARSXISRAr | bed
portions of the photoresist layer 222 cover only a portion of the support member layer
220, Figure 7L.
Next, as illustrated in Figure 7M, the support member layer 220 is subjected to
an additional plating process. The additional plating process produces raised portions
25  220a formed on the previously plated portions of the support member layer 220. The
plating process of Figure 7M is preferably the same plating process as described
above in reference to Figure 7H. Following the plating process, Figure 7N, the
photoresist layers 222 are removed.
Next, apertures 226 through the base substrate 200, Figure 7N, are formed
30  therein using a variety of different methods. Suitable methods for forming include
mechanical punching, laser ablation, laser drilling, and chemical milling. In a
preferred embodiment, the base substrate 200 is 2 polyimide film and the apertures
226 are formed using a suitable chemical milling process. The chemical milling
-14-



-13 2 7 OCT 2004 WO 01/86641 PCT1t 1500/ 27495 above. By etching 77 (7 7004
previ ouﬂ.gngﬁtfgg al ed portions of the conductive feature base Iayer ’ and
ref erence”v fage | ayer 209, the conductive features becdf8/EY82{tFcal Iy

i sol ated f . . to achi i f
char act er | BOPES Mo ipash e lnkf (AP UEaR 00p B oBSErBIT Ty require
addi t i onal sdlutici suchlas pogissliiinyhydro:@RelIOMES 2 tempeﬂath ef EBROMH Sdve Rase

substrate 200. Figures, 7J-7N & 7P illustrate suitable process steps for
addi ng add?{auh F‘@%hﬁﬂc‘i&%‘%%"»@aﬂ@@ﬁ et the dagrovubsimate 800 exposed ppthetbaserenber

| ayer 220 -Jno&efe&rhgé}’ °§‘9°§‘§]%tﬁf§%§eﬁﬂésw the base substrate 200. As

illustrated 1 n Figure resist Tayer 222 is formed over the 10

conducti ve f eat Lasly, 2d {lanated ReFiguRpI, b covspRie lagdter2822 Bornled o the ef erred
enbodi nment , the,‘Feht%t oresist layer 222 is made fromthe sane nmaterial as the

phot or esi stONSHFEYE FaBTested dpiphaddabercer peFlerarss chaoteFisiursscy ™ Next, as
|1 ustrat ety dshnfieG¥iaficd nd b&ﬂ%ﬁ@ﬁﬁﬁpﬁﬁ B la@ﬂstfﬁgﬁqg'c%ggéfq?%ggegggve i

devel oped using the same exposur €  an evel op ne

ref erence 228 iBciypde @sld7 Pakartiunt Ftin 45 dibles] pRotepslesithbdd Y Rhawr 7n Adiagc@pt to
11 is fl ood exposed such that it remains Inits

t he conducti ve features

entirety a "’tPQme‘Ezh"HWéFéBW@Y%?%%. The photoresist |ayer 222 adjacent to
t he sugport ne [p3 | 0 k 224 that

i ncl udes ener ggn g%%%?gﬁéi r%g?ﬁ%ﬁ%gfggﬁgq?%&%g{ehggﬁoﬁgen%%%ﬁt"hveflﬂ%n support
menbers  2@d@proWidsecoatrel gfythblsospension giffriesvinsth4eayar Fisy id iickasspeah t hat

after exposu and 20 devel opi ng of the correspondi ng photoresist |ayer
222, the r %lﬁéﬁ SPSRERSOB oS BYch B‘-’é? 83&8 RUITERt SUSRSDSIART o exientional yuspepsions over

only a porkivaiy Q&aﬁﬂ@ss%ﬁb@épﬁfﬁgoﬁ?ﬁgﬁ%r E@Mﬁ%rea@ﬁgmiﬁ%qps%%%g}%gagz to an

illustrated in Figure 7M t support nenber Tayer
addi t i onal agpreiinatelyd auid ssabolih €. Samlidl using vedremp relling gng staopéisg @E s raised

ortio 5 220a f.armed op the previousl | at e ortigons of the support
erber 13 ay SteoB5 R Hekiest 8 gy rscdiet Beobaiedhs esent aRBPRBI b he. s
pl ating pragess ta@scklescs h&ﬁge@&%&iﬁ@dés%ﬁeta&fén&ﬁs,Fsg%éﬁbi Ebmfoid LW ng the

plating process, Figure 7N, the "photoresis ayers are renoved. Next,
aper t ur es Be@weHrtonghf thhasisaddy sutbe plating bath0 ThisidgrageonaNstiffitess bHtheed 30

ther el 1 USiio afhde ol B ool L AREon T 28 ohitlgBRbeest NS for Torming
Improved head fly characteristics are achieved through greater design freedom

20  inattaining precise regional stiffness and torsion characteristics. Conventional load
beams are formed from a continuous piece of stainless steel material. This type of
construction does not permit isolated islands or multiple material thickness. With a
plated suspension according to the present invention, the base member allows the
support member to include islands. This additional design characteristic allows the

25  overall and regional stiffness and torsional characteristics of the suspension
assemblies to be tailored. The ability to precisely control the torsion and stiffness
characteristics of a suspension assembly is essential. Such control allows the head to
respond faster and in a more controlled manner to changes in the surface profile of the
disk. By improving this control, the head assembly can be positioned closer to the

30 disk without increasing the potential of the head contacting the disk. By flying the
bead assembly closer to the disk, the quantity of information stored on a disk can be

increased.



mechani cal punching, |aser ablation, laser drilling, and chem cal nI7 {00,
In a preheikgd, enbodi nent, the base substrate 200 is a pol,lyi m de film and
the apertures 226 are formed using a suitable chemcal MAVYIY2M%cess.

The chem cal m jMah@Qonvchti ; 41, PCT! US00127495 ocess
i ncl udes exposin hgm;;)%)ln;glllzm éé g%‘s’é%%%@? ?g%nél% Stegaﬁteé’oﬁg’é?ﬁt&;t ed base
S Ng
sol uti on sfietiblasinguit e isattabiyelt 10 l0ad besthsiag aﬂaﬂlﬁﬁﬁ%@%ﬂé&iﬁaﬁépo&gpm about
00 exposed

50C to about 120C._.. | n doing,so, portions of the base substrate
to the bagﬁgsweﬁifﬁwcﬁﬁn&c@ﬁ’é&? ISFUSEORY Agne hehansk rAcnoedinglpfit islabast | y, as

| |1 ustr at egenbivEiafd k&scéRible £ QY 4n8s | SpLoraed on 1hne
conductive features 21015)'30 pr%F/'Ilﬁgtgazlu{;at:IlD ?ﬁ%@bﬁ%ﬁ%r%ﬁ?ﬁ?l%ﬁﬂeﬁgﬁ stics
such ass cacoulingto thepresertrimesndnn signifitasty ssigcs fabBdhticiBe BB flokadss foOr the
coverpl ate Iaﬁer 228 include gold, palladium tin and nickel. Several

met hods ar@¥®H8%n in the art for depositing the coverplate |ayer 228. 10 A
hard di sk dri vesspeRans hQBmBisEHR! | e present invention

| mproves c_ontrpllggf t he suspensi oncyrgtﬁﬁ? ﬁgisgshgf%&tohr%%g) yECSE st the

t hi ckness igverdionpilise eadhibiusmerosédmanifacturabilites The hdereed votiage RMYSPARISI ONs.
Conventi onal ,sus sions having a staj.nle steel support nenber start to
reach a m SPRETHEC RRITaaLer ofese dhe St W&f‘ﬁﬁﬂ@bﬁuﬂn&mmﬁ@mm. 5 mil
usi Ng 1Ur @ iveb @hbibNG MRBEksSt BERiPSotL BERY thi , hickness of
support nenbers accor ingsto t he p?es’ent %@%rﬁ#g%éggﬁ&gesuéé}gﬁﬂgw T to

achi eve a tsabsardused operioniventitmsl spspersipni assemblics, the dabkirss bftheont r ol | i ng

the dwel |l f] th nbly in. th ti bath, Third, ' |
St 11 noss AR b SyRRRET it bipoesEiof protiratee. Susersion aseorables: 1 ¢
pl ating praeeding orthé prescht oAd b Havd ARSI thSccRhfir &go:%ﬁfcgenﬁt Qgough

greater design freedom 20 in attaining precise regiona ess and
torsion cHh¢rmat expansiond CTES mismatichesateduciag stressaimducedecuflimgmed from a

conti us piec f inless.steel .materjal..This type of construction
does 21‘05? per ni t‘g? glgld;a%ae SESHE S lﬁqﬁ?rgi‘i&vés T - SPSReRFiER AEssBbligy t h a
pl at ed suspe@nsiaed caeaRasHAbIEO Wil BB idé RIERL menber
all ows the suPp,or_t nenber to r’nclide ?sl z;nds.z’ Thidg&ggﬁtﬁ?ﬁ%ﬂgﬁc%esi gn

char act er i DaraciegistignC Rt Sespeusiempssemhlies prgivoie anlislimitédiesedand t or si onal

charact eri St f..the. i .assembli e 0 be,tailored. The ability
to preci seﬁ}{rgg%l%rtg Ism&ﬁgfé}?%ﬂ‘%ﬁ%%t%%:%e%%W3%?@F iagg referepse o
suspensi onvoltagemiempet. Sinesuspanisionl asseblil s €RPUESL cilveRMEnal BRiNE3StebDoad

20  beam as a reference voltage layer, impedance characteristics are also adversely

affected by the poor conductivity of stainless steel. When a separately fabricated
flexible circuit is used in a suspension assembly to electrically connect the head
assembly to the related electronic components, variations in the spacing between the
flexible circuit and the reference voltage member adversely affect impedance

25  characteristics. ‘

By forming the reference voltage layer and the traces directly on the base
substrate in the present invention, the spacing between the traces and the reference
voltage layer is precisely controlled. Also, in preferred embodiments according to the
present invention, the reference voltage layer is made from a highly conductive

30  material and the support member is made from a material providing essential
mechanical properties. These design characteristics significantly improve the
impedance performance of suspension assemblies and circuit assemblies according to
the present invention.
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respond faster and in a nore controlled manner to changes in the supfjag 750
profile of the disk. By inproving this control, the head assenbly can be
positi ontQ?P¥kr to the 30 disk without increasing the pEEHBIRTISF t he

head contactin isk. By flvi.n head enbly cl oser..to the disk
the quantity O?Aft:%ﬁggl iy 358?‘8%’&8‘%5@?@3*%?@8116@5%@5 %ﬁ@m&mﬂ% 270
CT 2004 W\Qrdlif/23fdier SISOV &/ th8 RcopWrsPhE BRYE béﬁ@%d%ll:‘?o?ﬁtﬁﬁﬁ%)n.

Xl at is

assenblies include a separately fabricated fle e clrcu

attached tdsdosedd¥raibam usi ng an adhesi ve such as an epoxy. This type of
fabrication technique is currently done by hand. Accordingly, it is |abor
i ntensive and susceptible to significant process variations. Suspension
assenblies 5 according to the present invention significantly reduce
fabrication time and process variation. Suspension assenblies and circuit
assenblies according to the present invention also exhibit inproved

manuf acturability. The reference voltage | ayer and conductive feature

| ayer increase the stability of the web during processing, nmaking 10 the
web easier to process. Furthernore, because the thickness of the support
menber can be reduced over conventional suspension assenblies, the

t hi ckness of the polyneric base substrate can be optim zed for processing.
Suspensi on assenblies according to the present invention have a
construction that counteracts coefficient of thermal expansion (CTE)

m smat ches, reducing stress-induced curling. 15 As the data transm ssion
rates in hard drives increase, suspension assenblies and related circuit
assenblies will need to provide highly controlled i npedance
characteristics. Current suspension assenblies provide only [imted

i npedance control due to significant variability in the distance between
the traces and reference voltage nenber. In suspension assenblies that use
a conventional stainless steel |oad 20 beam as a reference voltage | ayer,
i npedance characteristics are also adversely affected by the poor
conductivity of stainless steel. Wien a separately fabricated flexible
circuit is used in a suspension assenbly to electrically connect the head
assenbly to the related el ectronic conponents, variations in the spacing
between the flexible circuit and the reference voltage nmenber adversely
af fect inpedance 25 characteristics.
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By formng the reference voltage |ayer and the traces directly on tgl? Hﬁz@m
substrate in the present invention, the spacing between the traces d
reference voltage |layer is precisely controlled. Also, in preferred

enbodi ments according to the present-ligaventi on, the reference voltage

| ayer is made froma highly conductive 30 material and the support nenber
is made froma material providing egseRipqal nechanical properties. These
design characteristics significantly I%M% e the inpedance perfornmance of
suspensi on assenblies and circuit assenblies according to the present
invention, -16 2 O C TN7 WD 01/ 86641 PCT/ US00/ 27495 Accordingly, it is
appropri ale tAHircUHc TP edoTIPIISE9 be construed broadly and in a manner

consistent with C t he enmbodi nents and descri ptions discl osed
herein. 27 OCT?OB%%@E&&%F/B 1. Acircuit assenbly, conprising: a base

menber, a plural htgluediity bAeRfcekForB@ddiFagty ¥n @fisst fduricessr fhaCieagd t he
base nenber, the traces extending between a first end and a second end of

t he base menber, Memeebribadeaces exigading eptwermad it et #yd @nseconscond

surface of the basge er, the plurality of traces overlaying at |east a
portion of the rsparoéggg%et@&”tﬁ%[yer, and a support menber forned

directly on at | gagterdnp@Mdit@Reobybhformicd 8Irepae orh ls288nd AYPfaceWter ei n the
support nenber is forned froma material having a tensile strength of

greater than 632Wh&basemnembennthephreliy ofrtetceeaveriavingafelcpayer is forned

froma material havin tensile strength of |less than 4218 kg/cnR2 and
wherein the suppBPFt'?ngﬁQ?e irg#eerPﬁ%Hoﬁf’g'Fnl%Wrelaé‘gt rolessly plateable

mat eri al . - a support member formed directly on at least a portion of the
reference voltage lavyer, | '

- wherein the support member is formed from a material having a
tensile strength of greater than 6327 kg/cm?2 and wherein the
reference voltage layer is formed from a material having a tensile

| strength of less than 4218 kg/cm? and

-~ wherein the support member is formed from an electrolessly

plateable material.

2. The circuit assembly of claim 1, wherein the electrolessly plateable
material is a2 nickel-based alloy including an alioy material selected
from a group of materials consisting essentially of phosphorous and

boron.

3. The circuit assembly of claim 1 or 2, wherein the reference voltage

layer is formed from an electro-plateable material.

4. The circuit assembly of claim 3, wherein the electro-plateable material
is selected from the group of materials consisting essentially of copper,

tin, aluminum, and gold.

5. The circuit assembly of any one of claims 1 to 4, wherein the reference

voltage layer is formed from a first electrically conductive



2. The circuit assenbly of claim1l, wherein the electrolessly pIategﬁ}gFszb
material is a nickel-based alloy inncluding an alloy material sel ect rom
a group of materials consisting essentially of phosphorous and boron. 3.
The circuit assenbly of claim1 or 2,-Mherein the reference voltage |ayer
is formed froman el ectro-plateable material. 4. The circuit assenbly of
claim3, wherein the electro-plateable material 1is selected fromthe group

of materials consistin ssentially, of copper, tin, alumnum and gold. 5.
The circuit ag@gf&a@a bEﬁ]W%ﬁ@aLﬁx‘éltB?ﬁé’pﬁoffom,m%féﬁépﬁﬂﬁﬁe’rw@f@r ence

vol tage | ayer ¢4 : L ' tive 2 7. Q CT 2Ul
-19 elgect rgpl géi?aiq)é%lé%i%@naand ttﬁ’tﬁealsegg%)@rsgwn@é%%ofF}ldaggflsrwgﬁr?'lno. Ea
second el ect rﬁmldlgct(ra:tadwa:bin\decﬂbefmai@r%@Pcyviﬂéﬁtsaﬂst%&'fti%!“va%re‘éﬂﬁr ein the
first electrically conductive material provides substantially greater
el ectrical coﬁ'@ﬁ&rﬁ(iahqqndalﬁavgm@ﬂdambsafnygllheﬁsaensma etrgnggmggfn th?n t he
second el ectr] j ri . e circuit asse y of any one
of clains 1 t%é:%!rl%%%gﬁq%ﬁwhé&%%@retr%aﬁ%rﬁ%l_er includes a first portion
having a first thickness and a second portion having a second thickness,
the second thjckness being substantially greater than the first thickness.
7. The ciPcui Thasiens §ssembinyofany one @Ifa:iarrmsll t?sa,whémgjrretmat thpdﬂﬁI ﬁr ence
voltage | ayer jncludes a.fir conduct jve. | ayer I irectly on e
second surf acEORPEhITgdes Frél%tepo Gk bag'@go%gr%tpﬁ‘d){%ﬁs§@qda9éﬁcof‘@r med
directly on tpertidr Havirnduetbie th%Xﬁéss,&heﬂ‘é%oﬁ'dﬁ‘ﬁ?ﬂ#&we@?%%’ﬂi.?%y of any one
of claims 1 to 7, wherein the base nenber is made of a Tlexible polyneric
material . 9. Fuestentiallyarastastbiey the fyishithicBneskherein the flexible
polymeric material is selected frompolyinide and polyester. 10. The
circuit assenbly of any one of clainms 1 to'9, wherein the support member
i ncl udes g, | oFHe heRWIPSESrMBYBFcary BEESF HATRA 1 RO vk el B ST Er - BEcd 0ad
beam portion includes flange portions having a first

voltage layer includes a first conductive layer formed directly on the

[y By . R
second surface of the base member and 5

U

of £Cona conductive layer
formed directly on the first conductive layer.

8. The circuit assembly of any one of claims 1 to 7, wherein the base

member is made of a flexible polymeric material.

9. The circuit assembly of claim 8, wherein the flexible polymeric material

is selected from polyimide and polyester.

10. The circuit assembly of any one of claims 1 to 9, wherein the support
member includes a load beam portion and a head gimbal portion
wherein the load beam portion includes flange portions having a first
thickness and the gimbal portibn has a second thickness, the first

thickness being substantially greater than the second thickness.

11. A disk drive suspension assembly, comprising:
- an elongated polymeric base member,
- a plurality of traces formed directly on a first surface of the base

member,



t hi ckness and the ginbal portion has a second thickness, the first 97 0CT 200k
t hi ckness being substantially greater than the second thickness. 11. A(g}g&
drive suspension assenbly, conprising: an elongated polyneric base nenber,
a plurality of traces formed directly2n a first surface of the base

menber, 2 7 OCT 7006 -20 a reference voltage |layer formed directly on a
second surface of the base nenber, the reference voltage |ayer fornmed from

first electri i i d the pluralj ft
Sver | aying ot | cASEeeREP ATt ak e TR Fsftd BREchY Brfh Shdid Srteskit cupport
menber forned di RCbhYe PRe@bel L8R rafePidd P8ltae IhRr f65hE ?ﬂ)f/tﬁﬁ ¥ gérage

| ayer, the support nenber formed froma secon el'ectrically conductive
materi al, the fi electritallyt eordudtivecoatierdaliaret theaplirakity @itvaces ng

substantially greater .electrical conductivity,and substantially |ower
tensile strengt hOYWEW._/'f‘HeaCtsIQE%E p_éVng‘rqfc,t}éF!%fe"EBH_ﬂd tia%_qﬁﬁ?rerqr& , the
T ange por t1 ono e en e e o e P s "hei ng
substantial | y gresfeeence haltagddayer; she shpparesember formed from a second

electrically conductive material, the first electrically conductive

material providing substantially greater electrical conductivity and

substantially lower tensile strength than the second electrically

conductive material, the support member including a head gimbal

portion having a first thickness and a flange portion having a

second thickness, the second thickness being subs'tantiany greater

than the first thickness.



