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The present invention pertains to electrical connection techniques and lPUff
structures and nore particularly to a layered surface treatment to commonly
support multiple electrical connection téchniques incl udi ng wi r ebondi ng, i
sol dering and wear resistant nmechani cal connecti on.

BACKGROUND OF THE | NVENTI ON A conventional printed circuit device,
such as a fl excabl e package or printed circuit board, has pads for

attachnent of surface nounted devices and connection to other circuit

el ements. The surfaces are masked and the exposed pads prepared with
appropriate coatings for t C r |tiple attachnent

t echni ques are used, the%&ﬁ%&ﬁ%@&ﬁoﬁ&ﬁfg@?‘mgﬁ must be adapt ed

to the particul ar connecti \ANIDPADSON PATPINEBRCONNECTIONS Several types of
attachnent require pad coatings with differing physical characteristics.

The application described in this docunent, as an exanple of a device
enploying nultiple attachnent techniques, is a flexcable that carries

wi rebond chi ps and discrete co Lt to interconnecting with

t he bal ance of the host devi cem%ﬁﬁ%wwg&rat ed and described is a
typical flexcable which is supported by a disk drive actuator’ rotor, ’
connects to the ansduc.er ead | ea res and st _deyice el ectronics
and supports an arfRTETRINYg ?"c%“‘t"ﬂtfj le%%‘??’f"@?@’@ ﬁ%‘gﬁ‘éﬁta?a Thi s
type fl excahhdae patdéulaly 1o fxerd eafad tredtmean tacuthniinlyespppoptomidtipléefectdeappor t  f our
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connection.

BACKGROUND. OF THE TNVENTION

A conventional printed circuit device, such as a flexcable package or printed circuit
board, has pads for attachment of surface mounted devices and connection to other circuit
clements. The surfaces are masked and the exposed pads prepared with appropriate coatings
for the attachment process. Where multiple attachment techniques are used, the preparatory
coatings of the pads must be adapted to the particular connective process employed.

Several types of attachment require pad coatings with differing physical characteristics.
i The application described in this document, as an example of a device employing multiple

attachment techniques, is a flexcable that carries wirebond chips and discrete components in
addition to interconnecting with the balance of the hiost device. The flexcable illustrated and
described is a typical flexcable which is supported by a disk drive actuator rotor, connects to
the transducer head lead wires and the host device electronics and supports an arm electronics
(AE) module and discrete components. This type flexcable package possesses mounting and
attach pads that support four distinct types of interconnection requirements:

1. Chip on flex (COF) attach pads for direct chip attach (DCA) aluminum wire



2, : ' wedge bondi ng of the AE chip. 2. Pads for sol der
attachnent of passive discrete surface nount technol ogy (SM)

conmponent s. 3. Pad surfaces for connector contacts of an SMI pad
on pad connector required for card electronics to flexcable

I nt er connecti on. 4. Head | ead pads for w rebond attachnent of
gol d plated copper wire used for n§gneto resistive (MR) transducer
head to fl excabl e interconnecti ons. In this exanple of flexcable
structure, reliable wrebonding of the AE nodul e chip-to- flex and head
lead to flex requires the use of soft, ultra high purity noble or

sem -nobl e plated surface finishes such as gold, silver, or palladiumover
ni ckel - based undercoati ngs. Pad on pad contact areas require hard, wear

resi st ant surfaces“ggga&humggpkadiﬁprough pl ating of finishes such as
gol d flashed nickel -palladiumgr cobalt/njckel hardew§ ggld ogn I§B§7
based under pl ati ng®: Fufads & solderattachaeay qf passive diserete syrace, algey § SMT
conpati bl e and probégontgti.h adequate sol derability and favorable

metal lurgical interface_reactions to ensure fo f cC nS|stentI

robust sol der joints, FPad surfaces fog °'d€9‘?%%{g‘ﬁ§a{‘f?ﬂ%f6‘€‘ reqired

I nt erconnecti on tYy@&cardSdléctraficd t&lﬂ@*@herm&edmau&, sel ection probl ens can be
ci rcunvented by selectiyvely pl given carrier ions with .different
netal | urgi es that uppoH?adﬁﬁéé’F“;ﬁ ‘SQWHF@F‘EG‘FFH@E‘E“ P(ﬁ?g‘? °°PPﬁTf“8Fet‘f§Fl‘gE°él Y,
sel ective plating ¥japhdts Akistivie TMRY Gdhsdbcef héad 46 flexaitikinttetoaidctions soci at ed mask
application, stripping and cleaning processes. Therefore, when multiple

regi ons of di f f er ent pl atings are needed to support several interconnection
functions, use of sgelt@Céxanpleof Aexciblebtuidtire; Plialé WiteboRdifif 6fthe §E nodalghipito-

time consum ng an pensi ve circui f ctur As el ectroni ¢
become price s "glh?élm f"ﬁ“‘ﬁ‘d%"u kjs‘&eg'it'@ h pydy nﬁlg?,gfﬁeﬁ}l,gf) ﬁPﬁf%w
cost of manuf aefkil'('fH:EeeﬁlﬁslheJ\ﬁxbli)aﬁgbkbd Istives, o palladivhvévepiitiel Bged ﬁum&aﬁﬁgs tplae ofise of
successi ve maski.n ating .a trippi.ng seguens can r
presence of S ﬂb‘a‘g "e\rbﬂdi i a’%" dorl “aﬁ?' pm"'ﬁe&j ugh plat“‘g of
finishes such as gold flashed nickel-palladium or cobalt/nickel hardened gold over nickel
based underplatings. Further, any and all surfac€ finishes must also be SMT compatible and
provide both adequate solderability and favorable metallurgical interface reactions to ensure

formation of consistently robust solder joints.

In many devices that have diverse interconnection types, surface finish materials
selection problems can be circumvented by selectively plating given carrier regions with
different metallurgies that support specific interconnect functions. Unfortunately, selective
plating applications require circuit masking and associated mask application, stripping and
cleaning processes. Therefore, when multiple regions of different platings are needed to
support several interconnection functions, use of selective area plating can drive exceedingly

. complex, time consuming, and expensive circuit manufacture. As electronic devices become
price sensitive commodity products, designs must have inherent low cost of manufacture to
help enable competitive pricing. Further, the use of successive masking, plating and
stripping sequences can result in the presence of masking residues which can complicate or
compromise the connections that are implemented after the initial masking and | plating .



conprom se the connections that are inpl enented after the initial masking
‘ahd pl ating 3 sequence.
Ceafly, a cost effective universal interconnect finish has both strategic

and econom c val ue. Nunerous material s , sed and used
for termnal pad surface preparation, but th ¢ ted ei t her
to solder and w rebond applications or 4o copnect cﬂEPA-ﬂEEDcatlo s, not both:.- -

In practice, it has been a requirenment that a thin i'nternedl ate Iayer of
harder material nust be used in the soldering and w rebondi ng environnent,
Wwhile a thick internmediate |ayer nust be present for nmechanical connector
appl.i cat’i ons. SUMMVARY According to
a first enbodinent of the present invention, there is provided a printed

circuit device incluydin ectrical I nsu t which are -
suppor t ed el’gli’P‘I"F'cﬁlII %tﬁ?ﬁtt FHEIEIEI‘ 2; nlgléaé;l!’gaofnwaérrinmnat|on pad

sites for nacohbimitgvalied el ectrically connectl ng electronic elenents to
connect such printed circuit device to such electronic elenents, said
term nation pad sites being processed using a single plating sequence to
provi de conmon pnmmlmmﬁsmjmebehwmsdmdusedformwm overlying

and el ectri cal I I nation
pad sites; Eﬁh@ F’g'gt &dl{é&gg g{?{e){rosso@&dﬂnectrl gg?@%@ﬁ%ﬂﬁiﬁ ve net al
on said expeeméctbleapphmbnsomtpaﬂi. impuasucphahasfbmmm@w%é\%m di f f usi on
of the material ai d aebo a
second pl at & “Fﬁ&éﬁﬁay&%ft%@ﬁé‘gﬁq%w Z!t‘ée%ﬁ%a er8 of I?glrn wear

resi st ant n(cbhmnmentsthe-mbkmtmdmtetl#mnmmtbvpmt foomechanienl conopsten | | ty and
affords netal lLurgically stable solder joint and wi rebond interfaces i'n the
presence ' of P‘H A Mtallic conpounds; ~a'third plated | ayer,
overlying said second plated |ayer, of soft gold which is readily wettable
by sol der, supports wi rebond connectighgvaRd, Presents a cl-ean noble netal

surface that prevents mechanical 'i nterconnect surface degradation; and
el ectronic elenents attached to said multiple sets of term nation pad sites

ot har 5t t achent T e 334 Rl B ART0SER in AR RMdEDs Aindl uiifasd one

ot her attachnent he group consisting of
Wi r ebondi ngﬁm&bh&mpm@dcmhqm@lmwwﬁ%mﬁsﬂ&t“&msurface mount

second enpodicbtndy MY i fflnhold telth SRRy s, and weltibliil Rbchabicd
circuit devmmecimnmibsngwmmpbﬂvdlbvlpl?&mshemm figt withoa eipkel goadine ¥hi ch are
uppor tnteg' CO ekl bifrultbH 6 bobpil 10'B1E alefehifbat 308 HATS idtelincdBY Birt/Weak? | ECL T ONI C
resistant coating of pure noble or semi-noble metal, such as palladium and finally an upper
layer of soft gold. In many combined wirebonding, soldering and wear resistant connection
environments, the common surface treatment can be achieved using a hard gold layer, formed
by doping gold with cobalt, nickel, iron or some combination of any or all of the three metal
dopmtsmdxerthanalayerofﬁute.bardnoblememllikepalladium. The limitation of this
altérnative structure is that where wirebonding with aluminum leads is required, gold-
aluminum fntermetallic compounds will grow at the attachment interfaces and-can
compromike the integrity of the counections.

Using the universal tri-layer surface tréatment, the use of sequential masking, plating
and stripping procedures is eliminated.- Only-one-masking of the terminal pads jgrnecgqsg{y__

This Sheet Has Been RTI aced




3a . and for connecting said printed circuit device to other
*el ectronic devices, such term nation pads having a common
surface plating structure provided by a single pl ati ng
sequence upon which a plurality of methods of attachment, including

sol deri ng, wi r ebondi ng, and pad on pad connhector nechanica
attachnent, may be effected conpri si ng

maski ng means overlying sai d conduct ors4and  exposing+sai'd pads;

an initial ‘plated coating of nickel covering said pads and having a

t hi ckness that prevents diffusion therethrough of the

mat eri al of said pad that underlies said nickel coati ng;
said initial plated coating having plated thereon an intermedi ate pl ated
coating of noble or sem-noble nmetal with a thickness and hardness to

support sol dering, wi rebondi ng and |, a on, pa nmechapi ca
connect i ons;and thl!‘ilfiPl"OVldt"d b}' the coating of insulafjoq pyep the S t gold
pl ated over gRu# bbds, ploli&lby the msulaungcoatmg@ﬂﬂiedb@rtmrtdpper

el ectronic elenents attach to said term atlo S usin pad,
wear conductor paths pad iz # flexgableasy '&“éﬂ“% 'ﬁPm%g Y 'g‘ﬁe ot her
attachnment t{mbiiNetiotted 8bvRAPADplicd to the ﬂexcable sufﬂic@m edetosg argllebectriondlyi insulatg  of

wi r ebondi ng, direct Chlp attaph ( %1 bondi ng, and
surface mourfhe ceRdueters Yy 2&? ﬁ"ﬂ%? IFD sol deri ng.

The structure and technl que of the present invention provides a common,

uni versal surfac ish for nted cirgcuit
t er.ni nation padseqh fq’ 'lay"’edg“r}a treatmegh 5P © &Jf‘% %ﬁonﬁrp&ﬁﬁ&%d pinin
hol e (PIH) Sé&tdﬂmld&ﬂndcﬁﬁ mueamtnmaﬂl wu‘ebondmg, SMT soxdeeng,sndaww

mechani cal connectlo This i.s e i n S
first %lzenﬂ?ce%@fb%ﬁ?mnt peibosiofin idheasl SRAGLs. RRES
to the att ao&lmanya itishlasethe iphimed éifeuit conductors to providé the easidatj foasioh fordhe wear
resistant coatin u e nomeFor sem -nobl e netal, such as

pal | adi um anPgly F‘E/ ‘ﬁPF'Tﬂ?B@ £3FA¥98% soft gold. In many conbined

W r ebondi ng, sol dering and wear resistant connection

envi ronments, the conmmon su %@% can,  be achi eved
using a hard gold | ayer, oé wm&t%ltgk:ﬁ %alt ni ckel , “iron
or sonme conbi nation of any or all of the three netal dopants rather than a

| f Cal. ! 2
| ¥t ati on of -t e Maxas p omeet PSRl Vit iy DAL AR abitor Which
wi r ebondi ng_ reghires theaiss ot wirebvndihg aoldering, andpad o gad, gedt dresistanheélevtrival

internetallic conmpounds will grow at the at t achnent
i nterfaces a?‘f’&nﬁcgﬁ conprom se the integrity of t he
connecti ons. F1g.2 wanenlarged view dfitheneyd tphrtion of the flexchble which isysupposted paths

S 0T i ctb et g RS plerfn Y Ve | el B BB I CCCCUT S

Flg. 3 is an enlarged view of the end portion of the flexcable of Fig. 1 which is
attached to the stationary, principal circuitry of the disk drive. '

Fig. 4 schematically shows thc masking about terminal pads of the flexcable of Fig. 1
eﬁ‘eeted by the eover]ay material.

Fig. 5 wmenhrgedwewofatermmalpadofhg.4111usu'aungthem-laya'surface
treatment of the present invention. :



4 . - and this is provided by the coating of insulation over the printed
circuit conductors. On a circuit board, the masking is provided by the

i nsul ating coating applied over the copper conductor paths and in a

fl excable, as illustrated herein, the masking is provided by the adhesive
coated coverlay applied to the flexcable surface to encl ose and
electrically insulate the conductors while exposing the electrical term nal
pads. . Thus the tri-layered surface treatnent is cost effective by
not only providing a cormmon connector pad surface treatnent for al

w r ebondi hg, SMT sol dering, and wear resistant nechanical connections, but
al so- uses.the existing coating which seals, encloses, and electrically
insulates the printed circuit conductors to provide the masking function
for the single surface preparation plating sequence.

BRI EF DESCRI PTI ON OF THE DRAW N Fi g Il lustrates a typi cal
~flexcable for use with a rigid di %TWP@M%@F whi ch requires the use

of wirebonding, soldering, and pad on pad,- weat resistant electrical
LRI RN R TR TR A
for wire | eattsninxtadchave diffefing teqairdnientss dtie ese of a diffusion bdriia, tygically plateden| ar ged
vy o of L1 SRRBLL ol Pl oy s 5t brle g gt b1l 1o (e
schemat i cal | soldehiog/and Wwirctionditg. nDhecsdftgoldt leyerprovitiespaitan airfat:df\t_hatfik both atuirasionf
19, L bl e SRRl 50 e o o) 5 i
treat ment of metaBurpical bends in wirebdnddnterconnections, and complete wetting of molten solder to

SMT pads for consistent component solder joint formation. Solder joint reliability is also

ensured when the gold plating layer is applied sufficiently thin so as to completely dissolve

into the bulk of tixe molten solder. during SMT athach sequences. A clean, contaminant film

free, corrosion resistant surface layer such as gold is also necessary to ensure electrical

reliability of mechanical contacts such as pad on pad or pin in socket interconnections.

However, the diffusion layer and soft gold layer surface treatment is not adequate for

mechanical contact interconnections as wear resistance of the plating is also required.

Reliability problems with mechanical contacts are circumvented by applying an intenmediate
plating layer that has sufficient wear resistance and chemical nobility to suppoft reliable

formation ,of‘ mechanically interconnected pad on pad or socketed electrical contacts. By

using a wear resistant noble or semi-noble plating material applied intermediate to the barrier
plating and final soft surface gold layer, cotrosion problems resulting from mechanical contact
wear through to the non-noble barrier plating are eliminated. However, use of an

intermediate plating layer in the overall plating system must also provide a substructure

beneath the soft gold surface layer that still provides for good initial solderability and
wirebondability, and also provides for acceptable solder joint and wircbond interconnect

reliability performance over time. Specifically, robust and reliable metallurgical interconnects

such as wirebond and solder joint interfaces must withstand thermally induced stresses that

result from elevated and cyclic temperature exposures caused from typical device operation




DETAI LED DESCRI PTI ON The varying attachment techni ques for naking
el ectrical connections to copper circuit term nal pads have differing

requi renents. The use of a diffusion barrier, typically plated nickel
covered by a thin flash or nodest thickness of gold plating are effective
for both soldering and wi rebondi ng. The soft gold | ayer provides a clean
surface that is both corrosion resistant . and free of contam nant fil ns.
These-surface attributes ensure consistent and reliable netallurgical bonds
in wirebond interconnections, and conplete wetting of nolten solder to SMr
pads for consistent conponent solder joint formation. Sol der joint
reliability is also ensured when the gold plating layer is applied
sufficiently thin so as to conpletely dissolve into the bulk of the nolten
sol der during SNW attach sequences. A clean contaninant filmfree,

corrosion res ant ce | ayer such as i S SS to ensure
el ectri cal @3’08‘?"‘1%6‘?’1%{1‘}?%?“ ol %E‘rﬁ%@% %zfg‘“ pinin
'S oc]Ic<et i nt er@mﬁe(ﬁﬂoﬁaﬁ \calthe ;etwu-diicf&ﬂm Ol getysd chemidal sedctions detivebmy er
surface treatne s, hot e for ni ca i nt. rconne tions
as wear resi 'Ef'élgé‘@é oys ﬁ@“‘fﬂsgﬁ%ﬁd“w ‘é!ﬁ’tﬂ P%‘ﬁmgﬂgﬁ&'%l‘f ﬁt | ens
vml th mec Ihanl tirié an‘cmbamescoh ?]Eeeaté‘d teRpiatans] emmb vheaiiqal mmmurmabmbm a
pl ating | ayer, s.sufficient, i st nce an no |ty to
D upport 1 6! 1 attend SRR Hon B R R VAP IR oL AN b 4°
socket ed el ethaiiges aésulﬁﬁgfmtcﬁenuau diffusiog p@casses including ﬂteamcleauoiohm grow&euﬂ nobl e
pl ati ng materj al I|ed t.ermedi.at e t t he barri.er final soft
surface gol cf“* ﬁ?lp‘? 9”0 gjﬂ ﬁlrﬁ" gkrprg hang éﬁc’in Tont act
wear thr oughhm rédigin aammiehat ihaimerarnnat faterfags, mm@ bmqmm of thewever, use
of an internedi ate plat I n overal | é ste qqst also

© provide a sdﬂg?ﬁ @Fﬁ ‘%gﬁggFﬁ L?ﬁ g@%ﬁ@ qgfg E#
provi des f orwigebofld intéréonfdctss the Gritetinediate )mrrréxsmr plining deyld st yUowafwl swdsso
provi des for t abl e sol der .nt nterconnect reliability
per f or mance '3& F Hopva Ham, yife Béﬂ%ll t"‘r‘%&%ﬁg ﬁ%"?‘éf’t ‘cr?g'tng?‘ﬁ A gi cal
inter connect&rmmmh batsver wﬁél:oﬁkﬂm&ﬂd aﬂd)&uilﬁfe plating inetalst Eof m&esoxmuains whd w8t and
thermally in st resses th om Iev n tenperature
exposures ca ‘ﬁ%n tﬁ‘f’\"%ﬂ ﬁh“gglﬂ% %%I ing. O
speci fi c corstesses atrthe wnhenmhtedhoeesﬁmdinhlatsoldmjomrmmm hﬂ)n madnhmproducts

which form must also not prompt significant strength degradation of the solder interconnects

as well Therefore, the barrier layer, intermediated layer, and surface layer trntment

combmatlon of circuit carrier must possess specific material properties and favomble long

term chemlcal interaction characteristics with respect to the interconnect materials set to

ensure high yield initial assembly, robust interconnection formation and long term reliability.

This document includes references to soft gold, hard gold, and palladium. Soft gold is
used to indicate gold baving the properties of pure gold w.hich is typically defined as being
99.9% pure gold with limitations on the type and quantity of the metallic impurities that are
present in the remaining 0.1% of the material. Hard gold typically includes dopant impurities
in the form of cobalt and nickel which are introduced and alloyed with the gold, with the
impurity content in the range of hundreds of parts per million and probably not exceeding
1000 parts per million. This introduction of dopants will give the alloy a hardness of HK25
130 to 250 (Knoop hardness scale).- Though this hard gold-is not a hard material when



6 . - nmetallurgically bonded interconnects and their relationship to the
plating materials systemselected for circuitized pads on the el ectronic
carrier. In general, chem cal reactions between netals and all oys
conprising the interconnect and circuit pad netallizations will occur with
time and exposure to elevated tenperature. These chem cal reactions occur
predom nantly at w rebond and sol der intﬁrconnect interfaces, and usually

i nvol ve structural, volunme, or phase changes resulting from chem cal

di ffusi on processes including the nucleation and growth of internetallic
conpound ‘phases. |If internal stresses resulting from phase changes such as
these remain concentrated at the interconnect interfaces, cracking or
separation of the metallurgical .bonded contacts can result and pronpt bond
failures. To ensure reliability of wi rebond interconnects, the internediate
wear resistant plating layer nust allow for stress redistribution away from
wi rebond i ntcemparedte mostcomman metals pushalloys; idaestrepresert 2SUPABHH dFSFH i on

bet ween Wi r gRueks "R icaipardd ¥ sSf bf il BRbIP budbelsful PRA ok pREWes P&ibtdnt ONS,
the use of high S’L%ity, \Aearsargsﬁgfgﬂltl' materi al as t,:?g iom?er_rredin%}!%r pl ati ng

| ayer assi stcanneptions.q Balladigmdn thecommerefally pure stais irsdydes pinfmal bppusiiesa
reliable so |i&&§ﬁohﬂiy"§ddédﬂla?d’eﬂiﬁ€ ggents Y hiﬁﬁ&ﬁ&&@ss&h@m&&is&ﬁéﬁﬁsie@{embyu st
s

al so not pronpt significant rengt h degradation of the sol

. .
i nt er connec thardzgold:gs) descritpprabayco r 4s used b Rragtics be P‘I@E;Ff}'e‘l‘“,’enf‘?fbéh‘r?éﬁ?dé'{"ééf | ayer,

and surface @@wﬁsur&rfﬁéwﬁﬁ&, GEERIAAAA peBestk a Bhrlifidds bf HIGIST 100250 dGioopOSSESS
specific material properties and favorable Iong termchem cal interaction
char act er i stpedgessseaie) espect to the interconnect naterials set to ensure
high yield initial assenbly, robust interconnection fornmation and long term
reliability. is document includes references to soft oé d, hard

Th
gol d, and pal | adAlfhqueksthepresent techniqueand strugture s ppplicable 48 ARy HEGHFTJo iich
properties @bmpétests @l HadWirsstard Sonhetfld b lshrfacé Ribintingl p@cesis, thgfolldwiigo pur e gol d

Are. pr esent 4P Yl g bs s ranters st R o G SYEHRLSAA ool 1y
i ncl udes dopRRéabieMFY il tshd¥és d Mextable F00TepeCcolnironly e in rigideliskwiataCorsgee
AT TR NIRRT WA TR pE T R
parts per mitd drive. Théltdblel if for@ed ot fleRibleCihsuthifpinattridMl 1, |sucli a¢ polylntida) dooy a _
hardness of b5 130, L0 200 (AR A URES SGENE) or oy D ol Sorlitheg0! @ 18
continuous layer of conductive material. A coverlay 12 of electrically insulating, flexible
material serves both to insulate the conductors and mask the terminal pads through which
attachment is made to such flexible conductors. An end portion 15 of the flexcable is
attached to the movable portion of a disk drive actuator that supports the transducer heads for
motion from one track location to another on the surface of the disk. The flexcable end
porﬁonprwentsaseﬁsofpa_ds 17 to which the lead wires from the transducer heads are
attached; the mounting pads 19 for attachment of an arm electronics module 20; and a series
of pads 21 to which are attached discrete components 22. The opposite end portion 23 of
flexcable 10 presents masked pads at which a connector 27 mechanically effects pad on pad
contact to interconnect the flexcable 10 with the principal circuitry of the disk drive resident
on a circuit board outside the sealed enclosure that surrounds the rotating disks and
transducing mechanisms. The intermediate length of flexcable 10 includes the conductors
extending between the end portion 15, mounted on-the movable element of the actuator and




7 * conpared to nost conmon netals and alloys, it does represent a
substantial increase in hardness, as conpared to soft or pure gold, and
enabl es- successful pad on pad wear resistant connections. Palladiumin the
commercially pure state includes mninmal inpurities and no intentionally
added hardeni ng agents, but has the hardness and wear resistance possessed
by hard gold as described above. As used to practice the present invention,
the palladiumis 99.9% pure, fine grained, equiaxed and possesses a

har dness of HK25 200- 250 (Knoop hardness scal e). Al t hough the
present technique and structure is applicable to any structure to which
conponent.s and |l ead wires are connected by surface nounting processes, the
foll owi ng description will show and describe the universal surface finish
in the environment of a flexcable. Fig. 1 shows a flexcable 10 of the type

comonly usgded o ;&Lﬁéaﬁhﬁfﬁs g&%:%g % 25 YU leGhicnteLadd M @ninAREE the t NE

magnetic trans I s an principal electronic circuitry of the
drive. The relatifecmetionthetweenithe secured endst Thie datailscafifistrablg eud postions 15 adR as

pol yam de, 20.iinGH «ARRdHRRRTPFE 2 b Teflediger by deposition techni ques
or by etching away portTions of continuous layer of conductive material. A
coverlay 12 of electrically insulating, flexible naterial serves both to

insul ate the coRfGlRNS aRhs tEGRKcabRRnd Rlclild ¥R gaagﬁteamg@gg&m&mﬁt'achnent

is made to such flexible conductors. An end portion 1 the flexcable is

at t ached .t dhe Weasgusens whichser wirehendsd thereto usingitrasanic energyt Jhe lads framdorts the
transducer dgafbSar Qed E%ddﬁ‘toftﬁé’ﬂ%:&ﬂﬁe $dd8e% DRErek icOhpdneht@PO4B 851dQEd fohe

surface of the disk. excabl e end portion presents a series _of pads 17

t o whi ch t Hbe flexszbleypads 21 usingSMAe Atitheenposite endidefthesflxcable Wy fssr registant
mount i ng paeds ié;alré Phquitsd fOF BHEREEmeRt wit]the toinBdtG Q7 kA is%cnﬁ@ﬁ&hﬂg%pég_arﬁgd a

series of pads to which are attached di screte conponents 22. |
opposi t e erfle prdf £ #pre 3 petitive nad on Prdmedhapirab samaection Bl alesirisal FONURVIIAL ch a
connect or  ZegcHafac CRY dwhidSf defiechse dtatle@ive RiaskinzOPhdizland AripflhEofepiiBRSh t he

flexcable 10 with the principal circuitry of the disk drive resident on a
circuit bodingledayessdroatngeof sheamaskednnd sudasese adepuate il craweed tyrseof ot at i ng

di sks and tdompeMéHCdnaJeARBRHRBIGH TS neclifry] Théla 'ﬁ}ﬁcelfﬁl&_qmsoésohh@&eabl e 10
i ncl udes the conductors extendi ng between the end portion 15, nounted on

t he movabl e¥iEPentsrldesble and wear frgiftant cappigetions.

A solution for development of a cost effective universal surface finish has been
developed by applying a specific sequence of electrolytically plated metallurgies to generate a
novel, layered tri-plate structure. The layered tri-plate finish provides compatibility for
reliable interconnect formation in DCA, SMT and mechanical connector applications. The
resultant plating structure is also cost effective to apply, as modifications to the cable design
qndmmufacuuingsequmoeeﬁmhawmeneedmusemphﬁngmaskpmcessswpsor
selective plating operations. '

Fig. 4 schematically illustrates a portion of flexcable 30 wherein a base 32 of flexible,
electrically insulating material supports conductors which terminate at pads 33 which are
masked by a coverlay 34 of flexible, electrically insulating material similar or identical to that
of the base material. The coverlay 34 carries a layer of adhesive 36 which secures the
coveriay to the base 32 and conductors supported thereon.- The identified detail of Fig. 4,_




the end portion 23 which is secured to a stationary base nenber and
accommpdat es the rel ative notion between the secured ends. The details of

fl excabl e end portions 15 and 23 are shown in enlarged formin Figs. 2 and
3 respectively. The pads 17 along the flexcable end receive the
gol d plated copper lead wires fromthe transducers which are w rebonded
thereto using ultrasonic energy. The |eads from AE chip 20 are wedgebonded
to the flexcdble pads 19. Discrete conpbnents 22 are soldered to the )
fl excabl e pads 21 using SMI. At the opposite end 23 of the flexcable 10,
wear resistant pads 25 are required for engagenent with the connector 27
that is securely clanped against the pads to assure a positive pad on pad
mechani cal connection and electrical continuity at each interface. To avoid
a sequence of selective nasking, pl ating and stripping operations, a single

l)?ygcr)re}go(r:]ce)ﬁtlan O{nla?i%gcon edtlon me%%%%gsgeésr&g%%%{Pgﬁedghsur‘%gg&r nitgﬁes |

nust provi de33 &r aceprdwico with pesintl inversios. Imohefomn, theejswstﬁaim-ple@ﬂmwlfm
A sol ution f@&dwgé‘é?kﬂfém%d%lat@ 57 %t/éxgﬁ inlé%ﬁéiﬁbl 598F ni sh has
uence o

been devel ope y app ng a speci ectro tica Iated
met al | ur gi es purg nglle meat such anpalladium) a\;:mlw vith a ﬁmaémfa@t ﬁmﬂbtﬂ%@eﬂW@ ysfer ed

tri-plate ©ial afnpl gldelesh GOMPPA Ahkd fayer 'of hitkd! BRed S difsFAARRCL of! L i on

in DCA, SMI an connector application resultant plating
structure i sthglcopperpask T platedi palladium layer 39 affgeds Wdﬁeﬁf@a@bbm@ ayemribatc ap| e

desi gn and MRS AGkHbbRSh gﬁﬁg:}kﬁ‘l{%}faﬁ'm %}?x&@ﬂ,&%ﬁo&&n&iﬁ@sﬁ&@@?&tﬁd .

pl ati ng mask process ste sel ective platin erations Fig. 4

schemat i cal | g0 pad meshanigabcopnestipns o'ﬁledhmﬁ? x@!él!m,r @Gﬂhmeﬁ &qlderability gadseals of
flexible, el ﬁ{etomeaﬂéé e\{%&seéyixakm&uﬁ&% b@ben?&gmlahﬁmmm he Which

termnate at_ pads 3 are nmasked by a coverlay 34 of flexible,
electrically xmbaﬁmmﬁmuaﬁlngmqsmmdwﬂ%mgwmwt film on the

~ surface. Each of the plated layers 37, 39 add 41 are electrolytically or electrolessly plated to

form a high quality; dense, low porosity highly adherent film that is uniform and smooth with
a substantially uniform grain size. Instead of using expensive multiple selective plating
processes, the native flexcable coverlay is used as a plating mask during application of the
nickel, hard gold and soft gold platings. By using this process strategy, the flexible coverlay
acts as an integral mask for of the layered universal plating finish. The process enhancement
providm significant cost reduction since all independent mask application and strip steps
required for selective plating processes are eliminated.

. By using the flexible coverlay as the sole plating mask, only areas of copper base
circuitry exposed through openings in the flex circuit coverlay are plated with nickel during
initial electrolytic plating. This nickel underplating is applied in thicknesses ranging from 80
to several hundred microinches as a barrier to preveat diffusion of base copper to the surface
of the gold overplate finish. After the nickel is plated, a palladium intermediate layer is.
applied over the nickel plating, followed by the final electrolytic plating of a high purity soft
gold.

The plating sequence, applied plating Iayerthxcknmcs, and-pla&ngeempoﬂuons-are.

.



of- the base material. The coverlay 34 carries a |ayer of adhesive 36 which
secures the coverlay to the base 32 and conductors supported thereon. The
identified detail of Fig. 4,

9 shown enlarged in Fig. 5, reveals the plated |ayers that have been
applied to the copper pad 33 in accordance with present invention. In one
form the universal tri-plate |ayered fi 8|sh consi sts of. a nickel

underpl ate | ayer 37; overplated with an |nterned|ate | ayer 39 of hard, pure
nobl e netal such as palladium overplated with a final surface finish
treatnment as a |l ayer 41 of high purity soft gold. The plated | ayer 37 of

ni ckel provides-a diffusion barrier over the copper pad. The plated

pal I adium l'ayer 39 affords a pure sem -noble metal |ayer that supports

wi rebondi ng and provides a hard, wear resistant, corrosion resistant
surface fonrllgsticabforhigh aseahbryidd ndighnelishility DCATwazetonding, saldering,sind prdiyer 4 1

h t t
or ovent _t noniaf st BodBalon, & fichufl o Gofd RS BE R WS W S0 10
at mospher e suiface figishi layes for high yicll wboladmgn while the fintermediate, layes of pa@@all@am of
th | at ed |
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plated to rosit adherent film
that is unlrﬂ@bwl)arﬁi)rmtbr amhd#tlwssﬂ}byimftrﬂai‘dev PUFei mlhdmngmms adeguate | nst ead

of using expenal ,y&c@uh&e feaP RLARY toiRoRUALADITelRIRICHERS in hB v tral ©

fl excabl e cove I's used as a pl ating mask Aurln application of the
ni ckel , harr@t@aoutaqm@muggme@o B@lﬂlﬂﬁ%ﬁe figigh e@pﬁg wwnmmbor@tr‘sat egy,

t he fl exi bl f)ﬁﬁﬁ & m@é& ,Qﬁerb i ver sal
plati ng fi ﬁsmrlgﬁﬁésﬁnceﬁ%r Ovéqii%qsg ;Ié ir?lné | %l?:?%sémrdgduct I on
since all icaa e [l plress R pReme mausrirun-gald, intermetallic

Se1 ectl ve RbAbhii AAGARAATrANE bl BELH sucfuce plaing anPlhe il N 1) €x1 bl €
coverlay as the so at mas onl'y~ar eas of°c Evfr base circuitry -
exposed thl‘\wgftbouﬂeewﬂhﬂgg thennherﬂ@t mmha@yrcbmqter@w@ma g platingstresgesyi t h

ni ckel duri d raxhaﬁlnﬁm lXH&mQtLlﬁE'n@&fo oafeeoséﬁskwaaaﬂmh@tl ng is

applied in |c nesses ran om 80 to several hundred m croinches as a

barrier tougﬁeépletmgtmerrfaoasn nw fmw@o@mqmtx%mmmbﬁeewm| d
overpl ate fhhﬂhés?for’%fréﬁ e R EteqF%LneﬁhﬁJd Shrowh By %Bah{gﬁdgg.dl ate

layer is applied over t l'ating _ fol |l owed By t he final electrolytic
pl ating of Thess; a@ﬂylwﬁqul}t agd;ftqnsg@pqtan undwmble structural rigidity on an atomic level

which prompt stress buildup at wirebond interfaces which undergo intermetallic
transformations, and can result in aluminum wirebond interface separation. Thickness control
of the three plating layers and the combined total thickness of the palladium and soft gold
layers are also critical to the reliability of resultant DCA wirebond, solder and pad on pad
connector contacts as well. The palladium intermediate layer is plated to a nominal thickness
of 35 microinches. In typical manufacturing processes, deviation in plating thicknesses can
result from a variety of process variables. The range of plating thicknesses resulting from the
process variations must support high yield manufacturing and reliability. Using a standard
deviation of 3 microinches and upper and lower limits of three standard deviations, the actual
range of plating thickness realized in practice is 2644 microinches. By plating palladium
within the thickness range of 26 to 44 microinches and soft gold within a thickness range of 5
to 30 microinches, while restricting the combined thickness of these two layers to no more
than 70 microinches; teliability of all three contact types-is-achieved. ..



The pl ating sequence, applied plating |ayer thicknesses, and plating
*conpostitions are 10
all critical for high assenbly yield and high reliability DCA w rebondi ng,
sol dering, and pad on pad mechanical interconnections. A high purity soft
gold layer nmust be applied as the top surface _finish |ayer for high yield
Wi rebondi ng, while the internediate |ayer of pure paIIadlun1beneath the top
surface of soft gold insures pad on padllconnector Teliability and wirebond
reliability. For connector applications, the use of relatively pure

-pal | adi um ensur es adequate wear resistance and chem cal nobility to provide
stable electrical contact in the event that mated contact wear through the
soft gold surface finish occurs. For alun1nun1wnrebond|ng, use of pure

pal | adi um under pl ensures the resence conpljant underplate | ayer

that can accomd%é"“ﬁ%&’a‘ﬂ‘mﬁ“ﬁ?’é‘r fat ‘Eﬁl ﬂﬂﬁ%ﬂ%ﬁf 2@5%133 of
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surface platin t he u e t her e iancy .
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i cr of nones.  Sy1oRk: fflcbsloh B Rob Gl rddupliEhldf kimata Ysolder joint |

m cr oi nches ambr&cﬂ’&t Enistente\af golil-tin nterimetallic aeactionsproducis fat lder Jomt’camel' pad
interfaces will degrade the mechanical strength and thermal cycling solder fatigue
performance of the soldered interconnects. For wirebonding, use of aluminum wire does not
provide sufficient long term wirebond interface reliability, as the doped hard gold will not
provide for stress redistribution away from wirebond interfaces that result from aluminum-
gold intermetallic compound formation reactions occurring between aluminum wirebonds and
the soft gold surface layer. This wirebond reliability concern is avoided in one of two ways.
First, by using the palladium coating of the prior embodiment as the intermediate hard, wear

__reslstantlayerwhenalummum leads a:eaﬂachedandsecond,byusmganatbachmentwue

which eliminatés the aluminum-gold intermetallic oompound formation at the wirebond
interfaces The alternative tri-plate layered finish provides for adequate connection using a
combination of wirebonding, soldering and pad on pad connections when the leads to be
wirebonded are gold or gold plafed copper:



to 30 mcroinches, while restricting the conbi ned thickness of these two
layers to no nore than 70 mcroinches, reliability of all three contact
types is achieved . In many environnents, it is not
necessary that the internediate coating (layer 39 of Fig. 5) of the
tri-plate layered finish be a hard, pure noble netal. A hard, wear

resi stant |ayer may also be fornmed of hayd gold where the gold has been
har dened by "doping with cobalt, nickel,™ i ron, or a conbination of those
dopants. This |ayered finish also serves as a comon surface treatnent for
"W rebondi ng, soldering and wear resistant electrical connections. In order
to ensure both high yield assenbly and | ong terminterconnection
reliability, careful selection of plating | ayer thicknesses used and

chem stry of wire used for the wirebonding process are also critical. To

ensure stabl e andWhiid mabivenﬁmfhmeﬁ PhrtibMcy shOWAD Sifdl deQtib & wiPRferiacd@d Or
socket ed elel%é ﬁg@nacng @@E@% resi stant, doped, internediate gold
| ayer shoul "3% ﬁP@ i By thoss,skilled jnthe et fhat yasiong hes
For reliabl eothcrloﬂargq ini thé ﬁ)rm&ndl Bétails d:@mrmaaé tﬁ&eﬁkhwﬁibﬁt &epartin frofl Yhelbpisavi g
a thlckness ?? .0i nches, is used as the top surface finish over
t he |nterne ‘Fé§ g?dened doped gol d. The conbi ned thi ckness of
the two gold Iayers should not exceed 55 mcroinches, as the use of thicker
aggregate gold platings will result in inconplete gold di ssolution into
typical ly processed SMI sol der interconnects and pronpt residual gold-tin
intermetallic formation at solder joint interfaces. Existence of gold-tin
internetallic reaction products at solder joint/carrier pad interfaces wll
degrade the nechanical strength and thermal cycling sol der fatigue
performance of the sol dered-interconnects. For w rebonding, use of alum num
wi re does not provide sufficient long termw rebond interface reliability,
as the doped hard gold will not provide for stress . redistribution away from
wi rebond interfaces that result fromalumnum gold intermetallic compound
formation reactions occurring between al um num wi rebonds and the soft gold
surface layer. This wirebond reliability concern is avoided in one of two
ways. First, by using the palladiumcoating of the prior enbodi nent as the
|nterned|ate hard, wear resistant |ayer when alum num | eads are attached
and second, by using an attachnment wire which elimnates the al um num gol d
internetallic conpound formation at the w rebond interfaces. The
alternative tri-plate layered finish provides for adequate connection using
a conbi nati on of wi rebonding, soldering and pad on pad connections when the
| eads to be '



mnrebonded are gold or gold plated copper.

13 What is ctatrned—is: . A printed circuit device including an
electrlcall frate on which are supported electrica
conductors | nm!m I!ﬂe sets of term nati WH%@%HEETWS‘CBE’ENTJU”“ ng
and electrlca electronic elenentsito cogpmaicepuch pfinted
circuit device to such electronic el enents, Sald—L&Lﬂ%ﬂ&%+6ﬁ~ﬁaﬂ—blteS
bei ng processed using a single plating sequence to provide comon pl ated
layers conprising maski ng means overlying and electrically

i nsul ati ng said conductors and exposing said term nation pad sites;

a first plated |layer of electrically conductive netal on said exposed
termnation pad sites that functions to prevent diffusion of the materi al
of said.ter Whattis elaimedds: si t es t her et hr ough; a second pl ated

| ayer, overlying said first plated layer, of hard, wear resistant noble or

sem -nobl e netal that provides connector abi I| a _
metal | urgi cal-ly ﬁm‘@%?'H@"‘?Gf}ch’fi‘"&ﬁﬂewt??bﬁﬁﬁmft?#é aceéilg’ri{ ﬁhe presence

of internet gy ?&e&@@ﬁé&i‘g&:ductors that include @riifikionipgds &ir ebuitingend elcme@lllyu ng said

second plated 1ayer, of soft gold which r adL ol der
supparts wi reepensting elerenic elsments and f9F caonseing ?@ﬁ%cﬁgﬂ{&%g ‘%‘h%urface t hat

prevents nechafbfie dedidts, SuAOFHAE Bdvirgld Joﬁﬁﬁndmﬁﬁﬁnnmupmmhch a plurality of
el ectronic el ements attached to said nul té{ﬁl e sets of term nation pad sites

usi ng pad ormethess of atiachment may be, £ IFAMPEHE connection and at | east one

ot her attachnment r&aﬂﬁﬁ%::in% o6&y tagdl clectAivally insulging sgid condwitess andcexpdsing said
wi rebondi ng, direct chip attach (DCA) w re wedge bondi ng, and surface nount

t echinol ogy (Eém:) or pinin hole (PIH) soldering. 2. The printed
circuit device Ofaﬂ”rh amdllayahemwmamyabnmwwlomsadexmrpadssthﬁammemm
havi ng a thi ckness 44 m The printed circuit
devi ce of cltalﬂ'ﬁ"in |“&at ‘c?fc@)fa@ %S%e"fﬁ"y‘éﬁh of soft gold has a '

tlhl ckness V\,ﬁf 5 tasa&gapﬁfeauagebeﬁedyxéxgsmdﬁm plaﬁd]hygrofma@dwcarmg:atmqm of
claim 1 wherein sai on ate o184 a

t hi ckness -of €8t "’fﬁ%?r ‘g’ﬁ 'gl%ﬁ'op Scal e Eﬁi.g% g valgue of 130
to 258 I ngfandmmn@mmadm?gpgsmcdﬁmtmeaﬂw@mmm sder ei n salg I
second plated | aye se Q s i alt,
ni ckel, iron and? M&%Hﬁt? %%mglpia ﬁ 2 kﬂ%ﬂ T eﬁ%rl nt ed
circuit deviwetable bylseiden s@mmmmmmmmcm@blemﬁm sof t
g0| d havi ng t%att rx]'!ev%ién%seghamcal mt%rgon%gctrpmgcgdém n.

2. The printed circuit device of claim 1 wherein said second plated layer is palladium
having a thickness of 26 to 44 microinches.

3. The printed circuit device of claim 2 wherein said third plated layer of soft gold has a
thickness of 5 to 30 microinches. '

4. - The printed circuit device of i;laim 1 wherein said second plated layef comprises hard
gold having a thickness of 20 to 40 microinches and a Knoop scale hardness value of 130 to
250.
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14 . 7. The printed circuit device of claim5 wherein the
‘conbi ned t hi ckness of said second plated | ayer and said third

pl ated | ay d 55 m croinches. [ 8. The printed
circuit dej’“ﬂﬁﬂﬂ"mu"ﬁnmmer ein said first pl " AR |

formed of ni*ckél hav! ng a*nmi ni num t hi ckness of i : )

9. A printed-circuit device conprising an electric
substrate on whi ch are supportdd conductors which include

term nati on pads for nounting electronic el ements and for
‘connecting said printed circuit device to other _el ectronic devices, such
t.erm nation pads having a conmmon surface plating structure provided by a
single pl ati ng sequence upon which a plurality of nethods of
attachnent . i Acl udTheprintsddigeuidpyice of claim 4 wheirgie brihsicend Plataddayse eoremispiogpld
connect or ”ECB (ﬁl@%@ﬁ{é%@f REb4I AfckeE, frbifddatiny combination SPﬁH{ biehets.
maski ng nmeans overlyi ng sail nduct ors and exp05|ng sai d pads;

an initial plated coating of nickel covering said pads and haV|ng a
thickness ¢ nfefml ﬁt’lﬁi‘&e%lcgbfél&{&' PRncrdie5Rd ir@ PRld Syed dfpiRs a6k 2l Of
said pad that underlies said nick coati ng;

said initial HﬂdﬁGHMEbﬂvﬂﬁgﬁﬁﬁ§mhy)EW%@@%“%hereon an internedi ate pl.ated
coating of noble or seni-noble netal with a thickness and hardness to

support soldering, wi rebondi ng and pad on pad nechani cal
connections;- 7- ~ The printed circuit device of ¢lgigy 5 yhezgin the combinsdJhighness xf said secqnd)| at ed

over said int Blatéd HyRf shdhidltRitk plated layer dosARdt &xdesd FMhlicroinches.
el ectronic elenents attached to said term nation pads using pad on pad,

wear resi stant mechani cal connection and at | east one other
attachment teghni apR pifted Gir&ift device of claimf 1rm4.mugﬂematma§ar $ foRSkdQF nickel
wi rebondi ng, direct chip attach (DCA) w re wedge bondi ng, and

surface nount baviRgmuinimgym igkpess of 8 micoipchenl e (PI H) sol deri ng.

10. The printed circuit device of claim9 wherein said initial plated
coating of ni ckel has a thickness of at |east 80 m croinches.

11. The print&d cif ednted eiepitdevier compeising aelerically ins insulating substrats QRowhish &ep| at ed

coating is pak NBoRdutorOwiict! fabiGde Bdrinatibn &ﬁs 6t ittt CleRirdtid @éments and

12. The prlnt? circuit device of claim21l wherein said final plated
or

coating o connectingrspid peinted gigapitdeyigs tojothes electronis devices Fuchy !@%Prﬂt*ﬁ@s a

13. The pri nt esinfiod Sudfaée G stRbtu upbiwhich\R Bluility Srahetholidbfuitaddicad € pl at ed
coating conprjse hi ck | ayer of gold doped with one

$ind 2‘8 fo 40 mcroinch t
of the group Mmeluding soldgsing, Wischopding, AR on PR PRSP SSRGS B b o
el ement s cobaamxmmdﬁmﬂmmguilron to establish an internediate plated

coating hardness Omasﬁ’no?lp SCoa :}gSS(%ldto%n(?uctorsandexposmgsaldpads

an initial plated coatmg of nickel covering said pads and having a thickness that :
prevents diffusion therethrough of the material of said pad that underlies such nickel coating;
said initial plated coating having plated thereon an intermediate plated coating of noble
or semi-noble metal with a thickness and hardness to suppoxt soldenng, wuebondmg and pad’
on pad mechanical connections; and
' a final plated ooatmg of soft gold plated over said intermediate p!ated coating.

10.  The printed circuit device of claim 9 wherein said initial plated coating of nickel has a

thickness of at least 80 microinches.
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15“_ 14. The printed circuit device of claim 13 wherein said final

: pl at ed coah—ng—of*soﬁ—go-l—d—has a thickness of 5 to 30 microinches and the
conbi ned t sal d intermedi ate pl . aid final
pl at ed coat ﬂul‘&mimaﬂum ed 55 microinches. - “HAS BEEN
15 The im 10RGRAGED sai

circuit device of cldi

I nt er medi ate plated coating is palladiin having a thickness of 26 to 44
m cr.oi nches. 12. The printed circuit device of claim 11l wherein said
final plated coating of soft gold has a thickness of 5 to 30 m croinches.
- 13. The printed circuit device.of claim9 wherein said internedi ate
pl ated coating conprises a 20 to 40 mcroinch thick |ayer of gold doped
Wi th oné of the group of cobalt, nickel, iron and any conbination of the
.elenments cobalt, nickel and iron to establ i sh an internediate pl ated
coating hardness of _Knqop, scal e 130 to_ 250. 14 The _printed circuit
device of cl ai hir13 The@reipdciesyit deviceoficlaim 10 whereip s4id intergediate plated goaling 3% 5
t hi ckness of 18didd havifg PiHKAAS ofP6itol4AamicmEiesied total thi ckness of said
i nternmedi ate plated coating and said final plated coating does not exceed
55 m croi nches. .

: 12.  The printed circuit device of claim 11 wherein said final plated coating of soft gold

has a thickness of 5 to 30 microinches.

13..  The printed circuit device of claim 9 wherein said intermediate plated coating .
comprises a 20 to 40 microinch thick layer of gold doped with one of the group of cobalt,
nickel, iron and any combination of the elements cobalt, nickel and iron to establish an

intermediate plated coating hardness of Knoop scale 130 to 250.

14.  The printed circuit device of claim 13 wherein said final plated coating of soft gold
has a thickness of 5 to 30 microinches and the combined total thickness of said intermediate
plated coating and said final plated coating does not exceed 55 microinches.
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