.;e3ehTh . 6TTT[* PLATING METHOD Background of the Invention The present

i nvention relates generally to the field of electrol ess netal ' mm
_particular, the present invention relates to the field of el emm“m\mm“m d
plating. 5 Immtrsion or displacement plating is an el ectrol ess pl.aiid0
process, but is given a separate classiftcation in the art) In inmersion
pl ati ng, deposition is by displacenent of an elenental netal froma
substrate by nmetal ions in a plating solution. In clcctrolcss plating

deposition takes place primarily by autocatalyiic reduction of nmetal ions
fromsolution. Such electroless S%W[H&?’%fa@s the presence of a reducing

agent. 10.1 rsjo ating does not enploy an external electric current
but rat h%ﬂgg&éﬁd%{&g&‘? m cal displacenent reaction which is driven by

t he position the substrate netal in the ctromative series relative to
the metal to glfé“’a&ﬁ%@ ?'iv§ﬂu‘f“rr8]r?‘f°§§f"lﬁ‘f'@r{9t I@kqe?fté’{%g@ﬁ?sé“‘vﬁé’ﬁf‘“f’ﬁefndi ssol ved
met al i ongartidulaf, the presenginbaition aciecdioshd ficle df diyctoicsdFodd plafingre (| ess nobl e)
netal that is contacted with the plating bath 15 In the nmanufacture of

printed w ri ndmmzestords displcclaemiplating isrmleesolagspldting proaéss ybua pglivead t o

printed wring board .substrates .havin ds and/.or 1 hrqu hol es, exposed
Phr ougn sheRiief lagafipigt mohé i ilteeieh SRS, ket fs B AP BraSeEPamor ¢ on
appl ihed ba?mmm@abh&om ﬁuilzﬁtgat@ﬁy ﬁb@prbnpigas;_samglamhm. daolcetreiess ghdagi t et al
on the surfage of, t mask, .wWjich IS undesira . ..an_ 1 mrer sion pl ating
oact § on SBOg ek pfact AR ik by ABiReRAHC RO OE e 163 S PaHEeaI R pi ot g
Wi Il onl yelemolsks @&i@rc@ﬁ@amcqircsemwadedmmghganor example, U.S. No.
5,143,544 (lantosca) discloses a solution tar inmersion plating a tin-Iead

al | oy1eui t abl amarrsiorSlhtiigr doké Sotferpldiane@rtemapélestiiechmshi Gubgutlepivad substr at e.
However, there is row ng demand f.qr. more environnental |y, accept abl e

al ternati¥ o?lgnp%aiggyla?cwgrérqaﬁu W}Hab’d‘ V?“i‘f?{&“‘b%‘ﬁ}‘t?“ﬁ? &‘r“ll%‘%ﬁgﬁﬁr"g{tﬁ%us,

t he use ofho kieettbnidtive k&Rd rélhtive)ts thiendtdi @ bd dpositcd AARGORINLS. PlRGESocas wWheer t ai n
future. S r exanple . U S 5, 536, 908 tch s e

i Patent No. 25 5, ( | 1 al,).
Ghl a1 5 oFBIENTRIL ROF &Pl B preiaplace Bt Bty S Tasatblel Pl 8¢ s on g
been usedcdn&ctch@imltﬁ@ﬁm@{gim&i ndustry as a netal for contact surfaces
because of its law electrical resistivity and its inertness to attack by

corrof§ ve subdh #irarsufaStindofiintedieipiag bogidd) solderiblPiisishek Yrchpsttallplappieed te1si ng
SRl MR RN TR T S
Typi cal | yas d doklctmask.eSudindRlembRi finishcehre ofieroapplied by iampiriieipnting @ clebrolgnl d i s
Sk e PR PP B S bS5
reduci ng glgmiptreactiyfisGitiven bytheidifferarge it Elcdfothemical potentials, plating will only occur
20  atareas of exposcd mctal. Ior example, U.S. Patent No. 5,143,544 (Jantosca) discloses a
solution for immecrsion plating a tin-lead alloy suitable as a solderable {inish on a printed wiring
board substrate. However, there is a growing demand for morc environmentally acceptable
altcrnatives to lead for usc in priuted wiring board manufacture, Thus, the use of lead and lcad
alloys in clectronic components faces an uncertain future. Sce, for example, U.S. Patent No.
25 5,536,908 (Etchells et al.).

Gold is a more cnvironmentally acceptable alterative to lead and has long becn used in
the electronics industry as a mctal for contact surfaces because of its low clectrical resistivity and
its inertness to attack by corvosive substances. Such gold deposits have typically been plated

using electroless or immersion gold plating baths. Ju particular, gold bas long been used over a
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.5 thiourea and al kyl thiourea derivatives, cnol-containing conpounds sucl
as ascorbic acid (see U S, Patent No. 4,481,035 to A-ndrascek et al.), and
. boron-cont ai ni ng conpounds such as t1l1lcyl boranes and borohydridcs. these
conventional platilag baths have certain drawbacks. rot exanple, baths
containing thiourea as the reducing agent |Inust be heated to about 80 to 90
Cin order to achieve acceptabl e deposition rates. Such tenperatures are
too high for use witli some 10 el ectronics packaging materials. Al so, at
sucli tenperatures the plating solutions can becorrld unstable and

spont anfgkgkdiderco4t i provide pasiderable finigh. Dypichily thoniciked whderdoat is olcottdlemslyi nst ead

of produci ol d deppsits only on esired substrate, he
bor on- @Bﬂ“@%ﬂ%&%@i‘ﬁﬁdﬂﬁ’&?‘%‘%%&% kg’é:g PIp&es %*d‘ﬂ%‘???@“gé;%?ﬁ °Yg°srﬂ@FF' conpounds
first undel@fnasibydsdloySENIGeaction whose rate increases with tenperature.

Much of di e boron-containing reducing agent is consuned in 15 undesired

side reacti Eﬁﬁttﬂl&&'g%ﬂillﬂ@tﬂ{grﬂaths%nmhi ramamgagernatTmathmngiageﬁasm t. pne
convent onal for

trol ess ld pl.ating b |sth|
onda kiRt PR fipties o ptveD qugeontaes oo gy ae peiodas ri et o o
when ogs Akt No. /491,035 t@hn@‘ra@dcklaeil9vunasoxsulc6mmnﬁtg@umﬁ@ndssddhlaer ated from
the bath under these pl-.r conditions. Lﬂé gﬁt%gm?} that the thiosulfate ion
HiBAaths A

dccol npliedkoryngs and l??r%lﬂldﬂti‘fso T hesg cgnvrationa Yo fertain drashoeks; £oF ons.

Wen arbx&ﬂbte%als%@wﬁﬁ@rth@&e@&s O tiduéThg KcBGihsk BE Realod @ dhdus 86do B @inpH Of
about 4 to 5, the solution will tumcloudy ‘'duo to the fggmatlo of

el ementaifer&qadhigve acqcm}élvéﬁposmpn seh PHehstemperptuces aretpa hish dordige WEL SHRS above
sol 4 i %m@h@ﬂﬁaarﬁé L:Etms V%dsb a@sttchté?ﬁﬂamsh ttlttstaﬁ.og délitioRs Yinltecds St abl e

and cl ear fite s) therefore, been used in prior art netal

pl at | ngnstgblepn@mnan@puﬁlacfpmﬁ@www&ﬂ@d thsoughayithe %’g‘tpﬁé"%ﬂﬂfl on. The

probl e | E 'Whenbotdaddontalifn fuisia@n i tself
15 |1 Q%r%&sF%}%F%OHggﬁie&??SE‘gMﬁt| ons S t‘ at g?f’f"ﬁr él oxide is

sl owl y ¥sehielho BdEcing pasphe opwawmdhé‘llssb‘t%ta%rbygmhe‘sw&%&' gfeTalt he ,
sol uti Oi'ﬂcrcis@éewft@&hﬁfcmwg Mati€ofahe %bﬁ-b'ént&ﬂhxﬁéte@@cxﬂ@igmt ik @fnsinkd ifbe. Thi s

(cads to high consunption ofsodiumsulfite and instability of the netal
t | i 1suwrdagied sidafragtions makinggprira) of its sappntratioRAuits r‘tfﬂcvg'm d pl ating ‘baths
avoid maliy of the above reducing agent-derived 30 drawbacks v r such
i mrer si on plQpCicABVapHen f‘t“?‘tﬂf@@qna"ﬁséa@lpﬂaé‘"ﬁpﬁfh isfhigsyifaty ‘P%??iféfl’ ‘p@ﬁ@

such as, Qﬂ'ﬁtc?cgts Sud baﬁfs%?ct G{ncalfﬁnstﬂﬁl@%&n Spadtad 41 A pIESTS &%eﬁ@ﬁas@ﬂﬂﬁ’s't

thick gold X}grs Such atipcratures are o~.en inconpatible with sone

el ectr o«rliptldcp kratgrirﬁr@nhm b@thanéel thesq BHb porditions it sdmews ﬂg'b#‘e ﬂtia alodeny; do

not aut QiIBhh&@! inacRiGBR%bA tﬁgtgctan&cﬁ@umtmmlmb Yord EMAeh bin 8@lcdud¥stution
di spl acenent pl ati ng have been asct“%W ul e such hybr:cg gol d bat hs may
&b@'t‘ r

ove?&onef SletWéb‘P@H@t@ﬁ adjpstest to p.tBgsodptipn withys yetedo ficat i ng

bat hs, hGadeh%y hlfctn@ﬁ’ta lﬁT Cﬁm’ct s@&tﬁmr&mﬁtesl@ﬁfsb GdRAkd the BBGR sBRior, O

substrates such as ni ni ¢kel - coat ed substrates. European Patent Rf'

2. 021 eesctml sulfiBacknet @m\ at\d the golyoronidlpe siableiond eless) Sedivgsriphasi i ng bat h

that i Sthet% éé,%%ﬂslcgms to’i-?plxr?etafl f'\ttﬁlgr? fohd A1 HMLA BRI BYiabilizdths thi s
pat ent) I"fayers arc e ectro ess epOS|ted on contu~uaus_ pal |l adi utn

| ayers sn;utsmc ﬂhppmblcngwwauh@ godivim svdﬁtplhatvevea,ns et the pulfig ioeitsplfds nduch as

ni c e havi ng

oot acPAll Byl efale3 oyl Shoh et SRADAASAPls sRFRPRIPhbahEcbyc TR o

subst r asadstionniht eommidiothe solutiore ﬂprfmw@mat@ofu@hvémctdefmma&wetytllrtm ess gold

pl ati ng Scu f ound

Phat hi S0 yede it BT e 3 ad e BRI shd el BT RS RLa SO Ok o

el ect raimkl,tc sohgiongli ng i mmersion) gold plating bath. Such adherent gold

| ayers are deposited by first contacting the substrate with at |east a

cat al yti c anioumndrsiof g@diplatidg batheavdid many og'mzth@tq redpeingeagenitsisrivet e with an

el egiral ol | . I Vifbitd, ou

pr oé?deggg"%?ﬁ:% hgla& ?&da Rﬁ%}ﬁagglaé{'}f %ﬂ%ﬁr trrtquh?g‘cg?g% %gtrtr%’lrl {&m ng the

steps aF a) contacting the nmetal witlx a palladiumbatli; and b) then

contacting the netal with an electroless gold plating bath. in another

aspect) the present invention provides a nethod for inproving the adhesion

of an clectrolessly deposited gold |layer to a nmetal conprising the steps

of : a) contacting the nmet<~1 25 with a palladium bath; and b) then

contacting the metal with att clectrolegs gold plating hatlt. In stil

anot her aspect, the present invention provides an article conprising in

order a nickel layer, palladiumseeds or a discontinuous palladiumlayer,

and a geld layer. Such gall layer is typically clectrol essly deposited. 3




In a further aspect, the present invention provides a nethod of

manuf acturing an cl ectrotuc device conprising the steps of a) contacting a
metal |ayer disposed on an clcc(ronic device substrate with a pall adi um
bat h; and b) then contacting the nmetal |layer with an clccirolcss gold
plating bath_ S Detail ed Description of the Jnvention As used throughout
this spcciftcation, the follow ng abbreviations shall have the follow ng
meani ngs, unless the context clearly indicates otherwise: C ~ dc$rees

Centigr X es _hghreWi t ~ gra ~ =liter, rnL ~mllititer;
o 388 abaF LS o orh s ks e

" deposi highgbmpupgturcp bidlofiegincampatibiAdit HhRFIRGEATAbMalnd TRHAR HyRN S
SpeCIfICf:\tl n. élthl refers to |inear, branched and cyclic al’kyl.

"1 3al 1 aEeteales eolduthe il lp pes automatelydososit gni and dnaotisolelycteposii el .

"hal 0" dipRédndnOplhlitiKe bséﬁlc}géﬁmcd? 'R A8 hytrid Gold W l:?ﬁﬁy%@z%ﬂ: se

i ndi gat ed) .aromat,i c conmpoun having two or’ nore substituents 1 nclude
ort hd-, PHEtES ARHOTHT deciolrss Fﬂdt%ﬁ.“Wﬁﬂd pletingdnthadbercaylénggoldddngsits areuni ess
ot her wi 96t sudichshtly Alikcrn® td YabRFatduch AYIAR] HiffckleNEdatbdistindck d combinable in
any order, except where it is obvi ous that such nuneri cal ranges arc

constrai ned Egropéhd Pagent BP 1009593 TRE(BARERNAL) RIS 2R BlcPkG¥s @8R fatiigt Nod of
uch _as a netal, conprising the

depositing a. gold,| ﬂﬁer 0 substrate ] J

steps o a‘g)‘hﬁ&%raam*' @sw@leffef ogifing-gold enpalladinmninghis patentngpldjayerm ase

cont act ieREtrdifelyRpMitedbd SorBifudils pENAdR] rfad i i | i's
typi §al |y cont gcr? gd with 20 a&%gl I adiu'f'gﬁ?ﬁ baétuﬁ}p#’]gttrmg;&%t??ﬂgm?g?ﬁgﬁg to
depd¥i t M5iAls: seh@sniskel he surface oCthc metal. Any at xtaunt of pall adiumis
sufficient 9 i n@r ease the adhesjon of clcctinlessly deposited gold) Such
pal | adi um deﬁ'at"r cieds ® Breddortaetheds ebdepositipiioldypnhaving apedadhasiontnet al , a

di scont wbs@ntes, bavieladf toatkopeH munepéoafmxum&a@ﬁwhﬂ@bw&o%ﬁﬁgiﬁmgﬁ&%gﬁsto?d on the
i,s meant discrete or isolated palladi um

nmetal. By "pall adi um seeds”. i,

deposi t§g‘“’f§§}’mb$%“6‘8h’tsﬁ %ﬁi&%‘“l‘&@"é‘?&- of palladium' is meant a |ayer ~S t~f

pal | adi um t hat does not cover the entire platable surface of the underlying
substrate or netal. A discontinuous |ayer of palladiumis a |ayer. of

pal Ladi ym cont ai_ni di scontinuities or voids. It is prefewed to deposit

pal Ilgdi M@ﬁgﬂﬁ@@cpnti nuous pal | adium | ayer rather than a conti nuous
pal | adi um | [..ln certai.n_application a c i nuous | | adi,um | ayer ahoy
be advaJdi ta?e‘gﬁssl?ee?ﬁ@ﬁﬂﬁ‘#‘é&‘ﬁ&%@%&@?’?§H°5°F“ gﬁgsqyﬁﬁ‘i@f‘ﬂ P‘g‘?f’f’ﬂ?‘wpﬂé i ncreased
adhesi osubsfral8 GosLinsbgtrelotd, inchidpgtinmeria)] goldipiatisd taad Goh adicrerepdld lders ANy

pal | adi th | uitable for use in.th resent .inventi on pr.ovi ded that
it cont g@r&@&ﬁgﬁ é%ﬁﬁh?%%ﬁg%&ﬁé‘iﬂ’&&mﬁgghPﬁl"%ﬁf’%t"[‘l@‘i’%”d??“(ﬂ 9&?“&@ PMm@pdct r ol css
pal | adi tren pbratadting tHeaubstratayitiDe dietdlcssfobdpladirgdiathol yti c pl ating baths are
used) they are used without current, preferred palladiumbaths are

el celr ol ess Inaink aghcttyihiogitdisnt imehtonrefiddsalvhathddorae ssing B abldIaycadgla nost S
preferabl al | adi catalyst baths. Suc | | adi um caf al baths are

i mt cr PSR! %W%ﬂ]% %Eﬂsﬂg,aiﬁ?‘&a%ﬂhcﬂfégﬁg&&H"'ﬂﬁg‘é"gﬁh ?’%@’Sﬁ‘f“t he au and

t ypi cal kbyntating dicmetal lwithen eldetolesitgont lamg®hthpal | adi um t han conventi onal

el ectrol css palladium plating baths_ Suitable electrol css palladium plating
bat hs cont ai In shothen dkpéon, tHp@dcht iabenniah bradidua msthad £ itiproeing Hd adhdsivmesal t

reducin S tabilis and conpl exin ents. .Suitabl.e palladi um

cat al ys?“glg‘"t%a’iesggﬁf‘éqsﬁda@?‘i @ggrt% 16“’%?‘?{‘,‘!”%68'33&%??@538@°<a’c‘a°|“é&EF & ppm  and
nor 5 pr etk aphiladivh bithasi by thep I@éﬂtﬂftin?ﬁiehﬁﬁdl Withad cRatrdléd igdl pidings bath.
Particularly suitable amunts of palladiumin palladiumcatalyst baths arc

50 to 200 ppimstiladother@igder, tHel gatsgntGvchforeprbdd@MaticlQdipaiding i 6dbda ~1 Ny -
sol ubl e i t o) pal | adi um

|l adi um sal t be .used such a ut not limted
hal i des“igg%ﬁayglé ngéqfﬁ%f;?r}ayﬁrm ‘i‘J?"i"Bté‘?“"b%\?alné‘mﬂﬁ?yéEéf’éF §7’Tﬁ%ﬂ°f'a§ﬂ° &1 uconat e,
pal | adi layecintypiatiptieciagessiycep@iteqal | adi um t et rammi ne chl ori de, pal |l adi um
citrate, 15 palladiunx tartrate and the like. rt is preferred that the
pall adiumsalt is palladiumtetranrnlnc chloride. Such palladi um catal yst
pl ating baths also contain acid, preferably m neral acids, and sol vent such
as water. Suitable palladiumbaths are generally commercially avail abl e,
such as under the Itonanerse SM hCat al yst trademark, avail able from Shipl ey
Conpany, Marl borough, MA. 20 The pall adium pl ating baths of the present
invention may be used at a variety of tenperahires, such as from bel ow room
tenperature (ca. 20 C) to about 60 C. TBypical tenperature ranges are from
23 to 60 C, and preferably from2~ to 58 C. The netal is contacted with the
pal | adi um bath for a period of time sufficient to deposit sufiicicnt
pal |l adiumto provide a subsequently el ectrol essly deposited gold |ayer
havi ng 2S i nproved adhc; sion as conpared to a gold | ayer deposited w thout

e o . o, = -



5 Any el ectroless gold plating bath may be used in the prestsnt
invention. >li general, electroless gold plating baths contain wafer, one
~or nore soluble gold col77pannel .S, one or nore contplcxing agents,
uniformty enhanccrs, and optionally one or nore reducing agents) , Any of a
wi de variety of water soluble gold conpounds that provide gold (1) to the 5
pl ati ng bath nay be used in the present invention. Suitable gold conpounds
i nclude, but are not limted to, alkali gold ihiosulfatc conmpounds such as
trisodiumagold thiosulfaia and iripotassium- gold thiosulfate; alkali gold
sul O E conpunfisthenmspect sheqpokicotingatioh muhﬂéstaanamﬂ qfovasfocuringal d sul fite;
a~x~non oldsufrte ol d haiid oIdchIorde ka.lr Bal d
cyani dé’icc‘f(S %Elfhv © CORPHSAE §5‘%P§J€F: oﬁ%fita g "%%alga 8r%lf)‘f°§% mcéc%ir cyanr de;
and amievicesubgedtewilh a pyltadivdebath; “ﬁomb)/tecn cantacumg the il lapat withan cldorolpssescat
corrposrt ons, arc substantr ally free of cyanide ions and sulf to ions. By
subst&ﬁ{dipg ee" it is neant that the present conpositions contain |oss
than U 05 ~L of such ions. It is fuirthcr preferrccd that the present
ngosrtrons arc free of cyanr de: ions and sulfite ions. It will ba

apprecrl‘gtmeg%rﬂ%3 thg‘sne fsihfl t gg n the art that the wafer-soluble gold salt
rr~ay rolyte conposition directly or generated in

LU LT AL AT AR o XA IR R YRR Rl o! LU 1 the

el ectrol yt e Conposi t er-insol ubl e
gol d cylalivwisg meahings, entess thc cofitediaieady msimatcyaﬁwrdesct bCuicgreedi€entigtade;-°Jol ubl e

pot assi u nl de. Jotal ¢ t of the an er sol uble
gol d con@&g’ﬁﬁgal]r Wb cﬁ’i"f‘&rif‘ A% By ngwl&S‘ B8 T ’i“f_crm &t e’rla_che O“Waé’e gol d
conggoungig nﬂxﬁenﬁmﬁw ﬁlthcltémﬁﬂd@aﬂ&nm'tan@f‘ lhhxt'g"hﬂz u?s&l Blebchasgeablytireughoatl er abl y

goﬁrgo g‘ég °1f§?a%ﬂf‘ar“}@lfﬁr "'?Ol ! g‘?’?’gr‘g‘g a l%i,e“fgﬁ% 'ﬂ?k%%toprepar ed by

et hodfluetibd, ckloriay)Branfiidé Rel 16dlrtle Mhmsa“mwecehas Nacdopettord,diidras aidal yti c)

gold pl.a bat i S de jre a reducrn en Any
oty 9 Qe hebHis e BReaE e oA R v Pt 2 rRbiets UG [ on o
25 ni ckethoQmerh badpdrs-sutapatibe Al pm:mageszaraay whight, e:nekermmrwx@crnmdoo«rar attach

of the nickel |ayer |s,usefu rese |nv i on i.ta duci n
0TS THGIER A GROERS 485 InchSvE A o obfadh o CHRsre ot Wt 1 POt ¢ ot

| I M t echubRricA Mhged ard c¥isHRindEtola@d ¥p R 100901 gani ¢ conpounds,
ni trogencont ai ning compounds and derivatives thereof) organic conpounds and

derivatives ‘Ilhb gfc@ai‘t inventidii piévideaa nﬁdﬂﬁfd&ﬁﬂcﬁb&whm 61t tiyexorondubstedtd soich ys

Preferred nt ai ni_n ounds i ncI Zi drate and
hydr azr’h‘@cgﬁu @‘“ga‘ﬁ%ISth‘rf d‘gﬁ?'ﬁﬁ‘f‘ﬁ 1 eéa‘a" &Ipf“ adb"frxg?tﬁ'&ngge{f\x\'/atr ves 6
L hgr eofcloﬁsaeﬁhgasc iwrarwmx h.lﬂﬂbiﬂﬁ)lcs§ gtllifl flating buyld ]rmyﬁmmsntgpxcmmnﬁacawgh e
roxyl a e salt or, o r for o) ounds a
et Bt Bt § fime TG e Pesoyt SIBGRmORSRE sifacq gt apapstal AR o

sui t abl s@ndmhr 6@ﬂﬂ£ﬁ:1§)ﬂ@§duﬁﬂn&@f&lﬁ&f5ﬁ8 tcghdsda of tlcstakesly dogasied wbld ehick  wher e
fhe nltrogez~ Is not in its highest oxidation state Uit abl e eaynpofunds

oTi hi's na}lp@umrdemwénaymta carwusuﬂarcrw palladiymeay thegnptal, p discoy r‘"*mus
ni tri des:a0mhdid hidg be BARAHAIRcdde F&J‘r@@ 8 the niedll] BiefaRhdilinisbddeeR nﬁdﬁth as

potassiumnitrite and sodiunZ nitrite and sodiumnitrite are ferred
Addi t i ofissirete o iselpied prlladiven drgosige By S dispatipipns by erafipatisdim dxmg t“ @e"such as

ascey bi gratddhm &&?@Je*?%&%v@cﬂﬂe &tk dgyrx@Srb ¥ifack bﬂﬁ@@rﬁdcrl&xﬁg@&ﬂaeﬁ@bemaad _
derivatcs thereof, and formc aci formats and _thair deriyvative A w de

vari et yAdiscepsingousdeyer of mallpdiamaglayer ofaglladumyeqntpining disgonfingitesor V?‘ﬁ%e‘ﬁt i on.
Sui t ablg Bgchr&ﬁllgdgp\éEiP#)zﬁfﬁhflﬂ% @&ﬁ'yfﬁ disBértinGShs pRHdiudd Tay@tQhthérd (Rdnted t O,

thiosultlrie acid osu te salts such as sodiumthiosul fate, potassium
t hi osul goatisuous palladivelayermin erriais appligations, deangipyoss peliadmmye ey dscet i ¢ aci d
axxd 1 ! ivaidhdedhs, M éraharlr,ha A6 lverDploDRe bickfisod h@RMlofur i € aci d and
throsul ate S ar erre referred is sodiumthiosulfatc.

' n\VAen subsrguen @@WDbﬁ1Y@PQ%@QSOHt13)@&n be supplied in any solution soluble
form such as an 15 alkali thiosulfato (c.g., sodiumor potassium or
ammoni um t hi osul fate, wth sodiumthiosul fate pcntahydrate being tho nast
econom cal and readily avail abl e source.



.Such one ar not'e conplcxing al;ents are typically present in a total

anmount of 0.1 to 150 ~, and preferably from1l to 100 glL, h. nore preferred
.anount of conplexing agent is from5 to 75 glL, and still nore preferably
from10 to 60 glL. The one or nore conpl exing agents are 20 generally
commercially available or may be pnpared from by nethods wcl! known in the
art, Whan thipsulfatc is used as a conplcxing agent, it is preferred that
one or nore organic stabiliser conmpounds for th thiosulfate ion ace pxescnt
in the gold plating bath. The one or nore organic stabiliser conpounds
useful int h&xmmmnm bathvie piitable fdsramenntthepﬁ:szhnm@nbﬁ piRidted thahR E@itdlnd t 1S

C --Cva and is h o r. a. monoval cnt
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known igathe au. Wiile not intending to be bound by ihcory, it is believed
that the organic stabilizer conpounds stabilize the elcctrolcss gold
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i nclude phthalic 30 acid, adipic acid, succinic acid and glutaric acid.
1'rcferred uniformty enhancers arc oxalis acid, 8 mal oni ¢ aci d) ascorbic
acid, and citric acid. Oxalic acid is the nost preferred uniformty

cah, anccr. In general, the one or nore unifonnity enhancers are used in an
amopunt of 0.1 to 50 gl T~, and preferably from1l to 15 glG A particularly
sui tabl e anount of uniformty cnhancer s from2 5 to 8 glL. ~ Preferred
gold plating bash conpositions include a) 0.5 to 15 ~. of one or nore

al kal i 5




~nmetal geld Ihiosulfate conpounds; b) 1 to 100 ~L of ono or nore gold
conpt exi ng agents selcclcd fromthe group consisting of thiosulthrie acid
~or an alkali inctal thiosulfate salt; c) 2 gll.. to 25 g/~ of one or nore
organi c stabilizer conpounds of the formula R~-SG -Y whcxCin It is (Ca 10

C s)al kyl, aryl, or hctcroaryl and Y is hydrogen ar a manaval ent cati an;
and d) 1 to 15 g/If of oxalic acid. Tho gold plating conpositions my
further include a pll regul ating conpound. Any pH regul ati ng conpoua~, d nay
be used provided that it does not adversely affect the stability or
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to 50 g/L, .and preferably fromS to ZS_ g/ 1 eneraj , th resen
coné)osn%tamrh@tha%v beysed wtﬁ"elzrew ‘&"?ﬂﬂi°“-3S?‘be,g"&‘g?‘@P‘é'asWé‘ﬁﬁﬂf‘?‘it 5‘°8‘°£12t d

pref er gila b MoAIBolPihibsHifatc EinfoRRRQEEH dsQRSodIRNESIF thioswTAlb UtPLpBhgivm ANy
grade of water is suitable, but deionized is prg{eﬁed. Gold plating
C!

ccnnpogid thinsalfae; alkali soldsulfite comprAupds YFD HpdiymEn % a'@:dali’ﬂt%ff"l‘lmcﬁ’?g or rnorc

ot her agte{dnvRsniu $61A saffits; 2oldaalidn esch «AbIARNGriaR dIkAR gbldysnidelr f act ants arc
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general , syc% olgd plating baths arc heated 'during use, typically from25
to 95 potasphyntg ﬁlaﬂﬂylf-the present batlls are heated from30 to 90, and nore
preferably from45 to 80" C. The thickness of  the dﬁ@s:jred%%ﬂl ? d%?osit on a
substrate cHif Bl unent of the ane,gr resm Ppisr Flvhic add corpoynds /8 fPily fiRR Ghe

SUBBL I &f G /B, PRIGRANY,aR @N’l EdingduRdsHEHREUnt Bl 2 0 OntP T35 1§ igdn Snd dhofeo pr esent
invention 1s Bal‘tl cul ar
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el ectropositiv an “go I nclu but "arc riot limted to, nickel, copper,

and iron. My, hiaseREEIGE titochidBtic) fold SistngtlafGE HORES alrMRidghgemt 36 gol d may
be used. ror exanple, a layer of "'nickel on a | ayer of caopper, I.s sui tabl e
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that is Tess electropositive than gold including contacting a substrate
cont ai misefgl in themreskntinventions Sudigble sedaeing agrats wauldbe glean toBess skilled thedrf | adi um

bat h a'}gd included, but arc not limited to, any of a wido varicty of inorganic compounds, nitrogen-

containing compounds and derivatives thereof, organic compounds and derivatives thereof, or

mixtures thereof having antioxidant aclivity. Preferred nitrogen~containing compounds include

30  hydrazinc hydrate and hydrazine sulfatc, and hydroxylamine and salts or other derivatives



then contacting the substrate with an elcctroless gold plating bath. 20 The
- present iiwention is particularly useful in the manufacture ol el cctranic
devi ses, such as printed wiring botu-ds, integrated circuits, integrated
“circuit packaging and the like. The present invention provides a nethod of
manuf acturing an el ectronic device conprising the steps ofi a) contacting a
netal |ayer disposed on an electrotxic device substrate with a pall adi um
bath; and b) than contacting the netal layer with an clectroless gold
platuzg bath. Li an aitemate 25 ctnbodirrient, a gold |layer can be

deposi tRéedtuéh mtybmymmcwmte Hyh&x?&%c%hloﬁﬂé\ FkyRatmepRsihaeNi C

devi ce substrate with pa | adi um bat h for eripd, of ti sy~Cficicnt to
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include, but I's not limtrd t frames) pads on wafers, ccralnic
packageereafitecentsraly 306 dcws&%@ forpisac Fpm'&t*anéewgm%w for applying
a sol derabl e gold knish qn printed ci rc:élt bQard or deposi.ti [g‘ﬂ Id an an
integrated dhWigivatictaaf &Ri@&?iﬂ%l@@“&ﬂget“ﬁé‘aﬁ g ugedin thepesaent dpvendon. gt
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a di scont| nuous palladium | ayer, provi des n subsequently clectral essly

deposi twediuguthipsuliae potassiumm friasulfyse, gad emmeniuwithiasul e, ethylsiediaming o gol d
deposi t{sﬁna%hé ac{&lawémsaﬂlﬁue%s&auIm@ aR@hRlixb. Ehibfuad hamimmate This is

especi a e case he substrate is nickel. Surprisingly) a

caztti nﬂbusremwf@rcdoquapm&Mmseﬁumn@%@trate is not necessary to provide

a highly adhnrcdt_ gold |ayer. The foll ow n | oS are I ntended to
i |lustrate fYPeHEIOSYEHS ‘8&&9 ugeds dopm besupplipd ‘ﬂﬁ'@éiéﬁlmgﬁ@@hlﬁ?fﬂ‘ ‘Efgt‘“ &t e not
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Gol d plating baths were prepared b nbi ni nq@t e corrpanents in Table 1 in

t he anoPAMESYdRERAINE tepesh copne] ﬁﬁaﬂ%ﬁl‘fﬂ lakle 809l d a. 5 Aul ~a3068~ or |
| AuCl 4~~. 1Sodi um t hi osul f at E501~C11~.dIIC Stl|fInLC CI d10D | ﬁ Eg(?
pot assi um pHBSHRRt A TR Semplexing agetts prexRigally proseatdn gpasa ﬁFE“BthfP hs were
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ca.
( to 75 g/L, and still more preferably from 10 to 60 g/L. Thc one or more complexing agents are

20  generally commercially available or may be prepared from by methods well known in the art,

When thiosulfate is used as a complexing agent, it is preferred that one or more organic
stabilizer compounds for the thiosulfate ion are present in the gold plating bath. The one or more
organic stabilizer compounds useful in the present invention have the formula R-SO,-Y wherein
R is (Cy-Cig)alkyl, aryl, or hetcroary] and Y is hydrogen or a monovalent cation. Suitable

25 monovalent cations for Y are alkali metals, such as sodium and potassium, It is preferred that Y
is hydrogen. Bxcmplary alkyl groups for R include, but are not limited to, methyl, cthyl, n-
propyl, iso-propyl, n-butyl, tert-butyl, iso-butyl, n-pentyl, neo-pentyl, hexyl, octyl and decyl.
Typical aryl groups arc those containing 5 to 14 atoms in the aromatic rings. Suitable aryl
groups include, but are not limited to: phenyl; (Ci-Cg)alkylaryl such as toly! and xylyl; naphthyl;



~yxam 10 2 Acid copper plated FR4 coupons (1 in, x 0.5 1in.) were plated with
ni ckel using a conmercially available elcctrolc.~ss tuckel product
(EVERONr M SMT' el ectrol css nickel, available fromthe Shipley Conpany,

Mar | bor ough, Massachusetts). Standard plating conditions were erred (190 F)
to deposit nickel at a rate of 12 ~sin/mu. Follow ng al eetrol ess ni ckel

pl ati ng, the nickel coating was rinsed. Aftr,~r rinsing) the nickel coated
FR4 coupons were then contacted with a pall adium catal yst bath (Rananerse
SMf Catalyst avail able from Shipley Cocnpa~~y) for 1 ntinute. fhe

pal | aduaudrbxsﬁtoabmt Sdii&lbhs mceataayl REfhpd {HA1uRE) Buddre AGt! lind 4l W f@an 3} afil

tCtra%&E’qﬁ ;5 r(fhg%?rochloi'lc acid and 730 nL 7r water.
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vi si bl e pal ym depasi n tai r of palladium
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m ckel Hemyatyl aEEl‘vatlﬁmﬂials&ﬁwc\bﬁm meemio@onymbﬁmm,gm)mkpﬂ 1,8 bath o.f
omtedogh&ep@mcke at a.rate of pinlmn. After

gol gp pﬁla{%mg it “@HHS‘FE QRGr fRRre gon 15 hwalieyl, 3rids or Rgtepparyh eropp nsed
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thick. Lxa nparatiy rocedur e of

except Wﬁgn"f ﬁ‘éb }éﬁg‘f’@’s(%‘éﬁw ‘E‘H?(FH& oy, pitroy o, far Carkylrio rad thag
catal ygQfkebath prior to gold plating. zO xamplc 44 The adhesion of tlic
gol d | ayer deposited an the plated HR4 sanples was eval uated using a

convent i onaln Bl tasdne oImmyMtT&mec&&Qhﬁhr&m@g\ zﬂn\/a%iduﬂ%(ﬁtf lrom gl\/l
t es prepared accordi ng_to Exanpl es
(i r?\peny?aé'ré\g\%/ﬁ'dBm("&ﬁggtﬁ%} 1/&’?‘ %%ﬁ@“’t"%\‘ﬁ‘g“%rmg obihe Smapnt #S il AR he sanpl es

tO provhaeogane sBiies compbithds tsahaﬁhdadoamm of 5 éoﬂ%uﬂ@?m haePmp&iRMed and
exam ned fo{ﬁlﬁt he tusence of , Bal her i r;‘%éto t he The tape renoved

from t heefers 4%§°m0rfwaﬁfﬂ°@°2takwﬁ%raaowew arg Ypcd. mmeme%péu@tp%f t he
gold r @,thmﬁor@'ibrdf&lﬁ‘olpk@hﬁﬂtoﬁ@%/ﬁamhﬁﬁulhﬂﬁhﬁ@ﬁlb aﬂoaufm&wc adhigrent gol d

deposit. The tape re d fromthe sanples of 1;xanp 3 did contain gold.
Ther ef é“f”é‘m‘{j‘(ﬁlllﬂg@ﬂa@ &gngmrﬁm Hehilizer eqmpoupdsarg EF}BF’@EY rorametsiallyig 12 poor

adhwssi Qﬂm%lctdﬁmag%b(ﬂrdﬁWBKheﬂﬁas wallkRfvnsiee k0r the data) contacting
nickel plated satnplcs with a palladiumplating bath prior to elcctralossly

deposi ting §alild not iandiag tbtivuyd Bﬁﬂﬁb@r\ﬂtmllﬁl:@l/odﬁﬁﬁﬁ\bbﬁgaum)ﬁﬁﬁmzére 5

(Com Yparat i rel @P qlh n':@‘{ﬂrf d, on a wafer was El%Lvmth nlckel using a

commer EPEPPYPAS Fapifizg fhe eloptroless gold plating E‘Pé’éﬂmﬁ'PBﬂBE’?“’ ! fenthiogyliaps ion

cl ect r qf @8, uhdédsaildly ambha:mxml%rsaea haeth SRl o8 Yo&sa150 Bik dd\ﬂﬁférbﬂ:ﬁﬂligo a1
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I\/Bssachuaﬁtts St andard at| ng co; ndiijans were used $5.to 1

dep03|t %%é‘P”é‘?c“’é"?‘&‘taé’p iapleyamguyts osulfiy dipyide indhg Gof eighioplfsiotess ni ckel

: th ni ckel % 7dt od. Afi~er ri t he ni ckel
Bl a1 unHA B SotssPHaTU s iy ida dep AHDEJa08 SISk  ng bat h of
E_xarrpl e fornfEy! dalhmsfs daﬂs»;sibﬁl@cbrgdmd dagboRbledeRids @hpaancroatbﬁwaﬂng%wra% mately ~
pi Whi n. ter hatl th substrate was renoved é) m the plating bath,
ri nsed mg| ta bg | by theory, such uniformity enhancers may ad itionally act as
mild reducmg agents. These uniformity enhancers have been found to provide a more uniform
“gold deposit than that provided by compositions that do not contain such compounds. Suitable
25  uniformity cnhancers include polycarboxylic acids such as di- and tri-carboxylic acid
compounds, hydroxy-substituted carboxylic acid compounds, and the like. It is preferred that the
uniformity enthancer is a di-carboxylic acid. Excmplary uniformity enhancers inclade, but are
not limited to, oxalic acid, ascorbic acid, citric acid, malic acid, glycolic acid, malonic acid,

lactic acid, oxalactic acid and (artaric acid. Other suitable uniformity enhancers include phthalic
30 acid, adipic acid, succinic acid and glutaric acid. Prcferred uniformity enhancers arc oxalic acid,



T hc procedure of |?xalJZiple 5 was rpcated except that after nickel plating
and before sold plating, the wafer pad was contacted with the pall adi um
catal yst bath of Exanple 2 for I mnute. Aflcr contact with the palladi um
bath, the wafer pads only contained barely visible palladiumdeposits And
did not contain a full or conplete |layer of palladiumaver the entire
surface, Thus, 20 only pall adi um seeds were dcpositcci on the nickel layer.
After contact with the palladium bath, the wafer pads were contacted with a
gold plating bath according to Exanple 5. Ex~anrile 7 'rhe adhesion of the
gol d | mylenicaciddseorpic atidcandadieic aq:idldexa)i‘c acidi$ tharpkgselbrédurfifonaisy eval uat ed 25
using the tape test of Exanple 4. 1' he tape renoved fromthe plated wafer
pads o?nhﬁc 'f‘rple 5 did c; ontaltt gold. Therefore, gold was renoval fromthe

waf er pads Jislololy adhesign. ,The tape r~tnove at ed
waf er pads I%F‘ (fcfaj'a%glé T RBRHEYt oﬁ‘é@y ﬁrg‘ﬂa‘bﬁ'ﬁr&ﬁﬁgFlb?’b‘f‘%““g?m;"%@"goI d
r emai nad peferably fiphat @l Sigl.eA paaidalarip siitblciangus of ugifdrnitdhiemeditis Gerhd
dep, Slé’ @sl can be see 13 fromthe data, contacting nickel plated
sai 58 th a palladi um plating bath for a time suffcicnt to deposit
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dihydrogen potassium phosphate is typically used in an amount of 1 to 50 g/L, and preferably

from 5 to 25 g/L. In gencral, the present compositions are maintained at a pH 3 to 9, preferably
20  4to 8 and preferably from § to 7.5,

The compositions generally include water. Any grade of water is suitable, but deionized

is prefecred.

Gold plating compositions of the present invention may aptionally contain one or morc
other additives, such as surfactants, Anionic and nonionic surfactants arc the preferred
25  surfactants, and anionic suefactants are more preferred. Suitable anionic surf"actants include
phosphate csters such as phosphate esters of aliphatic alcohols including phosphate esters of
glycerides, and preferably phosphate esters of long chain aliphatic alcohols. Suitable anionic
phosphate cster surfuctants include those sold under (he RHODAFAC and EMPHOS trademarks,
available from Rhodia and Crompton Corporation, respectively. Such surfactants are typically

30  usedinan amount of 0.1 to 2 g/L.
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a substratc containing a metal that is less clectropositive than gold with a palladium bath and

then contacting the substrate with an elcctroless gold plating bath.

20 The present invention is particularly uscful in the manufacture of clectronic devices, such
as printed wiring boards, intcgrated circuits, integrated citcuit packaging and the like. The
present invention provides a method of manufacturing an electronic device comprising the steps
of: a) contacting a metal laycr disposed on an electronic device substrate with a palladium bath;
and b) then contacting the metal layer with an clectroless gold plating bath. In an alternate

25  cmbodiment, a gold layer can be deposited by a method including the step of contacting an
electronie device substrate with a palladium bath for a period of time sufficient to deposit
palladium seeds or a discontinuous palladium layer and then contacting the substrate with an
elcctroless gold plating composition including: a) one or more water soluble gold compounds; b)
one or morc pold complexing agents; ¢) one or morc organic stabilizer compounds of the

30 formula R-SO,-Y wherein R is (Ci-Cig)alkyl, aryl, or heteroaryl and Y is bydrogen or a
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not limited to, lead frames, pads on wafers, ceramic packages, and the like, The present
invention is also suitable for applying a solderable gold finish on a printed circuit board or

S depositing gold on an integrated circuit.

An advantage of the present invention is that a catalytic deposit of palladium,ona
substrate either as palladium secds or a discontinuous palladium layer, provides a subsequently
clectralessly deposited gold layer having very good adhcesion, as compared to gold deposited on
the substrate without a catalytic palladium deposit. This is especially the case when the substrate

10 isnickel. Surprisingly, a continuous layer of palladium on the substrate is not nccessary to
provide a highly adhererit gold layer.

The following examplos are intended to illustrate further various aspects of the present
invention, but are not intended {o limit the scope of the invention in any aspect.

15 Examplec 1

Gold plating baths werc prepared by combining the coraponents in Table 1 in the

amounis shown.

‘Table 1
Component Amount (g/L)
Gold as AuNa3;04S4 or HAuClq 1
Sodium thiosulfate 50
Benzene sulfinic acid 10
Dihydrogen potassium phosphate 15
Oxalic acid ' 5
Water TolL
20 The pHs of the baths were approximatcly 5.5. The temperature of the baths was

maintained at 120° F (ca. 49° C).
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5  used (190° F) to deposit nickel at a rate of 12 pin/miu. Following clectroless nickel plating, the

nicke] coating was rinsed.

After rinsing, the nickel coated FR4 coupons were then contacted with a paliadium
catalyst bath (Ronamerse SMT catalyst available from Shipiey Company) for | minute. The
palladium catalyst bath contained 100 ppm of palladium as palladium tetrammine chloride, 170

10  mL/L hydrochloric acid and 730 mL/L DI watcr. After contact with the palladium bath, the
samples only contained barely visible palladium deposits and did nc;t contain & full Jayer of
palladium over the entive surface. Thus, only palladium seeds were deposited on the nickel
layer. The samples were next contacted the gold plating bath of Example 1. Gold was deposited
on the nickel at a rate of 2 pin/min. After gold plating, the substrate was removed from the

15  plating bath, rinsed and dried. ‘The gold deposits were analyzed and found to be 4 to 7 pin tﬁick.

Examnle 3 (Comparative)

The procedure of Example 2 was repeated cxcept that the samples were not contacted

with the palladium plating catalyst bath prior to gold plating.
20

Example 4

The adhesion of the gold layer deposited on the plated FR4 samples was evaluated using
a conventional tapc test. Transparcnt tapc (Scotch brand available from 3M, St. Paul, MN) was
applied o samples prepared according to Examplcs 2 (invention) and3 (comparative). The tape
25  was pressed down on the samples to provide good adhesion to the gold layer. The tape was then
removed and examined for the presence of gold adhering to the tape. The tape remaoved from the
samples of Example 2 contained no gold. Thercfore, all of the gold remained on the plated FR4
samples indicating a highly adherent gold deposit. The tapc removed from the samples of

Example 3 did contain gold. Therefore, gold was removed from the plaled samples indicating

12
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5 Fxample arative

1

An aluminum pad on a wafcr was plated with nicke] using 8 commercially available
electroless nickel product (EVERON™ BP clectraless nickel, available from the Shipley
Company, Marlborough, Massachusetts). Standard plating conditions werc used (185° to 190°
F) to deposit nickel at a ratc of 10 to 12 pin/min. Following clectroless nicke! plating, the nickel

10 coeating was rinsed.

After rinsing, the nickel coated aluminum substrate was then contacted with the gold
plating bath of Example 1. Gold was dcposited on the nickel at a rate of approximately
2 pin/in, After gold plating, the substratc was removed from the plating bath, rinsed and dried.

15 gxamgl'e 6

The procedure of Example 5 was repeated except that afier nickel plating and before pold
plating,. the wafer pad was contactcd with the palladium catalyst bath of Example 2 for 1 minute.
Afler contact with the palladium bath, the wafer pads only contained barely visible palladium
deposits and did not contain a full or complcte layor of palladium over the entire surface, Thus,
20  only palladium secds wcre deposited on the nickel layer. After contact with the palladium bath,
the wafcr pads were contacted with a gold plating bath according to Example 5.

; Example 7
The adhesion of the gold layer on the plated wafer pads of ixamplos 5 to 6 was evaluated
25  using the tape test of Example 4. The tape removed from the plated wafer pads of Example S did
contain gold, Thercfore, gold was removed from the wafer pads indicating poor adhesion. The
tape removed from the plated wafer pads of Example 6 contained no gold. Thercfore, all of the
gold remained on the plated wafer pads indicating a highly adherent gold deposit. As can be sce
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I
from the data, contacting nickel plated samples with a palladium plating bath for a time sufficicnt

to deposit palladium seeds prior to clectrolessly dcpositing gold provides highly adhcrent gold
deposits.

While the invention has'bceu described in detai] with reference to specific embodiments
5 thereof, it will be apparent to one skilled in the art that varioug changes and modifications can bo
made, and equivalents ocmiployed, without departing from the scope of the ¢laims,
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period of time sufficient to deposit palladium secds or a discontinuous palladium layer,
3. The method of claim 2 where¢in the period of timo is from 10 to 300 seconds.

4. The method of any of claims 1-3 wherein the palladium bath contains at least 25 ppm
of palladium,

10 5. The method of any of claims 1-4 whercin the palladium bath contains from 50'to 200
ppm of palladiym.

6. The method of any of claims 1-5 wherein the electroless gold plating bath comprises:
a) one or more water soluble gold eompounds;
b) onc or more gold complexing agents;

15 c) oue or more organic stabilizer compounds of the formula R-SO,-Y whercin R is
(Ci-Cig)alkyl, aryl, or hetcroaryl and Y is hydrogen or a monovalent cation; and

d) one or morc uniformity enhancers.

7. A mcethod of manufacturing an electronic device comprising the steps of: a)
contacting a metal layer disposed on an clectronic device substratc with a palladium bath; and b)

20  then contacting the mctal layer with an electroless gold plating bath.

8. The method of claim 7 whercin the metal layer is contacted with the palladium bath

fora period of time sufficient to deposit palladium secds or a discontinuous palladium layer.
9. The method of claim 7 or 8 wherein the clectroless gold plating bath compriscs:
a) one or morc water soluble gold compounds;

25 b) one or more gold comiplexing agents;

¢) onc or more organic stabilizer compounds of the formula R-SO,-Y whercin R is .,

i (Ci-Cig)atkyl, aryl, or heteroaryl and Y is hydrogen or a monovalent cation; and
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