19 April 2006 PLATING METHOD Background of the Invention The present
invention relates generally to the field of electrol ess meta? Apriaed¥y. In
particular, the present invention relates to the field of electroless gold
plating. 5 Imrersion or displacenent plating is an electroless plating
process, but is given a separate classification in the art. In inmmersion

pl ati ng, deposition is by displacenent of an elenental netal froma
substrate by nmetal ions in a plating solution. In clectroless plating
deposition takes place primarily by autocatal ytic reduction of netal ions
fromsolution. Such electroless ph?ki“ﬁ‘??ﬁ\?ﬁ’k‘hﬁf the presence of a reducing
agent. 10 Immersion plating does not enploy an éxternal electric current but
rather is ghu.8hB8bFAE L& di spl acenent reaction which is driven by the
position o At al in the electronotive series relative to the
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corrosive substances. Such gold deposits have typically been plated

: 15 In the manufacture of printed wiring boards, solderable finishes arc typically applicd to

printed wiring board substrates having pads and/or through holcs cxposed through a mask, such
as a soldcrmask. Such solderable finishcs arc often applied by immersion plating as electroless
plating can also deposit metal on the surface of the mask, which is undesirable. As an immersion
plating reaction is driven by the difference in elcctrochcmical potentials, plating will only occur

20  at areas of exposcd metal. IFor example, U.S. Patent No. 5,143,544 (Jantosca) discloses a
solution for immcrsion plating a tin-lead alloy suitable as a solderablc {inish on a prinied wiring
board substrate. However, there is a prowing demand for more environmentally acceptable
altcrnatives to lead for usc in printed wiring board manufactore. Thus, the use of lead and lcad
alloys in clcctronic components faccs an uncertain fi uture. Sce, for example, U.S. Patent No.

25 5,536,908 (Etchells et al.).

Gold is a more cnvironmentally acccptable alterative to lead and has long becn used in
the electronics industry as a metal for contact surfaccs because of its low electrical resistivity and
its inertncess to attack by corrosive substances. Such gold deposits have typically been plated

using electroless or immersion gold plating baths. In particular, gold bas long been uscd over a



using electroless or imersion gold plating baths. In particular, gold has

'l ong been used over a 1 19 April 2006 nickel undercoat to ptOdPHE2Q06

sol derabl e finish. Typically, the nickel undercoat is electrolessly applied
‘while the gold is imersion deposited. Such processes arc referred to as

el ectrol ess- nickel-imersion-gold or "ENIG " El ectrol ess gold plating baths
contain a reducing agent. Typical reducing agents are 5 thiourea and al kyl

t hi ourea derivatives, enol-containing conmpounds such as ascorbic acid (see
U S. Patent No. 4,481,035 to Andrascek et al.), and boron-containing
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be stable and clear. "Sodium sul fite has, therefore, been used in prior art
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solution, the faster the rate of sulfur 'dioxide formation wll be.
with sulfitc ions. Such baths are typically unstable when operated at a pH of 6 or below as sulfur
dioxidc is liberated from the bath under these pH conditions. It is known that the thiosulfate ion
decomposes in acid solution to give elemental sulfur and sulfite ions. When an aqucous solution
20  of sodium thiosulfate is adjustcd to a pH of about 4 to 5, the solution will tum cloudy due to the
formation of elcmental sul.fur. However, if sodium sulfite is also added to the above solution,
elemental sulfur will not form and the solution will be stablc and clear. Sodium sulfitc has,
thercfore, been used in prior art metal plating solutions and sodium thiosulfate Lo stabilize the
solution. The problem with using sodium sulfitc, however, is that the sulfite ion itsclf is not
25  stable in mildly acidic solutions, such that sulfur dioxide is slowly formed and liberated from the
solution. The more acidic the solution, the faster the ratc of sulfur dioxide formation will be.
This leads 1o high consumption of sodium sulfitc and instability of the mctal thiosulfate complex

in acidic solutions.

Immersion gold plating baths avoid many of the above reducing agent-derived

30 drawbacks. However, such immersion plating baths typically require high plating temperatures,



This |l oads to high consunption of sodiumsulfite and instability of the
nmetal thiosul fate conplex in acidic solutions. | mrersion ﬁbﬁﬂﬂbmgﬁing

bat hs avoid many of the above reduci ng agent-derived 30 drawbacks. However,
such imrersion plating baths typically require high plating tenperatures, 2
19 April 2006 such as about 70 C or greater, for proper operation and do not
deposit thick gold layers. Such high tenperatures are often inconpatible
with some el ectronics packaging materials. Hybrid electroless gold baths
that do not automatically deposit gold and do not solely deposit gold by

di spl acesmhtas pbat 70" Bayreat&re €97 pRupRPESeation R dEn@ deposh itk gold tdydrsb@udhs nay
overcone, 5 ?roblens of ﬁrlor art electrol css, and |$ger5|on gol d Latlng

bat hs, t F8" IBLRFFAVHIRHAG O En HepRRatible withsompglecrgpics packaipgmAGHAK cHybEd

subst r at ﬂSGtr(ﬂéb@ lRoRDaths %@ho 9& aﬂtoﬁ&ﬁﬁbal@%pm g%mawdatneﬁsolﬁyaqma@omyent EP 1
021 593 (Backus et al i} i scl oses an cl ectrol ess‘mgléq | ating bath that
'B]Pb{‘P

i s parti displaramentpipingdave pesn rrepased- t While gish Byl YPIeOmcs pat ent
gol d :taygfros]oars%fﬁﬁbreﬂamn%a& %ﬂﬁﬂ%l&ﬁgb]&ﬂaﬁﬁ‘ﬁdﬂﬁu@u?csﬁﬁinl;%@ldbﬂ& QYGRS as

such pl ati ng_bat fail ;g ate on ot her tals, such as nickel.
"t' hus, P%éPgW%’tléaﬁ@wtf #ﬁ%oﬂ@héﬁmﬂl@b%mﬁlr%‘@@@d bR s havi ng good
adhesion to substrates, particularly to nickel ni ckel - coat ed substrates,

whi | e over conF¥EPeALalsp £A21 693 B Gt M‘S%qsé%%nr%?céfé’?sb&? dplsting i ng

bat hs. 1@&59%%&31&19%1&8]&%# d«%@sxhﬁg oﬁ)ﬁﬁf&dﬁlﬁf mmﬁ ;ﬁ&lny gofaek{ Hat
hi ghl y adherent "gol d | ayers can osited on a substrate from an

el ectrol @s«‘érolqeﬁmdemsngi 941@1911% paWtun Jovers phepch alating b@tbhfaddn elateran offisr d
Iaye{(ﬁ RAEG1IsIGRASE higkkiPy first contacting the substrate with at least a
catal ytic armunt of palladiumand then contacting the substrate with an

el ectrol ess ' gphd, BbRS J‘Qee@%rﬂnctﬁ&e'o@dﬁ%@mﬁéP&Gﬂaycis'ih@v;ﬁ{g ?@&Mdhlcﬂ&%“ on
provi des a net hod, of deposi ting zimg conprising the

on a net a
steps orsuBytratesnpariieylasly toméckaberdiickgl-eqpted S]a%ﬂﬂmw whilcpyersomingdheproblems of

cont act i RRvifiRnARI R ro)Ad db1@PaGhLGkKO! €ss gol d plating bath. In another
aspect, the present invention provides a method for inproving the adhesion

of an clectrolessly deposited gold |layer to a netal conprising the steps
of . a) contacting the netal

15  Summary of the Invention
It has been surprisingly found that highly adherent gold laycrs can be deposited on a
substrate from an electroless, including immersion, gold plating bath. Such adherent gold layers
are deposited by first contacting the substrate with at Jeast a catalytic amount of palladium and

then contacting the substrate with an electrolcss gold plating bath.

20 In one aspect, the present invention provides a method of depositing a gold Jaycr on a
mctal comprising the steps of: a) contacting the metal with a palladium bath; and b) then
contacting the metal with an electroless gold plating bath.

In another aspcct, the present invention provides a method for improving the adhesion of
an clectrolessly deposited gold layer to a metal comprising the steps of: a) contacting the metal
25  with a palladium bath; and b) then contacting the mctal with an clectroless gold plating bath.

In still another aspect, the present invention provides an article comprising in order a
nickel layer; palladium seeds or a discontinuous palladium layer; and a gold laycr. Such gold

layer is typically clectrolessly depositcd.



25 with a palladiumbath; and b) then contacting the netal with an
‘clectroless gold plating bath. In still another aspect, thel%ﬁéélb%(@%

i nvention provides an article conprising in order a nickel layer, palladium
seeds or a discontinuous palladiumlayer, and a gold layer. Such gold |Iayer
Is typically electrolessly deposited. 3 19 April 2006 In a further aspect,
the present invention provides a nethod of manufacturing an electronic
device conprising the steps of, a) contacting a netal |ayer disposed on an
el ectronic device substrate with a palladi um bath; and b) then cont acting
the netal |aygr, t
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numerical ranges arc constrained to add up 1o 100%.

The present invention provides a method of depositing a gold layer on a substrate such as
a metal, comprising the stcps of: a) contacting the metal with a patladium bath; and b) then
contacting the metal with an electroless gold plating bath. The metal is typically contacted with
20  apalladium bath for a time sufficient to deposit palladium on the surface of thc metal. Any
amount of palladium is sufficicnt to increasc the adhesion of clectrolessly deposited gold. Such
palladium deposit may be a continuous layer of palladium on the metal, a discontinuous layer of
palladiurn or may be palladium sceds deposited on the metal. By “palladium sceds™ is meant
discrcte or isolated palladium deposits. By “discontinuous layer of palladium” is mcant a layer
25  of palladium that does not cover the entirc platable surface of the underlying substrate or metal.
A discontinuous layer of palladium is a laycr of palladium-containing discontinuities or voids. It
is preferved (o deposit palladium seeds or a discontinuous palladium laycr rather than a
continuous palladium Jayer. In certain applications, a continuous palladium layer may be
advantageous. The palladium deposits of the invention provide increascd adhesion of

30  subscquently electrolessly deposited gold layers.



di screte or isolated palladiumdeposits. By "discontinuous |ayer of
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under the Ronamerse SMT Catalyst trademark, available from Shipley Company, Marlborough,
MA,

20 The palladium plating baths of the present invention may be used at a variety of
temperatures, such as from below room temperature (ca. 20° C) to about 60° C. Typical

tempemature ranges are from 23° to 60° C, and preferably from 25° to 58° C.

The metal is contacted with the palladium bath for a period of time sufficient to deposit
sufficicnt palladium to provide a subsequently electrolessly deposited gold layer having
25  improved adhesion as comparced to a gold layer deposited without such palladium deposit.
Typically, contact times of at least 5 seconds, preferably at lcast 10 scconds and more preferably
at least 30 scconds are sufficient. Particularly suitable contact times arc from 5 1o 600 seconds,
preferably 10 o 300 seconds and morc preferably 30 to 180 scconds. Following contact with the '

palladium bath, the mctal is optionally rinsed, such as with water, prior to gold plating.



tenperatures, such as from bel ow roomtenperature (ca. 201 ﬁ% to about 60 C.
‘Typi cal tenperature ranges are from23 to 60 C, and prefer A?H 25 to
58 C. The netal is contacted with the palladiumbath for a period of tine
sufficient to deposit sufficient palladiumto provide a subsequently

el ectrol essly deposited gold | ayer having 25 inproved adhesi on as conpared
to a gold | ayer deposited w thout such palladiumdeposit. Typically,
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pot assi umried Magb@ptesi@ed in situ in the clectrolyte composition by adding to watcr an amount of
water-insolublc gold cyanide and an amount of potassium cyanide to form the watcr-soluble

potassium gold cyanide.

The total amount of the one or more water soluble gold compounds is typically from 0.1
20 ‘ to 60 g/L. Preferably, the gold compounds are present in an amount of 0.5 to 15 g/L, and morc
preferably 0.5 to 5 g/L. Such water soluble gold compounds are generally commercially
availablc from a variety of supplicrs or may bc prepared by methods well known in the art.

When a true electrolcss (autocatalytic) gold plating bath is desired, a reducing agent is
typically used. Any reducing agent which acts as an oxidant in preference to the oxidation of
25  nickel or which is capable of minimizing the tendency for bipolar attach of the pickel laycr is
useful in the present invention. Suitable reducing agents would be clear to those skilled in the art
and included, but arc not limited to, any of 2 wide varicty of inorganic compounds, nitrogen-
containing compounds and derivatives thereof, organic compounds and derivatives thereof, or
mixtures thereof having antioxidant activity. Preferred nitrogen-containing compounds include

30  hydrazinc hydrate and hydrazine sulfate, and hydroxylaming and salts or other derivatives



The total anmount of the one or nore water sol uble gold conpounds is
typically from0.1 20 to 60 g/L. Preferably, the gold coanﬁﬁﬂ§1%¥5 pr esent
in an anmount of 0.5 to 15 g/L, and nore preferably 0.5 to 5 g/L. Such water
sol ubl e gol d conpounds are generally comercially available froma variety
of suppliers or may be prepared by nmethods well known in the art. Wen a
true electroless (autocatalytic) gold plating bath is desired, a reducing
agent is typically used. Any reduci ng agent which acts as an oxidant in
preference to the oxidation of 25 nickel or which is capable of m nim zing
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Sui t abl esaltd4ie grifarodo Mbdse picltgred gesotifund thivkulthee. but are not limted to,

thiosulfuric acid, thiosulfate salts such as sodiumthiosulfate, potassium
t hi osul f at e, Vélmoh thiosw faiteion idwisod Lt cah &t syppbitd imydng neldiiemsatble forin; sebes ac aci d

and ,ict s . ktrilotri.acetic acid, and the |ike. . Thi.gsulfurji¢c acid and
i dsut IR ositld sl S GRaS bl o Bimahl Gl P FPEHRAL bl o "nen
t hi osul fpehtahydpate being sednost tecanamidabargiupgalilly @dailablcanyresol uti on sol uble form
such as an 15 alkali thiosulfate (e.g., sodiumor potassiun) or anmmopni um

t hi osul f at e, Such neswanarercdrhplosing dgenes are typically present in a total amount of 0.1 to 150

g/L, and preferably from 1 to 100 g/L. A morc preferred amount of complexing agent is from 5
to 75 g/L, and still mare preferably from 10 to 60 g/L. Thc onc or more complexing agents are
20  generally commercially available or may be prepared from by methods well known in the art,

When thiosulfatc is used as a complexing agent, it is preferred that one or morce organic
stabilizer compounds for the thiosulfate ion are present in the gold plating bath. The one or more
organic stabilizer compounds useful in the presbent invention have the formula R-SO,-Y wherein
R is (C,-Cyg)alkyl, aryl, or heteroary] 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. Excmplary 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 ary] groups arc those containing 5 to 14 atoms in the aromatic rings. Suitable aryl

groups include, but are not limited to: phenyl; (C)-Cg)alkylaryl such as tolyl and xylyl; naphthyl;



pent ahydrate being the nost econom cal and readily avail abl e source. Such
one or more conpl exing agents are typically present in a tolAlhpEhdft of 0.1
to 150 gilL, and preferably from1l to 100 g/L. A nore preferred anount of
conplexing agent is from5 to 75 g/L, and still nore preferably from10 to
60 g/L. The one or nore conpl exing agents are 20 generally comercially

avai l abl e or may be prepared fromby nmethods well known in the art. \Wen
thiosulfate is used as a conplexing agent, it is preferred that one or nore
organic stabilizer conmpounds for the thiosulfate ion are present in the
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compounds stabilize the elcctroless gold plating compositions, particularly when thiosulfate ion

is uscd, under mildly acidic conditions, such that the solution does not brcak down on standing

and does not liberate any appreciable amounts of sulfur dioxide in the case of thiosulfate ion.

20 One or more uniformity enbancers may be added to the gold plating baths. Such
uniformity enhancers are typically organic carboxylic acids capable of providing chelation,
While not wishing to be bound by theory, such uniformity enhancers may additionally act as
mild reducing 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 catboxylic acid compounds, and the like. It is preferred that the
uniformity enhancer is a di-carboxylic acid. Excmplary uniformity enhancers include, but are
not limited to, oxalic acid, ascorbic acid, citric acid, malic acid, glycolic acid, malonic acid,
lactic acid, oxalactic acid and tartaric acid. Other suitable uniformity enhancers include phthalic

30  acid, adipic acid, succinic acid and glutaric acid. Preferred uniformity enhancers arc oxalic acid,



conpound is 3 to 10 g/L. Such organic stabilizer conpounds are generally
comercially 15 avail able or maybe prepared by nethods melllﬁéﬂgigqpﬁ t he
att. Wiile not intending to be bound by theory, it is believed that the
organi c stabilizer conpounds stabilize the electroless gold plating
conpositions, particularly when thiosulfate ion 1is used, under mldly
acidic conditions, such that the solution does not break down on standing
and does not |iberate any appreciable amunts of sulfur dioxide in the case
of thiosulfate ion. 20 One or nore uniformty enhancers maybe added to the
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used inoaniaarrco(ﬁnt of 0.1 to 50 g/L, and preferably from1l to 15 g/L. A
particulé‘?llf/ i tabl e anmount of uniformty enhancer is from2 5 to 8 g/L.

Preferred gol t h conpasi td ans. i nglude a . H 1 /L. Qf. one or
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cation; b%plg agni, a]f\dtﬂ% liIkSe qjhlé ar%fount of such pll regulating compound uscd depends upon the

desired pH to be maintained and the specific pH regulating compound selected. For example,

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 ata pH 3 10 9, prcfcﬁbly
20 4 to 8 and preferably from 5 to 7.5,

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

is preferred.

Gold plating compositions of the present invention may optionally contain one or morc
other additives, such as surfactants. Anionic and nonionic surfactants arc the preferred
25  surfactants, and anionic surfactants are more preferred. Suitable anionic surf"aclants include
phosphatc csters such as phosphate esters of aliphatic alcohols including phosphate esters of
glycerides, and preferably phosphate esters of long chain aliphatic alcohols. Suitable anionic
phosphatc cster surfactants include those sold under the 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.



oxalic acid. The gold plating conpositions may further inclyd Eﬁéﬂﬁ
regul ati ng conpound. Any pH regulating conpound maybe usedtprB‘i}' 8 that it

does not adversely affect the stability or performance of the conposition.
Sui tabl e pll regulating conmpounds include phosphates such as 15 di hydrogen
pot assi um phosphat e nonohydr ogen di pot assi um phosphate, tripotassi um
phosphate, boric acid, and the |ike. The anount of such pll regulating
conmpound used depends upon the desired pHto be naintained and the specific
pH regul ati ng conpound sel ected. For exanple, dihydrogen potassium

phosphate is $ucRiger iMindgSReh rpbﬂn&}ﬁ neyRe %cpgxfcd by E@mﬁign%/ alfdRe chih n@ﬁtégzl ¢ a
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15 gold may be uscd. For examiple, a layer of nickel on a layer of copper is a suitable substrate for
. depositing gold according to the present invention. Thus, the present invention further provides
a meibod for dcpdsiting gold on a mctal that is Jcss electropositive than gold including contacting
a substratc containing a mectal that is less clectropositive than gold with a palladium bath and

then contactihg 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 circuit packaging and the like. The
present invention provides a method of manufacturing an electronic device comprising the sieps
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 altemate

25  cmbodiment, a gold layer can be deposited by a mcthod including the step of contacting an
electronic device substrate with a palladium bath for a period of time sufficicnt to deposit |
palladium seeds or a discontinuous palladium laycr and then contacting the substratc with an
eleetroless gold plating composition including: 2) one or more water soluble gold compounds; b)
one or more gold complexing agents; ¢) one or morc organic stabilizer compounds of the

30  formula R-SO,-Y wherein R is (C;-Cig)alkyl, aryl, or heteroaryl and Y is hydrogen or 2
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Preferably, the present baths are heated from 30 to 90, and nore preferably
from450 to 80 C. The thickness of the desired gold depositl%ﬁpal Wst rat e
can be controlled by controlling O the anobunt of tine the substrate is in
contact with the present plating conpositions. The present invention is
particularly suited for depositing gold on a wide variety of substrates,
particularly on a netal that is |less electropositive than gold, i.e. a
traditional imersion plating approach. Typical netals that are |ess

el ectropositive than gold include, but arc not limted to, nickel, copper,
and i r onmoMwaRnt db&Bn;AN8 dYBiPdnelod Alord hifofnity @hBRdcED R SIehi¥@of tha®sukfciap! d may
be used. For ex l e, a | ayer of nickel on a Iaé/er_of_ coEper I's a suitable
subst r at ¥ degpsit tﬁve”%@gﬁ £ Jayetr. & axticu iy shipblednipmated cisedtpacks g FgAc, btEs, t he

present hdtVigdiicd @) 1t HahRS, JABOY WERrs, @ik PRYadal arfdeROML 708 pakdl On a netal

that is | ess el ectropositive than gol EI incl uding contacting a substrate

cont ai ni yeriopds also sukahle for applyinga|selderpblp gaidilinish ontaapringed crewit beprdopal | adi um

bat h @andy acti ! : strate with an el ectroless gold plating
%ptﬁgsgg £88bASE LA BeciRf

bath. 20 resent 1n (10N !s' particularly useful in the manufacture of
el ectroni c deyi &RantagdiSithc pRs &l {RERRn ¥ thhiintaRBRI Gpositif BANATGE oflal CUI TS,
integrated circuit packagi and the |ike. The preesent invention provides a
net hod ofubpteatsither Urnafadium sepdser p dispantigeays palladimp layer pryvidsea subspauentdf :  a)
cont act | fgcR1eHy abpds AYEfo1dl] fla A0y ABo@hBELILD RS EofEHEF & SUPEbAIA i th 2
pal | adi um bat h;§ apngl ) 0t gﬁ%ﬁtﬁct iy%g_ot he _r}et al _?ayer vvi%%h ‘?r? cl egt rol ess
gol d pl athe pepstoate withpit aznatalticematadium deposith Blels iseeapecially dlen aase whey the sybstside

depogi t a j i . i.ng; ni ¢ device
subsyy at s Py STREARRY, HEHuD8 AP o5 ERafl (R ARSI D nebBEY " et
pal | adi uprevidea bigbly adhetestqid laperous pal | adi um | ayer and then contacting the
substrate with an el cctroless gold plating conposition including: a) one or
nmore wat er sdihgifdliovgog exaogriqsaunistenddsto ilinsmate furthsr vartpub aspeessrpf drpregeigent s;

wher o n RO ¢ BRALEr Byl o Rl o REpOBEE I A A M o gen o @ 10 10

April 2006 nonoval ent cation; and d) and one or nore uniformty enhancers;

for a period of time sufficient to deposit the desired gold | ayer.

Partjscul arly suitable integrated cirgiihicaackagi ng include, but is not
ers,

limted to, |lead franes, pads on wa “Ceram ¢ packages, and the like. The

present i nvegdi@Palify BltBOw e pkpie@ b E6mRRAL HGnpor@hdRrmablea @ahd finish on
a printed C|trcg| board or
amounts shown.

'Table 1
Component Amount (g/L)
Gold as AuNa3;0gS4 or HAuCl, 1
Sodium thiosulfate 50
Benzene sulfinic acid 10
Dihydrogen potassium phosphate 15
Oxalic acid ’ 5
Water TolL
20 The pHs of the baths were approximaicly 5.5, The temperature of the baths was

maintained at 120° F (ca. 49° C).
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5 depositing gold on an integrated circuit. An advantage of the present
invention is that a catalytic deposit of palladium on a sult¥sApak2006ither
as pal |l adi um seeds or a discontinuous palladium | ayer, provides a
subsequently clectrol essly deposited gold | ayer having very good adhesi on,
as conpared to gold deposited on the substrate without a catalytic

pal | adi um deposit. This is especially the case when the substrate 10 is

ni ckel . Surprisingly, a continuous |ayer of palladiumon the substrate is
not necessary to provide a highly adherent gold layer. The foll ow ng
exanples are intended to illustrate qu&Qﬁ?kgarious aspects of the present

—r =

I nvention, but are not intended to limt the scope of the invention in any
aspect. 15 Exawidl dopper pited FRBduPehsRBINS 0551 wRfGRAEEHithickelidpiang t he.
conponents in Table | in the amounts shﬁyﬂ. qu%e I Cbnggnent Am%ﬂ% (g/L)
Col d as PRINESOEYY pifeplesicefraless mckstpradvdt FPEEANT ap M Totecimiesy RiAelsYPIARS ¢ aci d
10 A hY%ﬁ'Q@@Sl@iﬁ@Wﬁmmﬁuﬁh,ﬁass@ﬁﬁéwﬁb. Rtdndard plafik @bndifors werd0 The
pHs of the baths were approximately 5.5. The 'tenperature of the baths was
mai nt &i nased190P ) tedenosit nigkel @ a mie ofJ2 pir/infu. Foblewbgsigsireless mighediplatipp e pl at ed

FR4 coup ' in.) were plated with nickel using a comrercially
avai | abl gfag?](gé?tﬁ%%&sgs&ﬁ?%kel product (EvVEttONrM SMT el ectrol ess ni ckel,

Bl ati ng. condi Hrgae LB aRY A RIRAEKA cMob RE i coNABRAGAH AN adprn™ 2170 ¢
pi n/ m n. cRdlystbathr(Rostrerse IVE satalystaveilably faeh Shipleyl{zompany) for 1 minute. The

palladium catalyst bath containcd 100 ppm of palladium as palladium tetrammine chloride, 170

10 mL/L hydrochloric acid and 730 mL/L D] water. Aficr contact with the palladium bath, the

samples only contained barely visible palladium deposits and did nc;t contain a full Jayer of

palladium over the cntire surface. Thus, only pal]adiﬁm 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 apalyzed and found to be 4 to 7 pin thick.

Example 3 (Comparative)

The procedure 6f Examplc 2 was repeated cxcept that the samples were not contacied

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. Transparent tapc (Scotch brand available from 3M, St. Paul, MN) was
applicd to samples prepared according to Examplcs 2 (invention) and3 (comparative). The tape
25  was pressed down on the samples 10 provide good adhesion to the gold layer. Thc tape was then
removed and examined for the presence of gold adhering to the tape. The tape removed 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 tape removed from the samples of

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

12



ni ckel coating was rinsed. After rinsing, the nickel coat ?g EB¢.664/pons were
then contacted with a palladium catal yst bath (Ronanerse QP cat al yst

avai l abl e from Shi pley Conpany) for 1 mnute. The palladiumcatalyst bath
cont ai ned 100 ppm of palladium as palladiumtetranmm ne chloride, 170 10 mlJL
hydrochloric acid and 730 nL L DI water. After contact wth the palladium
bath, the sanples only contained barely visible palladi umdeposits and did
not contain a full layer of palladiumover the entire surface~-Fhusyu20nly
pal | adi um seeds were deposited on the nickel |ayer. The sanpl es were next

cont act ed_t i d at i bat h of anple 1 | d was. depgsjted, on the

ni ckel atpoé)lp(rg% gIOBTOPéwﬁoﬁ%M’?ﬁ“' Aﬁ'stcéf%@g@{i??ﬂ‘g‘?%@F‘”ﬁtﬂ@@d‘b 1’%!?‘8‘1 WaPlsSemoved
from t he wih pbailddivgn platiy bath ps&co alectraless§depdtitin @0l diprdeiaesti jisly weetonageld ysed
and found,to .be 4 to 7 }tin thick. Exanple 3 (Conparative) The procedure of
Exanpl e quR/ﬁ’?tsrepeat ed except that the sanples were not contacted wth the
pal | adi um pl ating catal yst bath prior to gold plating. 20 Exanple 4 The
adhesion of the gold | ayer deposited on the plated FR4 sanpl es was eval uat ed
using . a conventional tape test..Trans ent tape (Scotch brand avail abl e
from él\/l St. Paul, MN) was appl}i: epared according to

A
the Sampl es. t SpRUTRHD 0T *atAIEoVE P PRLGRT aPRg sprmiree BASEHEs ¢ hen
renoved asctuelcasminied pfoductt(lesyme s @Patectrblegntickel dhigifabhgfrér tHelBhiglegpe. The tape
df th I f 2 tai.ned no, | d. Th f Il of
he ool d CERROY=I OIS, Messeeh PR S Enfiid BtmEaraLionhy i WrGHEY GRS ent
gol d depgyiy depbR nicRAGt & SHOY¥ED th119 T&Tﬁ&/m. wi%g.fg HetrofeX TR pRticH, theGRRERI N

gold. Therefore, gold was renoved fromthe plated sanples indicating 12 19
Apr i 1020@@ateovasadisedi on of the gold deposit. As can be seen for the data,
contacting nickel plated sanples wth a palladiumplating bath prior to
el ectrol ess| y /dftppssing it Rjeked conted Alunaigumisybatipteaersdhanronigeicd withdhaeald s. 5
Exanpl e %l{tﬁgmrcﬁtﬂx&’ﬂ?ﬂc 1. Gold was dcposited on the nickel at a rate of approximatcly

2 pin/min, After gold plating, the substratc was removed from the plating bath, rinsed and dried.

15 Example 6

The procedure of Example 5 was repeated except tﬁat afler nickel plating and before gold
plating,- the wafer pad was contactcd with the palladium catalyst bath of Example 2 for 1 minute.
Aflcr contact with the palladiwn bath, the wafer pads only contained barely visible palladiura
deposits and did not contain a full or complcte layer of palladium over the entire surface. Thus,

20  only palladium secds wcre deposited on the nickel layer. After contact with the palladium bath,
the wafer 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 IExamples 5 to 6 was evaluated
25  using the tape test of Example 4. The tape rermoved from the plated wafer pads of Example § 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 adhercnt gold deposit. As can be sce



An al um num pad on a wafer was plated w th nickel using a‘f ngﬁmjally
avail able electroless nickel product (EYERONTM BP el ectro I ckel
avai l abl e from the Shipley Conpany, Marlborough, Mssachusetts). Standard
pl ati ng conditions were used (185 to 1900 F) to deposit nickel at a rate of
10 to 12 pin/mn- Follow ng clectrol ess nickel plating, the nickel 10
coating was rinsed. After rinsing, the nickel coated al um num substrate was
then contacted with the gold plating bath of Exanple 1. Gold was deposited
on the nickel at a rate of approximately 2 .sin/mn. After gold plating, the
subst rat ggdiRfhe d%%%caﬁgqmw gxawd%&h gs Dk B alrdunaﬁg exgibﬁs e d. mﬂc%uﬁ%&?cﬁpl e 6
The procedure of Exanp repeate exc er nickel plating and
bef ore gdb depopit aﬂiaﬂglm selqd;s PRk & clpﬁmlmx d@wﬁrthag gad pwvudrsmﬂap@dhlcm gpid

catal yst f a%?sof Exanple 2 for 1 mnute. After contact with the pall adi um
bat h, the pads only contained barely visible palladium deposits and
di d not cont ai I

surface. Thu s tﬁéj{nbﬂ&o g{jﬁ%’ ﬁ]hgségg%dqé\g %ﬂ 5@?&“? tg\éﬁ %%’té@'ﬁ’}‘%{?ﬁ‘éﬁ%ay er.

Af t er Scorbeed, rw\mlhbet msaxpaﬂ toade shill¢skan the art thas vamusrchms abmedifioatioas camdbewi t h a

gold pla I sion of the gold
| ayer onLngig ﬁﬁtggggﬁ\%g g’#&g ééépv};?'@aﬁpﬁ%egs%ﬂm gol)cmé)-smgcva%dmgt ed 25 using
the tape test of Exanple 4. The tape renoved fromthe plated wafer pads of
Exanple 5 did contain gold. Therefore, gold was renoved fromthe wafer pads
i ndi cati ng poor adhesion. The tape renoved fromthe plated wafer pads of
Exanpl e 6 contai ned no gold. Therefore, all of the gold remained on the

pl at ed waf er pads indicating a highly adherent gold deposit. As can be see
13 19 April 2006 fromthe data, contacting nickel plated sanples with a

pal | adium pl ating bath for a tinme sufficient to deposit palladi um seeds
prior to electrolessly depositing gold provides highly adherent gold
deposits. Wiile the invention has been described in detail with reference to
specific enbodinments 5 thereof, it will be apparent to one skilled in the
art that various changes and nodifications can be made, and equival ents
enpl oyed, w thout departing fromthe scope of the clainmns.

14



14 19 April 2006 Clains: 1. A nmethod of depositing a gold Igyer. gn(g met al
conprising the steps of. a) contacting the netal with a pé ARl ahi? ath, for
a period of tine sufficient to deposit palladium seeds or a discontinuous
pal | adium | ayer on the netal; and b) then contacting the netal with an

el ectroless gold plating bath, the electroless gold plating bath conprises
one or nore organic stabilizer conpounds of the fornmula R-S02-Y wherein Ris
(C1- C 19p@ilky!. aryl, or heteroarl and Y is hydrogen or a nonoval ent
cation. 2. The method of claim1l wherein the period of tinme is from10 to
300 seconds. 3!. Aecthed hbdepsiitiogza gald layer 2nwhaete] pomprisipe theatiensrafbak h

contains at.least 25 1, Of | i . i or 3
wher oi n_ g s eteD A pRPLIAL o, i PRIIBE B e i depodt ™7 7
met hod of patlediosi seedsgoran disdotitihwyie rpaliadian i@teabn clenmpetak iangd b) iensboetastingf @ a)
contacting the netal wth a palladiumbath for a period. of tinme sufficient
to deposithe Mgt Wé‘iﬂiaﬂﬁl%g%§g dBlaﬂ?%%%tth%ﬂ%@leﬁé@lgdﬁ?ﬁ%glb&v’e“ronmﬁls?she net al ;
and b) thgp TSR rbdtc s{abﬁizém&d'i‘llnpo%ashoiaﬂle%ﬁﬁﬁlﬁ ®-885-YWHherel Rt isN@,bath, the
el ectroless gold plating bath conprises: a) one or nore water soluble gold

conpoundsGis)alkyl,and, arhetenoasl apdl Ylisdudpsigex bngymagevalent catlonone or nore organic
stabilizer conpounds of the formula R-S02-Y wherein R is (Cl1-C18)al kyl,
aryl, or heteroaryl and Y is hydrogen or a nonoval ent cation; and d) one or
more uni f or m t 9. Biehadthed 6f cléim Awhatinahe pdriodmfitifeds romnid) tar30ekemhdoni ¢ devi ce
conprising the steps of. a) contacting a netal |ayer disposed on an

el ectronic device substrate with a palladiumbath for a period of tine

sufficient to gdepRSnkihBaldr2tHiMM €8 WheRin ﬂleﬁ&a?lﬁmﬁli PR ¢SntRAL laptHatt d ayer on

the nmetal; and b) then contacting the netal |ayer with an el ectroless gold

pl ati ng kepnhof pabledivesl ect rol ess gol d pl ating bath conprises one or nore
organi c stabilizer conpounds of the

4. The method of claim 1, 2 or 3 wherein the palladium bath contains from 50 to

200 ppm of palladium.

5. A method of depositing a gold layer on a metal comprising the steps of: a)
contacting the metal with a palladium bath for a period of time sufficient to deposit
palladium seeds or a discontinuous palladium layer on the metal; and b) then contacting
the metal with an electroless gold plating bath, the electroless gold plating bath
comprises:

a) one or more water soluble gold compounds;

b) one or more gold complexing agents;

c) one or more organic stabilizer compounds of the formula R-SO,-Y wherein R
is (C,-Cyg)alkyl, aryl, or heteroaryl and Y is hydrogen or a monovalent cation; and

d) one or more uniformity enhancers.

6. A method of manufacturing an electronic device comprising the steps of: a)
contacting a metal layer disposed on an electronic device substrate with a palladium bath for a
period of time sufficient to deposit palladium seeds or a discontinuous palladium layer on the
metal; and b) then contacting the metal layer with an electroless gold plating bath, the

electroless gold plating bath comprises one or more organic stabilizer compounds of the

15



15 19 April 2006 formula R-S02-Y wherein Ris (Cl1-C18)alkyl, aryl r
heteroaryl and Y is hydrogen or a nonoval ent cation. 7. TH%AﬁEﬁHQQ?of claim
7 wherein the electroless gold plating bath conprises: a) one or nore water
sol ubl e gol d conpounds; b) one or nore gold conpl exing agents; and c¢) one
or nore uniformty enhancers. 8. An article conprising a nickel |ayer,

pal | adi um seeds or a discontinuous palladium |ayer deposited on the nickel

| ayer by contacting the nickel layer with a palladiumbath for a period of

time suffjcient to depasit the | Ladi um seeds or di scontinyouys pal | adi um
| ayer on foRRUIa R SRer Y |VypEsin Ryt l'SéPf’dIkMTaW’ YeRILPEEL 3BH ¥ He psﬁffés%mphﬁq
seeds or gdhsaarhi feys pal ladium |ayer by contacting the palladi um seeds or
di sconti nuous palladiumlayer with an electroless gold plating bath
conprising one or nore organic stabilizer conmpounds of the formula R S02- Y

wherein Ris ( q‘?}l‘%‘%ﬂo‘éﬂf clafth )7|Whe94’in nl%te?ercggfeXJ goefcrf'glagn-é Batn¥9ﬁ181qge . or a

nonoval ent cation.
a) one or more water soluble gold compounds;

b) one or more gold complexing agents; and

¢) one or more uniformity enhancers.

8. An article comprising a nickel layer, palladium seeds or a discontinuous palladium
layer deposited on the nickel layer by contacting the nickel layer with a palladium bath for a
period of time sufficient to deposit the palladium seeds or discontinuous palladium layer on the
nickel layer, and a gold layer deposited on the palladium seeds or discontinuous palladium
layer by contacting the palladium seeds or discontinuous palladium layer with an electroless
gold plating bath comprising one or more organic stabilizer compounds of the formula R-SO,-

Y wherein R is (C;-Cg)alkyl, aryl, or heteroaryl and Y is hydrogen or a monovalent cation.
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