
;e3ehTh  . 6TTT[* PLATING METHOD Background of the Invention The present
invention relates generally to the field of electroless metal plating. In
particular, the present invention relates to the field of electroless gold
plating. 5 Immcrsion or displacement plating is an electroless plating
process, but is given a separate classiftcation in the art) In immersion
plating, deposition is by displacement of an elemental metal from a
substrate by metal ions in a plating solution. In clcctrolcss plating
deposition takes place primarily by autocatalyiic reduction of metal ions
from solution. Such electroless plating requires the presence of a reducing
agent. 10 Immersion plating does not employ an external electric current
but rather is an electrochemical displacement reaction which is driven by
the position of the substrate metal in the electromotive series relative to
the metal to be deposited from solution. Plating occurs when the dissolved
metal ions in a plating bath are displaced by a more active (less noble)
metal that is contacted with the plating bath  15 In the manufacture of
printed wiring, boards, solderable finishes arc typically applied to
printed wiring board substrates having pads and/or through holes exposed
through a mask, such as a soldermask Such soldetable finishes 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 eloctrochcmieal potentials, plating
will only occur 20 at areas of exposed metal. For example, U.S.  No.
5,143,544 (Iantosca) discloses a solution far immersion plating a tin-lead
alloy suitable as a solderablc finish on a printed wiring board substrate.
However, there is a growing demand for more environmentally acceptable
alternatives to lead for use in printed wiring board mlunlfacture. Thus,
the use of lead and lead alloys in electronic components faces an uncertain
future. SCC, for example U.S. Patent No. 25 5,536,908 (Etchells et al.).
Gala is a more environmentally acceptable alterative to lead and has long
been used in the electronics industry as a metal for contact surfaces
because of its law electrical resistivity and its inertness to attack by
corrosive substances. Such gold deposits have typically been plated using
electroless or immersion gold plating baths. 1r1 particular, gold has long
been used over a    nickel undercoat to provide a solderable finish.
Typically, the nickel undercoat is electrolessly applied while the gold is
immersion deposited. Such processes arc referred to as electrolcss
nickel-immersion-gold or "ENIG" Elcctroless gold plating baths contain a
reducing agent. Typical reducing agents arc 



5 thiourea and alkyl thiourea derivatives, cnol-containing compounds sucli
as ascorbic acid (see U.S, Patent No. 4,481,035 to A~ndrascek et al.), and
boron-containing compounds such as t1Ilcylboranes and borohydridcs. these
conventional platilag baths have certain drawbacks. rot example, baths
containing thiourea as the reducing agent Inust be heated to about 80 to 90
C in order to achieve acceptable deposition rates. Such temperatures are
too high for use witli some 10 electronics packaging materials. Also, at
sucli temperatures the plating solutions can becorrld unstable and
spontaneously form fine particles of gold throughout the solution instead
of producing gold deposits only on the desired substrate. W hen
boron-containing coanpounds arc used as the reducing agont, such compounds
first undergo a hydrolysis reaction whose rate increases with temperature.
Much of die boron-containing reducing agent is consumed in 15 undesired
side reactions making control of its concentration quite difficult. pne
conventional form of electroless gold plating bath is thiosulfatc ion
based, stabilized wills sulfttc ions. Such baths are typically unstable
when operated at a pli. of G or below as sulfur dioxide is liberated from
the bath under these pl-r conditions. It is known that the thiosulfate ion
dccolnposes in acid solution to give elemental sulfur and sulfite ions.
When an aqueous solution 20 of sodium thiosulfate is adjusted to a pH of
about 4 to 5, the solution will tum cloudy duo to the formation of
elemental sulfur. ~iowevcr, if sodium sulfite is also added to the above
solution, elemental sulfur will not form and the solution will be stable
and clear. Sodiuln sulfite has) therefore, been used in prior art metal
plating solutions and sodium thiosulfate to stabilize the solution. The
problem with using sodium sulfite, however, is that the sulfite ion itself
15 IIOt 25 stable in mildly acidic solutions, such that sulfur dioxide is
slowly fonned and liberated from the solution. The more acidic the
solution, the faster the rate of sulfur dioxide formation will be. This
(cads to high consumption ofsodium sulfite and instability of the metal
tliiosulfale complex in acidic solutions. Tmmcrsion gold plating baths
avoid maliy of the above reducing agent-derived 30 drawbacks. However, such
immersion plating baths typically require high plating temperatures, 2
such as about 70~ C or greater, for proper operation and do not deposit
thick gold layers. Such high tatnpcratures are o~.en incompatible with some
electronics packaging materials. I-Iybrid electrolcss gold baths that do
not automatically deposit Bald and do not solely deposit gold by
displacement plating have been propascd. Wlule such hybrid gold baths may
overcome 5 prabIcms of prior atrt electrolcss and immersian gold plating
baths, the rcsulfing gold depasiis are not sufficiently adherent to
substrates, such as nickel or nickel-coated substrates. European Patent Rf'
?. 021 593 E 1 (Backus et al.) discloses an clectroless gold plating bath
that is particularly suitable far depositing gold on palladium Jx~ this
patent) gold layers arc electrolessly deposited on contu~uaus palladiutn
layers as such plating baths fail to plate an otitcr i0 metals, such as
nickel. Thus, there is a need for methods of depositing sold layers having
good adhesion to substrates) pariieularly to nickel or nickel-caatcd
substrates, while overcoming the problems o~ conventional clectroless gold
plating baths. 15 Scunmary of the nventivn rt bas been surprisingly found
that highly adherent gold layers can be deposited on a subsh~lo from an
electralcss, including immersion) gold plating bath. Such adherent gold
layers are deposited by first contacting the substrate with at least a
catalytic amount of palladium and then contacting the substrate with an
electraless gold plating bath. 24 1n one aspect, the present invcntiou
provides a method of depositing a gold layer on a rectal comprising the
steps aF a) contacting the metal witlx a palladium batli; and b) then
contacting the metal with an electroless gold plating bath. in another
aspect) 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 met<~1 25 with a palladium bath; and b) then
contacting the metal with att clectroless gold plating hatlt. 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 geld layer. Such gall layer is typically clectrolessly deposited. 3 



In a further aspect, the present invention provides a method of
manufacturing an clectrotuc device comprising the steps of a) contacting a
metal layer disposed on an clcc(ronic device substrate with a palladium
bath; and b) then contacting the metal layer with an clccirolcss gold
plating bath_ S Detailed Description of the Jnvention As used throughout
this spcciftcation, the following abbreviations shall have the following
meanings, unless the context clearly indicates otherwise:  C ~ dc$rees
Centigrade;  F degrees hahreWeit; g ~ gram; ~, = liter, rnL ~ millititer;
pin ~ microinches; I)r = deionized; I O and min a minutes. "1 he terms
"depositing" and "plating" arc used interchangeably throughout this
specification. "Alkyl" refers to linear, branched and cyclic alkyl.
"fJalide" refers to fluoride, chloride, bromide and iodide. Likewise,
"halo" refers to fluoro, chloro, bramo and lode. Unless otherwise
indicated) aromatic compounds having two or more substituents include
ortho-, meta- and para-substitution. All percentages are by weight, unless
otherwise noted. All 15 numerical ranges are inclusive arid combinable in
any order, except where it is obvious that such numerical ranges arc
constrained to add up to 100%. The present invention provides a method of
depositing a gold layer on a substrate such as a metal, comprising the
steps of a) contacting the metal with a palladium bath; and b) than
contacting the metal with an eleGtrolcss gall plating bath. The metal is
typically contacted with 20 a palladittnt bath for a tithe sufhcicnt to
deposit palladium on the surface oCthc metal. Any atxtaunt ofpalladium is
sufficient to increase the adhesion of clcctinlessly deposited gold) Such
palladium deposit may be a continuous layer of palladium on the metal, a
discontinuous layer of palladium or may be palladium seeds deposited on the
metal. By "palladium seeds" is meant discrete or isolated palladium
deposits. 13y "discontinuous layer of palladium" is meant a layer ~S t~f
palladium that does not cover the entire platable surface of the underlying
substrate or metal. A discontinuous layer of palladium is a layer of
palladium-containing discontinuities or voids. It is prefewed to deposit
palladium seeds or a discpntinuous palladium layer rather than a continuous
palladium layer. In certain applications, a continuous palladium layer ahoy
be advaJitageous. The palladium deposits of the invention provide increased
adhesion of 30 subsequently electrolessly deposited gold layers. 4   Any
palladium bath is suitable for use in the present invention provided that
it contains palladium and an acid. Accordingly) electrolytic ar clcctrolcss
palladium plating baths may be used. When electrolytic plating baths are
used) they are used without current, preferred palladium baths are
elcctroless palladium baths, more preferably immersion baths, and most S
preferably palladium catalyst baths. Such palladium catalyst baths are
imntcrsion palladium baths, are well knovm to those skilled in the au and
typically contain a lower concentration of palladium than conventional
electrolcss palladium plating baths_ Suitable electrolcss palladium plating
baths contain from 1 to 10 gIh of palladium as a soluble palladium salt,
reducing agents, stabilisers and complexing agents. Suitable palladium
catalyst baths contain at least 10 pprn, 10 preferably at least 25 ppm, and
more preferably at least 50 ppm of palladium as palladium salt.
Particularly suitable amounts of palladium in palladium catalyst baths arc
50 to 200 ppm, and , prcfctttbly 50 to a 50 ppm as palladium salt. ~lny
soluble palladium salt may be used such as) but not limited to) palladium
halides such as palladium chloride, palladium acetate) palladium gluconate,
palladium amine halides such as palladium tetrammine chloride, palladium
citrate, 15 palladiunx tartrate and the like. rt is preferred that the
palladium salt is palladium tetramrnlnc chloride. Such palladium catalyst
plating baths also contain acid, preferably mineral acids, and solvent such
as water. Suitable palladium baths are generally commercially available,
such as under the ltonamerse SM'hCatalyst trademark, available from Shipley
Company, Marlborough, MA. 20 The palladium plating baths of the present
invention may be used at a variety of temperahires, such as from below room
temperature (ca. 20 C) to about 60 C. Typical temperature ranges are from
23 to 60 C, and preferably from 2~ to 58 C. The metal is contacted with the
palladium bath for a period of time sufficient to deposit sufiicicnt
palladium to provide a subsequently electrolessly deposited gold layer
having 2S improved adhc;sion as compared to a gold layer deposited without
such palladium deposit. Typically, contact times of at least 5 seconds,
preferably at least 10 seconds and more preferably at least 30 sCCOnds are
sufticient. Particularly suitable contact times arc from 5 to 600 seconds,
preferably x 0 to 300 seconds and more preferably 30 to 1 AO seconds.
Following; contact with the palladium bath, the metal is optionally rinsed,
such as with water) prior to gold plating. 



5   Any electroless gold plating bath may be used in the prestsnt
invention. >li general, electroless gold plating baths contain wafer, one
or more soluble gold co177pannel.S, one or more contplcxing agents,
uniformity enhanccrs, and optionally one or more reducing agents) ,Any of a
wide variety of water soluble gold compounds that provide gold (1) to the 5
plating bath may be used in the present invention. Suitable gold compounds
include, but are not limited to, alkali gold ihiosulfatc compounds such as
trisodium gold thiosulfaia and iripotassium~ gold thiosulfate; alkali gold
sulOtE compounds such as sodium gold sulfite and potassium gold sulfite;
a~x~monium gold sulfite; gold haiidos such as gold chloride; alkali Bald
cyanide compounds such as sodium gold cyanide and potassium gold cyanide;
and ammonium gold 10 cyanide, rTowever, it is preferred that the prescat
compositions arc substantially free of cyanide ions and sulf to ions. By
"substantially free" it is meant that the present compositions contain loss
than U.05 ~L of such ions. It is fuirthcr preferrccd that the present
compositions arc free of cyanide: ions and sulfite ions. It will ba
appreciated by those skilled in the art that the wafer-soluble gold salt
rr~ay bc; 15 added to tho electrolyte composition directly or generated in
situ. 1or example, potassium gold cyanide may be prepared in situ in the
electrolyte composition by adding to water an amount of water-insoluble
gold cyanide and nn amount of potassium cyanide to form the water-soluble
potassium gold cyanide. 'flte Total amount of the one ar more water soluble
gold compounds is typically from 0.1 20 to 60 gIL. Preferably, the gold
compounds are present in an annaunt of U.5 to 15 glL, and more preferably
0.5 to 5 glh. Such water soluble gold compounds are generally
conra~ercially available from a variety of suppliem or may be prepared by
methods well k-nown in the art. When a true electrolcss (autacatalytic)
gold plating bath is desired, a reducing agent is - typically used. Any
reducing agent which acts as an oxidant in pref~~renee to the oxidation of
25 nickel or which is capable of minimizing the tendency for bipolar attach
of the nickel layer is useful in the present invention. Suitabic reducing
agents would be clear to those skilled in the arc and included, but arc not
limited to, any of a wido variety of inorganic compounds,
nitrogencontaining compounds and derivatives thereof) organic compounds and
derivatives ihcroof, or mixtures thereof having antioxidmt activity.
Preferred nitrogen-containing compounds include 30 hydrazine hydrate and
hydrazine sulfate, and hydroxylantine: said salts or other derivatives 6
thereof such as hydroxylaminc, sulfate, hydroxylamine chloride and
hydroxylamine phosphate. The salt or other forms of these compounds that
arc readily soluble in the electrolyte solution are preferred. Uthcr
suitable nitrogen bearing compounds includo nitrogen compound salts where
fhe nltrogez~ Is not in its highest oxidation state. Suitable compounds
oTihis type include, but arc 5 not limited to, nitrites or
nitride-containing compounds, df these, alkali metal nitrites such as
potassium nitrite and sodiunZ nitrite and sodium nitrite are preferred.
Additional suitable reducing agents include organic antioxidant.5 such as
ascorbic acid, ascorbatcs and dct~ivativcs thereof, tocophcrols and
dcrivatcs thereof, and formic acid, formats and thair derivatives. A wide
variety of gold coirtplexing agents may be used in the present invention.
Suitable 10 gold cvmplexing agents include, but arc not limited to,
thiosulfurie acid, thiosulfate salts such as sodium thiosulfate, potassium
thiosulfate, and ammonium thiosul file, e'thylencdiaminc tctraacetic acid
axxd its salts) nitrilotriacetic acid, and the liko. Thiosulfurie acid and
thiosulFate saps are preferred. Most preferred is sodium thiosulfatc.
'nVhen tluosulfaia ion is used, it can be supplied in any solution soluble
form, such as an 15 alkali thiosulfato (c.g., sodium or potassium) or
ammonium thiosulfate, with sodium thiosulfate pcntahydrate being tho mast
economical and readily available source. 



Such one ar mot'e complcxing al;ents are typically present in a total
amount of 0.1 to 150 ~, and preferably from 1 to 100 gIL, h. more preferred
amount of complexing agent is from 5 to 75 glL, and still more preferably
from 10 to 60 glL. The one or more complexing agents are 20 generally
commercially available or may be pmpared from by methods wcl! known in the
art, Whan thipsulfatc is used as a complcxing agent, it is preferred that
one or more organic stabiliser compounds for th thiosulfate ion ace pxescnt
in the gold plating bath. The one or more organic stabiliser compounds
useful in the present invention have the formula !t-S02-Y wherein ft is
(C,--Cva)alkyl, aryl, or hctcroaryl and Y is hydrogen or a monovalcnt
cation. Suitable 25 nivnovalcnt cations for'Y arc alkali metals, such as
sodium and potassium, It is prefewed that Y is hydrogen. Exemplary alkyl
groups for R include, but are not limited to, methyl, ethyl, n propyl,
iso-propyl, n-butyl, tcrr-butyl) isp-butyl) n-pentyl) neo-pentyl, hcxyl,
octyl and decyl. Typical aryl grouts arc those containing 5 to 14 atoms in
the aromatic rings. Suiwblc aryl 8 oups include, but are not li~nitGd to:
phenyl; (C~-Ca)alkylaryl such as tolyl and xylyl; naphthyl; 7   arid
bisphefiol A. Suitable hekeroaryl groups include, but arc not limited io)
furanyl) pyridyl, thiophenyl, and the Iikc. It is preferred that it is an
aryl group, and trace preferably phcfiyl. It will be appreciated by those
skilled in the art that substilutcd (Ct-Cts)alkyl, aryl, ar he~teroaryl arc
within the scope of this invention. liy "substituted (Ct-Cls)alkyl, aryl,
or hetoroaryl", it is meant that one or more hydrogcns on the
(Ct-Cr$)alkyl, aryl, or heteroaryl group is replaced by one or more
substituents groups. Suitable substituents groups include, but are not
limited ta, halo, hydroxy) (C~-C6)alkoxy, carb(C1-C6yalkoxy, vitro, thio)
(Ct-G6)alkylthio, and the like. In general, the one or snare organic
stabilizer compounds arc used in an amount of at 10 (east 0.5 gII,)
preferably at lease 1 gn,. The practical upper limit of flit amouixt of the
ono or more organic stabilizer compounds is the saturation linut of sucli
con~paunds in the composition. Preferably, the one or more organic
stabiliser compounds arc used in an amount of Z gIL to 25 g/L and mare
preferably from 3 to 15 g/1.,. A particularly suitable amount oforganic
stabilizer compound is 3 to 10 g/L. Such organic stabilizer compounds arc
generally commercially 15 available or may be prepared by methods well
known in the au. While not intending to be bound by ihcory, it is believed
that the organic stabilizer compounds stabilize the elcctrolcss gold
plating compositions, particularly when thiosulfate ivn is used, under
mildly acidic conditions, such that the solution does not break down on
standing and does not liberate any appreciable amounts of sulfur dioxide in
the caso of thiosulfate ion. 20 Ono or more uniformity enbanccrs may be
added to the gold plating baths. Such uniformity enhanccrs are typically
organic carboxylic acids capable of providing chelxtion. While not wishing
to be bound by theory, such uniformity enhanccrs may additionally act as
mild reducing agents. These uniformity enhanccm have been found to provide
a more unifomt gold deposit than that provided by compositions that do not
contain such aampourtds. Suitable x5 uniformity cnhaneers include
pvlycarboxylic acids such as di- and tri-carboxylic acid compounds,
hydroxy~substituted carboxylic acid eornpoundc, and the like. It is
preferred that the uniformity enhances is a di-eau hoxylic acid. Bxcmplary
uniformity enltancers include, but are not limited to, oxalic acid,
ascorbic acid, citric acid, malic acid, glycolic acid, moronic acid, lactic
acid) oxalactic acid and tartaric acid. Other suitable uniformity enhanecrs
include phthalic 30 acid, adipic acid, succinic acid and glutaric acid.
1'rcferred uniformity enhancers arc oxalis acid, 8   malonic acid) ascorbic
acid, and citric acid. Oxalic acid is the most preferred uniformity
cah,anccr. In general, the one or more unifonnity enhancers are used in an
amount of 0.1 to 50 glT~, and preferably from 1 to 15 glG. A particularly
suitable amount of uniformity cnhancer is from 2 5 to 8 gIL. ~ Preferred
gold plating bash compositions include a) 0.5 to 15 ~. of one or more
alkali 



metal geld Ihiosulfate compounds; b) 1 to 100 ~L of ono or more gold
comptexing agents selcclcd from the group consisting of thiosulthrie acid
or an alkali inctal thiosulfate salt; c) 2 gll.. to 25 g/~ of one or more
organic stabilizer compounds of the formula R~SOi-Y whcxCin It is (Ca 10
Cis)alkyl, aryl, or hctcroaryl and Y is hydrogen ar a manavalent catian;
and d) 1 to 15 g/lf of oxalic acid. Tho gold plating compositions may
further include a pIl regulating compound. Any pH regulating compoua~,d may
be used provided that it does not adversely affect the stability or
porfarmance of tho carnposition. Suitable plI regulating compounds include
phosphates such as 15 dihydragcn potassitun phospliate monohydrogen
dipotassium phosphate) tripotassium phosphate, boric acid) and th.e liko.
The amount of sucli pll regulating cornpaund used depends upon the desirod
pH to be maintained and the specific pH regulating compound selected. For
example, dihydcogen potassium phosphate is typically used in an amount of 1
to 50 g/L, and preferably from S to ZS g/L. 1n general, the present
compositions are maintained at a pFi 3 to 9, preferably 20 4 to 8 aztd
preferably from 5 to 7,5, The compositions generxhy include water. Any
grade of water is suitable, but deionized is preferred. Grold plating
ccnnpositions of the present irvcntion may optionally canlain one or rnorc
other additives, such as surfactants, Anionic and nonionic surfactants arc
the preferred 25 surfactants, and anionic surfactants are mare preferred.
Suit<~blc anionic surfactants include phosphate esters such as phosphate
esters of aliphatic alcohols including phosphate esters of glycerides, and
preferably phosphate esters of long chain aliphatic alcohals~ Suitable
anionic phosphate ester surfactants include those sold undc;r the RxO~AFAG
and EMt~HOS trademarks, available from Rhodia.and Cromptan Corporation,
respectively. Such surfactants arc typically 30 used in an amount of 0.1 to
2 gIL. 9   Such gold plating compositions may be prepared by combining the
above cornponcnts in any order. xt is preferred that when gold chloride is
used, it is added to the compositions aRer the gold complexing agents,
organic stabiliser compounds and uniformity enhancers aro added to the
composition. Pro~`erably, the pII of the composition is maintauied at > 5
during the addition of 5 the gold chloride. The p11 may be maintained, for
oxanlple, by the addition of hydroxide, such as potassium hydroxide. , Tn
general, such gold plating baths arc heated during use, typically from 25
to 95 C, 1'rcferably) the present batlls are heated from 30 to 90, and more
preferably from 45 to 80^ C. The thickness of the desired gold deposit on a
substrate can be controlled by controlling 10 the amount of time the
substrata is in contact with the present plating compositions. 1'ho present
invention is particularly suited far depositing gold on a wide variety of
subsrtes, particularly on a metal tlzat is less electtopositivo titan gold)
i.e. a traditional immersion plating approach. Typical metals that arc less
electropositive than gold include, but arc riot limited to, nickel, copper,
and iron. More than one metal that is less electropositive than 15 gold may
be used. ror example, a layer of nickel on a layer of copper is a suitable
substrate far depositing gold according to the present invention. Thus, the
present invention further provides a moQ~od far depositing gold on a metal
that is less electropositive than gold including contacting a substrate
containing a motel that is less electropositive than gold with a palladium
bath and 



then contacting the substrate with an elcctroless gold plating bath. 20 The
present iiwention is particularly useful in the manufacture oI`elcctranic
devises, such as printed wiring botu-ds, integrated circuits, integrated
circuit packaging and the like. The present invention provides a method of
manufacturing an electronic device comprising the steps ofi a) contacting a
metal layer disposed on an electrotxic device substrate with a palladium
bath; and b) than contacting the metal layer with an clectroless gold
pIatuzg bath. Li an aitemate 25 ctnbodirrient, a gold layer can be
deposited by a method including the step of contactuig aa~ electronic
device substrate with a palladium bath for a period of time su~Cficicnt to
deposit palladium seeds or a discontinuous palladium layer and then
contactuig the substrate with an electroless gold plating composition
including: a) one or m4re water soluble gold compounds; b) one or more gold
complcxing agents; c) one or mono organic stabilizer compounds of the 30
fom~ula R-S4~-Y ~cwhcrein R is (C~-C,8)alkyl, aryl, or heteroaryl and Y' is
hydrogen or a 10   5 10 monovalent ctttion; and d) and one ar more
uniformity enhanccrs; for a period of time sufficient to deposit the
desired gold layer. particularly suitable integrated circuit packaging
include, but is not limitrd to, lead frames) pads on wafers, ccralnic
packages, and the like. The present invention is also suitably for applying
a solderable gold knish on a printed circuit board or depositing gold an an
integrated circuit. An advantage of the present invention is that a
catalytic deposit of palladium, on a substrate either as palladium seeds or
a discontinuous palladium layer, provides n subsequently clectralessly
deposited gold layer having very good adhesion) as carnparcd to gold
deposited on lire substrate without a catalytic palladium deposit. This is
especially the case when the substrate is nickel. Surprisingly) a
cazttinuous layer of palladium on the substrate is not necessary to provide
a highly adhnrcdt gold layer. The following ex~ullplos are intended to
illustrate further various aspects of the present invention, but are not
intended to limit the scope of the invention in any aspect. 15 Examt~lc 1
Gold plating baths were prepared by combining the companents in Table 1 in
the amounts shown. 'fable 1 ComponentAmount (g/G)Gold a.5 AuI~a306S~ or l
IAuCl4~~. 1Sodium thiosulfatE501~C11~.dIlC StllfInLC aCld10Dilzydrogen
potassium phosphate15Oxalic acid'VllaterTo 1 L 20 The pHs of the baths were
approximately 5.5. The temperature of the baths was maintained at t20 F
(ca. 49 C). 11   



yxam l0 2 Acid copper plated FR4 coupons (1 in, x 0.5 in.) were plated with
nickel using a commercially available elcctrolc.~ss tuckel product
(EvERONrM SMT electrolcss nickel, available from the Shipley Company,
Marlborough, Massachusetts). Standard plating conditions were erred (190 F)
to deposit nickel at a rate of 12 ~sin/miu. Following aleetroless nickel
plating, the nickel coating was rinsed. Aftr,~r rinsing) the nickel coated
FR4 coupons were then contacted with a palladium catalyst bath (Ranamerse
SM'f Catalyst available from Shipley Cocnpa~~y) for 1 ntinute. 'fhe
palladium catalyst bath contained 1D0 ppm of palladium as palladium
tctrammine chloride, 1T0 10 mLL hydrochloric acid and 730 mLJL I7r water.
Aver coniaci with the palladium bath) the samples only contained barely
visible palladium deposits and did not contain a full layer of palladium
over the entire surface. Thus) only palladium seeci$ were deposited on the
nickel layer. The samples were next contacted the gold plating bath o.f
Example 1. C3old was deposited on the nickel at a rate of 2 pinlmin. After
gold plating, the substrate was removed from the 15 plating bath, rinsed
and dried. 'fhe gold deposits were analy~ad and found to be 4 to 7 pin
thick. Lxamnlc 3 lComparativc~ The procedure of Example 2 was repeated
except that the samples were not contacted with the palladium plating
catalyst bath prior to gold plating. z0 xam_plc 44 The adhesion of tlic
gold layer deposited an the plated HR4 samples was evaluated using a
conventional tape test. Transparent tape (Scotch brand available from 3M,
St. Paul, MN) was , applied to samples prepared according to Examples 2
(invention) and3 (comparative). The tape 2S was pressed down an the samples
to provide good adhesion to the gold layer. The tape was then removed and
examined for the ptusence of Bald adhering to the tape. The tape removed
from the samples of fixample 2 contained no gold. Therefore, alI of the
gold remained on the plated FRS Samples indicating a highly adherent gold
deposit. The tape removed from the samples of 1;xample 3 did contain gold.
Therefore, gold was removed froth the plated satnplcs indicating 12   poor
adhesion of the gold deposit. As can be seen for the data) contacting
nickel plated satnplcs with a palladium plating bath prior to elcctralossly
depositing gold provides highly adherent bold deposits. ~xaxn le 5
(Com,Yparatire1 An aluminum pad on a wafer was played with nickel using a
commercially available elcctroless nickel product (LV~tot~f~M BP
clectroless nickel, available from the Shipley Company, Marlborough)
Massachusetts). Standard plating co;ndiiians were used (I $5 to 190 F) to
deposit nickel at a rate of IO to I2 Etin/min_ Following clectroless nickel
plating, the nickel 10 C(7dttllg W8.9 Iln9d. Afi~er riu~sing, the nickel
coated aluminum substrate was then contacted with the gold plating bath of
Example I, Gold was deposited on the nickel at a rate of Approximately ~
piWnin. After gold plating, th substrate was removed from the plating bath,
rinsed and dried. I5 example 6 



T'hc procedure of I?xaJZiple 5 was rpcated except that after nickel plating
and before sold plating, the wafer pad was contacted with the palladium
catalyst bath of Example 2 for I minute. Aflcr contact with the palladium
bath, the wafer pads only contained barely visible palladium deposits And
did not contain a full or complete layer of palladium aver the entire
surface, Thus, 20 only palladium 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 Example 5. Ex~amrile 7 'rhe adhesion of the
gold layer on the plated wafer pads of ~L~'xamples 5 to 6 was evaluated 25
using the tape test of Example 4. 1'he tape removed from the plated wafer
pads of Example 5 did c;ontaitt gold. Therefore, gold was removal from the
wafer pads indicating poor adhesion. The tape r~tnoved frpm the plated
wafer pads of lrxample 6 contained na gold. Therefore, all of the gold
remained on the plated wafer pads indicating a highly adherent gold
deposit. As can be see 13   from the data, contacting nickel plated
sainpaes with a palladium plating bath for a time suffcicnt to deposit
palladium seeds prior to clectrolessly dcpvsitiog gold provides highly
ndhcrent gold deposits. 'While tho invention has been described in dctaii
wish reference to specific cnxbodi~ncnts S thereof, it vvili ba apparent to
one skilled in the art that various changes and n~odificatiohs can be made,
arid equivalents omployed, without departing from the scope of the claims.
14   What is claimed 't;:, 1. A method of depositing a gold layor on a
metal comprising the steps of a) contacting the natal with a palladium
bath; and b) then contacting the metal with an electroless gold plating
bath. 5 2. 'fhe method of claim 1 wherein tho metal is contacted with the
palladium bath for a period of time sufficient to deposit palladium seeds
or a discontinuous palladium layer, 3. 'fhe method of claim 2 wherein tho
period of time is from l0 to 300 seconds. 4. The method of any of claims
1-3 wherein the palladium bath contains at least 2S ppnn of palladium. l0
S. The method of any of claims 1-4 whet~cin the palladi~tn~ bath contains
from 50'to 204 ppm of palladium. 6. The tuethod of any of claims 1-5
wherein the electroless gold plating bash comprises: n) one or more water
soluble gold compounds; b) one or more gold cornplexing ascots; 15 c) one
or more organic stabilizer compounds of the fomnula R-SO~-Y wherein R is 



(Cl-C~$)alkyl, aryl, or hetcroaryl and Y is hydrogen or a mooowaleni
cotton; and d) one ar more uniformity enhancers. 7. !1, method of
manufacturinp~ an electronic device comprising the steps of a) rantacting a
metal layer disposed on an electronic device substrate with a palladium
bath; and b) 2p then contacting the metal layer with an electroless gold
plating hate. $. The method of claim 7 wherein the n~etat layer is
contacted with the palladium bath far a period of time suf5cicnt to deposit
palladium seeds or a discontinuous palladium layer, 9. 'fhe method of claim
7 or 8 whorein the electroless gold plating bath comprises: a) one or more
water soluble gold compounds; 25 b) one or more gold complcxit~g agectts;
c) one or more organic stabilizer compounds of the formula R-S02-Y wherein
1Z is . , (Ct,Cle)alkyl, aryl, ox hetEmatyl and Y is hydrogen or a
monovalcnt cat9ott; and 15   d) one or more uniforn~ity enhancers. 10. An
article comprising in order a nickel layee, palladium seeds or a
discontinuous palladium layer, and ~ gald layer. 16
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