
;rse3exu(v6TMS  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.
Immersion or displacement plating is an electroless plating process, but is
given a separate classification 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 electroless plating deposition takes
place primarily by autocatalytic reduction of metal ions from solution.
Such electroless plating requires the presence of a reducing agent.
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. 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 solderable finishes are 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 electrochemical potentials, plating will only occur at
areas of exposed metal. For example, U.S. Patent No. 5,143,544 (Iantosca)
discloses a solution for immersion plating a tin-lead alloy suitable as a
solderable 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 manufacture. Thus, the use of lead and lead
alloys in electronic components faces an uncertain future. Sec, for
example, U.S. Patent No. 5,536,908 (Etchells et al.). Silver is a more
environmentally acceptable alternative to lead and has been suggested for
use as a solderable finish. As discussed above, the preferred method of
depositing such a solderable finish is by immersion plating. For example,
U.S. Patent No. 5,955,141 (Souter et al.) discloses certain immersion
silver plating baths suitable for depositing a layer of silver on a   



printed wining board. Silver has many drawbacks, such as poor adhesion of
immersion silver deposits and silver's tendency to tarnish, thus requiring
the use of anti-tarnish coatings. Gold has long bcen used in the
electronics industry as a metal for contact surfaces because of its low
electrical resistivity and its iner to attack by corrosive substances, Such
gall deposits have typically beets plated using electrolcss ox immersion
gold plating baths, ha particular, gold has long been used over a nickel
undercoat to provide a salderablc finish. Typically, the nickel undercoat
is electrolessly applied while the gold is immersion deposited. Such
processes are referred to as electroless-nickel-imrnerslon-.gold or "ENIG"
' One conventional form of electroless gold plating bath is thiosulfato ion
bused, stabilized with sulfite ions. Such baths arc typically unstable when
operated at a pH of 6 ox below as sulfur dioxide is liberated from the bath
under those pH conditions. It is known that the thiosulfate ion decomposes
in acid solution to give elemental sulfur arid sulfite ions. When an
aqueous solution of sodium thiosulfate is adjusted to a ph of about 4 to 5,
the solution will turn cloudy due to the formation of elemental sulfur.
However if sodium sulfite is also added to the about solution elemental
sulfur will not form and the solution twill be stable and clear, Sodium
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 is pat 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 rate of
sulfur dioxide formation will be. This leads to high consumption of sodium
sulfite and instability of the metal thlosulfate complex in acidic
solutions. U.S. Patent No. 5,342,278 (Nobel et. al.) discloses metal
electraplating solutions) including gold electroplating solutions,
containing tltiosulfate where the thiosulfate is stabilized by an organic
sulfuric acid salt. Neither electroless nor immersion plating solutions are
disclosed in this patent. BlectroIess gold plating baths contain a reducing
agent. Typical reducing agents are thiourea and alkyl thiourca derivatives)
anal-captaining compounds such as ascorbic acid (see U.S. Patent No.
4,481,035 to Andrascek et al.), and boron containing Compounds such as
alkylborancs and borohydridos. These canventianal plating baths have
certain drawbacks. For example baths containing thiourres as the reducing
agent must be heated to about 80 to 90 C in   order to achieve acceptable
deposition rates. Such temperatures are tea high for use with some
electronics packaging materials. Also, at such temperatures the plating
solutions can become unstable and spontaneously farm fine particles of gold
throughout the solution instead of producing gold deposits only on the
desired substrate. When baron containing compounds arc used as the reducing
agent, such compounds first undergo a hydrolysis reaction whose rate
increases with temperature. Much of the boron containing reducing agent is
consumed in undesired side reactions making control of its concentration
quite difficult. International patent application 'WO g/18254 (Scheel et
al,) discloses a solution for electroless gold plating which may contain
certain reducing agents, such as oxalic acid, This patent application fails
to disclose sulfuric acid or sulfinic acid salts as stabilisers. Immersion
gold plating baths avoid many of the above reducing agent-derived
drawbacks. However such immersion plating baths typically require high
plating temperatures, such as about 70 C or greater, for proper operation.
Such high temperatures arc often incompatible with some electronics
packaging materials. Thus, there is a need for electroless gold plating
solutions that are stable and that work at lower temperatures than
conventional plating solutions. Summary of the Invention In one aspect, the
present invention provides an electroless gold plating composition
including: a) one or more water soluble gold compounds; b) one or more gold
complexing agents; o) one or more organic stabilizer compounds of the
formula R-SO2-Y wherein R is (C1- C18)alkyl, aryl, or heteroaryl and Y is
hydrogen or a monovalent cation, and d) ono air more uniformity enhancers
In another aspect, the present invention provides method of elcctrolessly
depositing gold on a substrate including the step of contacting a substrate
with the composition described above. The present invention further
provides a method for depositing gold an a metal that is less
electropositive than gold including contacting a substrate containing a
metal that is less electropositive than gold with the composition described
above. 3   



In a still further aspect, the present invention provides a method of
manufacturing tut electronic device including depositing a gold layer
including the step of contacting an electronic device substrate with a
composition including: a) one or more water soluble gold compounds; b) one
or more gold comploxing agents; c) one or more organic stabilizer compounds
of the formula R-SOx-Y wherein R is (C1-Ct8)alkyl, aryl, or heteroaryl and
Y is hydrogen or a monovalent cation, and d) and one or mono uniformity
enhancers; for a period of time sufficient to deposit the desired gold
layer. D, etailed Description of the Invention As used throughout this
specification, the following abbreviations shall have the following
meanings) unless the context clearly indicates otherwise:  G ~ degrees
Centigrade;  F degrees Fahrenheit; g = gram; L ~ liter; mN ~ milliNewtons
mm = millimeter; Erin microinchcs; and Eun ~ microns = micrometers. `fhe
tcmns "depositing" and `~lating~' are used interchangeably throughout this
specification. "Alkyl" refers to linear, branched and cyclic alkyl.
"I~alide" refers to fluoride, chloride, bromide and iodide. LikQwise,
"halo" refers to fluoro, chloro, bromo and iado. Unless otherwise
indicated, aromatic compounds having two or more substituerits include
artho-, mete- and pace-substitution. A11 percentages are by weight, unless
otherwise noted. AlI numerical ranges era inclusive and oambi~nabte in any
order, exvept where it is obvious that such numerical ranges are
constrained to add up to 10Q%. The present invention provides an
alectroless gold plating Composition including: a) one oc more ~uvater
solubae gold Compounds; b) one or more gold com~lexing agents; c) one or
mono' organic atabilixer compounds of the formula R-SOZ-Y whorain R is
(Ci-Cis)alkyl, aryrl, (C~C6)alkyltuyl, or hateroaryl and Y is hydrogen or a
monovalent eation; and d) one or more uniformity enhanccrs. Any of a wide
variety of water soluble gold compounds that provide gold (1) to the
composition may bo used in the present invention. Suitable gold compounds
include) but are not limited to, alkali gold thiosulfata compounds such as
trisodium gold thiosulfate and tripotassium gold thiosulfate. It is
pccferrcd that the gold compound is trisodium gall thiosulfate. It wil) be
apprr~oiated that a variety of rather water soluble gold compounds may be
employed in the pxesont compasitianis, such as alkali gold st~liite
compounds such as sodium gold sulfite and potassium   gold sulfite,
ammonium gold sulfite) gold halides such gs gold chloride, alkali gold
cyanide compounds, such as sodiuttt gold cyanide and potassium gold
cyanide, and airunonium gold cyanide. Hawevor, it is preferred that the
present compositions are substantially free of cyanide Ions and sul~ta
ions. By "substantially free" it is meant that the present compositions
contain loss than 0.05 g!G of such ions. rt is further preferred that the
present compositions are free of cyanide ions and sulfite ions, The total
amount of the ono or more water soluble gold compounds is typically Pram 0.
I to b0 g/f.. Preferably, the gold compounds ere present in an amount of
0.5 to 15 glL, and more preferably 0.5 to 5 g/,L. Such water soluble gold
compounds are generally commercially available from a variety of suppliers
of may be prepared by methods well known in the art. A wide variety of gold
complexing agents may be used in the present invention. Suitable gold
camplexing agents inoludv, but are not limited. to, thiosulibria acid)
thiosulfate salts such as sodium thiosulfate, potassium thiosulfatc, and
ammonium thiosulfate, ethylenediamine tetraacetic acid and its salts,
nitrilotriacetic acid, and the like. Thiosulft~xio acid and thiasulfate
salts are preferred, Most preferred is sodium thiasulfate. When thiosulfate
ion is used, it can ba supplied in any solution soluble fornn, such as an,
alkalt~thiosulfate (e.g., sodium or potassium) or ammonium thiosulfate,
with sodium thiasulfate pentahydrato being the most economical and readily
available source. Such one or more complexing agents are typically present
in a total amount of 0.1 to 150 glL,, and preferably from 1 to 100 g11:,. A
mare preferred amount of complexing agent is frnzrn 5 to ?5 gn., and still
more preferably from 10 to 60 g/):.. The one or more eomplexing agents are
generally commercially available or may be prepared from by methods well
known in the art. The ono or chore organic stabiliser Compounds useful in
the present invention have the formula R-S02-Y wherein R is (Ct-Ct8)alkyl,
aryl, or l~eteroaryl and Y is hydrogen or a monovalent ration. Suitable
manovalent rations for Y are alkali metals) such es sodium and potassium,
It is preferred that Y' is hydrogen. Bxemplary alkyl groups for lt,
include) but era not limited to, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, tort-butyl, iso-butyl, n-pentyl, nee-pentyl) hexyl, octyl and
decyl. TypIcaI aryl groups arc those containing 5 to 1~ atoms In the
xmmatic rings. Suitable aryl groups include) but are not limited to:
phenyl; (C~-C~)alkylaryl such as tolyl and xylyl; riaphthyl; and bisphenol
A. Suitable heteroaryl groups include, but are not limited to)   



furanyl, pyridyl, t>xiaphenyl, and the like. It is preferred that It is an
aryl group) and mare prcferably phenyl. It will be appreciated by those
slcillcd in the art that substituted (C~-Cis)all~yl, aryl, or heteroaryl
are witk~in the soaps of this invention. 13y "substituted (CI-C~$)alkyl,
aryl, or hetcroaryl", it is meant that one or more hydrogens on the
(C,-C~g)a11ry1, aryl, ar hetoroaryl group is replaced by one or z~nore
substituents groups. Suitable substituetits groups include, but are not
limited to, bola, hydroxy, (C~-Ca)s,lkoxy, carb(C~-Cb)alkoxy) nitre, thio,
(C1..C6)alkylthia, and the like. In general, the one or more organic
stabilizer compounds are used in an amount afar least 0.5 gIL; preferably
at least 1 gl>r. Tho practical upper limit of th.e amount of the ono or
more organic stabilizer compounds is the saturatton limit of such compounds
in the composition. 1?refcrably, the one or more organic stabilizer
compounds are used in an amount of 2 g/L to ~5 g/L and more preferably
frazn 3 to 15 glZ.,. A particularly suitable amount of organic stabilizer
compound is 3 to 10 gIL. Such organic stabilizer compounds are generally
commercially available or may be prepared by methods well known in the art.
While not intending to be bound lay theory, it is believed that the present
organic stabilizer compounds stabilize the electroless gold plating
compositions, particularly when thiosulfate ior~ is used, under mildly
acidic conditions, such that the solution does not break dowzt on standing
arid does not liberate any appreciable amounts of sulfux dioxide is the
case of thiosulfato ioa. One ax mare uniformity enhancers are added to the
present compositions. Such uniformity cnharicers are typically organic
carboxylic acid,S capable ofpraviding chelation, While not wishing to be
bound by theory, such uniformity enhancers may additionally act as mild
reducing agents. Thcso uniformity cnhanGers have been found to provide a
more uniform gold deposit than that provided by compositions that do not
contain such compounds. Suitable uniformity enhancers include
polycarboxylic acids such as di- and trl-carboxylic acid compounds)
hydroxy-substituted earbo~cylio acid compounds, and the like. It is
preferred that the uniformity enhancer is a di-carboxylic acid. Exemplary
uniformity enhancors include) but arc not limited to, oxalic acid, ascorbic
acid, citric acid, malic acid, glycolic acid, malonio acid, lactic acid,
axtrlactic acid and tartaric acid. Clthcr suitable uniformity enhancers
include phthalic b   acid, adipic acid, auccinie acid and glutaric acid.
Preferred uniformity enhancers arc ox~.lia acid, malonlo acid, ascorbic
acid, and citric acid. Oxalis a.cld is the most preferred uniformity
enhancex. Ire general, the one or more uniformity enhanccrs are used in an
amount of 0,1 to 50 g/L, arid preferably from 1 to 15 glIa. A particularly
suitable amount of uniformity enhancer is from 2 to 8 g/L. Particularly
useful compositions of the present invention include a) 0.5 to I5 g/L of
one ac more alkali metal gold thiosulfate compounds; b) 1 to 100 gIL of one
or morn gold eomplexing agents selected from the group consisting of
thiosulfuric acid or an aItcali metal thiosul fate salt; c) 2 g!L to ZS
glf, of one or more organic stabilizer compounds of the formula lt S02~Y
rwherein R is (Ct-Ct8)atkyl, aryl, or heteraaryI and Y is hydrogen or a
monovalcnt cation; and d) 1 to 15 g/x, of oxalic acid. The present
compositions may fw-ther include a pY-i regulating compound. Any ply
regulating compound ms.y be used provided that it dots not adversely affect
the stability or pocformatiee of the composition. Suitable pl~i regulating
compounds include phosphates such as dihydrogen potassium phosphate
monahydrogen dipotassium phosphate, tripotassium phosphate, boric acid, and
the like. The amount ofsuch pl~i regulating compound used depends upon the
desired pH to bo maintained and the specific pIi regulating compound
selected. For example, dihydrogen potassium phosphate is typically used in
an amount of 1 to 50 gIL, and preferably fiom 5 to ZS gIL,. In general, the
present compositions are maintained at a phi 3 to 9, preferably 4 to 8 and
preferably from 5 to 7,5, The comppsitions generally include water. Any
grade of water xs suitable) but deionixed is preferred. Qold plating
compositions of the present invention may optionally ccmtain ono or more
other additives, such as surfactants. Anionic and nonionic surfactants are
the preferred surfactants, and anionic surfactants are more prefarcdd.
Suitable anionic surfactants include phosphate esters such as phosphate
esters of aliphatic alcohols including phosphate esters of glyceridos, and
preferably ghosphatc asters of long chain aliphatic alcahals. Suitable
anionic phosphate ester surfactants include these sold under the RHODAFAC
attd ~~HOS trademarks, 7  



available from Rhodia and Crompton Corporation, respectively. Such
surfactants ire typically used in an amount of 0.1 to 2 gll:,. The present
compositions may be prepared by combining the above carnponottts in any
order. It is preferred that when gold chloride is used, it is added to the
compositions after the gold eomplexing agents, organic stabilizer compounds
and uniformity enhancers are added to the composition. preferably, the
pl'-I of the composition is maintained at ~ S during the addition of the
gold chloride. The pI~ may be maintained, far example, by the ~tdditiott of
hydroxide, such as potassium hydroxide. in general, the present gold
plating baths arc heated during use, typically From 25 to 65 G, f
refcrably, the present baths arc heated front 30 to b0) and more preferably
from 45 to GO C. Temperatures highgr than about 65 C may be employed,
howcvar) one of the advantages of the present compositions is their ability
to deposit gold uniformly at lower temperatures than conventional
eleetroless gold plating processes, While nvt wishing to be bound by
theory, it is bolisYed that the present compositions deposit gold by a
hybrid electroless plating process, As electrical currant is unnecessary to
plate gold u,Ring the present compositions, it is properly termed an
clectraless plating process. The present compositions do not plate gold
onto gold foil, thus, tire present compositions arc not autocatalytic $nd
thus are not believed to ba a "trot" clactroless process. However, the
present eornpositions provide gold deposits that are thicker than
conventional immersion processes. Far e~xamplc, up to 17S pin of gold can
be deposited on a nickel substrate after contact with the present
compositions for 1 hour. Thus, the preson,~plating process is believed to
be a. "hybrid" plating process) The thickness of the desired gold deposit
on a substrate can be controlled by controlling the arnaunt of time the
substrate is in contact with the present plating compositions. An advmitage
aF the present compositions is that they provide gold deposits that have
goad adhesion. The present compositions are particularly suited for
depositing gold otr a wide variety of Substrates, paxtloularly on a metal
that is less electropositive than Bald, i.e. a trgditional immersion
plating approach. Typical metals that are less electropositive than gold
include, but are not limited to, nickel) copper, palladium and iron. lVlore
than one metal that is less   electropositive than gold may be used. For
example, a layear of palladium on a Iayar of nickol is a suitable substrata
for dapasiting gold according to the present invention. Thus, the present
izwentior< 'further provides a method far depositing gold on a maul that is
less electropositive than gold including contacting a substrate containing
a metal that is less eloctropositive than geld with the composition
described above. The prosent compositions are also useful for plating
depositing gold on a substrate using a "tme" clectroless process. For true
electroless deposits, a conventional reducing agent is typically added to
the present compositions, A wide variety of canventianal reducing agents
may he suitably employed. However) it is preferred that the present
compositions do not contain thiourea, thiourea derivatives suoh~as
methylthiouroa" dimethyltluourea, ethylthiourca, Nmcthylthiouraa said the
like, hydroquinono, catechol and the like, Such electrolcss deposits are
achieved by contacting a substrate to be gold plated with the compositions
described above. The present cannpositions are parrrcularly useful in the
nnanufaclure of eIectronia devices, such as printed wiring boards,
integrated circuits and integrated circuit packaging. For oxatnple, in the
manufacture of an electronic device uicludiz~g a gold layer) tlio gold
layer can be deposited by a method including the step of contacting an
elcciranic device substrata with a composition including: a) `one or morn
water soluble gold compounds; b) one or mare gold complexing agents; a) one
or more organic stabili~:or compounds of the formula R-SOx,"Y wherein R is
(CIC~e)alkyl, aryl, or heteroaryl and'S~' is hydrogen or a monovalcnt
ration; and d) and one or more u~formity onhancers; for a period of time
su#Y~eient to deposit the dcsire<1 gold layer. Suitable metals lhat era
less electropositive than geld are as described above and era preferably
nickel and palladium on nickel. Such nickel and palladium layers are
typically electrolcssly deposited. 1'arricularly suitable integrated
circuit packaging include, but is not limited to) lead frames, pads on
wafers, ceramic packages, and the like, The present invention is $lso
suitably far applying a solderable gold finish ozt a printed circuit board
or depositing gold on an integrated circuit. '~"he following examples 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.
xarn le 



A gold plating solution was prepared by dissolving metallic gold (Au) in a
mixture of hot hydrochloric acid and nitric aold. After the nnetallic gold
was completely dissolved, the solution was heated to dryness. The remaining
salt was than washed with hot deianized wator and heated again until
nitrates were no longer detectable in the solution, yiolding IaAuCh . The
HAuCi4 obtained above was slowly added to tho saturated solution of Na203Sz
until it would not go into solution) resulting in a milky solution at this
point. Isopropyl alcohol wns added urrtlI the solution cleared and a white
precipitate startod forming. The soluttlon was left avereright for
aarerpletion of the reaction. rt was assumed that alt gold twos reduced
fmza the aurlo to aurous state. The solution was filtered and the
precipitate dried in the oven to provide 1~.L1i~B3~6f4. ~Xatn l0 2 A gold
plating bath was prepared by combining the components in Table t in tho
amounts shown, Table Z Cotnpanent Amount (g/L) Gold as AuNa30sSa 1 Sodium
thlosuifate 50 Benzene sulfinic acid 10 Dihydrogen potassirurr phosphate 1S
Oxalic acid 5 Water To 1 L The p~ of the bath was S.S. The temperature of
the bath was maintained at 1Z0 F (ca. 49 C). A number of substrates wera
plated with gold by immersing tha substrate, an FR-4 to   substrate
containing a nickel layer, fn the bath for 5 minutes. A~~er removal from
the bath, the substrates worn rinsed and dried and the resulting gold
deposits analyzed and found to be 4 to ? pin thick. example 3 An aluminum
pad an a wafer was plated with nickel using a commercially available
electrolcss nfckel product {EVIEnoN'' M Hp clectcoless nickel, available
from the Shipley Company, Marlborough, Massachusetts). Standard plating
conditions were used (190 F) to deposit nickel at a rate of 12 pinlmin.
Following elcctroless nickel plating, the nickel coating was rinsed. 



After rinsing, the nickel coated aluminum substrate was then eottta.cted
with the gold plating bath of Exainplc 2. Gold was deposited on the nickol
at a rate of approximately 2 piumin. After gold plating, the substrate was
removed from the plating bath, rinsed and dried. l3xam a Tho procedure of
L~xample 3 was repeated except that the wafer pad was copper and the
electroless nickel bash was operated at a temperature of 1g5 F. Nickel was
deposited at a rate of t 0 ~itJmin. Exa a A gold plating bath was prepared
according to Example 2, except that the amounts were thoso listed In Table
2. 11   Table 2 Compoxxer~t Amount _(g~,~ Cold as Au1Va30dS4 1 Sodium
thiasulfate SS Hanxene sulfinic acid 10 T~ihydrogan potassium plxasphato 20
Qxalio ~.c~id 5 Water Ta 1 Ir '>'he pII of the bath was 7. The tcmporature
of the bath was maintained at 12p F (ca. 49 C), Exam a Sixteen samples (ea.
1x2 inches) of IrR-4 rantaiuing an clcctrolossly deposited nickel layer
were plated with gold using th8 plating bath of Example S, 'flxe thickness
of the gold deposit an each sample was measured using JC-ray ftuaroscence
("~CRF'~ spectroscopy. 'fwo measurements were taken far each sample. Most
samples had a gold deposit having a thickness of 7-$ itin, with a mean
value of 7.06 pln. .x m le A sample (ca, 1x2 inches) of FR-~4 containing an
elcctralessly deposited nickel layer was contacted with the plating bath of
Example 5. After 30 minutes, the sample was removed from the plating bath
and the thickness of the gold doposit was determined by XRF spectroscopy to
be 7$ p,in. 



A sample (ca. 1x2 inches) ofFR-4 containing an elcctrolcssly deposited
nickel layer was contacted with tho plating bath of Example 5. After 50
rninutas, tho samplo was removed from 12   the plating bath and the
thickness of the gold deposit was determined. by ~CItF spectroscopy to be
173 din, x to Samples (ca. 1x2 inches) of rli`-4 containing att
eleCtrolessly deposited nickel layer and a gold layer (7-9 p,in) deposited
according to Example 2 were evaluated fir their wire bonding ability.
aluminum wire ( 1 miI) was ultrasonically bonded to the gold lEGyer on a
number of sarcyples usins a IC&S model 4523 aluminurrt wire bonder. Gold
wire (1.3 mil) was thermosonioally bonded to the gold layer an a number of
samples using a K&S model 4524 gold wiro bondcr, Some of both the aluminum
and gold wire bonded samples were pulled as is, Some samples wore baked for
I hour at 150 C before pulling) Sotne samples were baked (I hour, 150 C)
first) then bonded to either aluminum or gold wino and then pulled. The
force needed to brook the wire is raported in grams (g). The results are
repoirted in Table 3. Table 4 Wire Bonded and 1'ullcd (g) Bonded, Baked and
Baked, Handed and Pulled (g) Pulled (g) AIumintun 8.5 - $.6 $.5 - $.6 8 -
8.1 Qold 11.5 - 12 13 - f3.S 11 - 11.5 F,xample 14 The pxooedure of Bxample
9 was repeated except that the samples contained sn electrolcss nickel
layer) an electroless palladium over nickel and then gold o~ex pal ladium.
Acceptable aluminum and gold wire bonding results were obtained. 13   F,~x
,._r~ple 11 Ten samples (ca. 1 x2 inches) ot` F~-~ conmining an
electrolessly deposited nickel layer and a fold layer (7-9 p,in) deposited
according to L~xatxiple 2 wero e~raluated for the soldorability of the fold
deposit. Solderability was evaluated using a lVhrnscp ST~50 wetting
balance, Five samples wcro tested as gold plated and the other five samples
were tested after baking at 16 hours at 150 C, Lead-free solder was used at
245 C. The flux used was Kl~s~ 422-CX no clean typo, For each sample, the
zero cross time {in seconds) and the wetting force at 2 seconds (in mN/mrn)
were determined. Two measurements wcro made on each sample and the averages
veto reported. The results arc reported in'fablc 4. Table A 



Samples Gero Cross Time (sec) Wetting Force at 2 seconds (mNlmm) As plated
0.15 0.26 After $akin~ 0.25 . 0.2$ 14   ~fhat is claimod is' 1. Au
electroless gold plating composition comprising: a) one or mare water
soluble gold compounds; b) one ox more gold complexing agents; c) one or
more organic stai~iliior compounds of the formula R-S02-Y ~uvh~rein R is
(C~ Ota)alkyl, aryl, ar heteroaryl and 'Y is hydrogen br a monowalent
nation; and d) ono or more uniformity enhaneers. 2. 1'hc composition of
claim 1 wherein the gold compound is an alkali metal gold thiosulfato
compound. 3. The composition of tiny of the preceding claims wherein R is
phenyl, tolyl, xylyl, naphthyl, or bisphenol A. ~. 'the composition of any
of'the preceding claims wherein the one or more organic stabilizer
compounds are present in an amount of at least 2 g/L. 5. The composition of
any of the preceding claims wherein the one or more uniformi ty cnhancers
are selected from the group consisting of oxalic acid, ascorbic acid,
citric acid, malic acid, glycolic acid, malonic acid, lactic acid,
oxaiactic acid, tartaric acid, phthalic acid, adipie acid, suocinic acid
and glutaric acid. b, The composition al' any of the preceding claims
wherein the composition is substantially free of cyanide ion and s'ulfita
ion. 



7. A method of electrolessly depositing gold on a substrate comprising the
step of contacting a substrate with the composition of any a the preceding
claims. 8, A method of depositing gold on a metal that is less
electropositive than gold eompxising cankacting a substrate containing a
metal that is lass clcctropasitive than gold with the composition of any of
claims 1 ~G. 9. A method of manufacturing an electronic device comprising
dapoaiting a gold layer comprising the step of contacting an electronic
device substrate with the composition of any of clams 1-6. 15   10. `fho
method of claim 9 wherein the electronio device subsir~te is sclectdd tom
the group consisting ofprinted wiring board substrates) integrated
circuits, land frames, pads on wafers anal ceramic packages. 16
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