
;e3eLI  L.zF6|T29L  LIMITING THE LOSS OF TIN THROUGH- OXIDATION IN TIN (OR
TIN ALLOY ELECTROPLATING BATH SOLUTIONS Background Electroplating baths
containing divalent tin and acids such as mineral acids (i,e., sulfuric
acid, hydrochloric acid, and hydrofluoric acid), phenol sulfonic acid,
fluoboric acid, and methane sulfonic acid are used in plating tin and tin
alloys. A problem is the loss of available divalent tin (Sn =~) due to
oxidation of the divalent tin 5 to tetravalent tin (Sn4+). Tetravalent tin
accumulates as stannic acid and eventually forms an insoluble shidge in the
bath. In addition to removing the amount of divalent tin available for
plating, sludge formation also causes equipment foulizig and plugging,
resulting in an inferior product, along with increased operational costs. !
0 Oxidation of divalent tin occurs at the anode of thelectroplating cell,
or can result from air introduced into the bath. For example, rapid pumping
of plating solution required in the so called "high sped plating" processes
result in the inclusion of substantial amounts of oxygen into the bath,
which accelerates the oxidation of divalent tin. Accordingly, high-speed
tin-plating worsens the sludge 15 problem as compared to other non high
speed tin-plating applications. To prevent this oxidation and the
corresponding formativii of sludge, divalent tin must remain in solution,
and/or be quickly converted back to divalent tin once oxidation has
occurred. Attempts to minimixe divalent tin oxidation in plating baths
include, for 24 examplc, U.S, Patent Numbers 5,094,726 and 5,066,367, both
to Nobel et al,, which are directed to using alkyl sulfuric-acid based tin
salutions in combination with antioxidants {also referred to as reducing
agents) to prevent a buildup of tetravalent tin. Specifically, Nobel et al,
are directed to an electrolyte for electroplating tin or tin-lead alloys
comprising a soluble divalent tin compound, a soluble alkyl ox alkylol   2
sulfonic acid in an amount sufficient to provide a solution having a pH
less than 3, at least one wetting agent, and a hydroxyphenyl compound in an
amount sufficient to reduce or prevent the formation of tetravalent tin and
tin-oxide sludge. Hydroxyphenyl compounds include pyrocatecol,
hydroquinone, resorcinol, phloroglucinol, pyrogallol, 3-amino phenol, or
hydraduinone s-ulfurir acid ester. However, reducing agents can be an
incompatible with wetting agents, sullonic acids, and other components of
tin electroplating baths. 'these reducing agents ream form insoluble oils
and gels, which have a detrimental effect an plating and result in an
inferior product by coating heat transfer surfaces, and/or forming 10
emulsions within the cell. Anti-oxidants (reducing agents) that are
compatible with the other components common in plating baths, and which
prevent the oxidation of divalent tin and/or stabilize stannous tin to
prevent sludge formation are dashed. Statement of the rnvcntioz~ 15 In a
fit-st aspect of the present invexition) there is provided a solution for
use in the electroplating of tin and tin allays comprising: a basis
solution cornprlsing an acid, optionahy a salt thereof, selected frt~m the
group consisting of fluoboric aad, an organic sulforuc acid, or a
combination thereof; divalent tin ions; az~d z0 an antioxidant compound
comprising a hydroxy benzene sulfonic acid or salt thereof, gun an amount
e~ffeotxve to reduce the oxidation divalent tin. T~n a second aspect of the
pxesent invention, there is provided a method of electroplating tin and tin
alloys comprising: contacting a substrate with a solution comprising a
basis solution comprising 25 an acid, optionally a salt thereof, selected
froxn the group consisting of fluoboric acid, an organic sulfonic acid, or
a combination thereof; 



divalent tin ions; and   3 an antioxidant compound compriszng a hydroxy
beivenc sulfonic acid or salt thereof, in an amount effective to reduce the
oxidation divalent tin. Detailed Description 5 It has been fQUnd that the
addition oaf certain hydroxy benzene sulfonic acid or salts thereof, into
divalent tin or tin aDoy acid plating baths results in a substantially
reduced rate of divalent tin oxidation. The use of the hydroxy benzene
sulfonic arid, or salts thereof, does not result in the formation of
insoluble oils, gels or othar similar materials. This is particularly true
in high speed plating 10 embodiment, wherein operational ~ronditions result
in ambient oxygen being continuously introduced into the plating bath
solution. The improvement resultant from the addition of hydroxy bervene
sulfonic acid becomes especially significant when insoluble anodes are used
at bath temperatures near or at the cloud point of the bath, wherein
anttoxidants are seen to react with other components in plating 15 baths to
form the insoluble oils and/or gels. The hydroxy benzene s~tlEonic acid, or
salts there4f is generally represented by Formula I: Spay rnrmula I
(R)~~~(Q~)b 20 wherein Y is selected fxom the group consisting of H,
allcali metal ions, alkaline earth metal ions, transition metal ions, and
ammonium ions, wherein a is 0,1, 2, or 3 (a ~ 0,
1.,2,c~r3),bis1,2,3,4,ors(b=~.,2,3,4,ors),thesumofaandbisequalto2,3,4,or 5
(a ~ b - 2, 3,4 or 5), and each rv is independently selected from the group
consisting of halogen, CN, t'.QQY, C~-Cs alkyl, substituted C~-C a alkyl,
and Cv-C,~ alkoxy, 25 wherein said alkyl substii-~rtions are selected ham
Ehe group consisting of straight chain or branched alkoxy, alkenyl,
alkynyl, cycloa~yl, cycloalkenyl, aryl, phenyl,   4 haIosubstituted phenyl,
heteroaryl, halogen, hydroxyl, cyano, or connbinatians comprising at least
one of the f4regoing. It will be appreciated by those skilled in the art
that when the sum of a ~ b is less than 5, the remaining carbon atoms in
the benzene ring axe substituted with lvydrogens. Preferably, the hydroxy
benzene sulfonie acid, or salt thereof, is represented by Formula II; 503Y
or r ~ ~ ~ ox ~s i'ormula II wherein a, R acrd 7l are as define above. More
preferably, a = 0, and Y is a potassium ton (IGt). Effective amounts of the
h~droxy benzene sulfonic acid to suppress divalent l0 tilt oxidation
(prevent sludge formation) may be readily determined by one of ordinazy
skill in the art, depending on factors such as bath composition, plating
rate, temperature, and/or pI-I. In general, effective amounts Qf the
hydroxy benzene suIfonic acid in the plating bath arc greater than 0,1,
preferably granter than 0.25, and most preferably great than 0.5 g/1.
Effective amounts are generally less than '10, 15 preFerably Iess than 5,
and morn preferably less than I g/1. The other components of the
electroplating baths are generally known to one of ordinary skill in the
art. These Include suitable tin compounds, which are solublL in the basis
solution. ~'hc desired alloying metals can be added in any Farm soluble in,
dr compatible with the basis solution, and include copper, bismuth, gold
and 20 silver. The metals are preferably added in the form of sulfonate
and/or sulfanic acid salts. The acids suitable for use include, but are not
limited lo, alkane sulfonic acids containing 1-7 carbon atoms includinb,
foz example, methane sulfonic acid, ethyl sulfonic acid; alkylol sulfonic
acids containing 1-7 carbon atoms; aromatic sulfonic 25 acids including,
for example, phenol sulkvnic acid, phenyl sulfonic acid; fluoboric acid;
mineral acids including, for example, sulfuric arid, hydrochloric acid, and
5 hydrofluoric acid; and combinations thereof. Methane sulfonic acid,
phenol sulfonic acid, phenyl sulfonic acid, and fluoboric acid are most
preferred. Salts or other derivatives of these acids can also be used,
provided that the solution is sufficiently acidic and can retain all
necessary components in solution. The pH range of these 5 solutions will
generally be less than 5, preferably less than 3. A wide variety of
surfactants are suitable for use in the electroplating solution containxz~g
the above described hydroxy benzene: sulfonic acid, or salt thereof. 'When
tin is electrodeposited using high speed electroplating processes and
equipment, it is preferred to utilize substantially non-foaming wetting
agents and/or surfactants. 10 Typical surfactants of this typE can be found
in tLS) Patent Numbers 4,8$0,507 and 4,994,'i55, both to Toben of al.
'Wetting agents or surfactants recited in L1.S. Patent Nun.~ber 4,701,24 to
Nobel et al, arc also suitable for use herein. Surfactants having a cloud
point higher than 33 C are preferred. In addition, the plating solution can
contain additives known to one skilled in the art to improve the
performance of the 15 electroplating process, the properties Qf the
resulting electxodeposit, or other elements such as, for example,
brighteners, leveling agents, bisnnuth compounds, acetaldehyde, or
combinations comprising at least one of the foregoing. Optimum amounts of
wetting agents/surfactants and other additives will vary depending on the
particular agent selected, the particular use, the particular 20 bath
conditions in which if is to be used, and other factors readily determined
by cane of skill in the art without undue experimentation. Generally, at
least 0.05, preferably at least 0.5, morn preferably at Ieast 1 m1/1, and
at most 10, preferably at most 5, more preferably at most 2 mI/1 of the
wetting agents give excellent results 'with pure tin ax,d other tin alloys.
Higher amounts of wetting agents and different connbireations 25 c1n be
used, for example, when the concentration of the metal in the bath is
increased. The electroplating solution can be prepared by the combination,
in any order of a tin compound, an add, optionally a pH adjustment
material, a wetlang agent,   6 and an antioxidant. 'Fhe solution may
require filtering depending on the order of additive, and diluting with
water or other solvent to a final desired volume or component
concentration. The electroplating solution is generally operated at 



temperatures at or abo~re ambient (e.g., 20 C), with agitation and elevated
5 temperatures desirable for high speed electroplating applications.
Suitable solution temperature is readily ascertainable to one o~f skill in
the art rwithout undue experiznentatlon. Typically electroplating is
conducted at a temperature at least 15 C, and at mast 66 C. x`he bath may
also be cooled or heated to maintain the desired temperahzrc. 10 When tha
cleetxoplating seep is conducted under high-speed conditions, the agita
lion and solution tumovcr due to pumping action maintains the oxygen
content of the solution at or roar its maximum concuntralion, thus
promoting the tendency to OXidiZe tin (e. g., Sn2+ to Sn'), Under theca
condi lions, the use of the present antioxidanl~ maintain tin in its
divalent state, i_e. as 5nZ', while not interacting with 15 othez~
components in the solution to produce insoluble rr~terial including oils
and/or eznulslons. Various alloys can be produced depending on the
relal~ive tin and aIloylng metal ratios employed in tl~e solution_ For
example, plating a 60-~0 tin-lead alloy, 24 g/1 of tin metal and IO gh of
lead metal can bc! used, as can 99-I tin-copper, 98-2 tin 20 bismuth, 97-3
tin~siZver, and combinations comprising at least one of the foregoing.
~thcr ratios are routinely determixted by one of skill in the art withozzt
ur<due experimentation. ~xaz plan 25 Tests were conducted to evaluate the
formation of insoluble materials, and to evaluate the effectiveness of
antioxidants to pxevcnt the loss of divalent tin in the plating baths.
combinations of antioxidants ~cvexe also evaluated.   Accelerated testing
was conducted to determine the effect various antioxidants have on the
ormation of insoluble ails and/or gels) During the tort, one lifer of test
solution was maintained at between 34 and 50 C under stir bar agitation.
Stainless steel electrodes were placed under a load of 10 amps. Ethoxylated
(Ep) S and propoxylated (PO) surfactants were combined in water with
methane sulfonic acid (1VISA), and the antioxidant under cvaluahon
"EO/PO~butanol" refers to a capol~ravex of ethylene oxide and propylene
oxide having one end terminated with butanol. "Ef~-bis-phenol" refers to an
ethylene oxide polymer having bath ends terminated with phenol. The results
are in Table 1. 14 Table 1 Fxamplc
No.AcidConcSurfactantConc,AntioxidantConc.lZcsult/1/1p/1ComparativeMSA50EOI
PO-4catechol1OilsExam le
IbutanolformedCompxt'aliveMSA50LO-bis-phe~tol5hydroquinonep5OilsLxom le
2formedExample I MSA50EOIPO-4ldihydroxyINONEbutane!beruene $ulfonicacid,
otassium saltexample 2MSA50EO/1'O-block1zsulfosolirylic acid0.5NONCco of
mcr t Formula 1. wher~In a~0, b=2 and YalCf s rormula 1, wherein R=-COOI-i,
a~l, b=9, and Y=H As the data in Table 1 clearly sk~owB, the use of a
hydroxy bEnzene sulfonic 15 acid (Examples 1 and 2) prevents the formation
of insoluble materials under conditloms consistent with use in
electroplating baths. Tests were conducted to simulate high speed plating
operations whore ambient oxygen is constantly introduced iota the bath by
pumping and mixing. 1~e procedure involved the preparation of test plating
solutions of known divalent tLn 20 concentration, llntioxidants were then
evaluated at different concentrations to determine how ouch affected
divalent tin loss. During the test, oxygen was bubbled through the test
solution at a known rate, while the solution temperature gas maintained at
45C (+/- 5G). The results are presented ill Table 2 as a percent (~o) 



Ioss of tin, calculated as the ratio of total divalent tin present after
the test, to the total amount of divalent tin present prior to conducting
the test described above. rn each case, the starting test solution
contained 50 g/1 tin,100 g/1 MSA (as the free acid), and oxygen was bubbled
in at 500 ml/min for i.20 hours. 5 Table 2
ExampleAntioxidantConcentration~~ Sn='h, i.oss ~Blanknone0 _9.4Example
312,4,dihydroxy0.254.3be~nzenesulfoniC acid,o~assium salt ~Comparative
Examplehydroquinone0.255.63Trample ~12,4-dihydroxy0.52.5benienesulfohic
slid,otassium saltComparative Examplehydroqutnone0.53.041'xamph
SQ2,4-dihydroxy1.01,.8benzan~suIfonic acid,'", potassium
saltComparattvepsxamplehyd~~oqulnone1.0 .3.85 1 formula 1, wherein a-0,
b=2, and Y~K f,Tse of the disclosed antioxidant, as represented by Examples
3, 4, and 5 clearly demonstrate a signfficant alleviation of tin oxidation
in the samples in 10 relation to the comparati;re samples, This result
translates into a similar alleviation of tin sludge formation during
plaking operations. rn addition, combination of tho hydroxybenzene sul~onie
acids axe also useful herein to reduce the oxidation of divalent tin. as
demonstrated by the Examples in Fable ~. The Examples in Table 3 represent
test solu tides containing 20 g/1 tin, I O g/1 15 iron, and 40 g/1 MSA
(free acid), under the temperah~re and oxygen b~xbbling rates described
above. The test was condcxcted over a Q04 hour time period.   Table 3
ExampleAntioxidant lConc. /1~ Antioxidant 2Cone. /1% Sn2' lossExample 6_
12,9-dihydroxy5.0None06.3be~nzenestdfonicatid, potassiumsaltExample
~~Z,4-dihydroxy5.0Zsulfosslicylic0.54.0benzc~nesulfonicaridacid,
potassiumsalt ' Formula ~, wherein a = 0, b ~ 2, and Y y K' z Formula 1,
wherein R ~ COOH, a =1, b =1) and Y = ti S The results in Table 3 clearly
indicate an unwttlcipated improvement in antioxidant prpperties whcn the
hydraxybenzene sul~onic acids are combined in a single; solutxvn.   10
Claims: 1.. A solution for use in the electroplating of tin and tin alloys
comprising: a basis solution comprising an acid, optionally a salt thereof,
selected from the group consisting of fhioboric acid, an orgaiuc sulfonic
acid, or a combination thereof; 5 dirralent tin ions; and an antioxidant
compound compxzsing a hydroxy ben~eru: sulfomic acid or salt thereo,~, in
an amount effective to reduce the oxidation divalent tin, 2. The solution
of claim 1, wherein said antioxidant compound is present in an amount
effective to assist in maintaining the tin ions in the divalent state. 



ZO 3. The sohttion of claim 1 or 2, wherein said hydroxy benzene sulfonic
acid, or salt thereof as represented by the formula: Sp3Y (R?~ (~~e
rnrherein Y is selected fronn the group consisting of I-l, alkali metal
ions, alkaline earth metal ions, transi!~ion metal ions, and ammonium ions,
wherein a is 0,1, 2, or 3, b is 1 ~ '1, 2, 3, 4, or 5, and the sum of a and
b is equal to 2, 3, 4, or 5, and It is selected from the group consisting
of F ~, halogen, Ol-I, Ci~l, COOY, CmC3 alkyl, substituted Cs-C a alkyl,
and C~-Cs alkvxy, wherein said alkyl substitutions are selected from the
group consisting of straight chain or branched alkoxy, alkenyl, alkynyl,
cycloallcyl, cyclc~alkenyl, acyl, phenyl, halosubstituted phenyl,
hetcroaryl, halogen, hydroxyl) 20 cyaxlo, or combinations comprising al
least one of the foregoing. 4. The solution of any one of claims 1 to 3,
wherein said organic sulfonic a cid comprises an alkane su lfonic acid,
aromatic sulfonic acid, yr a combine hion thereof, 5. The solutlor~ of
claim 4, wherein said organic sulfonic and is sel4cted z5 from the group
consisting of phenyl sulfonic acid and rilethane sulfonic acid. C. A method
of electroplating tin and tin alloys comprising:   11 contacting a
substrate with a solution according to any one of claims 1 to 5. 7. A
method for decreasing the oxidation of tin in an electroplating solution
comprising adding a hydroxy benzene sulforuc acid or salt thereof in an
zmount effective to assist in maintaining the tin ions in the divalent
state. 5 $. The method of claim 7, wherein said hydroxy bcn~eaie sulfonic
acid) or salt dwreof is represented by the formuliz: SOaY ~~~b wherein Y is
selected ~Eron~t the group consisting of ~, alkali metal ions, alkaline
earth metal ions, transition metal ions, and ammonium ions, wherein a is
0,1, 2, or 3, b is 10 1, 2, 3, 4, or 5, and the sum of a and b is equal to
2, 3, 9~, or 5, and R is selected from the group consisting of H, halogen,
O~I, CIV, COOY, CWa alkyl, substituted C~-C 3 allcyl, and Ci-C3 alkoxy~,
wherein said alkyl substitutions am sele~~ted from the group consisting of
straight chain or branched alkoxy, alkenyl, alk~rnyl, cycloallcyl,
cycloalkenyl, aryl, phenyl, halosubstituted phenyl, hetcroaryl, halogen,
hydroxyl, 15 cyano, or combinations compz~sing at least one of the
foregoing. 9. The method of any ane of claims 7 or 8, wherein oxygen
content in said electroplating solution is at ar near its maximum
ccmcentration. 10. 'Ihe method of any one of claims 7 to 9, wherein
electroplating is conducted at 1 temperature at least 15 C.
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