22 JUN 2006 | LIMTING THE LOSS OF TIN THROUGH OXI DATION IN TIN OR TIN ALLOY
ELECTROPLATI NG BATH SOLUTI ONS Background El ectropl ati ng baths contai ni ng
divalent tin and acids such as mneral acids (i.e., sulfuric acid,
hydrochl ori ¢ acid, and hydrofluoric acid), phenol-sulfonic add, flu?pquﬂqmﬁ
acid, and nethane sulfonic acid are used in plating tin and tin alloys
problemis the | oss of available divalent tin (Sn 2t) due to oxidation of the
divalent tin 5 to tetravalent tin (SW). Tetravalent tin accunul ates as
stannic acid and eventually fornms an insoluble sludge in the bath. In
addition to renovi ng_the annggt of divalent tin avail able for pl ating,
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fromair introduced into the bath. For exanple, rapid purrpl ng of plating
solution required in the so called "high speed plating” processes result in
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divalent tin available for plating, sludge formation also causes equipment fouling

and plugging, resulling in an inferior product, along with increased operational
costs.

10 Oxidation of divalent tin occurs at the anode of the clectroplating cell, or can
result from air introduced into the bath, For example, rapid pumping of plating
solution required in the so called “high speed 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 formation of sludge, divalent tin must remain
in solution, and/or be quickly converted back to divalent tin once oxidation has
occurred.

Attemnpts to minimize divalent tin oxidation in plating baths include, for

20  example, U.S. Patent Numbers 5,094,726 and 5,066,367, both to Nobel et al., which
are directed to using alkyl sulfonic-acid based tin solutions 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 oz alkylol



22 JUN 2006 2 sulfonic add in an anmpbunt sufficient to provide a solution
having a pH less than 3, at |east one wetting agent, and a hydroxyphenyl
conmpound in an anount sufficient to reduce or prevent the formation q
tetraval ent tin and tin-oxide sludge. Hydroxyphenyl conpounds |nclud321UN2W6
pyrocat ecol, hydroqui none, resorcinol, 5 phloroglucinol, pyrogallol, 3-amno
phenol , or hydroqui none sul furic acid,ester. However, reducing agents can be
an inconpatible with wetting agents, sulfonic acids, and ot her conponents of
tin electroplating baths. These reducing agents react forminsoluble oils and

gels, whi haveadetrlrrent effect on plating ., and result in an inferior
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JUN 1300&@mulsions 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 desired.

Statement of the Invention
15 In a first aspect of the present invention, there is provided a solution for usc 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 fluoboric acid, an organic sulfonic acid, or a combinatian thereof;
divalent tin ions; and
20 an antioxidant compound comprising a hydroxy benzcene sulfonic acid or salt
thereof, in an amount effective to reduce the oxidation divalent tin.
In a second aspect of the present 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 anacid, optionally a salt thereof, selected from the group consisting of flucboric acid,
an organic sulfonic acid, or a combination thereof;

divalent tin ions; and



3 an anti oxi dant conpound conprising a hydroxy benzene sulfonic acid or salt
thereof, in an amount effective to reduce the oxidation divalent tin.
Detail ed Description 5 It has been found that the addition of certain hydroxy
benzene sulfonic add or salts thereof, into divalent tin or tin alld¥y JoKizshs
plating baths results in a substantially reduced rate of divalent tin

oxi dation. The use of the hydroxy benzene sulfonic add, or salts thereof,
does not result in the formation of insoluble oils, gels or other sinmilar
materials. This is particularly true in high speed plating 10 enbodi nent,
wherein operational conditions result in anbient oxygen being _continuously
i ntroduced i AR@MHpXidanheomBowRd FOBBrisNE ahydmay bepraneaidionicacidpr st from

t he addijion, of hydrox enzene sul fopni c, acid hecones especially significant
when i ndBegal & %éﬂ’@é“‘gFE‘a{}ggc}°é‘F&‘b‘:§t e?é’r‘f‘%@‘f’&t‘ﬁ?’%@h‘é’é’r or at the cloud
poi nt of the bath, wherein antioxidants are seen to react wth other
conponents in plating 15 baths to formthe insoluble oils and/or gels. The
hydr oXy HSM& Besttd ic add, or salts thereof is generally represented by
Formul a T: Formulra (Ra (Ol)b 20 wherein Y is selected fromthe group
consissting oflt s titeK dbundritad thd sdlﬁﬁoﬁbkeér'taaﬂl-gamkzybmh sulffsic akddansi tion
netal ions, and ammoni umions, wherein ais 0,1, 2, or 3 (a =0,

1, 2, or 3)orisakd thereafAinte divialeht Bnr4ircalldy, ackd platinztamtdiesalsat at 02, 3,4, 0or 5 (a
+b - 2, 3,4 0r_5), and each It is jndependently selected fromthe group
consi st isHystantalijaresiyend ratgiof é&@*&nt@n@g@%yl'I,‘h%'emfithebarérqay-wem kyl, and
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10 cmbodiment, wherein operational conditions result in ambient oxygen being

continuously introduced into the plating bath solution. The improvement resultant
from the addition of hydroxy benzenc sulfonic acid becomes especially significant
when insoluble anodes arc used at bath temperatures near or at the cloud point of
the bath, wherein antioxidants are seen to react with other components in platiﬁg
15  baths to form the insoluble oils and/or gels, -
The hydroxy benzene sulfonic add, or salts thereof is generally represented

by Formula I:

303Y Tormula 1

XN

(R)a (OH),

20  wherein Y is selected from the group consisting of H, alkali metal ions, alkaline earth
metal ions, transition metal ions, and ammonium ions, whereina is 0,1, 2, or 3 (a =0,
1,2,0r3),bis1,2, 3,4, 0r5(b=1234, or5), the sum of a and b i5 equal to 2, 3, 4, or
5(a+b=2,3,4 or5), and each R is independently selected {rom the group consisting
of halogen, CN, COOQY, C1-Cs alkyl, substituted C1-C alkyl, and Ci-Cs alkoxy,

25  wherein said alkyl substitutions are selected from the group consisﬁng of straight

chain or branched alkoxy, alkenyl, alkyny], cycloalkyl, cycloalkenyl, acyl, phenyl,



hal osubstituted phenyl, heteroaryl, hal ogen, hydroxyl, cyan, or conbinatlons
conprising at |east one of the foregoing. It wll be appreciated by those
skilled in the art that when the sumof a + b is less than 5, the renaining
carbon atons in the benzene ring are substituted wi th hydrogens. %Ugﬂ?ﬁ%y,

t he hydroxy benzene 5 sulfonic add, or salt thereof, is represented

Formula Il: Formula Il X \\ e OH wherein a, Rand Y are as define above

More preferably, a = 0, and Y is a pgtassium ion (K), Effective anounts of

t he hydroxy benzene sulfonic add to suppress divalent 10 tin oxidation

(prevent sludge formation) nmay be readily determ ned by one of ordinary

skill in,th r dependi on faGtors,s s _bath conposit.ion, plating
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| ess than 16/ 1. The ot her conponents of the ele troplating baths are

gener albepizdseontiy e abatituréd orith pdipgeid. | Prdferabhe the hydrdxgdeniaed ude suitabl e
tin conpounds, which are soluble in the basis solution. The desired all oying
met 4l s sebfanisecidhi o dalt theregf, isrepresertediby Farmulail: conpati bl e with the basis
solution, and include copper, bismth, gglg.and 20 silver. The netals are
preferably added in the form of vfonate and/or sulfonic acid salts. The
adds suitable for use inclu ut are not limted to, al kane sulfonic adds
containing 1-7 carbon ato I ncNudi ng, for exanple, nethane sul fonic add,

et hyl sul fonic add; ' i€ acids containing 1-7 carbon atons;

aromatic sulfonic 25 aci g, for exanple, phenol sulfonic acid,
phenyl sul fonic acid; fl'ubboric acid; mneral adds including, for exanple,

sul f ur iygh@dth a, R/ SHOTHOhS Hefiid sbovaN More preferably, a=0, and Y is a potassium
ion (K').

Effective amounts of the hydroxy benzene sulfonic acid to suppress divalent
10  tin oxidation (prevent sludge formation) may be readily determined by one of
ordinary skill in the art, depending on factors such as bath composition, plating rate,
temperature, and/or pH. In general, effective amounts of the hydroxy benzene
sulfonic acid in the plating bath are greater than 0,1, preferably greater than 0.25, and
most preferably great than 0.5 g/l. Effective amounts are generally less than 10,
15 preferably less than 5, and morc preferably less than 1 g/L.

The other components of the electroplating baths are generally known to one
of ordinary skill in the art. Thése include suitable tin compounds, which are soluble
in the basis solution. The desired alloying metals can be added in any form soluble
in, or 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 sulfonic acid
salts,

The acids suitable for use include, but are not limited to, alkane sulfonic acids
containing 1-7 carbon atoms including, for example, methane sulfonic acid, ethyl
sulfonic acid; alkylol sulfonic acids containing 1-7 carbon atoms; aromatic sulfonic

25  acids including, for example, phenol sulfonic acid, phenyl sulfonic acid; fluoboric

acid; mineral acids including, for example, sulfuric acid, hydrochloric acid, and



22 JUN 2006 5 hydrofluoric add; and conbi nations thereof. Methane sulfonic
aci d, phenol sulfonic acid, phenyl sulfonic acid, and fluoboric add are npst
preferred. Salts or other derivatives of these adds can al so be used,

provi ded that the solution is sufficiently acidic and can retain alu JUN 7008
necessary conponents in solution. The pH range of these 5 solutions VMM¥
generally be less than 5, preferably Lgss than 3. A wide variety of
surfactants are suitable for use int el ectropl ati ng solution containing
t he above descri bed hydroxy benzene sul fonic add, or salt thereof. Wien tin
I's el ectrodeposited using high speed el ectroplating processes and equi pnent,
it is phpdefiuedictanid;anticombdndtiina thérabf. yMathané ealfomig aviel, phagolaydfohsc and/ or
surfactants. 10 Typical surfactants of this type can be found in U S. Patent

Nurber s acidgehestyt sulleric 4ciglhand gigobere acid aramioshprefersed. Setaornthemyent s or
f act ant ited in US. Patent Nymber: 4,701 244 to.Nopel .et al. a |
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such as, tor exanp eve agents, bismuth conmpounds,

acet al dehyde, AQHidea/RichAbf fitfactAPileSunEbRIfol 885 tAE elerbroplinkGohaMmMy.
Opt i mum anounts of wett’ing agents/surfactants and other additives will wvary

dependi ngordainiing thpeattove deacritzegidntdrexy benzeae stlfenigacid, onbalt theyeof. tWihen
particular 20 bath conditions in which it is to be used, and other factors
readi |y Hedeelartaedenssited asingrhigh speed; ¢leqtrpplating procreses and eauinmenrty itient at i on.
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i ncreased. The el ectroplating sol ut can be prepared by the conbination, in
any or deNumber 4,701,244 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 cne skilled in the art to improve the performance of the
15 cleetroplating process, the properties of the resulting electrodeposit, or other
clements such as, for example, brighteners, leveling agents, bismuth compounds,
acetaldehyde, or combinations comprising at least one of the foregoing.
Optitum 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 it is to be used, and other factors readily determined by one
of skill in the art without undue experimentation. Generally, at least 0.05, preferably
at least 0.5, morc preferably at least 1 ml/l, and at most 10, preferably at most 5, more
preferably at most 2 ml/] of the wetting agents give excellent results with pure tin
and other tin alloys. Higher amounts of wetting agents and different combinations
25  canbe 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 acid, optionally a pH adjustment material, a wetting agent,



of a tin conpound, an add, optionally a pH adjustnent material, a wetting
agent. 22 JUN 2006 6 and an antioxidant. The solution may require filtering
depending on the order of addition, and diluting with water or other solvent
to a final desired volume or conponent concentration. The el ectroplzaitiJWmU
solution is generally operated at tenperatures at or above anbient (e.qg., E20
C), with agitation and elevated 5 tenperatures desirable for high-speed

el ectropl ating applications. Suitable solution tenperature is readily
ascertainable to one of skill in the art w thout undue experinentation.
Typically el ectroplating i s gonducted at tenperatyre at leagt 15 C, and at
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agitation and solution tumover due to pumping action maintains the oxygen content

of the solution at or near its maximum concentration, thus promoting the tendency

to oxidize tin (e.g., Sn* to Sn**). Under thesc conditions, the use of the present

antioxidants maintain tin in its divalent stale, j.e. as 5n?, while not interacting with
15 other components in the solution to produce insoluble material including cils and/or

emulsions,

Various alloys can be produced depending on the relative tin and alloying

metal ratios employed in the solution. For example, plating a 60-40 tin-lead alloy, 20

g/l of tin metal and 10 g/1 of lead metal can be used, as can 99-1 tin-copper, 98-2 tin-
20  bismuth, 97-3 tin-silver, and combinations comprising at least one of the foregoing.

Other ratios are routinely determined by one of skill in the art without undue

experimentation.
Examples
25 Tests were conducted to evaluate the formation of insoluble materials, and to

evaluate the effectiveness of antioxidants to prevent the loss of divalent tin in the

plating baths. Combinations of antioxidants were also evaluated,



22 JUN 2006 7 Accelerated testing was conducted to determ ne the effect
various antioxidants have on the formation of insoluble oils and/or gels.
During the test, one |iter of test solution was naintained at betvwzzg go and
50 C under stir bar agitation. Stainless steel electrodes were pla U 808
a load of 10 anps. Ethoxylated (EQ 5 and propoxylated (PO surfactapts were
conbined in water with nethane sulfogic acid (MSA), and the anti oxi dant
under evaluation. "EQ PO butanol"” refers to a copolyner of ethyl ene oxide
and propyl ene oxide having one end termnated with butanol. "EO bis-phenol™

refers to an ethyl ene oxi de pol érrer havi ng both ends term nated with phenol.
The resul t s Afcelersted isting wasrongugird tq detesminethe effect various

s R S D Pl Wi e
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ass' umgixalet SredEAMIAR Wt piicdd ik BrAANWIRNASY, Ethoxylated (EO)

5  and propoxylated (PO) surfactants were combined in water with methane sulfonic

acid (MSA), and the antioxidant under evaluation. “EQ/PO-butanol” refers to a
copolymer of ethylene oxide and propylene oxide having onc end terminated with
butanol. “EO-bis-phenol” refers to an ethylene oxide polymer having both ends

termninated with phenol. The results are in Table 1.

10
Table 1
Example No. | Acd | Conc Surfactant Conc, Antioxidant Conc. | Rcsult
1 &/ &l g/l
Comparative | MSA 50 EQ/PO- 4 catechol 1 Oils
Example 1 butanol - formed
Comparalive | MSA 50 EO-bis-phenol 5 hydroquinone ! 05 Qils
Iixample 2 formed
Example 1 MSA S0 EO/PO- 4 ‘dihydroxy 1 | NONE
butanol berzene sulfonic
acid, potassium galt
Example 2 MSA 50 EOQ/FO-block 1 Zsulfosalicylic acid 05 NONE
copolymer

! Formula 1, wherein a0, b=2 and Y=K*
1 Formula 1, wherein R=-COOH, a~1, b=1, and Y=H
As the data in Table 1 clearly shows, the use of a hydroxy benzene sulfonic

15  acid (Examples 1 and 2) prevents the formation of insoluble materials under
* conditions consistent with use in clectroplating baths.

Tests were conducted to simulate high speed plating operations where
ambicnt oxygen is constantly introduced into the bath by pumping and mixing. The
procedure involved the preparation of test plating solutions of known divalent tin

20  concentration, Antioxidants were then evaluated at different concentrations to
determine how each affected divalent tin loss. During the test, oxygen was bubbled
through the test solution at a known rate, while the solution temperature was

maintained at 45°C (+/-5°C). The results are presented in Table 2 as a percent (%)



co of ncr Fornmula 1, wherein a-0, b=2 and Y=1G Formula 1, wherein R=-COOH,
a-4, b=1l, and Y=H As the data in Table 1 clearly shows, the use of a hydroxy
benzene sulfonic 15 acid (Exanples 1 and 2) prevents the formation of

insol ubl e materials under conditions consistent with use in el ectroplZdtiliNg200s
bat hs. Tests were conducted to sinulate high speed plating operations where
anbi ent oxygen is constantly introducgd into the bath by punping and m xi ng.
The procedure involved the preparation of test plating solutions of known
divalent tin 20 concentration Antioxidants were then evaluated at different

Cost . ouity ob il ety ABM 3 B e o R BVt BB e AR Bl erte MR i e
the sol yhoaRe bEARSIAL Hhprifst gﬁem.g%nragétgﬂg thofesd ddscriPld abde IRk S are

presented in Table 2 as"a pertent ( UN 2006 8 loss of tin, calculated
as the eade] theatartinfadst doNdibArbntaifedBEGeh, ﬁfotgs‘rmme&ds&ﬁé freb Qcid)cariddt al
anount of divalent tin present prior to conducting the test described above.

| n eachoxygsewas beblediin atfipOtralmirs fdri2D doucont ai ned 50 g/1 tin, 100 g/l MSA
(as the free acid), and oxygen was bubbled in at 500 mM/mn for 120 hours. 5
Tabl & 2 Exanpl eAnti oxi dant Concentration%snl; !tLoss Bl anknone09. 4 Exanpl e
312, 4- di hydr oxy0. 254. 3 benzenesul fQFib(I: iaci d, potassiumsalt Conparative

Exanpl ehydr oqui nonc0. 255. 6 3 l1adle £

Example Antioxidant Concentration % Sn*
eh v Loss
Blank none 0 9.4
Example 3 17,4-dihydroxy 0.25 43
benzenesulfonic acid,
potassium salt
Comparative Example hydroquinone 0.25 5.6
3 .
Exarnple 4 12, 4-dihydroxy 05 23
benzenesulfonic adid,
‘ potassium salt
Comparative Example hydroquinone 0.5 3.0
. 4 —— A
Example 5 12, 4-dihydroxy 1.0 18
benzenesulfonic acid,
. potassium salt
Comparative Example hydroquinone 1.0 38
5

1Formula 1, wherein a=Q, b=2, and Y~K*
Use of the disclosed antioxidant, as represented by Examples 3, 4, and 5

clearly demonstrate a significant alleviation of tin oxidation in the samples in
10 relation to the comparative samples, This result translates into a similar alleviation
of tin sludge formation during plating operations. In addition, combination of the
hydroxybenzene sulfonic acids are also useful herein to reduce the oxidation of
divalent tin, as demonstrated by the Examples in Table 3.
The Examples in Table 3 represent test solutions containing 20 g/l tin, 10 g/1
15 iron, and 40 g/l MSA (free acid), under the temperature and oxygen bubbling rates

described above. ‘The test was conducted over a 104 hour time period.



Exampl e 412, 4-di hydr oxy0. 52. 5 benzenesul foni ¢ add, potassium salt Conparative
Exanpl ehydr oqui none053. 0 4 Exanpl e512, 4-di hydr oxyi . d1. 8 benzenesul foni ¢ aci d,
pot assi um salt Conparati ve Exanpl ehydroqui nonel.03.8 5 1 fornul a 1,b@P§ﬁf5ﬁ
a-0, b=2, and Y-K Use of the disclosed antioxidant, as represented b
Exanples 3, 4, and 5 dearly denonstrate a significant alleviation of tin
oxidation in the sanples in 10 relatign to the conparative sanples. This
result translates into a simlar alleviation of tin sludge formation during
pl ati ng operations. In addition, conmbination of the hydroxybenzene sulfonic
acids are also useful herein to rEdFéﬁ ahe oxi dation of divalent tin, as
demonstrated by the Exanples in Tabt#'%’ The Exanpl es in Table 3 represent

test spl @adfle Jonhatididids 20 @ne, f T Thnubkdt T | &nd TON, @BEARSOTT VA (free
acid), |under theg tenparaturg apd pxygem bubbljngirates described jabove. The

test WASEGRBWECT|Cq,, {xRfdréey LU JIPUl {1 Repaper 1 0. 22 [JUN 20Qg 9 Tabfle 3

Exanpl [aAnti OXi dgNbenGRGaeARtll 0Xi dpnt Cone. ¥BnzT. 0o$s 1n2n

acid, potassium
salt
Example 7 12,4-dihydroxy 5.0 qulfosalicylic 0.5 4.0
benzenesulfonic acid
acid, potassium

salt
1Formula J, wherein a=0,b» 2, and Y=K*
1Formuwla 1, wherein R=COOH, a=1,b=1,and Y=H

5 The results in Table 3 dearly indicate an unanticipated improvement in
antioxidant properties when the hydroxybenzene sulfonic acids are combined ina

single solution.



Exanpl e 612, 4-di hydr oxy5. ONone06. 3 benzenesul foni c acid, potassiumsalt
Exanpl e 712, 4-di hydr oxy5. Ozsul fosal i cyli c054. 0 benzcnesul foni cacid add,
potassium salt *Forrula 1,wherein a=0, bn2, andY-K Forrmula 1, wherei ? Iﬁ = ﬁl’ﬁﬂ\l
a-1, b-1, and Y- HS5 The results in Table 3 dearly indicate an 2" JUN 700
unantici pated inprovenment in antioxidant properties when the hydroxybenzene
sul fonic acids are conbined in a sijggle solution. 22 JUN 2006 10 Clainms 1. A
solution for use in the electroplating of tin and tin alloys conprising: a
basi s solution conprising an acid, optionally a salt thereof, selected from
the group c@ysissting of fluoboric acid, an al kane sulfonic acid, or a

conbi nati on tThereof; divalent tin ions; one or nore surfactants with a cl oud
poi nt higher than 33C, and an antioxi dant conpound at a concentration range
of at least 0.1 gAl t: : i i of dival ent
tin, the antllqoxi arsl(t)lhg%drr%gﬁsﬁd#Elg\?lleg{éépalt&t?lgro rr:frﬁﬁg&et %%‘r%g%dr&aﬁsnggael ected from
the group cobgsissplutign edmpaisinglak atid, eptipedllyiasals thepgok atledted emthie grompt al i ons,
transition - ' ' ; erei s 0 2 or 3, bis 1,
2.3 4 “or Sragirk S RuoB ARG BT S Bnffichorlpertet %O 4 R 1

sel ect ed f r clivdldnetin gmeLpe oomerfestifagantf wittad dgehpoiEilighef B 33°C: Gl aml kyl ,
substituted Cl- | kyl nd C1-C3. al koxy, erein,.sajd al kyl substitutions
are sel ected™ ?’%"?ﬁ%x%drug(gﬁt TR RS s féﬁ'@%ﬁ? @r‘.tg’ 'i‘hkﬁ%‘ﬁm y%lrtgmched al koxy,
al kenyl , al kegduek theedatad dydivalenyh, oled dneositiant aepound piveipyd forhah:-osubst i t ut ed
phenyl, heteroaryl, hal ogen, hydroxyl, cyano, or conbi nations

wherein Y is selected from the group consisting of H, alkali metal ions, alkaline earth
metal ions, transition metal ions, and ammonium ions, whereinais0,1,2o0r3,bis 1,
2,3,4,or5, and the sum of a and b is equal to 2, 3, 4, or 5, and R is selected from the
group consisting of halogen, CN, COOY, C,-C; alkyl, substituted C,-C; alkyl, and
C,-C; alkoxy, wherein said alkyl substitutions are selected from the group conéisting
of straight chain or branched alkoxy, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, acyl,
phenyl, halosubstituted phenyl, heteroaryl, halogen, hydroxyl, cyano, or combinations

comprising at least one of the foregoing.

2. The solution of claim 1, wherein said alkane sulfonic acid is methane sulfonic
acid.
3. A method of electroplating tin and tin alloys comprising: contacting a

substrate with a solution according to claim i or 2.




conprising at |east one of the foregoing. 2_ The solution of claim11, wherein
sai d al kane sulfonic acid is nmethane sulfonic acid. 3. A nethod of

el ectroplating tin and tin alloys conprising: contacting a substr&?dUMiZite a
solution according to claiml or 2. -22 JUN 2006 11 4. A nethod for
decreasing the oxidation of tin in an electroplating solution containing an
al kane sul fonic acid conprising addi ng a hydr oxy benzene sulfonic acid or
salt thereof in an amount of at least 0.1 g/1 to less than | g/1 to assist in
maintaining the tin ions in the divalent state, the hydroxy benzene sulfonic
acid or salt , thergof h f or mul a: reip.Y.is selected fromthe group
consisting of H 4t kS h?gﬁ’e!t%eaﬁrea}sgﬁsu?e (gﬁ\{\%glf’? ﬂgt"élé'raflﬁﬁcﬁgﬁ%ﬂngis?)iﬁg?" transition
metal ions, advitadbrmdmi alicne anfopicwlRredmprising sdding dbyd?oxydenzdne fulfosic 1, 2, 3, 4,
or 5, and the sumof a and b is equal t 3,, 4, or. 5 and each Ris
hdependent | o0dr Bt et in A whEng b fest G B 16 P bl BB TN coov, - 3
al kyl , subst intaitt€ifingihe@h iaskiy the davatenCatate3Ihahydpoay, benbeat il fonkdicid oy |
substitutions ar e 5%géqecte.d fromthe group consisting of straight chain or
branched al k&3Ot APS&RYMUI: 5| kynyl , cycl oal kyl, cycl oal kenyl, acyl, phenyl,
hal osubstituted phenyl, heteroaryl,. hal ogen, hydroxyl, cyano, or

conbi nations conprising at |east one or s#he foregoing. 5. The nethod of claim
4, wherein oxygen content in said e oplating - solution is at or near its
maxi mum concentration. 6. The neth claim4 or 5, wherein. electroplating
is conducted at a tenperature of st 15C.

®7 (OH),

wherein Y is selected from the group consisting of H, alkali metal tons, alkaline earth
metal ions, transition metal ions, and ammonium ions, whereinais0,1,2,0r3,bis
1,2, 3,4, or5, and the sum of a and b is equal to 2, 3, 4, or 5, and each R is
independently selected from the group consisting of halogen, CN, COOY, C,-C;
alkyl, substituted C,-C; alkyl, and C,-C; alkoxy, wherein said alkyl substitutions are
selected from the group consisting of straighf chain or branched alkoxy, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, acyl, phenyl, halosubstituted phenyl, heteroaryl,

halogen, hydroxyl, cyano, or combinations comprising at least one or the foregoing.

5. The method of claim 4, wherein oxygen content in said electroplating

solution is at or near its maximumn concentration.

6. The method of claim 4 or 5, wherein electroplating is conducted at a

temperature of at least 15°C.




