; e3ell F6| T29L LIM TING THE LOSS OF TIN THROUGH OXIDATION IN TIN (OR
TIN ALL/W/ ATI NG BATH SOLUTI ONS Background El ectropl ati ng bat hs
cont ai ni W tin and acids such as mneral acids (i,e., "

aci d, hydreaedioric’acid, and hydrofluoric acid), phenol sul for*‘lllmwmgulmmm
fluoboric acid, and nethane sulfonic acid are used in plating tin and tin
alloys. A problemis the |oss of avail abi e divalent tin (Sn =~) du&*Po
oxidation of the divalent tin 5 to tetravalent tin (Sn4+). Tetravalent tin
accunul ates as stannic_acid and event uaITI_% forns_an insoluble shidge in the

bath. In additi onHMIHINETHFGLEOHROF B HROUGHXRATION ANTINGR N ¢

pl ati ng, sludge fornation gl equi L.zl pl uggi ng,
resulting in an inferior &mﬁﬁﬁgﬁgﬁﬁ%ﬂﬁ@hé&gﬁ@ﬁbﬁ}@ ional costs. !
0 Oxidation of divalent tin occurs at the anode of thelectroplating cell,
or can result fromair introduced into the bath. For exanple, rapid punping
of plati ngm@kgb’uﬁa required in the so called "high sped plating" processes
result in the 1nclusion of substantial anobunts of oxygen into the bath,

whi ch accel er at Eectioplatingdathsomwnedinihip\divaent tn and Acids sddings mindraloftidgeed
tin-plating worsens the sl udge 15 problem as conpared to other non high
speed tin- gl-%tﬂurl\fglr@midf bardrmg@nmicb rpddytirefhiaricadd)aphenolasntfoniacid,
correspondiﬁﬁﬁ%bfornati vi|] of sludge,. diyval ent Cii n must remain in solution,

and/ or be RTIG aeid g methans skitopicaridara weed inplatiag tinargbin aloysa A

d. t. 1 i i i ¥al.ent,. t] i dati i l.at i
Cncl ude. " SOBERE thetol & NatSpl FIER it (R T 853 oS BieligpBedho Bab2 BR
to Nobek ety ftravaltipt 6 (7©), HebaChRHt Ltiﬂa&%inﬂgarl'éh kY btaftl A Sadelehiagpd tin

salutions in conbination viuth antioxidants {also referred to as reducing
agents) to fameyaninseluble diddge Bf the httavialadditidn o reSRRghg ilkalrhountNigbel et al,
are directed to an electrolyte for electroplating tin or tin-lead alloys
conpri si ng divalentitiyl avadiablel fonplating, shedgrofommation absbubiisesaiqhipment falikiyg ol 2
sul fonic acigil in an amount sufficient to provide a solution having a pH

| ess than andpluggingregingdn an inferigeprodughalongith ingreased\apessionslind i n an
anount suf fci &isent to reduce or prevent the formation of tetravalent tin and
ti n-oxi de srudge. Hydroxyphenyl conpounds include pyrocatecol,
hydroaypnone, 1 eAMAIoRY iR RIbMAEA! he BNSRISH the biectiopiliAg IS kn OF
hydr adui none s-ulfurir acid ester. However, reducing agehts €an be an

i nconpat i biresuld frdonvidt introduegiiits theshbHth Wi exaiplls; rapid hreh Pl of nts of
tin electroplating baths. 'these reducing agents ream form’insoluble oils
and gel s, wpiutionheguired betheisoenlienl “Tégl speedaplating(t progessasiresethinthe n an
inferior proquct b coati,n? heat transfer surfaces, and/or formng 10
emul si ons WEwFien ohaisgantial appounis,of expgen inte Hiedathy whishmsselenates the e

i bl i h in,.plati. bat hs, whi ch
b event t neNsigh R SRR AR AReRr el e peed B l0g vaFteiRshE Hdke, o
| _ . PIRIDE WFSTIGS =
pr eventsS| yaaRePUTBRAReR Fol BEAGH i @eETRALp Rk BEDTONERL! P prltick 2

fit-st aspect of the present 1nvexiti a so on for
use in the trisegidatiphainidbe ebrréspondiity foriaidh 85 Sud@aRIivsleROtin &m@sérfiain
solution cornprlsing an acid, optionahy a salt thereof, selected frt~mthe
group cons i selngonsard/eubroquicklyaenvente obarkiip divalentdiruenceoixddation as

conbi nation thereof; divalent tin ions; az~d zO an anti oxi dant conpound
conpri si ng ®A“H¥&ft-oxy benzene sulfonic acid or salt thereof, gun an anount

e~ffeotxve to r ce .the oxidati;on,divalent tin. T=n con spect of the
pxesent inventi %%Wﬂ%#%ﬂ%%%%&%“gmr%_ piengp Pl?‘é‘t&a'?%ﬁm"?‘h%'? Tn and tin
al | oys sg0 b S0 ; i ! | It a

ast o 237 LEKLRY U6 I AR Nlibes 308 VEE L H0BGAE, 3Bk NBpERL SHRA %,
froxn the gredpedcedss asing@llol shlfordbatidbaacd fin salutidhg amnbembitationiveitinci d, or

a conbi nation thereof;
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 or alkylol



divalent tin ions; and 3 an anti oxi dant conpound conpriszng a hydroxy

bei venc sulfonic acid or salt thereof, in an anount effective to reduce the
oxi dation divalent tin. Detailed Description 5 1t has been fQund that the
addi ti on 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

i nsoluble oils, gels or othar simlar materials. This is particularly true

S ! . .
in high spBEtPnif 26 iy anemanss anificient lproviden splation haviag apldessthamd atesul t
i n anbi ent y ing.continpuously intraduced into the plati .bath
sol uti on. %ﬁé %‘%p%%\%@ﬁ%ﬁ nf 82@ F?ﬁ(ﬁl‘g’wg‘ﬁi‘@rw% j Hrfngra Wr%gtg“%rmene
sul fonic J Lak { 0. 'ggm i n$ol uhl.e anodes are used
at bath tgfr?lggrc gts ﬁ @Eﬂggﬁﬁg@g{{l&%ﬁ%&%gﬂ poi %‘fg? -otx%ge Sg% ?‘ wherein
ant t oxi dant dﬁd@?ﬁ@ﬁ doPnpAasds iMitll htceQITR fhdri, i, 15 baths to
formthe i nZoI ubl e o?ll s and/ or gel sé?%}g hy'(sj]r og%gn}eﬂlﬁeﬂggﬁlé%ni c acid, or
sal ts therpdlbréoglugank patrégallob grasiantphénbly ofhy drdgaidcneSpdiyricakidsterl
(R ~~~(Q-)b 20 wherein Y is selected fxomthe group consisting of H,
allcali netal il3eweven keducing agentsramdesn ingeropatiblawith wektingeagents, ons, and

amoni umions, .wherein.ajs 0,1, 2, or 3 (a ~ 0, .
1.,2,c~r 3)5,11@?05‘1“; ‘72",‘%5,'33‘9 ?fsompanss\tﬁ,qﬁ@)eﬁew&ﬁﬁ%iQweaedtzmg, 4,0or 5

(a ~b - N K . ch.rv.is.independently . sel ect from the group
consi st i néa "t?ﬁ tsﬁrégétgtgﬁf\ n%%)quﬁﬁw&@d éﬁl_s&ﬂhc?&\ﬁv,e a %Wﬁ“ﬁ@g‘geﬂ”d’wﬁt‘% kyl ,
and Cv-C, ~ F i i ' fihh 'LF ~L.1] d ham
Ehe group %rgin%?@si%‘inﬁgé (I)If‘ﬂg §t6 rﬁglfbg tkg%géeﬁm&rﬁ%?anc %ﬁéﬁa#%gg(ya?{dg?i@h@ﬁge

al kynyl0  cymniilsionglwitisynahe ablk eAsti-oxalznks (rémﬁiit{%agenté) thad 8 Baigatibleagitpheny!
het eroaryl, hal ogen, hydroxyl, cyano, or connbinatians conprising at | east
one of t hetheathgysiomponentsommbe iraplatiegbathegdatny whidspresknt the dxidatiohefar t

t hat vvhenrfiihe sum of qu th_i,s | ess than 5, the remaining carbon atons in
the benzerfiiVileRhhn apdlonstabilize stanngusiin teyrrevet sivdgedermetion gre desiredy dr oxy
benzene sulfonie acid, or salt thereof, is represented by Fornula Il; 503Y
or r ~~~ox ~si'ormula Il wherein a, R acrd 7| are as define above. Mre
pref er abl ygiafdnw i i potassiumton (1G). Effective anmounts of the
h~dr oxy beﬂ%’&%mﬂr\?%%l@ to suppress divalent 10 tilt oxidation
(preverst sl udgdnfadirgbaspen) of by pheehtiadihtiorn) Bt iddd P8Fulbn Wrdisadgy
skill in the art, depending on factors such as bath conposition, plating
rate, tenpbeglegiroplading/ aftinpand tin AMoypaoenprisingf f ecti ve anounts f the

hydr oxy benzene sulfonic¢c acid in the plating bath arc greater than O, 1,

preferably grarftRASISsQlion eompiispg A8 aridyppiienally 3 salk thareof isglectpddrepn the

Ef fective .afl |ly less than ! .15 .oreFerabl v J.ess than 5,
and mor - HoRE el 8l SEARR et 3R ol o Bl e pihafifs herdt

el ectropl ati ng Ra4iBg: @k forBeRgi al |y known to one of ordinary skill in the
art. These Include suitable tin conpounds, which are solublL in the basis
sol utiamn. ~'hc agesitionitanlt coxpbandebmpsisigh IRIBLY BenddnedRYohRAADBHN dal € in,
dr conpatible with the basis solution, and i'nclude copper, bisnuth, gold
and 20 si |thereof thanmseirs effectivir tofredudy the asiflationmlivdlentftin.m of sul fonat e

and/or sulfanic¢ acid salts. é@g aci ds suitable for use include, but are not
limited |0, al KBASCSNd dhest efdha presgntinventien, there dnpinyided amethatelidi nb,

f oz exanpl methane.sul foni 6, acid,_ethyl sulfonic acid; al kylol sulfonic
aci ds conteg‘?cr%f"ﬁg‘l‘\f‘!grh%&f‘ﬂgw@Pé’ﬁ&?““&r‘ ic sulfonic 25 acids including,

- for exanple, p S ul ' b . j i O 1 ' id;
mimer Al aci ds. o e P o @ it o B Gl B P RBASRE o
5 hydrasf | uar add,aptibnaiipd saitthéreal, ssleced honetie. grb’ﬁf» lRaRgstav bOMidboai adid,
phenol sulfonic acid, phenyl sulfonic acid, and fluoboric acid are nost
preferred.mEﬂﬁﬁgkhmﬂ@mRéwl @r jacamibigatiogftheteofe aci ds can al so be used,

provi ded t hat Bﬂeﬁéolutlon is,sufficiently acidic and can retain al
necessary conmpdHEMER NI 4 on. The pH range of these 5 sol utions 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
t he above descri bed hydroxy benzene: sulfonic acid, or salt thereof. 'Wen
tin is electrodeposited using high speed el ectroplating processes and

equi pnent, it is preferred to utilize substantially non-foam ng wetting
agents and/or surfactants. 10 Typical surfactants of this typE can be found
in tLS) Patent Numbers 4, 83%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
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tenperatures at or abo~re anbient (e.g., 20 C, with agitation and el evated
5 tenperatures desirable for high speed el ectroplating applications.

Sui tabl e solution tenperature is readily ascertainable to one o~f skill in
the art rw thout undue experiznentatlon. Typically electroplating is
conducted at a tenperature at least 15 G and at mast 66 C. x he bath may
al so be cooled or heated to nmaintain the desired tenperahzrc. 10 Wen tha
cl eet xopl ati ng seep i s conducted under high-speed conditions, the agita

l'ion and sol ution tymycr, due to punpi ng actiqQn i ntains the oxygen
content of the ¥PGHEPY “%COHPPQ‘%COHB@"WF hﬂa{%‘gﬁ@&ﬁ?ﬁ%ﬁql&ﬂm Nﬁé@r salt

Conai |1 onteredfRt LketR elhlela todlet P oda b Rria i i i 1o

divalent state, i_e. as 5nZ', while not interacting with 15 ot hez~
conponents in the solution to produce insoluble rr~terial including oils
and/ or eznwesditéﬂs)esyﬂpﬁ@gs all oys can be produced dependi ng on the

relal ~ive tin and alloylng netal ratios enployed in tl~e solution_ For
exanpl e3 pl ati nl has Béen-Bhuridrthhicthd adtlitinn of 24rtainthyairoky bemzinalsulforicladdyh of

| ead metal can bc! used, as can 99-1 tin-copper, 98-2 tin 20 bismuth, 97-3
ti n~si zver oF salt$ thewiesf, Anko dvalenbtin ot Bn aljopnacidglatingbaths results it ar egoi ng.

~thcr ratio re. r.outi,nel etermxted by, one of skill_ in.the art w thozzt
ur <due ex p%‘t’st?sﬁ%‘ﬁlaé]yi rSﬂgce%ge ?féfﬁal)égt %Q@a 'ejrb%Hﬁ‘h%f(%‘B WngalP%&F’ée t he
formation i .4b I N e the ef.fegtiveness,,of
ant i oxi dant slf(%rgé gﬁ‘gv{’:‘ﬁ%“@hﬁ&@é go%%%giré%lgﬁa‘hg ?é]mﬁjil (ghﬂ?ojﬂﬂﬁéﬁ ’afl;%%
conbi nat i opsobr siptilthMtaALs. . ated testing
was conduct e?i tl(; det er mﬂge th'emieéﬁfgggﬁic\ég‘gﬁéﬁg&g{r@%iﬁ%?gﬁﬁgw on the
or mati & oémbndivherit] whatdis operdtionalgehdjtions késudt inenbient oxygen beirdger of test

sol ution was maintained at between 34 and 50 C under stir bar agitation.
St ai nl ess eerdBILOtIShGintiodusedinte the rlatiog batiesohetidro AthednprOvempst refglanty | at ed
(Ep) S and Bro Oxa)ék{?t ed ﬁ}r&?sugf actants were conbined in water with
met hane suftPBhi HipT 9! Xy benpeps sulienir agidesomes esnecialiy signifieant
"EQ PO~but " a ol ~r.avex of ethyl ene oxide and,propyl.ene
oxi de havi ?1?2}8{6 rllrésr OZ%%E ?lgéﬁ?snagg glge%aglﬁx\fﬁaﬁrgﬁgp_%u%%pgqrﬁr&t 9?1%%8\“1 %PB'R s to an
et hyl ene OpHeUf ROV NEREN L ] | results
are in Table 1. cl;ﬁ Ta%i e 1x§Fl§(hanl?r£%x?s@E&¢§> Je%%ﬂﬁbﬁ%r%%oﬂ@ﬁ&%pla-mﬁg
No. Aci tiConb4ihs tafdranthednelvbieioilx afdfe gelsc. | Zcsul t/ 1/ 1p/ 1Conpar at i veMSASOEQ
PO 4cat echol 10 | sExam | e
| but anol f or med Chirgikydraxy benvssgsutionicsicish or salts3hyrbobd tpgenerrdly5€ptesented | e
2f or rnc:dExang?&{Ia 50EQ PO 4l di hydr oxyl NONEbut ane! ber uene $ul f oni caci d,

s

ot assi um l‘e 2MBAS0EQ 1' O- bl ocklzsul fosolirylic aci d0. 5SNONCco of
mcr t Forrmula 1. wher~In a~0, b=2 and Y%LYCf S nkilka 1, wherein R=-COO -i,

a~l, b=9, and Y=H As the data in Tabl clearly sk~owB, the use of a

hydr oxy bEnzene sulfonic 15 acid les 1 and 2) prevents the formation

of insoluble materials under congitl consistent with use in

el ectropl ati ng baths. Tests vvere/é)’l?oged to simulate high speed plating

oper ati ons whore anbi ent oxygéthi s const &by introduced iota the bath by

punpi ng and m xi ng. 1l~e procedure involved the preparation of test plating

sol utions of known divalent tLn 20 concentration, |lntioxidants were then

eval u d a i.fferent cqoncentrations tq deterip how. quch affected

i val oif " Pefe Y35 Ebeief Mo bl OB o et S kol b plkalie SRt

sol ution a : L3 i : l iywed at

35C (/- SRR Rablibn rithal ind RARBIHD LR IR RHBI €100 TS GSY
1,2,0r3),bis1,2 3,4 0r5(b=1,2234, or5), the sum of a and b is equal to 2, 3, 4, or

5 (a +b =2, 3,4 or 5), and each R is independently selected from the group conslsting
of halogen, CN, COQY, Ci-Cs alky], substituted C1-C 5 alkyl, and Cy-Cs alkoxy,
25  wherein said alkyl substitutions are selected from the group consisting of straight

chain ar branched alkoxy, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, acyl, phenyl,



loss of tin, calculated as the ratio of total divalent tin present after
the test, to the total anmpunt 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 bubbl ed
inat 500 mM/mn for i.20 hours. 5 Table 2 _

Exanpl eAnt i oxi dant Concentrati on~~ Sn=' h,4 i .0oss ~Bl anknoneO _9. 4Exanpl e

312, 4, di hydr oxy0. 254. 3be~nzenesul f oni C aci d, o~assi um salt ~Conparati ve
Exanpl ehydr oqui none0. 255. 63Tr anpl e ~12, 4- di hydr oxy0. 52. 5beni enesul f ohi c

sl i d, ot asshalasuhstit@edphenyl, heteBxeayh helogen, dyuiroxylefyand, Grkidmbinptions

SQ@2, 4-di hydroxyl. 01, . 8benzan~sul fonic acid,'", potassium .

sal t Conpar SAPREsEg ahjsesione-ofdhe forageing olt vaillds appresintedbyithosshakiliedhinethe

b=2, and Y~Pt<f Tse of the dgrsc os]ed nti_oxi dant, as r%present ed b% Exanpl es
3, 4, and ¥tEhAPheNthe SR 0L AT B 1Siess 8%5, emainipgcatiogRtems iR theoxi dat i on

in the sa i i t r at e e This result
transl at e?‘%‘%’?gé gné%rlﬁé %&%ﬁ@gvﬁg ﬁg‘?ﬁ%&i’i %Eésfﬁ?g(}fgﬁ%ir\%%wiﬁc efr}'ang

bl aki NGs opai@atd, drbaRdHéicon s repBehRALFLxRulA 0 hydroxybenzene sul ~onie
aci ds axe al so useful herein to reduce thé oxidation of divalent tin. as
demonstrated by the Exanples in Fabl gy ThemsRInpl es in Tabl e 3 represent
test solu tides containing 20 g/1 ¢Afn, I Og/1l 15 iron, and 40 g/1 MSA
(free acid), under the tenperaff/<re\and oxygen b~xbbling rates descri bed
above. The test was condex hour tinme period. Tabl e 3
Exanpl eAnti oxi dant | Conc. /1~ ti#gxidant 2Cone. /1% Sn2' | ossExanple 6_
12, 9- di hydr oxy5. ONone06. 3beRlazenest df oni cati d, potassi unsal t Exanpl e

~~Z, 4-di hy 5, L fossli .1 cQ. 54. Qhenzc~pesul f onjcarj daci d, .

pot assi ums‘g'ﬁg%g" ﬁ’gr%%ﬁ'f‘équ,e d\ﬁ/ﬁék”éﬁ’ %bcévetﬁ@?reﬂ’ gpeﬁ","%i&rﬂj" 4 if‘c*(g?%a PEtasEIPE 1,
wherein R @n H a =1, b =1) and Y =ti S The results in Table 3 clearly
indicate an unwttl ci pated i nprovenent in antioxidant prpperties whcn the
hydr axybenzene Efdctiodatod@itslsf e Byl ok Heodend s Aforlid W& to S@pptes/divalent O
Clainms: 1.. A solution for use in"theelectroplating of tin and tin alloys
conpr i Hl ngtin exidatios (evati dndgofypmasiongman baceallilyopdteamnkt byaorealft t her eof
sel ected fromthe group consisting of fhioboric acid, an orgaiuc sulfonic

acid, or =ovdénasyskilipthe aey dependingipn fastarasueh as bathsompesition, pltingxagant
d i hyd ben~er u; | f oni ' It th o~

e bunt OREERPHS AR/ HIT i Smerstinchie AppLs S the Riydro beragna ol ot i on

Al e < ¥l \ o .

of claim loulRRAR! it sud e biffihg BXNIRD L EAURRMAE 1! e BB/ Krebile BB AR

effective to assist In I ning etinion rvalen
most preferably great than 0.5 g/l. Effective amounts are generally less than 10,

15 preferably less than 5, and more preferably less than 1 g/l.

The other components of the electroplating baths are generally known to one
of ordinary skill in the art. These jnclude 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, pheny! sulfonic acid; fluoboric

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



ZO 3. The sohttion of claim1 or 2, wherein said hydroxy benzene sul fonic
acid, or salt thereof as represented by the formula: Sp3Y (R?~ (~~e
‘rnrherein Y is selected fronn the group consisting of 1-1, alkali netal
ions, alkaline earth netal ions, transi!~ion netal ions, and amoni um i ons,
wherein ais 0,1, 2, or 3, bis 1 ~"1 52, 3, 4, or 5 and the sumof a and
bis equal to 2, 3, 4, or 5 and It is selected fromthe group consisting
of F ~ halogen, d-1, C~l, COOY, CnC3 al kyl, substituted Cs-C a al kyl,

and C~-Cs al kvxy, wherel n said al kyl substltutlon re sele ted fr mthe
group conshydiofigont asid; and kembinatiansf eES‘#%anfﬁha%ﬁ 1c agid, 'elghﬁ %ng‘im

cycl oal I cyl, cycI c~al Myl ac hen hal os tut
het cr oar y| acifhap £ 85 X‘%@“W%idﬁrr 15‘8 hg“@gﬁg%}‘sﬁ”ng al
| east one

wherein s aﬁﬁmfﬂ' gfﬁ |%r£ ﬁge&%. Bgids dan Ilgg %Lséﬁ Ipqgviﬁiedw @?olﬁhoﬁllsaéﬁfﬁm&\ﬂ? 3,

onic a CI ongrises an al kane su [fonic acid,
aromati ¢ shlifanine AG! raiy b1l A& Q@M%ﬂ&&hﬁ b61ation5 Thd peI fopy ot eiese of

claim 4, erein sald organic sul ?’onl C and is sel4cted z5 fromthe group

consi st § ngs@lfuipheil gandrhdybe leas tihned) prefetabliniesettanidi oni ¢ aci d. C A met hod
of electroplating tin and tin alloys conprising: 11 contacting

substrate with A wileutariety afccufadtangs are suigblefer uge inithg ﬁlgcqoﬂatlgg thmﬁn

t hod f d th at ft | ect t
ggrrp?;&?%%i?éfﬂ%ﬁjfl e ove ApsastheAdng '°t SR A a?wa%&? *Hifienn”
zmount ef f ective to assms nt.ai ni i
state. 5 $! “ﬁ%‘eﬁté?‘ﬁ%sgf P‘&'ﬁﬁ greg%rt]};% @%@%@V %‘ a?g]@tﬁ?%m c
acid) or s exq]@ﬂ‘?cg{mlﬁe SaREaRRNY F thaxtnﬂ?g %@Frmg dgentsrforsurfacelifsein Y is

sel ected ~Eron~ group consi tlng of nmetal ions, alkaline
earth gptaly gpf&ﬂﬁsuﬁ‘dc@eﬁﬁb bE s fﬁk:f&bn b8 RsunchiHdU SUPBteht Nuinthess 4,880,567 andk | S
0,1, 2, or bis 10 1, 4, or 5 and the sumof a and b is equal to
2, 3, 9~, @/99%,165tbtlrto 'Somﬂ eztcaﬂ eWetmmgmgdws gxrwfncmtsmzte@gt UiS. Batend| ogen,

O-I, AV, COOY, O\ al kyl, substituted C--C 3 allcyl, % I

wher ei n sall\ﬂ-!rab%y‘-‘r 7%‘Pﬂ‘{ﬂhebﬁtsalaﬁﬁ§éﬂ°ém‘f‘@& f??‘dﬁﬁ}i‘ﬂ%mg b‘\% E‘B‘ﬁ%‘%‘??gg of
t ht ch b h | | k |

Lo B AT e e,
hydroxyl , tanflRBditks gR&RPh@@BhQBEHE diesirfth Oprbe@a{e }Slé?ﬁor&‘{m-kb@f the

fore90|ng any ane o |ns 7 8, wherein oxygen

cont entysi N ok ?dtﬁfgtﬁr@@éﬁt t'h@gué THbd @ﬂhb?esiﬂhﬂg elaemsd egositymuxsthem

ccntentration. EO he met ho any one of claims 7 to 9, wherein

el ectropl atelengerits scﬂmh,l mmkaatplé, brightemers, laveling ageats,tbxa:auﬂ; compounds,
. A@u. Ah. AU. Ah. Af . A@\y. A, Wy2. A {. Al % AhY. A U=al dcLF

]] | z ]ka] a\ }/]act]eta]clﬁ\yéa] @M@ﬂ}@ﬁ]@ﬁ]ﬁ‘&'};ﬁﬂ@ﬁﬁ&]‘ﬁ&fg‘a’]fe’éﬂg@&]%a] ca] ca] ca] caU
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of a tin compound, an acid, optionally a pH adjustment material, a wetting agent,
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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
component concentration, The electroplating solution is generally operated at
temperatures at or above ambient (e.g., 20 °C), with agitation and elevated
5 tz::mperahzre;s desirable for high-speed electroplating applications. Suitable sohition
temperature js readily ascertainable to one of skill in the art without undue
experimentation. Typically electroplating is conducted at a temperature at least 15
°C, and at most 66 °C,
The bath may also be cooled or heated to maintain the desired temperature.
10 When the electroplating step is conducted under high-speed conditions, the
agitation and solution turnover due to pumping action maintains the oxygen content
of the solution at or near its maximum concentration, thus promoting the tendency
to oxidize Hin (e.g., Sn* to Sn**), Under these conditions, the use of the present
antioxidants maintain tin in its divalent state, i.e. as Sn?*, while not interacting with
15 other components in the solution to produce insoluble material including oils 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,
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acid (MSA), and the antioxidant under evaluation. “EQ/PO-butanol” refers to a

copolymex of ethylenc oxide and propylene oxide having one end terminated with
butanol. “EQ-bis-phenol” refers to an ethylene oxide polymer having both ends

terminated with phenol. The results are in Table 1.

10
Table 1
Fxample No, | Acid | Conc Surfactant Cone. Antioxidant Conc. | Result
g/l g/l g
Comparative | MSA 50 EO/PO- 4 catechol 1 Oils
Example 1 butanol formed
Comparaiive | MSA 50 EO-bis-phenol 5 hydroquinone 05 Qils
Example 2 formed
Example 1 MSA 50 EO/PO- 4 ‘dihydroxy 1 | NONE
butanol benzene sulfonic
acid, potassium salt
Example2 | MSA | 50 | EO/PO-block 1 sulfosalicylicacid | 05 | NONE
copolymer

1 Formula 1, wherein a0, b=2 and Y=K*
2 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 electroplating baths,

Tests were conducted to simulate high speed plating operations where
ambient 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 (%)
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Table 3
Example Antioxidant Conc. | Antioxidant Conc. % Sn* Loss
1 gl 2 g/l
Fxample 6 12,4-dihydroxy 5.0 None 0 6.3
benzenesulfonic
acid, potassium
salt
Example 7 12,4-dihydroxy 50 gulfosalicylic 0.5 4.0
benzenesulfonic acid
acid, potassium
salt

! Formutla J, wherein a=0,b# 2, and Y= K*
2Formula 1, wherein R=COOH, a=1,b=1,and Y=H

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

single solution.
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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 fluoboric acid, an organic sulfonic acid, or a combination thereof;
5 divalent tin ions; and
an antioxidant compound comprising a hydroxy benzene sulfonic acid or salt
thereof, in an amount effective to reduce the oxidation divalent tin.
2. The solution of claim 1, wherein sald antioxidant compound is present
in an amount cffective to assist in maintaining the tin ions in the divalent state.

10 3. The solution of claim 1 or 2, wherein said hydroxy benzene sulfonic

acid, or salt thereof is represented by the formula;
SO4Y

X7

R), (OH),
wherein Y is selacted from the group consisting of H, alkali metal ions, alkaline earth
metal ions, transition metal ions, and ammonium ions, whetrein ais 0, 1,2, or 3, b is
15 1,2,3, 4, or 5 and the sum of a and b is equal to 2, 3, 4, or 5, and R is selected from
the group consisting of H, halogen, OH, CN, COOY, C;-Cs alkyl, substituted C:-Cs
alkyl, and Ci-Cs alkoxy, wherein said alkyl substitutions are selected from the group
consisting of straight chain or branched alkoxy, alkeny], alkynyl, cycloalkyl,
cycloalkenyl, acyl, phenyl, halosubstituted phenyl, heteroaryl, halogen, hydroxyl,
20  cyano, or cornbinations comprising at least one of the foregoing,

4, The solution of any one of claims 1 to 3, wherein said organic sulfonic
acid comprises an alkane sulfonic acid, aromatic sulfonic acid, or a combination
thereof,

5. The solutlon of claim 4, wherein sald organic sulfordc acid is selected

25  from the group consisting of phenyl sulfonic acid and methane sulfonic acid.

6. A method of electroplating tn and tin alloys comprising:
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R), (OH),

wherein Y is selecled from the group consisting of H, alkali metal ions, alkaline earth

Q

metal ions, transition metal ions, and ammonium ions, wherein ais 0, 1,2, or 3, bis
10 1,2,3,4, or 5 and the sum of a and b is equal to 2, 3, 4, or 5, and R is selected from
the group consisting of H, halogen, OH, CN, COOY, C1-Cs alkyl, substituted Ci-C s
alkyl, and Cs-Cs alkoxy, wherein said alkyl substitutions are selected from the group
consisting of straight chain or branched alkoxy; alkeny), alkynyl, cycloalky),-
cycloalkenyl, acyl, phenyl, halosubstituted phenyl, heteroaryl, halogen, hydroxyl,
15 cyano, or combinations comprising at Jeast one of the foregoing.
9. The method of any one of claims 7 or 8, wherein oxygen content in said
electroplating solution is at or near its maximum concentration,
10.  The method of any one of claims 7 to 9, wherein electroplating is
conducted at a temperature at least 15 °C,



