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The usc of alkali metal, slkaline earth metal, ammonium ‘and substituted ammonium saits of allcyl and alkano! sulfoaic acids as
additives-in vaticus types of clectroplating baths (c.g., sulfate, sulfonic acid; flucroborate, and halide baths) has a number of unexpécted
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by the area through which that current passes; the area is usually nom na
-area, since the true area for any but extrenely snooth el ectrodes is

sel dom known. Units used in this regard are anperes per squar ter
n2). [0003] It is also in the best interest of efficiency to rgﬁgg Egr2°03
pl ating baths walysgs:hi gh a current density as possible. Thephi

current density the faster the coating plates on the surface. - he current
is carried by the itons in these baths and each type of ion has its own
speci fic conductance. In- plating bath, however, ionic conductance is only
one variable that nust be considered in 24 Decenber 2003 WD 00/ 56952 '
PCTn500107362 -2 choosing an electrolyte.. The final criterion is the
-quality of the coating at the desired current density. SULFATE BATHS
(0004] A variety of netals and netal alloys are commercially plated. from
solutions with sulfate as the- prinmary anion. See for exanple U S. Patent
Nos. 4,347,107; 4,331,513 and 3,616,306. Certain sulfate electroplating
bat hs have timitations that can sonetines be alleviated with the addition
of additives' including other anions. ' Far exanple the steel industry
has.  been. tin plating steel for many years -from sulfuric acid/tin

sul fate. bat hs where phenol sulfonic acid is. used as a special electrolyte
- addi tive which inproves both the oxidative stability of the tin as well. as
i-ncreasing its current .density range. This is known as the  ferrostan .
process but because -of environnprEdTRORIATING BATHSphenol derivatives the
" steel industry is looking to replace this bath with one which, is |ess.,
harmful to the environnment. . [0005] . Simlarly nickel. sulfate is used
for nickel plating but nickel BACKGRQEND OF THE INVENTION -

[0001] Eléctrdplating solutions are uéui’aily aqueous. Every plating
soluuon contams ingredients to perform at least the first, and usually several, of
the follomng functions: (1) provide a source of ions of the metal(s} to be deposited;
{2) form complexes with ions of the depositing metal, (3) prowde conductivity; @)
stabilize the solution against hydrolysi§ or other forms of decompusitionﬁ (5)
. buffer the pH of the solution; (6) regulate the phymcal form of the deposn:- (7} a1d
in anode corrosmn, and (8) modify other propertles peculiar to the solution

involved.

[po02] Thé present invention improves the plating pérfqrmance of the
solution, parﬁcularly by increasing the useful current density over pfevioﬁsly
accepted norms. The cuﬁent density is the average current in ampefes-diﬁded

by the area through which that cﬁrrent_ passgs;'ti'n.e area 1s usually nominal area, - -
since the true area for any but extremely smooth elebﬁ-odeé is seldom known.

Units used in this regard are amperes per square meter (A/m?).

[ooo03] It is also in the best interest of efficiency to run these plating baths

at as high a current density as possible. The higher the current densify the faster |
the coating plates on the surface. - The current is carried by the ions in thesé |
baths and each type of ion has its own speciﬁé conductance. In plating bath,

however, ionic conductance is only one variable that must be considered in



nmust al so be present to provide enough conductivity and inprove -anode

di ssolution. ' This bath is known. as the Watts bath but although

econom cal, suffers froma nunber of disadvantages including a nickel

plate that is highly stressed: [00061 It is therefore worthwHiDecemper 2003
identify other additives-that can inprove the performance of netal sulfate

. el ectropl ati ngv®8Y¥E2 There are many exanples in the prior PRRAUSHHERR
.surfactants and other organic additives are used to provide a nore

desirable finish. In the case of tin the prior art also describes

addi tives which can inprove the oxidative stability of the tin and

therefore provide a bath with less sludge formation. It is |ess conmon to

fi'nd exanpl és of additives "which inprove4he plating range especially a

the high current density end. 24 December 2003 WO 00/.56952 PCT/USOOlO7362 3

Increasing the current ‘density is a very desirable feature but it has been

~difficult, to chd@m&g éuy eRAtblyte/ SFheMial Rrigiande tHdinsatity bivdiicoati@it thg Ot her
problens in t 0007] Many plating baths-are also very sensitive

to, the preseH&@r m“? %s .and often as inpurities bui-ld up in the
bath they affect the quality of. the deposit. Therefore either these

inpurities nust be renoved or the b repl aced. ‘For, exanple in
tin plating steel,. iron builds up ?%Gﬁﬂ%ﬁ%?@ﬂ@&h eventually affects the
quality of the deposit and nust- be renoved.- is very desirable to find
addi tives tha ma

SULFONI C ACI D s [oogé’?“?‘ﬁ °? Hbetﬂgé?‘dﬁgﬁla%wﬁé%ﬁﬁﬁ%ﬂ&pﬂk §gp

sul fonic aci dsﬂﬂbﬁhs plthtsubfte as the primary anion. See for example U.S. Patent Nos

‘ . .4, 347 107 4, 331 518 and 3,616,306. Certam su].fate electroplatmg baths have
hm.xtatwns that can sometimes be allevxated with the addltmn of add.ltxves _
including other anmns ‘For example the steel mdustry has been tm plaung steel

- for many years: from sulfuric acid/tin sulfate baths where phenol sulfomc acidis.

used as a special electrolyte additive which improves both the oxidative stabﬂ.lty
of the tin as. well as mcreasmg its current densmy range. Thls is k.nown as the
ferrostan process but because of cnwronmenta.l problems w1t11 phenol d.envatwes' '
the steel industry is looking to replace this bath with one Whlch 1s less harmful to -

the envu-onment

' [00()5]' Similarly nickel sulfate is used for mckel pla.tmg but mckel chloride
must also be present to provxde enough conductivity and mlprove anode -
dxssolutxon. 'I'lus bath is known.as the Watts bath but although econo:mcél
suffers from a number of dlsadvantagcs mcludmg a nickel plate that is hlghly
stressed |

[0006] . It is therefore worthwhile to identify other ad_diti.v'es-that can
improve the performance of metal sulfate elecﬁ-oplating baths. There are many
examples in the prior art where surfactants and other ﬁrganic additives are used
to provide a more desirable finish. In the case of tin the prior art also desci‘i_bqs '
additives which can improve the oxidative stability of the tin and therefore provide
a bath with less slud’ge‘ formation. It is less common to find examples of a;ldiﬁvés

which improve _the plating range especially at the high current density end.



bat hs has i ncreased considerably because of a nunber of performance

-advant ages. See for exanple U S. Patent Nos, 5,750,017; 4, 849, 059;

4,764,262 -and 4,207,150. -This growh has sl owed dranaticall |n thS %§
few years because of large increases in the cost of the alkyl |QeP@W gr 2003

acid. The pre sul fonic acid used has been nethane su
(NBA)_aIthoug&ﬁﬁﬁ%%g?ior art includes exanpl es of other alﬁéﬁﬂ n3 a?kano
sul fonic acids. These other alkyl or alkanol sulfonic acids are nore
expensive than nethane sulfonic acid and-are therefore not conpetitive

wi t h nmethane sul fonic acid. [0009] Several manufacturers produce salts of
2- hydroxy ethyl sulfonic acid (isethionic.acid) conmercially on a |arge
~scale but it is not conmonly available i-ethe free acid form These salts
are considerably | ess expensive than nethane sulfonic acid but in the

present plating technology onty the acid formof the alkyl or al kanol
sul f.oni ¢ -aci d Insregsiag thecudrentodenisity e Ray datismbloBeBirabubly/igsdsen difficult

PCTIUSO07 073080 1 derk 8P d il @&f%ag € oAPLRAAESg Ot éMlexﬁé'Hﬁw cacid -

. . baths include O o T oSV ty o ood
conduct|V|ty,bgﬂmd oxi dative stablllty of- tin salts and conplete

bi odegradability. -The predom nant netals plated in these sulfonic acid ‘

baths are tin, |ead and copper as well as alloys of these metals with each -

~ot-her. FLUCROMSOAIE BATManjy Gt teitiwoarsizdsaresy pensitivedgo itae bresemes ofi del y used -

- for-coating aﬁaaghhewaﬁa 3::@3;@%&%%%'4 VRS efeﬂma&eg%gééeﬂel&u%ﬁg of

i ncl udi ng bot opper I'ron exanpl e at ent
5,431, 805 4, B0 dspwita rikhedelFR0s 8% theFh e:seuba@mmatcbe removed or the baths

~ must be replaced. For example in tin plating steel, iron buﬂds up m the bath and
eventually affects the quality of the depos1t and must be removed. Itis very
_de_sxrable to find additives that wﬂl-make the bath- less sensmve to these

" impurities.
' SULFONIC ACID BATHS

. [oo08] In the last decade the commercxal use of sulfomc acrd metal plaung
baths has nrcreased consrderably because of a number of performance o
adva.ntages See for exampie U.S. Patent Nos. 5, 750 017; 4, 849 059; 4 764, 262 o
and 4,207, 150. Tlns growth has slowed dramatlcally in the last few years

' because of large increases in the cost of the alkyl sulfonic acid. The _preferred
sulfonic acid used has been methane sulfonic acid (MSA) although the prior art
includes examples of other alkyl and alkanol sulfomc acids. These other alkyl or
alkanol sulfonic acids are more expenswe than methane sulfonic acid and are

therefore not competitive with methane sulfonic acid.

[0009] Several manui'acturers produce salts of 2-hydroxy ethyl sulfonic'
acid (isethionic acid) commercially on a large scale but it is not commonly
avmlable in the free acxd form. These salts are consxderably less expensnve l:han
methane sulfonic acid but in the present platmg technology only the acid form of
the alkyl or alkanol sulfonic acid is used in the bath.



preferred where plating speed is inportant and the fluoroborate salts are
very soluble. A variety of. additives have been devel oped to inprove the
performance of these baths. These additives either inprove the al i tl\é of
the deposit, the efficiency of the bath or they reduce envi ro%‘ﬂbﬁf’%m er 2003

effects. See fWouﬁ)éégggl e; U S Patent No. 4,923,576. HALI DEgr@%mé{ﬂgz’LZ] .

Pl ating baths w't mai n el ectrolyte being a halide ion (

-,,1 .) have been used for nany decades. See for exanple, U S. Patent Nos.
.. .4,013,523;-4,053,374; 4,270, 990; 4,560,446 and 4,612,091. The main
halide . ions.i'n these baths have -been chloride and fluoride. The netals
plated front: these baths typically include tin, nickel, copper, zinc, ,
cadmi um and alloys of these netals. As wr#h all other types of baths it
has been found that.inprovenents on the performance of the bath can be made

by incorporating additives into the bath. For _exanple, U S, Patent Nos.
5,628, 893 and W8 617 Thyasehmancepsventagss ghaldrl slfonisaqid bathsinglugg lgfen

tin plating batdrésvity, hidh soRIHIRY SLsAis, EESHISH {ih chivitf R oll QkiiR VO Btabjlity of tin
stabilizing the tin against oxjdation. 24 Decenber 2003 WD .00/ 56952 :
PCTI USOQ 0736253ty awseempiets hirdsgeadahitily- ot e prostogpiannt metaly Platasiphesn: can

-be inmproved bysubsid ddiy 8athsAlrk tiAf 1ch @88 BpPRCLS WES a8 bBoyRasTithéde e@iieihned
wi-th either the efficiency of the bath itself, the quality of the deposit

or the teducti&#fhditheiyironnental effects. For. exanple the additives for

- the.tin bath described in U.S. Patent Nos. 5,628,893 and 5,538,617 inprove
-the efficiency of the bath and by _decreasing. .the amount of waste al so
reduce the environnmental effects. FLUOROBORATE BATHS, R :

JoO11} | Flﬁofdborate piating baths are widely used for cpaﬁx}g a fraj.riety of ‘
metals on all types of metal substitutes inciﬁding both copper and u'on ‘See for

. example, U.S. Patent Nos. 5,431,805; 4,029,556 and 3,770,599, These baths are
preferred where plaﬁng speed. is important and the ﬂuoroborate salts are very .
soluble. A variety of _add.ii_:ives‘have been developeci to improﬁé the perfo:_-maxilce of
these baths. These additives either improve the quality of the deposit, the

. eﬁ'icienpy of the bath or the-y. rpduce enﬁronn;_ental effects. See for eixz-xmp‘le; U.s.-

Patent No. 4,923,576,
HALIDE BATHS

[oo12] " Plating baths with the main electrolyte being a halide ion (Br L Cl-,
F~ 17 have been used for many decad#s. vSee‘ for example, U.S. Patent Nos. ,
4,013,523; 4,053,374; 4,270,990; 4,560,446 and 4,612,091. The main halide .
ions in these baths have been chloride and fluoride. The metals plated from
these -bafhs typically include tin, nickel, copper, zinc, cadmium and alloys of
these metals. As with all other tjrpes of baths it has been found that
improvements on the peﬁorhmce of the bath can be made by incorporating
additives into the bath. For exgmple,'u.'s. Patent Nos. 5,628,893 and 5,538,617
describe additives which ‘can be used in a halogen tin plating bath for the
purpose of reduciné sludge fo;:haﬁon by stabilizing the tin a_gé_inst oxidation.



SUMVARY OF THE | NVENTI ON [ 0014] One enbodi nent of the present invention
relates to the use of alkali netal, alkaline earth netal, annnniun1and
substituted amonium salts. of alkyl and al kanol sul fonic aC|g EPICh g
been' found to inprove the performance of sulfate el ectropl at hiyepanher 2003
When used in these electroplating baths these salt additives were found to
general |y i ncrw@ens6ske plating range. so that these baths JF&TUSENTERG at
much hi gher current densities. Thus these baths can be run at greater.
speeds ‘than those wi thout these additives. Further inprovements are seen in
the quality of the deposits. In-the case of stannous sulfate plating

sol utions, some inprovenents-in the oxidative stability of the tin was

~al so. observed.' (0015] Thus; one preferres. enbodi ment of the present
invention is directed. to a nethod of inproving the ptating performance of
an aqueous sul fate based electroplating bath conprising the step of adding
an effective qeoiqrnnnthmeahﬁmﬁnﬁgﬂ&ﬂqnnpmm&safahhﬂ1ﬂ¢¢amn&bhmbmunﬂbmr__

-al kanol sul fonigc._acid id bath, [00 alts .used t
Bath pl ati ng. FOBEeA o SEHeRREEIasart berry SRrr ar gl TRl
the-group Conijmthlﬁﬁlf&hkqhahW&hc de;aiskairltherﬁh.fduhnmﬁhﬁhror&mall um and

substituted a n|u salts. Especjally efe alts oxy
ethyl sul foni & ’ég’ffé‘i‘ﬁ %El‘eya h eféﬁﬁpﬁfﬁ ‘? ﬁ?fLﬂ gg ﬁzfﬁ?é?
Decenber 2003 mg)@ss&%g sﬁsﬁﬁlmm&mc[zﬁﬁjﬁttﬂ'&mtbmw hedremtg be

dproved by this embodi Include tin and oys, nickel and nlckef
al l oys, copper ﬁﬁﬂmﬂﬂbﬁge ?ls'g,ge yet meamr%entaf‘etlfc)(s _‘

SUMM.ARY OF THE INVENTION

o0 14] - One embodiment of the prese.nt- inventiﬁn relates to the use 6f alicali .
~ metal, alkaline earth metal a.mmomum and substlt:uted ammonium sakts of alkyl
and alkanol sulfonic acid which have been found to improve the performa.nce of
‘ sulfate electroplating baths. When usgd in these electroplating baths these ‘salt
additives were found to generally int:r_éase the _pléﬁ:ing x;a-nge_s‘o. that these baths
" can be used at much higher current densities. Tl_lus,thes_é baths can be run'at - -,

greater specdé than those without these additiveé Further improvemént# are
seen in the qualxty of the depos:ts In the case of stannous sulfate platmg
solutions, some mprovcments in the oxidative stability of the t:ln was also.

 observed. "

[0015] Thus; one preféi‘red embodiment of the present invention xs directe‘d‘
to a method of i unprov:ng the platmg performance of an aqueous sulfate based ‘
electroplatmg bath compnsmg the step of adding an effective performance -
enhancing amount of a salt of an alkyl and/or alkanol sulfonic acid t6 said bath.

[0016] The salts used to'iniprove the bath plating performance
charaéteﬁsﬁcs are particglarly selected from the group ‘c.:onsisti_ng. of alkali metal, 7
Me earth lmétal, ammonium a.nd substituted ammonium sali:s, . Especially
preferred are salts of 2-hydroxy ethyi sulfdnic'acid, espcéially the sodium salt

(sodium isetﬁionate).



chrom um al | oys, cadm um and cadm um alloys, iron and iron alloys, rhodium
and rhodi um al | oys, ruthenium and ruthenium all oys, and especially the
iron/zinc and tin/zinc alloy plating baths. [0018) Preferably,2%bp ang t&éb
all oy baths are inproved by this enbodi nent of the invention gr 2003
i nclude tin-antinon tin-cadmum tin-copper, tin lead, tinp

tin-ni obi um 9W9|Q§4g%n um tin-zirconium and tin-anti.nony copper floy
baths. Al'l oy conpositions conprising these metals are viell known to those
having ordinary skill in this art, and are the subjects of numerous
patents. 100191 Anot her preferred enbodi nent of the present .invention
relates to the use of salts of alkyl and al kanol sulfoni'c acid which were
~found to inprove the performance of sul f-ghic acid, especially alkyl

sul fonic acid el ectropl ati ng bat hs. Advantageously the salts are sel ected

fromthe group consisting of alkali netal, al kal i ne earth et a) ananlum
and subst it ut §@0HANDNi uhe haths that canbedimprgveddiiys eppediment e tin
(isethionic a didek Bffo Eﬂﬁmﬁuﬁhuﬁs VBA,

. these. salt %%ﬂh%Fvggggéfﬁh?gdaﬁgﬂ%k’gﬁ%@ﬁ%ﬁ&eﬁﬁgreaggathe pl ati ng range-
 so that the babirmizemalieys, nguman@eaﬂmwghelﬂoyewr%ﬂ% H@ﬁﬁ“ﬁ’?"eé’mdl*?jﬁ’s t hese
baths can achigyesgheal SfioysSAGAHILD SR PaIAM LG addieaRoatihd ves can.

_ Further ‘i nprovenents are Seen Int uality of the deposits. In the case

of stannous ahhpvmsuhhmhnkaqﬂaﬂ%mﬁﬁ atii$-ons some i nprovement in the

oxi dative stability of the tin was al so observed. [0021] As an added
~benefit, these salts are not .harnful to the environnent, ‘they are

conpl et ely bi deR¥sladabl &dmbbhgnm«mﬂ@y&ammyebmwﬂé&aww%ﬁdémeﬁﬁmn

pons and Ml eqphfeinbakiith. ' Bredehte € B QR Bheimby, Adh- BRERIEE ir? O0fbelRin-

lead, tin-nickel, tm-mpbmm, un-uta.mum, un-zu‘comum, and t:n _az_mn:_tor_ly-
copper alloy baths. Alloy co_mpositions comprising these i;l'{etals are well known to

" those having ordinary skill in this art, and are the subjects of numerous patents.

. [o019] . Another preferred embcidiment of the presént invention relates to
the use of salts of alkyl a.nd alka.nol suifonic acid which were found to xm,prove the

performance of sulfonic acid, espcc1a11y alkyl sulfomc acid electroplating baths.
Advantageously the salts are selected from the _group conmstmg of alkah metal
' a]kallne earth metal, ammonium and substituted ammonium salts of 2-hydroxy

ethyl sulfonic acid (1set1-uomc acid).

[0020]  When used in electroplating baths such as MSA, these salt
additives were found to generally increase the platiﬁg range so that the baths can
b;e used at much }ﬁgﬁer'cur;eht densities. Thus these baths can achieve greatcr
speeds than baths without these additives can. Further impfovemenﬁs ai'é seen
in the quahty of the deposits. In the case of stannous alkyl sulfonate platmg

solut:lons some unprovcment in the oxidative stability of the tin was also

| observed.

[0o21] As an added benefit, these salts are not harmful to the .
environment, they are completely biodegradable and the products of the

biodegradation are common ions and molecules found in the environment. In



7 PCT/USOCQO 07362 addition they have :a nunber of other advantages including
-hi gh sol derability, low corrosivity to equipnment, good stability.at high
tenperatures, and conpatibility with nany other netal salts. | 2
Generally these baths will also contain the correspondi ng net a%)éﬁ%?mb%rrzooe’
netal salts if an alloy plate is required, .and various additives t ontr ol
the quality antOAPB®8: ance of the plated surface and the staBi S{’V&E’)@.the _
bath solution.. ' Typical additives include a surfactant such as an o
et hoxyl ated fatty' alcohol, a brightening agent if required and

anant’i oxi dant such 'as hydroqui none or catechol, if tin is-one of the
metal s being plated. [00231 The tin in these baths is in the stannous or
‘reduced form |If oxidation occurs the tin7will be converted to the stannic

or oxidized formwhich then commonly precipitates to form sludge. This
process adds to the inefficiency of these baths and also creates_a
requi rement f ordditers theyrtheve latraribey, of Piies adwgnitagsstineludingrhigh eolderpbiivyley

‘Patent Nos. 4,717 4 ];tlo ?ﬁﬁfi%e@l]go%ﬁgtafbﬂﬁ? 2t %ytemﬂ‘éﬁ&ﬁ%&eﬂ aiCdbialpat can

decrease the anount el ng. oxi di zed. 24] “Anot her advant age - of
usi hg the sal twithfmanykgtheometgl galtdl sul fonates is' that they are nuch |ess
expensive than their corresponding acid. Currently the only bulk L

commerci al alkyl/al kanol sulfonic acid suitable for electroplating is .-

met hane sul f orf0828Li d arieneraiydhege bathr wilbalse Fentain telcaresranding metal salt
~€ar t h/ ammoni umg gl kyk %@LM&R'@}IF&@@@%@@?A&, oSl ivh APk EadAtivesth GAkQARKAT I N 'S
sodi um i set hi onat e. en conpdr ntg th.egj)_rl ce of these two lar gbe comrercial - .-
praduct s the swlifyraid ephéaranteecofi the piated syrizreiradithe stability ebthsfbative et hane

sul foni ¢ ac d SR, A TRAE0PEIAdie AREAHRIA 035 dhor B2Bauy Anot her

enbodi nment of eseént invention relates to the.use o

alcohol, a brightening agent if required and an antioxidant such as hydroquinone -

_ 6: catechol, if tin is one of the metals ‘being piated. .

[0'053] The tin in these baths is in the stannous or reduced form. If .
oxidation occurs the tin will be convei_'ted to‘tile stannic or oxidized form which
‘then commonly precipitateé to'fdxj;n_siudge. Thls proceés adds to the méﬂiciency
of these‘baths and also creates a réquireme_nt for constant ﬁlteri._tié. Prior art:
patents, for example U.S. Patent Nos. 4,717,460, 5,538,617 and 5,562,814,

describe products that can decrease the amount of tin being oxidized.

' [0024] - Another advantage of using the salts of aﬂq}l or ‘aikanql sulfqna.tesié o
that they aré much‘ less expensive than their corresponding ac.i'd. Currentiy the 7
only bulk commercial alkyl /‘alkar_xol sulfonic acid suitable for electroplaﬁhg is
methaner sﬂfoﬁié acici and the onily bulk comm&ciél alkah/ alkaline
eartﬁ/ ammonium alkyl/alkanol sulfonate salt suitable for :electroplat.ing 1s :
sodium isethionate. When comparing the price of these two large commercial
products the sodium isethibnate is lésé than half the price of the methane

sulfonic acid either on a mole basis or on a weight basis.

[0.025] " Another embodiment of the present invention relates to the use of
alkali metal, alkaline earth metal, ammonium and substituted ammonium salts o_f_ .

alkyl and alkanol sulfoniic acid which were found to improve the pe_rformancé of



al kali metal, alkaline earth. nmetal,- ammoni um and substituted .anmoni um
salts of alkyl and al kanol sulfonic acid which were found to inprove the
performance of 24 Decenber 2003 WO 00/ 56952 PCT/ USOQ 07362 8 f robor a
eggctropl ating ]?at hz When used in these el ectropl ating baths %‘E@%emé%r%eow
additives were found to generally increase the plating ran hese
baths can be (E@8352nuch hi gher current densMPes tgus tgeseﬂbW% 2E:an be
run, at greater speeds than those w thout these additives. Further

i nprovenents ‘are seen in the quality of the deposits. 10026] Thus, this

. enbodi.nent of the present invention is directed to a nethod of |nproving
the plating performance of a fl uoroborate ion. based el ectropl at i ng bath:
conprising the step of adding an effective performance enhanci ng anmpunt - of
a salt of an alkyl and/or al kanol sulfonic acid to said bath. 100271 The
salts used to inprove the bath pl ating@S erformance .. characteristjcs are
vpar: |h cul ?r: y woemomefdwmoph@ngrb@ﬁpi ﬁ%ﬁl §F?Ch’§l Gesepigetreplatipg pathsingsg i ne
eart-h netal, a nseed g BESRRCdAN eferred
are salts of fgﬁogd%)ﬁx%%?’%ﬁﬂ ?ftsHl c a |d mggpem allhlsj; t he sodi 5%1&;&?

- (sodi um i sethum@xbgcmtm@b@hscmﬁmtwvffé st Hireg baths famsbe
.embodi ment i n¢l Udﬁ ééaQe?%ché %L»Qé’wﬂa@&ﬂ ﬁgs@ﬂctlﬁvesnlfﬁ.ﬁﬂherﬂﬂﬂrm&i@ts

al-l oy plati ngrb."u copper all oy pl ati'ng-bat hs; zinc or zinc
al | oy pl ati ng dvesesy inthewthlityof thederogithand ~ cadmi um al | oy pI ating baths.

. [00291 Yet another enbodi ment of the present invention relates to the use

.6f -alkali. netal, alkaline earth netal, ammoni um and sybsti t.uted. amoni um . -
salts of alkyPo26ld al kZhus, WWH@&%W?I%PWEHEWC%‘%%mf%{ﬁ?&d{W % nprove
. the . method of i mprovmg the platmg pcrformance of a fluoreborate ion. based ' ‘

electroplat:ng bath comprising the step of addmg an effective performance
enhancing amount of a salt of an a]kyl and / or: alkanel sulfomc ac:d to said bath

[0027] The salts used to improve the bath platmg performancc .

characteristics are part:lcularly selected from the group consxstlng of alkali metal

alkaline earth metal, ammon_.xum and subsututed ammonium salts. Especially = °. .
— preferred are salts of 2-hydfoxy"ethy1 sulfonic acid, especialiy the sodmm salt

(sodium isethionate).

o t0028} | The baths that can be improved by ﬂ'us embod.u:nent include tin and
tin alloy platmg baths; nickel and nickel alloy platmg baths; copper and copper.
alloy plating baths; zinc or zinc alloy plating baths, as well as cadmium and

. cadn:uum alloy platmg baths

- [o029] - Yet another embodiment of the present invention relates to the use
of alkali metal, alkaline earth metal ammonium and substituted ammomum salts
of alkyl and alkanol sulfonic acid which have been found to 1mprove the
performance of halide elcctroplatmg baths When used in these elecu'c)plaung
baths these salt addltwes were. found to generally mcrease the platmg range so
that these baths can be used at much higher current densities than previously.
Thu'_.s these baths can be run at greater speeds than thosg mﬂ_’mut these

additives. Further improvements are seen in the quality of the deposits.



performance of halide electroplating baths. Wen used in these
-el ectroplating baths these salt additives were .found to generally increase
the plating range so that these baths can be used at nuch hi gg‘f@ curéen
densities than previously. Thus these baths.can be run at greé&t&fC 03
than those w t»bﬁ‘dﬁ/s&}ese addi tives. Further inprovenents ar g, Saf0uwbAul he
quality of the deposits 24 Decenber 2003 WO 00156952 PCT/ USO0/ 07362 .
[ 00301 Thus, this enbodi nent of the present invention is directed to a- =
met hod of |rrpr-ovi ng the plating performance of an aqueous halide ion based
el ectroplating bath conprising the step of addi ng an effective perfornmance

enhanci ng amount of a salt of an -al kyl and/or al kanol sulfonic acid to said

“bath. In preferred enbodi nents, the halid8-ion of the bath is usually
either chloride or fluoride. [00311 The salts used to inprove the bath

pl ati ng performance characteristics are particularly selected fromthe
group consi stilR§38} al ké‘h“sng’c‘%Fmb"%Hnl?&FP © PLPTRT HPEfon é‘rfﬁfﬁ‘?’ﬁﬁ{ﬁ

‘substi tuted anpeRddBrSabicvin phrioPhahed 6fath ﬁnﬁoﬁ@h&ﬁd@i‘onﬁ:ﬂ%&droxy e

et hyl sul fonie acid, especia the SOdI um sal.t (sodium isethionate).

100321 The bat¥lectrplatingha °F1?ﬁ‘|86‘3éﬁeﬁ§Ppt PddingsRtTeTTe PSTEATIREEin and

tin alloy pl atérﬁ.gargﬁ{glﬁnm_m&}f%lsaﬁmaﬁIagls@land}’dr%ﬂ{dﬁo&hhm&)a&ﬁl&o sﬁﬂﬂ:ﬁﬁh and .

copper - alloy plating baths; zinc or zjnc al atin at hs; as-
cadmi-um and feered dﬁ‘lné{"fsn ehplide l°be*lr&FL Bt %@6’3 f °The .

-use-of alkali figiide. al kaline earth net al , ammoni um and substi t.ut ed
ammoni um salts of al kyl and al kanol sul f'oni c acids as additives in
[0031)] The salte' used to improve the bath f)laﬁng perfbrﬁiance
cha.ractcnstzcs are parhcularly selected from the. group cons1$t|.ng of alkali metal
] alka]me earth metal, ammonium and substntuted ammonium salts. Espemaﬂy
preferred are salts of 2-hydroxy er_hyl sulfomc acid, especlally the sodiurm salt
(sodium isethionate). l‘

0032} The baths that can'l_)e_ _i_rhproved by this embodiment i:r;ciude tin and
- . tin alloy pleﬁng baths; nickel and nickel alloy .plalting baths; copper and copper -’

alloy pleting baﬂle; zinc or zinc alloy plating baitﬁs; as well as cadmj,um and

cadmium alloy plating baths. - ' L o

DETAILED DESCRIPTION

[0033] The use of alkali metal, alkaline earth metal ammonium and
substltuted ammonium salts of alkyl and alka.nol sulfomc acids as additives in
pure metal and metal alloy sulfate electroplating baths has a number of _
unexpected benefits including wider useful current density range, improved
appearance and in the case of tin improved oxidative stability. These baths can. . :
be run at greater speeds than those without these additives. Ftirther _
provements are seen in the quahty of the deposits a.nd greater tolerance to
u:npuntles such as iron. In the case of stannous sulfate plating solutions some

improvements in the oxidative stability of the- tin was also observed.



pure netal and netal alloy sulfate el ectroplating baths has a nunber of
unexpect ed benefits including wider useful current density range, inproved
appearance and in the case of tin inproved oxidative stability 4éhese b%hg%
can. be run at greater speeds than 'those without these additfVEESCTRRRk

| mprovenent s ar@o%ﬁ%ﬂszi n the quality of the deposits and gregiqiydehBERNCE
to inpurities such as iron. In the case of stannous sulfate plating
solutions sone inprovenents in the oxidative stability of the -tin was

al so observed. 24 Decenber 2003 WD 00156952 PCT/ US00/ 07362 -10 [ 0034)
Unl i ke phenol sulfonic acid these.salts are not harnful to the

envi ronnent. They ‘are conpl etely bi odegradabl e and the products of the

bi odegr adati on are comon i ons and nol ecu-d® -found in. the environnent. .In
addition they have a nunber of other advantages including high solubility,

|l ow corrosivit equi prent, good stabiljity at high tenperatures, and
conpatibility &P@ﬁlnanye@*H%PhﬁﬁféngaFF?@t%ﬁﬁ@?*m %?8983Fﬂé351 contain
the correspondi &@irdRindht. SPhdy £2¢ cafBpRltelF Blolsgratifiblaandahé pyodicas 6f the .
required, and various_additives to _control {he qualu%¥ﬁgﬁd 'appearanﬁf of -
“the plated surfedegrptionare commpn ignAng meleguien fuypd in g envirgpment. ‘
addi tives i ncl ugeliforSthel Rabed huiibel ofsthe a@idmxges I @AdingHiygh abiGBIYY, low
‘brightening agent if required and. an apti oxjdant such as h gyo,ui_%ge or
catechol, if ti%PrTesIVitytQeqipogRt, geediptabilily B éF'@B‘F"“F(‘J‘G%?X ARPPRYPIIEY
these baths is iih bli@ySiledriestal @itsl educed form | f. oxidation occurs the
tinwll be converted to the stannic or oxidized formwhich then conmonly
" precipitates to forma sludge. The process adds to the inefficiency of
these baths andjpasp creghes wthi€s)ub can@i] tHelorfeapoidiig nidthll It dignetabyatal

if any alloy plate is required, and various additives to control .the' qua]ity and

appearance of the plated surface and the stability of the b'ath solutioﬁ. . Typical
additives include a surfactant_-éuch as an ethoxylated fatty alcohol, a brightening
agent if required and an antioxidant such as hydroquinone or catechol, if tin is

one of the metals being plated.

v [0036} The tin in these baths is in the stannous or reduced form.. If
oxidation occurs the tin will b§ éonverted to tl"xe stannic or oxidized form which
then coﬁ:monly precipitates ﬁ: form a sludge. The process adds to the inéﬂ'iciency.

of these baths and also creates a requirement for constant ﬁlfering. Several
patents, for example U.S. Patent Nos. 4,717,460, 5,538,617 and 5,562,814,
describe édditives and/or processes that can decrease the amount of tin Bei.ng

oxidized.

[0037] The present invention will be further illustrated with referénce to
the following examples which will aid in the understanding of the present
invention, but which is not to bé construed as a limitation thereof. All
percentages reported ﬁ‘ereiﬂ, unless otherwise specified, are percent by weight.

All temperatures are expressed in degrees Celsius.



patents,-for exanple U S. Patent Nos. 4,717,460, 5,538,617 and 5, 562, 814,
-descri be additives and/or processes that can decrease the anount of tin.
bei ng oxidized. [00371 The present invention will be further %ﬁ %gé$ggg 03
with reference to the follow ng exanples which will aid in th
understanding Qf. the __present invention, but which is not t rued
as a Iinitatioﬁmngﬁﬁ%f. Al percentages reported herein, un eséﬁ@?ﬁ%rmdse
Specified, are percent by weight. Al tenperatures are expressed in .
degrees Cel sius. 24 Decenber 2003 WO 00156952 - 11 Sulfate Baths Exanple
| PCT/ USQ0/ 07362 [ 00381 Laboratory plating baths were evaluated on the - -
Hydrodynamcally <controlled Hull- Cell with a 1 mnute plate tine at up to.
-30. Anps. Plating strips were nmade of steelland were pretreated by soaking
for 15 seconds in an alkaline bath, rinsing then inrersing for '15 seconds
in 10% sulfuric acid_and rinsing" again. The foll ow ng bath was eval uated
to which vario £ BRESf sodi um i set hionate were added. Bath Conposition
5% Sul fufic Acipkaddpl®19/1 Sn (as stannous sulfate). ~3 g/1 JW 5000
surfactant 0.1 g/l salicylic acid 5 ppm 2.9 - D nmethyl - phenanthroline

[0038] Laboratory plating baths were evaluated on the Hydrodynamically |
controlled Hull Cell with a 1 minute plate time at uﬁ to 30 Amps. Plating strips
were made 61' steel and were prétrtf.atéd by soaking for 15 secohcls in an a]kaliqe :
bath, rinsing then immersing for 15 seconds in 10% sulfuric acid and rinsing .-
again. The following bath was evatuated to whxch various ievel's of sodium -

isethionate were added.
'Bath Cothqsition:

5% Sulfuric Acid |
20.0 g/1Sn (as,stanngué sulfate)
3 g/1 JWL 5000 surfactant '
0.1 g/l salicylic acid -
5 ppm 2.9 - Dimethyl - phenanthroline

- Run# Additive and Level . Results of Plating Tests
1 No additive Dark burn on high current

density edge at 5 Amps. Burnis
'12 mm wide at high current ’
densi‘_ty edge at 10 Amps.

2 10 g/1 Sodium isethionate Even light gray satin deposit at
(calculated as isethionic acid) 10 Amps - no burn. !
3  20g/1 Sodium isethionate Even light gray satin deposit at
~ (calculated as isethionic acid) 30 Amps - no burn.
4 1 g/l Sodium Sulfate ' Burnis 12 mm wide at high

current density edge at 10 Amps. .



Run # Additive and Level Results of Plating Tests No additive Dark burn on
‘high current density edge at 5 Anps. Burn is '12 mmw de at high current

density edge at 10 Anps. 10 g/l Sodiumisethionate Even |ight |
deposit at (calculated as isethionic acid) 10 Amps -- no bur n%@}éﬁéﬁéwm

Sodi um i set hi en. light gray satin .deposit at (cal cul

i set hionic ac%?to%ﬁnps - no burn. 4 1 g/l Sodium Sul fate ﬁﬁgﬁog’&f?m
‘wide at high current density edge at 10 Anps. . 24 Decenber 2003 WO

00/ 56952 PCT/ US00/ 07362 - 12 Run # Additive and Level Results of Plating
Tests 5 - 30 g/1 Sodium Sulfate Burn is 4 mmw de at high. current density
edge at 10 Anps. [0039] These results show that by adding sodium _
i sethionate to this sulfate bath the curtEht density range is -increased
significantly. A 15 Anp.panel is indicative of current densities at 600
Amp/ft2 and a 30 Anp range is equivalent to 1200 Anp/ft2. They al so show
that sodi um i ot EanAfdifiveandblevslye ef fect on REEPEESL RlptingTests r ent -

density range but the sodium al kanol sul fonate has a nuch greater effect.
5 - 30 g/1 Sodium Sulfate Burn is 4 mm wide at high

current density edge at 10 Amps.
[oo39] - - Thése results show that by adding sodium isethionate to this sulfate-
bath the -current densi_ty range is increased significantly. A ISAA'mp_i:anel is
. indicative of current déﬁsitieg at 600 Amp/ft? and a 30 Amp range 1s eqi.li‘v'alent
to 1200 Amp/ft®. They also show that sodium ions can hﬂfe ‘a' pbsitive eﬂ'éqt on
- ir:c;easirlg the cunéﬁt dénsity range but the éodiun;1 alkanol sulfonate has a

much greater éﬁ'ect. :

Exaﬁple 2
[0040]  The same bath and procedure as in Example 1 was utilized but in
th:ls case the dddiﬁve was sodjum methyl sulfonate and current used w,'-as up to
10 Amps. ' A ' o
" Run# Additive and Level Results of Plating Tests-
1  Noadditive | " Dark burn on high |
- current density edge at S
Amps.
2 10 g/1 Sodium Methane Sulfonate © At10 Ampé, even light -
(Calculated as Methane Sulfonic Acid) ~gray, slightly reflective,
- satin deposit No burn.
3 20 g/l Sodium Methane Sulfonate At 10 Amps, light gray
.(Calculated as Methane Sulfenic Acid) satin deposit to the high
: ’ ' current dernisity end which
was reflective. No burn..
[004 1] 'Ihesé results show that by adding sodium methane sulfonate to

this sulfate bath the current density range is increased signiﬁcantl'y.}



Exanpl e 2 [0040] The sane-bath and procedure as in Exanple | was utilized
but in this case the additive was sodi um nethyl sulfonate and current used
was up to 10 Anps. . Run # Additive and Level No additive 10 /,1_.) SOdiJUIE%OO
Met hane Sul fonate (Cal culated as Methane Sulfonic Acid) 3 20 g? eEFUPE 3
Met hane Sul fon%g)% fs%gij‘l cul ated as Methane Sul fonic Acid) [O0CEudsesiski s of -
Plating Tests rg yuUrn on high -current density edge at 5 Anps. At 10 ‘
Anps, even light: . gray, slightly reflective, - satin deposit No burn. - At
10 Anps; light gray -satin deposit to the high current density end which
was reflective. No 'burn. These results show that by addi ng sodi um net hane
sulfonate to this sulfate bath the current; . density range is inc¢reased
-significantly.. 24 Decenber 2003 WO 00/ 56957 PCT/ US00/ 07362

Example 3

'[00.42] " The following experiments illustrate the inhibiting effect of the L

hydr.oxyl alkyl sulfonic acid salt in stannous sulfate / sulfuric acid solutions. The
| effect of iron to stabilize thesé sta_nnoué ion agaihst oxidation is a_lsovillustratejd .

when compﬁﬁg Run # 3 with others. Oxygen was bubbled ﬂ-irough 150 ml of

the following solutions for 64 hours at 120°F.

snSo, FeSO0, | n,s0, | NaO,SCH,CH,0H | Decreasein
RUN # | Sn8fliter | e griiter | gftiter 8/l |Sn"Concg/l
; 23 10 10 o0 103
2 23 10 | 10 | 30 86
3 23 0 . 80 . 30 - | - 23
4 23 w | e- | - 30 | . a0
-5 . 23 o .| s 0 T
6 23 10 | 8o 30 | o2
Sulfonic Acid Baths
[0043] - There has been little previous use of alkali/alkaline

earth/ammonium alkyl/alkanol sulfonate salts in ‘electroplating, and when used,
the salts were first converted to acids. The present invention thus is directed to
the direct usé of these salts in electroplating. The use of such salts will enable

.the viability of inexpensive production technology such as the Steckler process to '
pi-odti;::e these salts. For example: '

CH,Cl + Na,S0O; ~ CH,SO;Na + NaCl



-13 Exanple ,3 (00421 The follow ng experinments illustrate the inhibiting
effect of the hydroxyl alkyl sulfonic acid salt in stannous sul fate/

sul furic acid solutions. The effect of iron to stabilize thes

ion against oxidation is also illustrated . when conparing Ru%4 ;E%émﬂgnszom
ot hers. Oxygeryg igospubbl ed through 150 nl of the fol | ow ngcrukwaras for
64 hours at 120F. RUN #SnSO4 FeSO4 H2SO4 NaOBSCH2CH2OH Decrease in Sn+2
g/literFew g/literg/literg/lSn2+ Cone g/l 1231010010.3 22310-10"30'.8.6
3230603023 4231060, .304.0. 523.1080.03.2 62310 AB0300. 2 Sul fonic Acid-

Bat hs [00431 There has been litt]e previous use. of alkali/alkaline

eart h/ anmoni um al kyI / al kanol sul fonate sglsts in electroplating, and when .
used, the salts were first converted to acids. The present i nvention thus
I's dirécted to the direct use of these salts in electroplating. The use of

such salts wi{] naoakkeon, the sididi dHlérideafan BexpeaRized opt atk cid @sultzghnol ogy
,such as the Steckler process to produce th se sall S i:%n eg<%qpl e:
ec op g

sodium methane sulfonate can then be use

Lowering Levels of Free Aei& and
Making Additions of Sodium'-Isethionate:_

[0044] Platmg tests have proven than additions of sodxum 1seth10nate toa -
.known MSA Tin/ Lead system allow the decrease of the amuunt of metha.ne
sulfonic acid required in the plating bath. The decrease in MSA, wlth the
.ad_dit{on of sodium iseﬂ'ﬁonate allows for optimum bath perfqrmaf_;ge: thh a
" decrease in cost and an overall lightening of the tin or tin/] lead deposif. Plating
" tests were performed with a decrease of the acid to 1/3 typlcal Jevel and no
. negative effects were noted Some plating tests showed a s:gmﬁca.nt unprovement .
_ of the overall deposxt with- add.ltlons of sodlum isethionate. A decrease in the
burn and ba.nd(s] opened up the upper CD range. A commercna]ly ava:.la.ble
‘pla.tmg system (Techmc MSA 90 /10, Technic, Inc.) had an increase in CD range
from 120 ASF to greater than 240 ASF. ' IR

' -[6045] It has been found that the overall benefits of the addition of sodium
isethionate vary from plating syetem to plating system, but decreasing the total
free acid (MSA)‘ up to 2/3 (66%} by the addition of sodium isethionate was

acceptable in the examples that follow.

[0046] A typical commercial MSA plating system contains approximately .
15% v/v MSA. The results that follow reflect plating tests performed wnth two
platmg baths made with two different levels of MSA. The first bath Examples 4

and 5 were made with _15% v/v MSA and Examples 6 and 7 were made with 5%

v/v MSA.-

[0047] _ Plating performance tests were conducted using the HCHC
(Hydrodynamically Controlled Hull Cell). Due to the increase in egitgﬁon versus a



CH3CI + Na2S03 CH3SG3Na + NaCl 24 Decenmber 2003 WO 00/56952 PCTI USO0/ 07362
-14 In this reaction, the sodiumchloride can be crystallized out and the
resulting sodium nethane sulfonate can then be used in an ele i
bath. Lowering Levels of Free Acid and Maki ng Additions of Sod?%%ggér%é%os
| set hi onate: [0044] Plating tests have proven than additions_of sodium

i set hi onat e t ow@00/36pdwn MSA Tin/ -Lead system all ow t he dech‘a”E@SW“’?ﬁ%e _
anount of methane sulfonic acid required . in the plating bath. The decrease
in MBA, with the addition of sodiumisethionate allows for optinum bath

_ performance with a decrease in cost and an overall lightening of the tin
or tin/lead deposit-. Plating tests were perforned with a decrease of the.
“acid to 1 /3 typical level and no negativiseffects were noted. Sone plating .
tests showed a significant inprovenent of the overall deposit with

addi tions of sodiumisethionate.” A decrease in the burn and band(s) opened
up the upper Gpicarihsl CAl sompehe pedrid) bewefits abthe uppsr suimegt doasitien (CRYhNi ¢ -
“"MSA 90110, Technisc, d. an.inc i g to
greater than 548 b&#&&ﬂ%‘b% a@%%s&%g%ﬁ# %ﬁ%ﬁoéﬁgt ??%Iét{sg\i/%r% gPVAEgn_efi ts
of the additi ovidtfof thebumand baidinonat & appligatileoBril theimgnapdihand, 8t rait i ng
system but d Si the total _f [ 24 # he
‘addi ti on of s%‘?ﬁﬂ%@ﬁ?&ﬁa@g&% %lggg%%g&p%@ ?E?%%S%I&eé&tg}% lg%ﬁglil OW.
(0046] At ypi cdtheciinRengs adted/B/thelfanl cgjusypsafdhe comitiphiesdpgdicetasithedy  15%
v/ v. MSA. The r | hat.. f gl ow. ect.. | S\h; : ﬁggp khp two
pl ati ng bat hs ?ﬁgagee&gmﬂ%%%ﬁgf €C¥¥é€ :Ifrﬂé ﬁdfl%rg&oéfﬁw%ﬁ?é%%t??‘gt bai'![éﬁﬁ?IE :
Exanpl es 4 baths, décreased or eliminated the burn and band, widening th_e optimum CD -

Range. o

) [0048] The plating tests performed at 5% v /v MSA, had no banding at l'the
 HCD region. However, the maxiﬁigm,ampetage obtainable with 5% v/v MSA was '
10 amps. The Addition of 15 g/1 sodium iéethionate to'a sysﬁ'am contai,ning o_nly
5% v/v MSA allowed the application.df up to 20 amps. See the result _ta_bles' that

follow.

Bath Solution:
15% v/v.MBA ‘
55 g/1 Sn (as stannous methane sulfonate)
12 gf 1Pb (as lead methane sulfonate) . |
3 g/ITECHNI Tin/Lead Salt #2-{Technic Inc.)
5% v/v TECHNI 800 HS MakeUp (Technic Inc.)
1% v/v TECHNI 800 HS Secondary “A” (Technie Inc.)

[0049] Plate Conditions: 10 A, 1 min, 1500 rpm, 110°F. An increase,in

amperage was attempted for this plating system under these plate conditions.

{OOSﬁ] Example 4 shows the results of the platirig bath listed above with no.

sodium isethionate additions.

[Oﬂs 1) L Example 5 shows the results of the plating bath listed above, under -



and 5 were made with 15% v/v MSA and Exanples 6 and 7 were made with. 5%
v/iv MSA. (00471 Plating performance tests were conducted using the HCHC
(Hydrodynam cally Controll ed Hul
versus a 24 Decenber 2003 WO 00/56952 PCT/ US00/ 07362 -15 typic

setup, the.

noted wth the
wi dth of the burn and band in mm
HCD to.
pl ati ng bat h.
I ndi cates the CD .

"t he

| sét honat e,

MCD r egi on,

Cel

|). Due to the increase

i f applicable.
i nfl uence the overall

- The CD Range noted ‘in the final

range for the optinal
to the plating - baths,

band,” wi deni ng the opti num CD Range
5@6v/v MBA, had no bandi ng at the
anper age obt aith@FmEe platm

sodi umisethionate to a systentcontalnlng_only 5@6v/v NBA al | oned the

application of up to-
" 'Sol uti on:

5% v/v TECHNI

[0052]

15%

20 anps.

BEYRGg

"TECHNI

800 I:ISJ\/bI(n In /an\hnlr\ lLne

deposi t.

See the result tables that
pIRBA 55 g/1 Sn (as.stannous nethane.sul fonate)
(as | ead nethane.sul fonate) 2 g/l

The results show t he,
Bot h the burn and band,
.oper abl e CD Range .of the
colum-of the result tables,
The addition of Sodi um
decr eadfd or elimnated the: burn and’
[00481 The pIatlng tests perforned at

15 Eh s S Bt

IS%XI mum

on of 15 g/l

-follow. Bath
12 g/I
Tin/ Lead Salt #2- (Technlc I nc. )

4 Bitgribecahos
R B oS o e o oot 6 e osul £ o TTridbbrsgan be

55 g/l Sn (as stannous methane sulfonate)

12 g/l Pb (as lead methane sulfonate)
2 g/ TECHNI Tin/Lead Salt #2 (Technic Inc.)

5% v/v TECHNI NF 800 HS MakeUp (Technic Inc.)

1% v/v TECHNI NF 800 HS Secondary “A” (Technic Inc.

T 1TTu . l
Amperage. - Addltmps Burn/ min: Band at HCD/ CD Ra_nge:
' mm: -

104, 1min | NONE 3 mm 10mm | 400- 1ASF
1154, 1min | NONE | 15 mm 15 mm 400.- 1 ASF . °
20A, 1min | NONE 60 mm ‘Smm . | 200-1ASF

| Example §
- _Amperage.:‘ - Ad.'tiitions: Burn/mm: Band at E -CD Range:
' HCD’s/ mm: o
10A, 1min | 15g/1Sodium | 2mm. NONE = . |+400 - 1 ASF
_ : Isethionate . = _ Co : R 7
15A, imin | 15 g/1 Sodium 7mm |- NONE +600 ASF - LCD
‘ ‘Isethionate : : o dge
204, 1 min |15 g/1 Sodium 7 mm NONE +800 ASF - LCD
' Isethionate o cige
Bath Solution:
5% v/v MSA

Plate Conditions: 10 a, 1 min, 1500 rpm, 110°F. An increase in



1% v/ v TECHNI-- 800 HS Secondary “A" (Technic inc.) 100491 Plate Conditions:

100 A, 1 min, 1500 rpm 110F. An increase in anperage was attenpted for

this plating system under these plate conditions. (0050] Exanple 4 shows
the results of the plating bath |isted above with no. sodium 2988 eIl 9003
addi tions. (0051) Exanple 5 shows t-he results of the plating bath-Iisted

" above, under %ﬂo@@gﬁgﬁber 2003 WO 00156952 -PCT/ US00/ 07362 - 1®cThubm/Otste

plating conditions'wth a 15 g/l 'sodium i sethi onate addition. Exanple 4. -

Anper age: .Additions:Burn/solo:Band at .HCDY CD. Range: nm 10A, 1 m nNONE3

ml0- nm¥00" - 1 ASF 15A, 1 mi nNONE15 nmmil5 nmd00.- 1 ASF . 20A, | mi nNONEGO

mb. MmR00' - 1 ASF Exanpl e 5 Anperage. : Addi tions: Burn/ nm Band atCD Range:

' HCD's/ mm 10A, 1 ninl5 g/ 1 Sodiun2 nun. NQINE. . +400. - 1 ASF |sethionate. .

- 15A, 1 minl5 g/1 Sodiun? mMNONE+600 ASF - ]LCD | set hi onat eedge 20A, 1 minl5 -
g/ 1 Sodiunv slim NO\IE+8OO ASF - LCD ‘

amperage was attempted for this platmg system under these plate conditions.

| [0053] Example 6 shows the results of the plating bath listed above,"With-

no sodium isethionate additions.

[0054] Example 7 shows the results of the platmg bath hsted above, under
‘the same platmg cund1t10ns v.nth alb g/ 1 sochum isethionate addmon :

| [00'551 Using he Hull Cell Rizler, the CD r'ang'és of both 10 amp panels
. look similar. However, the mmal panel w1thout the presence of sodmm
. 1sethmnate, has- treeing along the panel edge There is no treeing vxsxble on the
pa.nel with the sodium 1sethmnate add.mon In apphcatlon, the presence of the
- treeing would actually narrow the operatlng _range of the platmg b_ath. o

Exmpleﬁ B

Ampefage: k Ad;iitions: ‘Burn/mm: Band at HCD/ CD Range:
L ' - mm: : g
10A,1min | NONE 3mm,with | NONE +400 - 60 ASF
treeing along . ) .
: the HCD edge - -
iSA‘. 1 min NONE Unable to achieve 15 amps, 10 -a.mps max.
20A, 1 min ' NONE . Unable to achieve 20 amps, 10 amps max.



- | set hi onat eedge ‘Bath Sol ution: 5% v/'v MSA -55 g/1 Sn (as stannous met hane
~sul fonate) 12 g/l Pb (as |ead methane sulfonate) 2 g/1 TECHNI Tin/ Lead
Salt #2 (Technic Inc.) 5% v/v TECHNI NF 800 HS MakeUp (Technic h?fS% Wbéég
TECHNI NF 800 *HS Secondary A" (Technic Inc.) [0052] Plate ConditHeGREPE] 4003
a, 1 mn, 1500 wopowssdstOF. An increase in 24 Decenber 2003 WOr&fh:56A5362

PCTI US00107362 -17- anperage was attenpted for this plating system under
these plate conditions. 100531 Exanple 6 shows the results of the plating
bath |isted above, with no sodiumisethionate additions. [00541 Exanple 7
shows the results of the plating bath listed above, -under . the sane plating
conditions with a-15 g/l sodlun1|seth|onatq addi tion. 10055] Using-the Hull
Cell Ruler, thée CD ranges of both 10 anp panels | ook sim | ar. However, the
initial panel wi t hout the presence of sodium isethionate, has treeing

al ong the panelggdgple Aihere is no treeing visible on the .panel with the
-sodium isethionate addition. In application;. the presence of the treeing

woul d actual 'y narrow the operating range of the- plating bath:. . Exanple
6. Amperage: AqquLrons.Burn mt%%“:?f A | Hirh S| Beid at BOD/ | cD Range: |
_ ' B _ | mm: . S
10A, Imin . [15g/lsodium | 2mm;no | NONE - |+400-60 ASF
' isethionate | treeing _ | B, :
15A, 1min | 15g/lsodium | 2mm,no | NONE- . | +600 - LCD
isethionate treeing '
20A, 1min  [15g/lsodium {10mm,no | NONE . |+800-LCD
isethionate | treeing - : T
[0056] Different spdimh sources were added to a pﬁre Tin MSA and

.banding was signiﬁéanﬂy decréas'ed or eliminated completely. The change in the-
B banding widened the current den31ty range mgmﬁcantly, openmg the operatzng
window of the system. :

" Bath Comﬁosition:

10% v/v MSA

20 g/ 18n {as stannous methane sulfonate)
(0.1 g/l salicylic acid.

3g/ 1 Jeﬂ'ox WL 5000 (Huntsman}

5 ppm 2, 9- D:methyl 1,10-phenanthroline

[0057] Plating Conditions: using the HCHC, -10A, 1 min, 1500 rpm, 100°F.



10A, 1 m nNONE3 mm w t hNONE+400- 60 ASF treeing along the HOD edge 15A, 1
-m NNONEUnabl e to achi eve 15 anps, 10 anps max. 20A, 1 m nNONEUnabl e to
achi eve 20 anps, 10 anps may. WO 00/56952 - 18 Exanple 7 24 De Qb 20023b0
PCTI US00/ 07362 Anper age: Addi ti ons: Burn/ nm . Band at HCDY .CD Ra‘E er 2003
"10A, | mnl5 g& n‘%ﬁﬂ pun nmm noNONE+40. 0 -~ 60 ASF |seth| onapetnsmiongsz15A,
1 mnl5 g/l I U NnoNONE+600 - LCD i set hi onat etreeing 20A, 1 mnl5 .
g/ 1 sodi umlO nm. NoNONE+800 - LCD isethionatetreeing [00561 Different

sodi um sources were added to a pure Tin MSA and banding was significantly
decreased or elininated conpletely. The change in the- banding w dened the
current density range significantly; openi ?g t he operating w ndow of the
system Bath Conposition: 10%v/v MSA 20 ¢ Sn (as st annous  net hane
sulfonate) 0.1 g/1 salicylic acid,

Example 8
Additions: Burn/mm: | Band in LCD's | CD Range:.
: , /mm: ‘

NONE Smm | 25mm | 400 -200 ASF .
1g/lsodium 5mm | 25mm 400 - 200 ASF
methane sulfonate
10 g/1sodium . 5mm " 20mm .| 400 - 200 ASF

1 methane sulfonate | o :
20g/lsodium | Smm NONE {400 -60 ASF
methane sulfonate

'[0058] The same MSA Tin platmg bath was prepared as above, and

additions of sodium isethionate were made.’ Platmg Conditions; using the HCHC,
10A, imin, 1500 rpm, 100°F. '

Example 9

Additions: Burn/mm: | Band at the CD Range:

‘ LCD’s/mm:

'~ NONE S5mm 25 mm 400 - 200 ASF

5 g/lsodium 2.5 mm 20mm- | 400 - 200 ASF

isethionate

20 g/1 sodium 2.5mm NONE 400 - 20 ASF

isethionate g
[0059] Looking at the CD ranges, both sodium methane sulfonate and

‘sodium lseﬂnonate addmons look to have similar benefits. The additions of
sodium isethionate are preferred however, since the sodium lsetlnonate

minimizes the burn as compared to the sodium methane sulfonate. In practice



3 g/l Jeffox W. 5000 (Huntsman) 5 ppm 2,9 - Dinethyl - 1,10-phenanthroline
[ 00571 Pl ating.Condi.tions: using the HCHC, 10A, 1 mn, 1500 rpm 100F. 24
Decenber 2003 WO 00/ 56952 PCTIi 1S00/ 07362 -19 Exanple 8 A

Addi tions: Burn/nmm Band in LCD sCD Range:. /nm NONE5 mm25 nma06* Desqipbarstoos
g/l sodiunb nmmi¥p oweédd - 200 ASF net hane sulfonate 10 g/ 1 so@gcwmSoivB2 nm
.400 - 200 ASF net hane sul fonate 20 g/ 1 sodi unb nMNONE . 400 - 60 ASF

nmet hane sul fonate 100581 The sane MSA Tin plating bath was prepared as
above, and additions of sodiumisethionate were made. Pl ating Conditions;
usi ng the HCHC, 10A, 1mn, 1500 rpm 100F. Exanple 9. Additi ons;

.Burn/mm , Band at theCD Range: - LCD s/ nmm NQYESTM 25 nmmd00 - 200 ASF 5 g/l -
sodi un2.5 nm 20 nm 400 - 200 ASF i sethionate - .

there would be a wider operating window. In addition, the sodium isethionate
lightens the overall deposit evenly across the entire CD range.

Example 10

[0060] This example illustrates the ability of the alkanol sulfonate salt to
| inhibit the oxidation of the stannous ion in methane sulfonate based tin plating

“bath solutions.

[0061]) Air was bubbled through 100 ml of the following solutions at a rate
of 100 ml/minute, at room temperature for 288 hours.

: : Dccrea.-s'e; in
Sn{0,SCH,) NaO,S{CH,},0H : © Sn* ,
RUN# sS-Tsla | FeSO % HO,SCH .
Sn* g/liter Fe*? g/iiter g/liter g/ liter Congo/el::g_auon
1 23 10 0 o0 - 5.7
2 23 10 30 0 4.2
3 23 10 o 15 4.5
4 23 10 30 15 3.6
[0062] The use of alkali metal, alkaline earth metal, ammonium and

substituted ammonium salts of alkyl and alkanol sulfonic acids as.additives in.

pure metal and metal alloy fluoroborate electroplating baths has a number of



20 g/ sodiunR.-5 nMNONE400 - 20 ASF i sethionate [00591 Looking at the CD
ranges, both sodi um net hane sulfonate and sodiumisethionate additions

| ook ta have simlar benefits. The additions of  sodiumisethionate are
preferred however, since the sbdjumisethionate ninimzes the #ulgcgaber 2003
conpared to th&%%i?%? met hane sul fonate. In practice 24 Dececbasosd0d WO
00156952 PCT/ 0 62 20 there would be a wi der operating wi ndow. In .
addition, the sodiumisethionate |lightens the overall deposit evenly across
the entire CD range. Exanple 10 [00601 This exanple illustrates the ability
of the al kanol sulfonate salt to inhibit the oxidation of the stannous ion
in methane sul fonate based tin plating bath solutions. [0061] Air was

‘bubbl ed through 100 m of the follow ng sol¥tions at a rate of 100
m/mnute, at roomtenperature for 288 hours. Decrease in . RUN#Sn(03SCH3) 2

FeSO4 NaC3S(CH2) 204 CHBS+ - 4 . corove
g/e| | terg/t,gerg SRPET 88?. i G OdEmF%s{x@ér ‘%’g‘%ggﬁat density range and improved

appearance. The metals and metal alloys include but are not limited to tin, lead

copper, cadmium, indium, iron, tin/lead and tin/lead copper.

.Fluorobornte Baths
Example 11

[0063] Standard Hull Cell tests using a 267 mm Hull Cell were run at2
Amps for 5 minutes using cathode rod agitatiqn.' Copper panels were plated after

_acid cleaning and rinsing,.
Batﬁ Composition:

35% v/v HBF, (as a 50% solution)

15 g/liter Tin (as Tin Fluoroborate)
12 g/liter Lead (as Lead Fluoroboré.te)
2 g/liter Hydroquinone

26 g/liter Boric Acid

2% v/v HBF, Makeup

Run # Additive Results

1 None Gray matte deposit with a 5 mm wide
~ burn at the high current density edge.

2  20g/lSodium Lightening of deposit and burn narrows
Methane Sulfonate to 4 mm wide burn. :
3 20 g/1 Sodium : Lightening of deposit and burn narrows
' Isethionate’ to 3.5 mm wide.
[0064] This Example shows ﬁhat upon addition of sodium methane

sulfonate or sodium isethionate, this bath can be used at a higher current



223103004. 2 32310015. 4.5 4231030153.6 [0062] The use of alkali netal,
al kaline earth netal, ammoni um and substituted amoni um salts of al kyl and

ai kanol sulfonic acids as additives in. pure nmetal and netal %%bog b
f1 uoroborate el ectropl ati ng baths has a nunber of 24 Decenber glerber 2003

7 WD 00/56952 wo.oolseesz 001 - 21 unexpected benefits includi ngrardseoossf ul
current density range and inproved appearance. The netals and netal alloys
i nclude but are not limted to tin, lead, copper, cadm um indium iron,
tin/lead and tin/lead copper. Fluoroborate Baths Exanple 11 [00631
Standard Hull .Cell tests using a 267 mmHull Cell were run at 2- Anmps for 5
m nutes using cathode rod agitation. Copper ganel s were plated after acid
cl eaning and rinsing. Bath Conposition: 35% v/v HBF4 (as a 50% '
solution) 15 g/liter Tin (as Tin Fl uoroborat e) 12 g/liter Lead (as Lead

Fl uor obor at e) density and the appearance of the coating expands.
Halide Baths

[dOGS] ' The use of alkali metal, alkaline earth metal, ammonium and
substituted ammonium salts of alkyl and alkanol sulfonic acids as additives in
_pure metal and metal alloy halide electroplaﬁng baths has a number of

l' unexpected bcneﬁts inclu&in'g wider useful current density range and improved
appearance. The metals and metal alloys include, but are not. lumted to tin, lead,

copper, nickel, zine, cadmium, tin/zinc, zinc/nickel and tin/ mckel
Example 12

.[0066] A halogen based plating bath was evaluated on the HCHC or
Hydrodynamcally Controlled Hull Cell. Plat:lng strips were made of steel and
were pretreated by soakmg for 15 seconds in an alkali, rinsing then i immersing |

for 15 seconds in 10% sulfuric acid and nnsmg again.

[0067] The following bath was evaluated to which various levels of sodium

isethionate was added.
.Bath Composition {room temp.):

19.6 g/1 NaHF,

26.5 g/1 NaF

12.68 g/1 NaCl

33.0 g/1 SnF,

4 'g/ 1 Miranol ASC {(an Amphoteric Surfactant)



2 g/liter Hydroquinone 26 g/liter Boric Acid 2%v/v HBF4 Makeup Additive -
Results 1 None 2 Gay matte deposit with a 5 nmwide burn at the high
current density edge. 20 g/l Sodi um Li ghtening of deposit and %rbn n ro%s
Met hane Sul fonate to 4 mmw de burn. 20 g/l Sodi um Li ght eni ng 03
and burn narr ow0 tgeshi onate to 3.5 nmwi.de. [00641 This ExaAAESYPEE
that upon addition of sodium nethane sulfonate or sodiumisethionate, this
bath can be used at a higher current 24 Decenber 2003 WD 00/56952
PCT/ US00/ 07362 -22- density and the appearance of the coating expands.
Hal i de Bat hs 10065] The use of alkali metal, alkaline earth nmetal, amonium
and - substituted ammonium salts of al kyl ang .al kanol sul fonic acids as
additives in pure netal and nmetal alloy halide electroplating baths has a
nunber of unexpected benefits including w der useful current density range
and i nproved aRum¥ ance.Cubientf®imes and Aslitive al | oysReswdkside, but are not
limted to tin, |lead, copper, nickel, zinc, cadm um tin/zinc, zinc/nickel
and tin/nickel. Exanple 12 ' o
C 1 2 Amps/2 minutes  None Dendrite growth 2 mm
: wide at high current
density edge, remainder
white matte/satin color-

2 3 Amps/2 minutes  None Heavy burn at high
o current density edge €
mm wide. Same color as

" Run No. 1.
3 3 Amps/2 minutes 4 g/1 Sodium Burn not as pronounced
' ' Isethionate and has narrowed to

‘about 3 mm. Nice eYeh
smooth matte finish-

4 3 Amps/2 minutes 6 g/1 Sodium Burn diminished only to -
‘ ' Isethionate high current density edge.

Same nice even smooth
matte finish as Run No. 3.

[0068] . This Example clearly shows that adding even small amounts of
sodJ.um 1seth10nate to a halide bath can increase the workable current densxty

range by a factor of 50%.
THEORY SECTION

[0069) While not wishing to be bound by theory, the resulits of the present

invention are believed to be based upon the following:

[0070] ~The mixture of diﬁ'erent jonic species forms a unique combination
that can produce metallic coatmgs with required propertnes It is well known that
the overall ionic concluctmty of the solution depends on the character of

individual ionic species and their concentrations. The specific interactions



. 100661 A-hal ogen based pl ating bath was eval uated on the HCHC or
Hydrodynam cally Controlled Hull Cell. Plating strips were nmade of steel -
and were pretreated by soaking for 15 seconds in an al kali n
imersing for 15 seconds in 10% sul furic acid and rinsing aga?{fuﬁe %@% 2003
The fol | owi ng Wabksesas eval uated to which various |evels of MIAISQp)7362

i set hi onate was added. . Bath Conposition .(roomtenp.): 19.6 g/l NaHF2
26.5 g/l NaF 12.68 g/l NaCl 33.0 g/l SnF2 4 g/l Mranol ASC (an
Anphoteric Surfactant) 24 Decenber. 2003 WD 00/56952 PCT/ USOQ 07362 -23 Run
# Current/ Tinme Additive Results 2 Anps/2 m nutes None Dendrite growth 2 nm
wi de at high current density edge, renai-mher white matte/satin color 2 3
Amps/ 2 minutes None Heavy burn at high current density edge 6 nmm wi de.
Same color as Run No. 1. 3 3 Anps/2 minutes 4 g/l Sodi um Burn not as
pronounced | shétweandifferandoria speres awdr sgvent molecules determine the °"el'a“ .

conductnuty and may affect electrodcposmon processes. However, mmc

conductvity i is only one variable, which must be consu:lered in formulatmg platxng
baths. o

[0071) It is also well known that the structure of the electrical double layer
" can affect the rates of electrodepo;.sition It was proven exper'u:ﬁen'té]ly, see for
example, Lasia et al,, Journal of Electroanalytical Chemistry, 266, 68-81 (1989}, _
' Fawcett et al., Journal of Electroanalytical Chemistry, 279, 243-256 (1990); Lasia
et al., Journal of Electroanalytical Chemistry, 288, 153- 165 ‘(1990] and Balch et
al., Journal of Electroanalytical Chemistry, 427, 137-146 (1997), that the rate
constant of electroreduction of certain metal ions (like Cu*, Cd®* or Zn*) depends
on the solvating ability of the solvent and the size of the cat.ton of the electrolyte.

The effect was attrxbuted to the electrostatic mteracnons in the inner layer of the .

electrical double 1aygr
[0072] Accordjng to the Frumkin model, the rate Acorlzstant for the réduction' '
. process: ‘ - |
Met™ + ne - Met°
is given by:

Ink =In (koY) + ¢,n F¢¢ /RT-e,nF (E-E}/RT
where the symbols are:
k, apparent rate constant

Kk, potential independent portion of the rate constant
Ty activity coefficient of the species Met™ in the bulk solution



about 3 mm N ce even snooth matte finish 4 3 Anps/2 mnutes ' 6 g/l

-Sodi um Burn dimnished only to |Isethionate high current density edge. Sane
nice even snooth matte finish as Run No. 3. [00681 This Exanple clearly
shows that adding even small anounts of sodium isethionate to?hPRegMRR 2003
bath can incre 8“%%% wor kabl e current density range by a factrassosér3é0% '
THEORY SECTI O\Ia?g Whil e not wishing to be bound by theory, the results
of the present invention are believed to be based upon the follow ng:
[00701 The. m xture of different ionic species forns a uni que conbination

t hat . can produce netallic coatings with required properties, It is well -
known that the overall ionic conductivity of the solution depends on the:
‘character of individual ionic species andXheir concentrations. The

- specific interactions WO 00156952 -24 24 Decenber 2003 PCT/ USOQ 07362

between different ionic species and/or iglo%o\éﬁgﬁer{{q&ergghgémpeterm ne the
erectro '

-overall conductivity ant rrafpg?r €c epositiaon processes. However,
ionic conductivity is onhy omembemriohéb@ronstinudlverlistel¢ntrocethwitidered in
formul ating plating baths. ([5007‘:‘11 |t Se @l so well known that the structure
of the electrical doubl € | aydPEEFATFRet the rates of el ectrodeposition..
It was proven experinentd | y poeaéial dnop across the diffuse layer - :

R gas constant
T femperature inK
E potential _
E, standard potential of the electroreduction reaction _
0073} It is also known that the size of the counter ion of supporting
electrolyte aﬁ‘eéts the ¢ potential, aﬁd as a-consequencg, the rate const.an; of .
overall electroreduction process (Lasia et ai;, Fawecett et al., and Lasia etal,,

. supra).

[0074] It is clear that the addition of one or more salts as taught herein
modifies the double layer of metal/ solution intérféce. The modification is éa_used
by the alkali metal cation and/or alkanol-suifonic acid anion-and/or combination
of both of them (maybe alkyl-, also). Therefore, the added salt of an alkyl and/or
" alkanol suifo;ﬁc acid should be considered as a plating additive, rather than as a-

simple modification of the supporting electrolyte. -

[0075]  In the present invention, the cation and/ or anion are not added _
only to preserve ionic conductivity of the electrolyte and/or solubility of deposited
ion(s); instead they direct'ly affect the electrodeposition process, by affecting the
double layer structure and m consequence the mechanism of the '

electroreduction process.

[0076] ‘The present invention has been described in detail, including the
preferred embodiments thereof. However, it will be appreciated that those skilled

in the art, upon consideration of the present disclosure, may make _modiﬁcatidns '



exanple, Lasia et al., Journal of Electroanalytical Chem stry, 266, 68-81
(1989); Fawcett et at, Journal of Electroanalytical Chem stry, 279,
243-256 (1990); Lasia et al., Journal of Electroanalytical Chg@é{lérx y
153-165 (1990) and Balch et al., Journal of Electroanalytical™( 'SIP‘F A
427, 137-146 (19@apsesshat the rate constant of el ectroreduct PEWUSINATEE2 ai n
. metal ions (like Cu*, Cd2+ or Zn2+) depends on the solvating ability of
the solvent and the size of the cation of the electrolyte. The effect was
attributed to the electrostatic interactions in the inner |ayer of the.

el ectrical double layer. [0072] According to the Frunkin nodel, the rate -
constant for the reduction . process: Met"'pgt ne - Met is given by., In .
kr=In (kYM +a. nF(d/ RT-asnF(E- EJ/ RT where-the synmbols are: k1l apparent rate
constant k potential independent portion of the rate constant YMactivity
coefficient of tablaéspﬁgﬂﬁ&n%{t%ohﬁhkhﬁvmmﬁmmmmmw%tw
00/ 56952 PCTI US00/ 07362, -25 a8 apparent transfer coefficient for reduction
n nunber of el edhisdpeentiopss\aeliorth iy the follapg €M% F Far aday: constant 4d
. potential drop across the diffuse |ayer R.,gas constant T tenperature in K



E potential E. standard potential of the electroreduction reaction .100731
it is also known that the size of the counter ion of supporting

el ectrolyte affects the 4 potential, and as a consequence, the rate
constant of overall electroreduction process (Lasia et al., Fawett et
al., and Lasia et al., supra}. [0074] It is clear that the addition of one
or nore salts as taught herein nodifies the double | ayer afDeeinbdr 2003
solution interface. The nodification is caused by the alkali mnmetal cation
and/ or WHAIIS CTNIVIRDASaci d ani on -and/ or conbi nati on of both of them
(maybe al kyl -, also). Therefore, the added salt of an al kyl and/or al kanol
sul fonic acid should be considered as a plating additive, rather than as a
si mpl e jnogli present
ivent fon AR e PG el D icE ot i flgBus Hpaptatsd dalle B PO
conduct i vsele;ctedffrmtn éheedreayt cavisistieg anhsll fate, sdlfcum hdid ﬁmfmhﬂnqﬂe,sanﬂdﬂhda on(s);

|nsteadt r.e aff ct . the electr n pro ffectlng

the. - doutfiEoRRE bethscif B Sompetnt Bl bR A e

el ectror e&ﬁh@ﬁdlﬂ@mﬁbﬂﬁ%ﬁ'ﬁ salk 8PP NAdRIr QRG] Jult¥RidtaeRINo RA taae B/h@ﬁé%?r i bed
in detail, including the referred enbodi nents thereof. However, it will

be appr ectharddrd sekias sl asRithe graup ponsisting af elkali petel cdkalingsal mstalof t he

pr esent %h i ficati;ons WO 00/ 56952 -26 24 Decenber 2003
PCT/ usoa%%‘fggﬁg‘ﬁ oorri[%lxtr)rplr o{gxdegrre%n;%"éﬂ‘%g"tlﬁi s invention and still be within
the scope and spirit of this invention as set forth in the foll ow ng

cl ai ns.
2. The method of Claim 1, wherein the salt is a salt of 2-hydroxy ethyl sulfonic acid.

3. The method of Claim 2, wherein the salt is sodium isethionate.

4. The method of Claim 1, 2, or 3, wherein the electroplating bath is a sulfate electroplating
bath.

5. The method of Claim 1, 2, or 3 wherein the electroplating bath is a sulfonic acid
electroplating bath.

6. The method of Claim 1, 2 or 3, wherein the electroplating bath is a fluoroborate
electroplating bath.

7. The method of Claim 1, 2, or 3, wherein the electroplating bath is a halide electroplating
bath.

8. The method of Claims 1-7, wherein the electroplating bath is a tin or tin alloy plating
bath.

9. The method of Claims 1-7, wherein the electroplating bath is a nickel or nickel alloy
plating bath.



27 24 Decenber 2003 WHAT IS CLAIMED I'S: 1. A nethod of inproving the

pl ati ng performance of an aqueous el ectroplating bath selected fromthe
group consisting of sulfate, sulfonic acid, fluoroborate, and halide

el ectropl ati ng baths, said nethod conprising the step of adding an
effective performance enhanci ng anount of a salt of an al kyl and/or al kanol
sulfonic acid to said bath, wherein the added salt is sel esbeémbéaooit he
group consisting of alkali nmetal, alkaline earth nmetal, and ammoni um or
subst i t10t ‘Ehe metiod ol Tk 117, wherelih thersbddnoplacihg Bhtaiisn toppaher eppet ibysalt is a
salt of 2- htydrox% ethyl sulfonic acid. 3. The method of Caim2, wherein
the salt PlaiR®bdthm i sethionate. 4. The method of daim1, 2, or 3, wherein
the electroplating bath is a sulfate electroplating bath. 5. The nethod of
Claim1, 2, or 3 wherein the electroplating bath is a sulfonic acid

el ect r dpl &h¢ mgthod oh Cléims THE whetdio thead eoBloplating bath ioa cldomidraroe ichrohtiem

el ect ropl Efﬁl ng .bat.h }ils a fluoroborate electroplating bath. 7. The net hod
of O ai mAaloyPlatgiebath.yhorein the el ectroplating bath is a halide

el ectroplating bath. 8. The method of Cains 1-7, wherein the

el ectroplating bath is a tin or tin alloy plating bath. 9. The nethod of
d ai s 12- The mathed of Claies 1 athergih Hei elgsptionkating bath iné cadahivor onvadiéimal | oy

pl ati ng bath. 4 .Decenber 2003 10. The nethod of Clainms 1-7, wherein the
el ectropl%hergljgtgn%%??ﬂ?'s a copper or copper alloy plating bath. 11. The
method of Clains 1-7, wherein the electroplating bath is a chrom um or

chrom um ) . . .
13. The method of Claims 1-7, wherein the electroplating bath is an iron or iron alloy plating

bath.

14. The method of Claims 1-7, wherein the electroplating bath is a thodium or rhodium alloy

plating bath.

15. The method of Claims 1-7, wherein the electroplating bath is a ruthenium or ruthenium

alloy plating bath.
16. The method of Claims 1-7, wherein the electroplating bath is a iron/zinc plating bath.
17. The method of Claims 1-7, wherein the electroplating bath is a tin/zinc plating bath.

18. The method of Claims 1-7, wherein the improvement in the plating performance

comprises at least an increase in the useful upper current density range of the plating bath.

19. An aqueous sulfate electroplating bath comprising:
(a) an electrolyte comprising a source of sulfate anions;
(b) one or more soluble platable metal salts, wherein the platable metal is selected from
the group consisting of tin, nickel, copper, chromium, cadmium, iron, thodium,

ruthenium, zinc and mixtures thereof; and



alloy plating bath. 12. The nmethod of Clains 1-7, wherein the

el ectroplating bath is a cadm umor cadmum .alloy plating bath. 13. The
nmet hod of Clainms 1-7, wherein the electroplating bath is an iron or iron
alloy plating bath. 14. The nethod of Clains 1-7, wherein the

el ectroplating bath is a rhodiumor rhodiumalloy plating bath. 15. The
met hod of Clainms 1-7, wherein the el ect2zpopl ating bath i s a 2Dkdahiraom3or
rut henium alloy plating bath. 16. The nmethod of Cains 1-7, wherein the
el ect r opl @f iarsgltlofitu alkgl sulfonizndcrd aal Pkaiol ngfdnéd dtid inlah anddimit eeinii@evethe Cl ai s

1-7, wherein_the electroplating bath js a tin/zinc plating bath., 18. The
met hod of CPXIHE Pfffg?n%ﬂﬁ’é nghr? a\qH%OI}Sr?BLfW &lrshprlating brth,ovhareindhgwaitisr nance

conpri ses aty,l.83 | i sity range of
t he plating ggt h.érﬁfgﬁhg a @gﬂgﬁg %@éﬁﬁ%ﬂg&?ﬁ%ﬁﬁ%gﬁ%ﬁﬁ%%ﬁgom” si ng:

(a) an el ectanmhytiemeospbstigitedjammeooimcsaltsf sul f at e ani ons; (b) one or nore
sol ubl e platable netal salts, wherein the platable netal is selected from
the group consisting of tin, nickel, copper, chrom um cadm um iron,

r hodi urpo. Théitb& i gitingZattCo fOEinh K Wh@SinthesigRhic Rfsafids 44alPsCEARGHXx¢003 ()
a salt of an al kyl sulfonic acid and al kanol sulfonic acid in an anbunt to

i nprove t¢by! syifanicigidoer f or mance of the aqueous sul fate el ectropl ating
bath, wherein the salt is selected fromthe group consisting of alkali
metal, alkaline earth nmetal, and anmoni um or substituted amoni um salts.

20. TheleTketleapptdting®atiadiiClaim 0,akierdiQ theyie keitMesethibhfnnl ¢ acid salt is
a salt of 2-hydroxy ethyl sulfonic acid. 21. The el ectroplating bath of

Claim 20, wherein the salt is sodiumi sethionate.
22, A method of improving the plating performance of sulfonic acid based electroplating

baths, comprising the step of replacing at least a portion of the alkyl sulfonic acid
electrolyte with a salt of an alkyl sulfonic acid and alkanol sulfonic acid in an amount to
improve the plating performance of the aqueous sulfate electroplating bath, wherein the
salt is selected from the group consisting of alkali metal, alkaline earth metal, and

ammonium or substituted ammeonium saits.
23. The method of Claim 22, wherein the sulfonic acid is an alkyl sulfonic acid.
24. The method of Claim 23, wherein the alkyl sulfonic acid is methane sulfonic acid.
25. The method of Claim 22, wherein the salt is a salt of 2-hydroxy ethyl sulfonic acid.
26. The method of Claim 22, wherein the electroplating bath is a tin plating bath.
27. The method of Claim 22, wherein the electroplating bath is a lead plating bath.
28. The method of Claim 22, wherein the electroplating bath is a tin/lead plating bath.

29. A method of increasing the useful upper current density range of a tin methane sulfonate

plating bath and thereby allowing tin plating at higher speeds, said method comprising the



22. A nethod of inproving the plating performance of sulfonic acid based

el ectroplating baths, conprising the step of replacing at | east a portion
of the alkyl sulfonic acid electrolyte with a salt of an al kyl sulfonic
acid and al kanol sulfonic acid in an ambunt to inprove the plating
performance of the aqueous sulfate electroplating bath, wherein the salt

is selected fromthe group consisting e al kali netal, al kakbaemeaedod

nmetal, and ammoni um or substituted ammoniumsalts. 23. The nmethod of C aim

22, wher edtép bhaldsig dnodtfeetiRe irflount ofl Bodtik)or potabdi@mingetRdieGulf@thte e BBthNOd Of
Claim 23, wherein the alkyl sulfonic acid is nethane sulfonic acid. 25.

The nmethod of Claim22, wherein the salt is a salt of 2-hydroxy ethyl

sul f oni, ating bath
Ul 0018, Aokdod AnrliSo Tl e S4B L BP0

el ect r opl sxifongte pbitingibatheanklahetelpy allowigg bkahhg aﬂl&ghéﬂspeem;dmbhneﬁmd:l aim 22,
wherein the electroplating . bath is a tin/le pl a at.h 9. Arrethod of
i ncr easi nPRNENE Paﬁepﬁﬁﬁiﬂace}ﬁartéwt HRFEPR 9? 315 gSHP?Ii“ﬁ apeiidhe

sul f onat egogildidetodad N and thereby all ow ng t| n plating at higher speeds,

said nmethod conprising the 30 24 Decenber 2003 step of adding an effective
am)unt of sodi um or potassium nethane sul fonate to the bath. 30. A nethod

f. ul f tin/ th
Ul fondd oT B BERG ob G NPRELNS <ol bR TG R A Tt AP ELhE. oal d
met hod  C&yaRInh Seflfoddie step of replacing at |east a portion of the rret hane

sulfonic acid with sodiumisethionate. 31. The nethod of C aim 30, wherein
up to 50% of the nmethane sulfonic acid is repI aced by sodi um i set hi onat e.

32. Th chﬁlmo f n f |caC|d
IS repﬁ%cedg]@gthgégdl urhmlg’ét :é\%nna pﬂ)’gag/ B% t?aﬁlgé’u mﬁ E’é%y °\%ﬁ &f ei n up
to 90% of sddhen ieethi@aes.sul fonic acid is replaced by sodi um i set hi onat e.

33. The method of Claim 30, wherein up to 90% of the methane sulfonic acid is replaced by

sodium isethionate.

34. A method of inhibiting the oxidation of stannous ions in a tin plating bath containing
methane sulfonic acid, comprising the step of adding an effective amount of a salt of an

alkyl and/or alkanol sulfonic acid.

35. The method of claim 34, wherein the salts are selected from the group consisting of alkali

metal, alkaline earth metal, and ammonium or substituted ammonium salts.

36. An aqueous sulfonic acid electroplating bath comprising:

(a) an alkyl or alkanol sulfonic acid;

(b) one or more soluble platable metal salts, wherein the platable metal is selected from
the group consisting of tin, lead, copper, cadmium, indium, iron and mixtures thereof;
and

(c) a salt of an alkyl sulfonic acid and alkanol sulfonic acid in an amount to improve the
plating performance of the aqueous sulfate electroplating bath, wherein the salt is

selected from the group consisting of alkali metal, alkaline earth metal, and



34. A nethod of inhibiting the oxidation of stannous ions in a tin plating
bath containing nethane sulfonic acid, conprising the step of adding an
effective anmount of a salt of an al kyl and/or al kanol sulfonic acid. 35.
The nethod of claim 34, wherein the salts are selected fromthe group
consisting of alkali netal, alkaline earth netal, and anmoni um or
substituted ammoni um salts. 36. An aqueous sul fonic acid eleCktapiratding
bath conprising: (a) an al kyl or al kanol sulfonic acid; (b) one or nore
sol ubl e pl ataabhéenimtlsulsstibited anherinhsdltee pl atable netal is selected from
the group consisting of tin, |ead, copper, cadmum indium iron and

m xtures thereof; and (c) a salt of an al kyl sulfonic acid and al kanol

caueoust 5ot aec o RaR TN c ol 20 PR M ol Bl AR RS BB UMk o t e

group consthgtsuhfgnefackl. kal i nmetal, al kaline earth nmetal, and 31 24 Decenber
2003 ammoni um or substituted amoni um salts. 37. The el ectropl ating bath of
Claim 36, wherein the sulfonic acid salt is a salt of 2-hydroxy ethyl

sul fonisg @Gl BecRflatiHa®afl SRR AL IR M sftfonfd RidRaR4s sdhiehSidthibige.

sul fonic acid sal't 1S sodiumisethionate. 39. A nethod of i1nproving the
pl ati ng performance of an aqueous fluoroborate based electroplating bath

conprisj.ng t tep of .addi ng .an effective .performnpce enh i n amount of
SO | oo hilfad PR oying e Pee S b G el Ao R o 4558 a; & "bat .
wherein  pilRersdting taas@ngsisafk the 9l bR 8ddih WP e FEUISE Pt tBEn Mlce Bhiedkingnet al

al kaline earth metal and = ammbni um or substituted ammonium salts. "40. The

met hod of agpwitef 3galt eher i subenisarid dnd alasal sulfghicacidtgrsaidbagy, Mheredw| f oni ¢
aci d. 4rlrtehte-fl§-% is ie@%q ch;m %e%rgp%pd'%g@ﬁq&é %ﬂkélp Elefaifrlatlka:li%e %grgtjlll ﬁ’%&a:l 2 hi onat e.

42. The ol any o erein e electrop ng bath is a
tin or tiamalohiiyn or substituted ammonium salts.

40. The method of Claim 39, wherein the salt is a salt of 2-hydroxy ethyl sulfonic acid.
41. The method of Claim 40, wherein the salt is sodium isethionate.

42. The method of any of claims 39-41, wherein the electroplating bath is a tin or tin alloy
plating bath.

43, The method of any of claims 39-41, wherein the electroplating bath is a lead or lead alloy
plating bath.

44. The method of any of claims 39-41, wherein the electroplating bath is a copper or copper
alloy plating bath.

45. The method of any of claims 39-41, wherein the electroplating bath is a indium or indium

alloy plating bath.



plating bath..43. The nethod of any of clains 39-41, wherein the

el ectroplating bath is a lead or lead alloy plating bath. 44. The nethod
of any of clains 39-41, wherein the electroplating bath is a copper or
copper alloy plating bath. 45. The nethod of any of clainms 39-41, wherein
the electroplating bath is a indiumor indium alloy plating bath. 32 24
Decenber 2003 46. The net hod of any of 3zl ai ns 39-41, wher eizabkda@ber 2003

el ectroplating bath is a iron or iron alloy plating bath. 47. The nethod

of any 46f Tlgd @ktlBd 3Darhlof MiaIsSON It et lclRtraplafifs bah ik 4 BoRofReWrhily or
cadm um al |l gy plating bath. 48. The nethod of any of clainms 39-41, wherein

the el ect?8isbathhg bath is a tin/lead plating bath. 49. The nethod of any
of clainms 39-41, wherein the electroplating bath is a tin/lead/copper

pl ati ng bath. 50. The nethod of Claim 39, wherein the inprovenent in the
pl at i ng7pEd methiad of acoofol dissS9-4t, whesedr therldctropletisgbath id headadefoudr upper
current densi.t 5ltijéan%%gof t@e pl ati ng bath. 51. An aqueous fl uoroborate

el ect r opl GFH PRPEEABPAY ng:  (a) a source of fluoroborate anions; (b)
one or nore soluble platable netal salts, wherein the platable netal is
selected from the group consisting of tin, |ead, copper, cadm um indium
i ron ar€. Hheanathed of ey efoflainmd@-41( whereirs thietelasfroplating kath isatifead plaimigd and
al kanol S%Lﬂfloni c acid in an anount to inprove the plating perfornmance of

t he aqueo

the group consisting of alkali netal, alkaline earth netal, and

49. The method of any of claims 39-41, wherein the electroplating bath is a tin/lead/copper
plating bath.

50. The method of Claim 39, wherein the improvement in the plating performance comprises

at least an increase in the useful upper current density range of the plating bath.

51. An aqueous fluoroborate electroplating bath comprising:

(a) a source of fluoroborate anions;

(b) one or more soluble platable metal salts, wherein the platable metal is selected from
the group consisting of tin, lead, copper, cadmium, indium, iron and mixtures thereof;
and

(c) a salt of an alkyl sulfonic acid and alkanol sulfonic acid in an amount to improve the
plating performance of the aqueous sulfate electroplating bath, wherein the salt is
selected from the group consisting of alkali metal, alkaline earth metal, and

ammonium or substituted ammonium salts.

52. The electroplating bath of claim 51, wherein the sulfonic acid salt is a salt of 2-hydroxy

ethyl sulfonic acid.

53. The electroplating bath of claim 52, wherein the sulfonic acid salt is sodium isethionate.

'sul fate el ectroplating bath, wherein the salt is selected from



ammoni um or substituted ammoni um salts. 52. The el ectroplating bath of
claim51, wherein the sulfonic acid salt is a salt of 2-hydroxy ethyl

sul fonic acid. 53. The electroplating bath of claim52, wherein the

sul fonic acid salt is sodiumisethionate. 33 24 Decenber 2003 54. A nethod
of inproving the plating performance of an aqueous halide ion based

el ectropl ating bath conprising the step3of adding an effectiRscepberiéinance
enhanci ng anpunt of a salt of an al kyl and/or al kanol sulfonic acid to
sai d ba*hA mghodpimpsetiag thefpleting pecbamangeafenaquévas halideen basedi s sel ect ed

f h o £l uori de: f el ai wherein the sal
oo sol ot e F et risigne M oTRAIRE bt pertmatlef piaebd? 20y ©

nmet al , anamamatoni um or substituted amonium salts. 57. The method of claim
56, wherein the salt is a salt of 2-hydroxy ethyl sulfonic acid. 58. The
met hod 2 %ﬂtaqulaﬁsyﬁe\@?@lhamhéulmq aid tosysed bathi set hi onate, 59. The net hod
of any of clains 55 to 58, wherein the electroplating bath is atin or tin
alloy plating bath. 60. The nethod of any of clainms 55 to 58, wherein the
el ect r ¢pl Ehe mgthiodtolfi clagm &4 mivhdrein the halidekdon is sldetzy frinathlogdbdaidfludGide, The

met hod of any of clains 55 to 59, wherein the electroplating bath is a
copper or copper alloy plating bath. 62. The nethod of any of clains 55 to

59, WhegeTRe ilfhoflof Cl4iRP A Whatkib #lcRaliSard sélefted Ronihl Growdl dof¥stlAdf N9 bat h.
63. The nethod of any of clains 55 to 59, wherein the efectroplating bath

- Y, 4 . )
i s a cadnilkat metal.dltting ol nstal pind tanmgeriamter s@stiptedevmobim 2063
57. The method of claim 56, wherein the salt is a salt of 2-hydroxy ethyl sulfonic acid.
58. The method of Claim 57, wherein the salt is sodium isethionate.

59. The method of any of claims 55 to 58, wherein the electroplating bath is a tin or tin alloy
plating bath.

60. The method of any of claims 55 to 58, wherein the electroplating bath is a nickel or nickel
alloy plating bath.

61. The method of any of claims 55 to 59, wherein the electroplating bath is a copper or
copper alloy plating bath.

62. The method of any of claims 55 to 59, wherein the electroplating bath is a zinc or zinc

alloy plating bath.

63. The method of any of claims 55 to 59, wherein the electroplating bath is a cadmium or

cadmium alloy plating bath.



64. The nethod of C aim 54, wherein the inprovenent in the plating
performance conprises at |east _an increase in the useful upper current
density range of the plating bath. 65. An aqueous netal alloy halide

el ectropl ating bath conprising: (a) an electrolyte conprising a source of
hal i de ions; (b) one or nore soluble platable netal salts, wherein the

pl atable nmetal is selected from the gBéup consisting of ti24Deqinbdced03
copper, zinc, cadm um and m xtures thereof; and (d) a salt of an al kyl

sul f oni6d. ‘Hod wetdhod ofilCkamdi4, shkfeimihe impfodementan thaplatitg Iberfdmipnm/@ntﬁmem ating

performanc of the aqueo fate el ectroplatin nthe salt is

Cel ot ed Tet EHECHATLD (HOHTYOPHE GFreal (GBI R P! s BlaeNatear t h ot al

and amoni um or substituted ammnium salts. 66. The el ectroplating bath of

G ai m 65, wherein the sulfonic acid salt is a salt of 2-hydroxy ethyl

sul f onioé. Auiagueogy meRialley bdidegiictoplating hath coimpGsiagm 66, wherein the salt is

sodi um | SF 5 o Opec%rglyte comprising a source of halide ions;

(b) one or more soluble platable metal salts, wherein the platable metal is selected from
the group consisting of tin, nickel, copper, zinc, cadmium and mixtures thereof; and

{d) a salt of an alkyl sulfonic acid and alkanol sulfonic acid in an amount to improve the
plating performance of the aqueous sulfate electroplating bath, wherein the salt is
selected from the group consisting of alkali metal, alkaline earth metal, and

ammeonium or substituted ammonium salts.

66. The electroplating bath of Claim 65, wherein the sulfonic acid salt is a salt of 2-hydroxy

ethyl sulfonic acid.

67. The electroplating bath of Claim 66, wherein the salt is sodium isethionate.



