Titl e: ELECTROPLATI NG BATHS Abstract- The use of al kali. netal, alkaline
-earth nmetal, amoni um and substituted ammonium salts of al kyl and al kanol

sulfonic acids as additives in various types of electroplating g at hs
(e.g., sulfate, sulfonic acid, fluoroborate, and halide baths) ﬁ SCEMREHEN3

of unexpected wB@pgbdzt s i ncluding wider useful current densig ﬁ
i mproved appearance and in the case of tihn inproved OX|dat|ve stabl Ity. 24
Decenber 2003 WO 00/ 56952 PCT/ US00/ 07362 ELECTROPLATI NG BATHS BACKGROUND OF
THE | NVENTI ON [ 0001] El ectroplating solutions are usually aqueous. Every
plating solution contains ingredients to performat |east the first, and
usual Iy 'several, of the following functions: (1) provide a source of ions.
of .the netal (s) to be deposited; (2) formconplexes with ions of the.
depositing netal; (3) provide conductivity; (4) stabilize the solution
agai nst hydrolysis or other forns of deconposition; (5) buffer the pH of
the solution; (6) regulate the physical formof the deposit; (7) -aid.  in
anode corrosion; and (8) nodify other properties peculiar to the solution
i nvol ved. [0002] The present invention inproves the plating perfornmance of
the solution, particularly by increasing the useful current- density over
previously accepted norns. The current density is the average current-in
- anperes divided by the area through mhlch t hat current passes the area is
usually nom nal area, : _
' ELECTROPLATING BATHS

BACKGROUND 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



since the true area for any but extrenely snooth el ectrodes is sel dom
known. Units used in this regard are anperes per square neter (A nR).
[0003] It is also in the best interest of efficiency to run these plati 8
baths at as high a current density as possible. The higher t@kDQﬁ@ﬂW@ﬁ@O 3
density the faster the coating plates on the surface. - The current is
- carried by thé¥@8H¥%2n these baths and each type of ion hadGrUSOtRiA62
.speci.fic conductance. In- plating bath, however, ionic . conductance is only
one vari abl e.that nmust be considered in 24 Decenber . 2003. WO 00/ 56952
PCTn800107362. -2 choosing an electrolyte.. The final criterion is the
-quality of the coating at the desired current density. SULFATE BATHS
(0004] A variety of nmetals and netal al l oys. are comercial ly plated. from
solutions with sulfate as the- primary anion. See for exanple U S. Patent
Nos. 4,347,107; 4,331,513 and 3, 616,306. Certain sulfate electroplating

~ bat hs have | i ﬁhwéu;g)ﬂ;s eleb@blyEad MTiSORR] icfiRstiohas 8ld Qydtay eﬂ&w&ﬁaﬁ@ﬁ thedi tion
of additives' %d udi n ther anions. ' Far exanple the.steel 'industry

has. been. tlﬂﬁ‘F FHE® %for many years -from sulfurit acid/tin

sul fat e bat hs where phenol sulfonic acid.is. used as. a special electrolyte

.‘addi tive which i nproves both the om&lﬁiﬁ#&%é%%lty of the tin as well as

increasing its current density range own as the .ferrostan
process but because -of environmental problenms with phenol- derivatives the

steel. i ndust | ooki pg_t. | t hi- i t b wh |
nar il o 1 RSB orartes Trridospnd Syl g poRer o el HoB e

for. nickel pl ahmﬁgnbw‘&thmulﬂe&l as:ﬂieqrri:day amm-t Sdasﬁr bm:pples.ESIPattenmmu de

LR Vet B KR RIS B e, b R8h kR recrb Bl Yol kM
limitations 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 acid is
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 enwronmenta.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:mcel
suffers from a number of dlsadvantages mcludmg a nickel plate that is hlghly
stressed |

[0006] . It is therefore worthwhile to identify other ad_diti.ves-that can
improve the performance of metal sulfate elecﬁ-oplating baths. There are many
examples in the prior art where surfactants and other erganie additives are used
to provide a more desirable finish. In the case of tin the prior art also desci‘i_bes '
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;ldiﬁves

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



suffers froma nunber of disadvantages |nclud|ng a nickel plate that is
‘highly stressed: [00061 It is therefore worthwhile to identify other
additives-that can inprove the performance of netal sulfate egg tro h béﬁ%
baths. There are many exanples in the prior art where surfact §°3

ot her organicﬁggﬁw%g¥es are used to provide a nore de5|rablﬁcﬁb§h Biez! N the

case of tin't art al so describes ~ additives which can I nprove-the
oxi dative stability of the tin and therefore provide a bath with |ess
sludge formatjon. It-is less common to find exanples of additives which
i mprove the plating range especially at the high current density end. 24
Decenber 2003 WO 00/ 56952 PCT/ US00107362 3.Increasing the current density .
“is a very desirabl-e feature but it has been. difficult, to identify

addi tives which can do this without creating other problens in the bath.
[0007] Many plating baths-are-also very sensitive to, the presence of
i'nmpurities andnoieasingalke cwyent density bud Yedy dpsirable featura ut itheyp bebh difficelte

A he bot s RSk by SNER AL o LD Wb P SRAAPUEL bEBITOR 85 removed:

. or the baths . re exanp eInt i ron
bui I ds up in tathbat h and eventual |y affects the quallty of the dep05|t
and nust be renoved. It is very desirable to find additives that wl I nake
the bath | ess .sensitive to these inpurities. SULFONI C ACI D BATHS [ 0008]
~the last decad@0®He conMemyipidtingdmtins arefl$oreiry sensitivertetiag prsisemdernf’ bat hs

TG Tor examp SOPERAR ok oR RE UGl DRl o SR M HREE R AN A
4,207, 150. - Tithe dgpasil [Theasfors] eithed thisa imphdties lgauﬁhbq ?rénqvaé or ﬂeq/\bgtél&r S’
~ 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 mll-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 manul'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.



because of |arge increases in the cost of the al kyl sulfonic acid. The
preferred sulfonic acid used has been nethane sulfonic acid (NBA) al t hough
the prior art includes exanples of other al kyl and al kanol é£ ni c CIdS.
These other alkyl or al kanol sulfonic acids are nore expensiv ﬁﬁgﬁn er 2003
met hane sul f ony 36' and are therefore not conpetitive with

sul fonic acid.hfﬂl @ngeveral manuf acturers produce salts of. ydroxy
ethyl sutfonic - acid (isethionic acid) commercially on a Iarge scale but it
is not commonly available in the free acid form These salts are

consi derably less expensive than -nethane sulfonic acid but in the present
platlng technology only the acid formof the alkyl or alkanol 'sul fonic acid
is used in the bath. 24 Decenber 2003 WO 06/-56952 PCT/ US00/ 07362 -4 [0010]
The perfornance advantages of al kyl sulfonic acid .baths include | ow
corrosivity, h SO|UbI|Ity of salts, good conduct|V|ty good oxi dative

stability of tl 10§, t s éme&faﬁuﬁ%ﬁeeadyﬁwgg?a&alﬂm Fylipnicrarid bathsoneidslow
nmetal s plated birédd@§Chiphl ofiitifly €5t gbdiBed , eadm'aaé S Sppaiy a8 tvel |
as alloys of these netals wi.th ~each o?ﬁerc 2 TE BATES oof{1 '

Fl uor obor at e pPalts g wamnlete hiedeggadapility; sEoe Pmdoeaaﬂltr@ef&lﬁ/alﬁrféﬂy ese et al s
-on all types ofuliRiiPhci® YRS drbltifSicha %Hfébgﬂexb&f/ Welt QPBRES sadi%ésre%etais wie for
exanpl e, U S. Patent Nos. 5,431, 805; 556 and 3 %b 5%$9:" These bat hs
are  pref erred®%akeaten| at i ng speed is inportant and the fluoroborate salts
- are.very soluble. A variety of. additives have been devel oped to inprove
-the performance of these bat hs. These:additives either inprove the quality

of the deposit, the efficiency o?"?’l?é‘%?WtE ?‘P@ Sr educe - envi ronnent al

ef fects. See for exanple u. S

[o011} Fluoroborate plating baths are mdely used for coat:ng a vanety of
metals on all types of metal substitutes mcludmg 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 platmg speed is important and the ﬂuoroborate salts are very
soluble. A variety of additives have been developed to improve the performance of
these baths. These addmves either improve the quality of the deposit, the

. eﬁ'ic:ency of the bath or they reduce envu-onmental effects. See for example, u. S
Patent No. 4,923,576.

HALIDE BATHS

[0012] _ " Plating baths with the main electrolyte being a halide ion (Br L Cl-,
F,1 have been used for many decades See for example u.s. Patent Nos. .
4,013,523; _4,0_53,374, 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 perforenance of the bath can be made by incorporating
additives into the bath. For example, .U .S. Patent Nos. 5,628, 393 and 5,538,617
describe additives Whlch can be used in a halogen tin plating bath for the
purpose of reducmg sludge formatlon by stabxhzmg the tin aga.mst omdauon



Patent No. 4,923,576. HALI DE BATHS [0012] Plating baths-with the main

el ectrolyte being a.halide ion (Br ', C ',. F -,,1 .) have been used for
many decades. See for exanple, U S. Patent Nos. . .4,013,523;-:4,053
4,270,990; 4,560,446 and 4, 612,091, The main halide . ions in ¢hBEEe SThBeha003
have been chloride and fluoride. The netals plated front these baths
typical |y i nclw@eoe3sa, nickel, copper, zinc, cadnmium and al IFGF&SH¥738hese
netals. As with all other types of baths it has been found that :

i mprovenents on the performance of the bath can be made by incorporati ng
addi tives into the bath. For exanple, 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 reducing sludgedormation by stabilizing the tin
agai nst oxidation. 24 Decenber 2003 WO 00/ 56952 PCTI USOQ 07362 5 [0013]
There are nmany other properties of a bath that can be inproved by

addi tives. Al ljooig]t hese‘rlwrea&rﬁ:aﬁg oetier pragértias bfja baticthanean b tinpeivediby t he

-eff|C|ency of the bath. itself, the, uaI t he de QS t he i on.
“of " envi r onmenRIAIHES eé{lgf pré’i’ﬁmﬂ :}l’@glg | FIVES o h?ﬁlg{"t“' Weﬁh?:héﬁ%
described in ufa;e Eﬁﬂlet&]fmﬁsqualﬁyﬁﬁﬂaﬁaa)c&mrﬁhéﬂﬂhﬁ:hanloﬁpnﬁvmmm
efficiency of e bat h and by decy.easin the nt t educe’
t he envi r onnerfEsFSef PreXampley e § %ﬁcflgﬁjly\aaﬁga r?%tl)qu rent -
of - the pr esents628/893h@d‘SJSBB,@UESnip@o‘te@emzﬂfcya)fkhﬁbamFmMydalrkswllnme .
.earth netal, apmoni um 9![;d sSu ﬁ t ed, ammoni um sa of al kyl and al kanol

sul foni ¢ aci d RARERUAY § 16 P rEe” % & formance of sulfate -

el ectropl ati ng baths. Wen used_ in these el ectroplating baths these salt
|  SUMMARY 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 bat_hs these ‘salt
additives were found to generally int:r_éase the _pléﬁ:ing rangeso that these baths

" can be used at much higher current densities. Thus these baths can berun'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).



. rhodi um- and r

additives were-found to generally increase the plating range. so that these
-baths can be used at nuch higher current densities. Thus these baths can
be run at greater speeds than those w thout these additives. gg b

i mprovenments are seen in the quality of the deposits. In the c eB?m er 2003
stannous sulfate plating solutions, sone | mprovenents in t ve
stability of R0 & fP2was al so. observed. (0015]. Thus;. one Ereﬁépgggh -
enbodi ment of the present invention is directed. to a nmethod of inproving
the plating performance of an aqueous sulfate based - el ectroplating bath
conprising the step of adding an effective performance enhancing anount of
a salt of an-alkyl and/or al kanol sulfonic acid to said bath. [0016] The
“salts used to inprove the bath plating peréformance characteristics are
parti-cularly selected fromthe group consisting. of alkali netal, alkaline
earth netal, anmmoni um and substituted ammoni um salts. Especi-ally. preferred
are salts of Iﬁfﬂjﬂr oxy Th pathsthatorancbeimnioveddydhisymbodiment By iy apd

(sodium i set hi &fioy200hb Y000 LGERB by P oHFAR, £B62
[ 00171 The bat at ?§§%B§ﬁ§%%§ové§ Qﬁu}hls eﬁgghlrégi [ nclude Jn and

“tin alloys, nrcmmdﬂwscmmlamw@ca@eb'ﬂe?ﬂ%’ﬁd‘f%ﬁb‘efmalqueﬁ B um
and chrom um Lil RXMFE{?SPHMQQ A GR 0 PRhRhhuRy Sltay's! &4 8djfbcialip Bhél | 0y,

rut heni um and rut heni um al | oys,. and especial |y
the iron/zinc mdmpmhzllmdzmcwélyywﬂfﬁmgﬂ@%t hs. [0018) Prefer ably, tin and

- tin alloy baths are inproved by this enbodi nent "of the invention. Exanples
~include tin-antinony, tin-cadmum tin-copper, tin |ead, tin-nickel,
tin-niobi um {@@18]i t ani Bmferebly, wmmﬂoymﬂﬁ?wr?‘f?ﬂrw this embodiment

of the invention. Examples mclude tin-antimony, tin-cadmium, tm-copper, tin-
lead, tin-nickel, tm-mpbmm, tin-titanium, tm-zu‘comum, and tin- _az_mn:_tor_ly-
copper alloy baths. Alloy co_mpositions comprising these i;l'retals are well known to

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

. [o019] . Another preferred embcidiment of the present 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, espec1a11y 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
be used at much }ﬁg}rer'cur;eht densities. Thus these baths can achieve greatcr
speeds than baths without these additives can. Further impfovemenes ai'e seen
in the quahty of the deposits. In the case of stannous alkyl sulfonate platmg

solut:lons some unprovement 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



copper alloy baths. Alloy conpositions conprising these netals are well
‘known to those having ordinary skill in this art, and are the subjects of
nuner ous patents. 100191 Anot her preferred embodi ment of the 5??@ nt
invention relates to the use of salts of alkyl and al kanol Rremigs; 2p03
whi ch were found to |nprove t he perfornance of sulfonic ac ally

al kyl sul f oni cW2&P8%%2 ect r opl ati ng bat hs." Advantageously‘tﬂgﬁggﬁﬁﬁgg
selected fromthe-group consisting of alkali netal, al kaline earth netal,
ammoni um and substituted amoni um salts of 2- hydroxy et hyl sul fonic: aC|d

(i sethionic acid). [00201 Wen used in el ectropl ating baths -such as MSA,
these. salt additives were found to generally increase the plating range

“so that the baths can be used at much higher current densities. Thus these -

baths can achieve greater speeds than baths without these additives can.
Further inprovenents are seen in the quality of the deposits. In t he case
of stannous aladditisutteyrieve agiumbergl otk payaHagesdnevfingrogtepaldarability fpsv
‘oxidative stabjl}i f ek, @ﬂﬂﬁgy
benefit, t hese(l' sa[{%&g?tgaﬁ?%ﬂ%av%‘gg% t?ta%ﬁ{g}eﬁﬁc\gﬁ (Linrrent Afdhgd)}lnar e.
conpletely b|dUégmuuﬂbﬂbemnuuﬁﬁéﬁﬁroducts of the blodegradatlon are common
i ons and nol ecul es found in the environnment. In 24 Decenber 2003 WO . =
00/ 56952 7 PCT/ USOQ' 07362 addition they have a nunber of other advanta%es
i icl udi ng “hi griogalzher ab.qqneyaﬂﬂ thasebaths il alsg congaisgilie spEgsrongingymetal
‘Stability. at o815 %]leqgﬁm?éd Bhk vhMowd AduifiRidto @bAkes1 HEL &l
salts. [0022] era ese %g 'so contain the correspondlng

metal salt orqualitapnd appgﬂrﬁfmfwf the [piafechserfaceiand thy stabilily obthe Rashi ous
add' ti ves to C&@&ﬁ&ﬂ 'i‘)qﬁcal add.ltlves include a surfactant such as an ethoxylated fatty

alcohol, a bnghtenmg agent if required and an antxox:xdant such as hydroqumone

or catechol, if 1:|n is onte of the metals bemg plated

[0023] The tin in these baths is in the stannous or reduced form. If '
oxidation occurs the tin will be converted to’ the stannic or oxidized form wh1ch
‘then commonly precipitates to form sludge ThlS process adds to the meﬂic:ency
of these baths and also creates a requn'ement for constant ﬂltermg Pnor 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 a]kyl or a]kanol sulfona.tes is
that they are much less expensive than their corresponding acid. Currentiy the
only bulk commercxa.l alkyl/ alkanol sulfenic acid suitable for electroplatmg is
methane sulfonic ac:d and the onily bulk commercml alkah/ alkaline
earth/ ammonium alkyl/alkanol sulfonate salt suitable for ‘electroplating i 1s :
sodium isethionate. When comparing the price of these two large commercial
products the sodium isefhionate is losé 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 a.mmomum salts of

alkyl and alkanol sulforiic acid which were found to improve the performance of -



qual ity and appearance of the pl-ated surface and the stability of the bath
solution. ' Typical additives include a surfactant such as an ethoxylated
fatty' alcohol, a brightening agent if required and anantiOX|£§B such
hydr oqui none or catechol, if tin is one of the netals being pfaté&t® m'f’

The tin in these baths is in the stannous or reduced form '%,’r b ihon
occurs the tiWQWY36%8e converted to the stannic or oxidized form

t hen comonl y precipitates to formsludge. This process adds to the
inefficiency 'of these baths and also creates a requirement for constant

. filtering. Prior art patents, for-exanple U S. Patent Nos. -

4,717, 460, "' 5,538,617 and 5,562, 814, -describe products that can decrease
t he amount of ti'n being. oxi di zed. [ 0024] -Anhot her advantage of using the:
salts of al kyl or alkanol sulfonates is' that they are nuch | ess expensive
than their corresponding acid. Currently the only bulk comerci al

“al kyl / al kanol fswkdtonite e&@mm@ingémﬂ@ f%%e%}léﬂ w&r-aﬁ tlrgireRlating bathsdhese

sul f-oni ¢ aci d apd Eﬁh% Qe {3&1 t&%{ﬁ@? ﬁkre%%ﬁ#éﬂabﬁgﬁﬂ@sma{m&mmm um
al kyl / al kanol suI onate sai or -electroplating is sodi um

- i set hi onat e. \Nwmsmmmustnbaﬁrheclphgbef orTenfdeasitifs g hess brthcgan be
:products -the sodi %&%S Esfh Ldditife. MirgigerGinprb@niditBane
sul foni ¢ aci d%ﬁ#?éaﬁ&t%&& a@‘f’% or %%a'iaiegm% ght basi s. [00%] * "Anot her
enbodi nent of drheeqriesbetquakivaithoderositat es to the use of alkali netal,

- al kaline earth. netal, amonium and substituted . amoniumsalts of alkyl

.and al kanol sul fonic acid which were found to.i nmprove the_ performnce of 24 .-

Decenber 2003 [9€260/ 569Fhumcisgrnydingeofghe P{FGFBBH’P’&’P‘%%%@W%?? %3 ng
baths. Wen usaol8 of RE5GvREIRE b ?prﬂgr&&wésofta’rmﬁﬁob&a{d joAdiséd ves were

found to general Iy increase the range. so tg’gi% t hese  Dbat. hs can be

used at much relepeplasimsrat ceeaeees &he e a&aﬂﬁé‘gé‘n fveRFigman

enhancing amount of a salt of an a]kyl and / or: alkanol sulfomc ac:d to sa;d bath

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

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

alkaline earth metal, ammonium. and substltuted ammonium salts EsPeclally B
— 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.
Thus these baths can be run at greater speeds than those mﬂ_’mut these

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



run, at greater speeds than those without these additives. Further

i nprovenents are seen in the quality of the deposits.. 10026] Thus, this
enbodi ment of the present invention is directed to a nethod oé brTErovi nﬂ)
the plating performance of a fluoroborate ion. based electrop 4 %{“Bﬁrt 03
conpri sing the\réhﬁpﬁgﬁf addi ng an effective performance enhgpgyguaapant of
a.salt of an a and/ or al kanol- sulfonic acid to said bath. 100271 The
salts used to inprove the bath plating performance .. characteristics: are
particularly selected fromthe group consisting of alkali netal, alkaline

earth netal, ammonium and substituted amoni um salts. Especially preferred

are salts of 2-hydroxyethyl sulfonic acid, e'speci ally the sodium salt
“(sodium isethionate). [0028] The bat hs tha®-can be i nproved by this
enbodi nent include tin and tin alloy plating baths; nickel and nickel.

al l oy plating baths; copper and copper aIon at hat hs;, zin: zi nc
al loy plating 988RE: as &tfa%erea Hfgif :\'ng“é'f‘?’bif' ‘E}f?ff?‘:}cw'{j’ Haths.

00291 Yet anof,BefodeFRAGdvRY telpidte ﬁéﬁ'ﬁ?xﬁaﬁcd SMENiqueBbus BhEdeknitasklie Use -

6f al'kali. netal, al kallne earth metal , anmmoni um and_suybstituted anmoni um
salts of al kysleetraplatinerrsh comprigineche steg AARAINE eHEEP ® i nprove

the perf or mancg il driGiuft! @GlRRE ahiabg1 had s anvwemsmcﬁdc hﬂd&he&ﬁ bath.
el ectropl ati ng baths these salt additives E're‘%ﬁ und to ﬁeneral I i,ncr ease
the plating ramgerefssrediembodiments, thethplide iop & eﬁP'@rh‘él?l B¢ PEnt .

-densities thanggfie ously. Thus these baths. can be run at greater speeds
- than those without these additives. Further inprovements are seen in the
qual ity of the deposits.' 24 Decenber 2003 WD.00156952 PCT/ US00/ 07362

[00301 Thus, tiﬁban?rrbodnmr&al@ﬁ;swﬁ. ﬂ;ﬂs%elumeplaﬁag ;ieﬁfoﬁlhéﬁeet ed to a
: cha.ractcnstzcs are particularly 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_ _iﬁlproved 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.



met hod of inproving the plating performance of an aqueous halide ion based
el ectroplating bath conprising the step of adding an effective performance
enhanci ng anount of a salt of an al kyl and/or al kanol sul fonic,, @id t ePfﬂd%

7 Dggem

bath. In preferred enbodi nents, the halide ion of the bath i 524
ei ther chlori degglihgsehduoride. [00311 The salts used to i nprovgihiRenkd

pl ati ng perfornance characteristics are particularly selected fromthe
group consisting of alkali nmetal, alkaline earth netal, anmmoni um and
substituted anmoni um salts. Especiaily preferred are salts of 2-hydroxy
ethyl sulfonic-acid, especially the sodiumsalt (sodiumisethionate).
100321 The baths that can be inproved by this enbodi nent include tin and .
tin alloy plating baths; nickel and nickel 18-l oy pl ating baths; copper and
copper alloy plating baths; zinc or zinc alloy plating baths; as well as

cadm um and cadm allo latin TAl LED DESCRI PTI 0033] The
use of- al kal i an al ké%‘l"ﬁ%%%ﬂ"?ﬁ“ﬁ@%‘&lac‘ 1 2ah ot gﬁ'ﬁ% E‘hg@d
ammoni um sal ts &inﬁh&\éht arkbyalrk adiabletdly Bi&ﬂb@ra&ﬁbl@&n&&h&é%dﬂd@&fﬂh@ pure

nmetal and netal alloy sulfate el ectroplating baths has S? mber of
unexpect ed bene‘P‘PT‘%’?WB&Fﬁ&W&%r‘°M%P° P]ﬁéﬁ?“’?ﬂg’ﬂs ;F“I"’afﬁ’@%‘e“FnB’roved

appear ance and aduifidifthed hevOh ntinbet Bmgueddfaﬂtsl@tslnmuafhgbugh EMubilitg36wbat hs
-can. be run at greater speeds than %$8 e out these additives, igurther
s

i npr ovenent s ar PTESHHY {th e HBIEHG BPed, Jepperatirgsyrad cuppRipiitan e

to inpurities %Ema§ ot imethlalile case of stanno.us sul fate_ plating
solutions sone Inprovenents in the oxidative stability of the -tin was

- al so observed. 24 Decenber 2003 WO 00156952 PCT/ US00/ 07362 - 10 _
: “[00385] These baths also contain the corresponding metal salt or metal salts

if any alloy plate is required, and various additives to control .the' qua]ity and
appearance of the plated surface and the stability of i:he b'ath solution. Typical
additives include a surfactant_-éuch as an ethoxylated fatty alcohol, a brightening
agent if requir'ed and an antioxidant such as hydrpciui.none or catechol, if tin is

one of the metals being plated.

v [0036} The tin in these baths is in the stannous or reduced forxﬂ If
oxidation occurs the tin will be converted to the stannic: -or oxidized form which
then commonly precipitates to form a sludge. The process adds to the meﬂ'icxency

of these baths and also creates a requirement for constant ﬁltenng. 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.



[ 0034) Unli ke phenol sulfonic acid these salts are not harnful to the
environnent. They are conpletely biodegradable and the products of the .
bi odegradati on are conmon ions and nol ecul es found in. the envbégln f) dba
addition they have a nunber of other advantages including high FaBT ?'E%/

|l ow corrosivity t ui pnent, good stability at high terrperﬁt_l%
conpatibility v\yﬁoto%@ ny other netal salts. [0035) These bat ﬁgo cont al n
the corresponding nmetal salt or netal salts if any alloy plate is

requi red, and various additives to control the quality and appearance of
t he pl ated surface and the stability of the bath solution. , Typical '
addi'tives include a surfactant such as an ethoxyl ated fatty al cohol, a
“brightening agent i-f required and an antt bkrdant such as hydroqui none or
catechol, if tinis one of the nmetals being plated. [0036) The tin in
these baths is jn the stannous of reduced form [f oxidation occurs the
tin will be cofrtiate faths the stannic or oxidized formwhich then comonly
preci pitates t @shgipled Sl udge. The process adds to the inefficiency of -
‘these baths and al so creates a requirement for constant filtering. Several
patents, for exanple U S. Patent Nos. 4,717,460, 5,538,617 and 5, 562, 814,
descri be addi tllm]and/ oLamwtegs}sesng bathscae dmﬁmaentﬂhe I—Igmmﬂ}manﬁcauyn '

bei ng _oxidi zed. 37 N nve t| on WI rther,il.l ustrat ed

with reference PB¥° ]??%A?JIEF%%‘% ? 36%%5 {igring Stips
-under st andi ng @feré &adem siz€Ndind wm@mém-mcd byte.oaahngroruw mbndsnnbm glalite ued
-as alimtatio heteof er.ce ges .re ort her.el. nl_ess othervmseﬁ
%6 w&ﬁ{mg Eﬁ%récP ﬁg/ H % rF . R

specified, are fures are expresse I
degr ees Cel si Usigainid mamg B%&Mv@ﬁ%ﬁgﬁﬁwhacﬁranous levels of sodium -

1seﬂ'uonate were added

'Bath Cothqsition:

5% Sulfuric Acid |
20.0 g/1Sn (as,stanngt_l‘é sulfate)
3 g/1 JWL 5000 surfactant '
0.1 g/l salicylic acid -
5 ppm 2.9 - Dimethyl - phenant.hrohne

- 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 Sodiu:ﬁ isethionate Even light gray satin deposit at
~ (calculated as isethionic acid) 30 Amps - no burn.
4 1 g/1 Sodium Sulfate ' - Burnis 12 mm wide at high

current density edge at 10 Amps. .



Sul fate Baths Exanple |I PCT/US00/ 07362 [00381 Laboratory plating baths
a

t
‘wer e eval uated on the Hydrodynam cally controlled Hull Cell wth 1

mnute plate time at up to 30 Anps. Plating strips were nade
were pretreat ed by soaking for 15 seconds in an al kal i ne bat h, Qépﬁééﬁ%erta:ﬂg)ﬁ

irmersingfor onds in 10% sul furic acid and rinsing
foll ow ng bat Y %’gﬁg al uated to which various |evels of sodlﬁ%?'lilésag?%l onat e
‘were added. Bath Conposition: 5% Sul furic Acid 20.0 g/l Sn (as -stannous
sulfate). .3.¢g/1 JW 5000 surfactant 0.1 g/l salicylic acid 5 ppm2.9 -

D net hyl - phenanthrol ine Run # Additive and Level Results of Plating Tests
No additive Dark burn on high current- density edge at 5 Anps. Burn is '12
nm wi de at hi gh current density edge at -1 Anps. 10 g/l Sodi um i set hi onate
Even-light gray sati n deposi t at (calculated as isethi onic acid) 10 Anps
-- no burn. 320 Sodium i set hi onate Even |1 ¥ satin .deposit at
(cal cul ated at¥® th‘f‘ﬂﬂ%rté"eaﬂ‘% exd Anps - no buR 5’;“!"“%@?-’6&1 Sul fate

Burn'is 12 nm wi de at hl% - )
5 g/l odium Sulfate Burn is 4 mr wide at high

current density edge at 10 Amps.

[o039] These results show that by adding sodium 1sethlonate to this sulfate
bath the current density range is increased significantly. A 15 Amp panel is

. indicative of current densmeg at 600 Amp/ft? and a 30 Amp ra;;ge is eqmvalent
_tb 1200 Amp/ft*>. They also show that sodium ions can hﬂfe ‘a' pbsiﬁve efféct on

- mcreasmg the current dens1ty range but the sodmm a]kanol sulfonate hasa

much greater effect

Exaﬁple 2
[0040] " The same bath and procedure as in Example 1 was utilized but in
'thls case the additive was sodmm methyl sulfonate and current used was up to
10 Amps '
" 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.}



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 nmw de at high current densigg ed%% at &éé
Amps. [0039] These results show that by adding sodium i set hi on&t @SFETPRE 2
sulfate bath &ngg&%{ ent density range is.increased signifigainidoporsbe 15
Anmp. panel is 1 ndicative of current densities at 600 Anp/ft2 and a 30 Anp
range i s equivalent to 1200 Anp/ft2. They al so-show that sodi umions can
have a positive effect on increasing the current density range but the
sodi um al kanol sul fonate has a " nmuch greater effect. . Exanple 2 [0040] The
sane bath and procedure as in Exanple I wgg utilized but in this case the
“addi tive was sodi um nethyl sulfonate and cUrrent used was up to 10 Anps.
Run # Additive and Level No additive 10 g/1 Sodi um Met hane Sul fonate

(Cal cul at ed aﬁﬁ%é%ﬂﬁng Sul foni'c Acid) 3 20 g/I Sodi um Met hane Sul fonate
(Cal cul ated as ane Sulfonic Acid) [0041] Results of Plating Tests Dark
“burn on high S L

'[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 hnurs;; 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



current density edge at 5 Anmps. At 10 Anps, even light: gray, slightly
rTeflective, satin deposit No burn. At 10 Anps; light gray satin deposit
to the high current density end which was reflective. No bur

results show that by adding sodi um nethane sulfonate to this s%?F%¥§a§%ﬁ%PO3
the current den§bdaesiange i-s increased significantly.. 24 Deceuwb@072203 WO
00/ 56952 PCT/ US00/ 07362 -13 Exanple ,3 (00421 The fO||OMAng -experinments
illustrate the inhibiting effect of t he hydr oxyl al kyl" sul fonic acid salt
in stannous sulfate/ sulfuric acid solutions. The . effect of iron to
stabilize these stannous ion against oxidation is also illustrated . when
conparing Run # 3 with others. Oxygen .was bubbled through 150 m of the
followi ng solutions for 64 hours at 120F. RUN #SnSO4 FeSO4 H2SO4 '
NaO3SCH2CH2COH Decrease i'n Sn+2 g/literFew g/literg/literg/l Sn2+ Cone g/l
1231010010. 3 1y this reaction, the sodium chiloride can be crystallized out and the resulting

eodium methane sulfonate can then be used in an electfoplating bath. -

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



22310-10"30' . 8. 6 3230603023 4231060,  .304.0. 523.1080.03.2 62310 A80300 2
‘Sul fonic Acid Baths [00431 There has been little previous use.

al kal i /al kal i ne earth/amoni um al kyl / al kanol sul fonate salts

el ectropl ati ng, and when used, the salts were first converted {'(E))e%%rp%erzoos
The present invention thus is directed to -the direct use of these §6alts I n
el ectropl ati ng¥OWH#953se of such salts will enable the vi abFFT’P§"°6q‘7 2 _
i nexpensi ve production technol ogy such as the Steckler process to produce
these salts. For exanple: CH3Cl + Na2S08 CH3SO8Na + NaCl 24 Decenber 2003

- WD 00/ 56952 PCTI US00/ 07362 -14 In this reaction, the sodiumchloride can be
crystallized out and the resulting sodium met hane sul fonate can then be
“used in an electroplating bath. Lowering i®vels of Free Acid and Making

Addi tions of Sodium|sethionate: [0044] Plating tests have proven than

addi ti ons of sodiumisethionate to a known MSA Tin/ Lead system all ow t he
decr ease -of t hppieatdinit Cof satap, aneversiy btuefite abitheupnres ghrrent fensities (AD58)i ng

bath. The decreg %m fod G ol 4D or QA Rl ROUAIT AL BRARANE &l | oV

f or opt| nmum bath or mance w ecrease I n cost and an overall
| i ght eni ng of wilith ctflthe bnrnamﬂbaaﬂuﬂapnsfapph‘:imat Bath thedwirs apdrhangs af Srered

wWth a decreaﬁ?e;E E‘f“[&)n acl dk“'gl xl;lce/%a-t&&laﬁ% | *ﬂ@bb%d@%fﬁ?&ﬁhbﬁﬁbﬁ{ﬁeqs

were noted. S a significant 1nprovenent
R The CD Range noted in the final column of the result tables, indicates the CD -

range for the optimal deposit. The add.lt:on of Sodium Isethonate to the plating
baths, decreased or elumnated the burn and band vndemng the eptimum CD -
Range. o ‘ ‘

) [oo48] The plating tests performed at 5% v /v MSA had no bandmg at the
 HCD region. However, the maxxmum amperage obtamable with 5% v /v MSA was '
10 amps. The addition of 15 g/1 sodium 1seﬂnonate to'a system contauung only
. 5% v/v MSA allowed the apphcatmn of up to 20 arnps See the result tables 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 -



of the overall deposit with additions of sodiumisethi-onate. A decrease in
the burn and band(s) opened up the upper CD range. A commercially

avai l able. plating system (Technic MSA 90110, Technic, Inc.)
increase in CD range from 120 ASF to greater than 240 ASF 1%%&3?%?‘5%10&3

been found thq*, B(p% %ver all benefits of the addition of Soqidst%soom'lssz
i sethionate va ?/ 6 plating systemto plating system but decreasing the
total free acid (MSA) up to 2/3 (66% by the addition of sodium
i set hi onate was acceptable in the exanpl es that follow (0046] Atypical
commer ci al - MSA pl ating system contai ns. approxi mately .-15% v/-v MSA. The
results that ‘follow reflect plating tests performed with two "plating baths
made with two different levels of MSA. Thé®first bath, Exanples 4 and 5
were made with 15% v/v MSA and Exanples 6 and 7 were - rrade with., 5% v/v
MBA. (00471 Pl ating performance tests nduct usi n HCHC
(Hydr odynani c&p¢ Mﬁﬁ"&gl%ﬂd‘ﬂﬂﬁw&'ﬁgga?%%m Oﬁ%tfgggélqlgn agi tation
versus a 24 Decenber 2003 WO 00/56952 PCT/ US00/ 07362 -15:typi cal Hull Cell
setup, the. overall benefits at the upper current densities (CD s) can be
“‘noted with t hEX2HREfons of sodi umisethionate. The results show the,
.w dth of -the burn and band in mn if appl i cabl e. Both the burn and band, at
‘the HCD to | T - '
pl ati ng bat h. :
irndi-cates the|CD range b
I set honate, tf at-hs,—décreased—or—pH-m-rat-ed~tRe—burn—and
band, wi deni‘nq1bh,e1gﬂhi mu GﬂERange. [ 0GBiBim The Pl atliongmt ést m-fblﬁﬁﬁd it

calal .
CTaoTrc— o nNgITytT UI LIIU

OBanthabHCDe |r@R Rapeeiabl bs,
Thenggdl tion df Sodi um

deposit

(0) L - A I
. '5./0 viv MBA h--“isﬁfﬁ L:Ji:li;;m ; _NSi*IEL e : 15 mm 1ISmm 400.- 1 ASF .
| 20A, 1 min NONE = 60 mm ‘Smm | 200-1ASF
| Example §
- _Amperage.:‘ - Ad.ﬁitions: _ Bum/nim: ‘ Band at - CD Range:
' HCD’s/ mm: I
10A, 1min | 15g/1Sodium | 2mm. NONE = . |+400 - 1 ASF
_ Isethionate . = e , R 7
154, 1 min 15g/1 S_odiilm 7 mm - NONE +600 ASF - LCD
‘ ‘Isethionate : ' 3 o dge
204, 1 rm.n | 15g/1Sodium | 7 mm NONE +800 ASF - LCD
- Is;:thionate : : é cige
Bath Solution:.
5% v/v MSA

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.
[0052] Plate Conditions: 10 a, 1 tmin, 1500 rpm, 110°F. An increase in



HCD r egi on. - However:,- t he maxi num anper age obtai nable with 5% v/v M5SA was
10" anps. -The addition of 15 g/l sodiumisethionate to a system cont ai ni ng
only 5%v/v MSA allowed the application of up to- 20 anps. See the result
tables that follow Bath Solution: 15%v/v. NMSA 55 g/ 1 Sn (as.ogt

nmet hane sul fonate) 12 g/l Pb (as l-ead nethane sul fonate) 2 g/l 'I%%@lﬁﬁb%rzoos
~ Tin/Léad Salt Wauédeghnic Inc.) 5% v/v TECHNI 800 HS MakeUpct/iismhrisz | nc.)
1% v/v TECHNI 800 HS Secondary "A" (Technic inc.) 100491 Pl ate Conditions:
10 A, 1 min, 1500 rpm 110F. An.increase in anperage was attenpted for
this plating system'under these pl ate conditions. .(0050] Exanpl e 4 shows
the results of the plating bath |isted above with no. sodiumisethionate
~additions. (0051) Exanple 5 shows the results of the plating bath-listed

“ above, under 24 Decenber 2003 WD 00156952 IBCT/ US00/ 07362 - 16- the sarre

pl ati.ng condltlons with a 15 g/ sodium i sethionate addition. nple 4

RS o Sa SRR e e e e 10

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

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

Exmple 6
Ampefage: k Ad;iitions: ‘Burn/mm: Band at HCD/ CD Range:
o ' - mm: : a

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.



-20A, | m ANONE6O mmb mmR00' - 1 ASF Exanple 5 i
“Anper age. : Addi ti ons: Burn/ nm Band at.CD Range: HCD s/ nmm .10A, 1 mnl5 g/1
Sodi un2 nun. NONE. . +400.- 1 ASF Isethionate. . 15A; 1 mnl5 g/1 ??%%u
MNONE+600 ASF - LCD I set hi onat eedge 20A, 1 ninl5.g/1 Sodiunv &fi CR%%@L%B%
ASF - LCD 1 set hwoomsserdge Bath Sol ution: 5% v/v MSA -55 g/ 1 Borfssm/mie@nnous
net hane sulfonate) 12 g/l Pb (as |ead nethane sulfonate) 2 g/1 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.) - [0052] Plate

Conditions: 10 a, 1 min, 1500 rpm 110F. An increase in 24 Decenber 2003 WO
00/ 56952 PCTI 'U800107362 17- anperage was qf}terrpt ed 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
Exanpl e 7 showsekdi@precsul ts of the plating bath |isted above, under the
sane pI ati ng condi t | ons with a 15 g/l sodi umi set hi onat € addl t | on. '
Amperage: _Additions:__ Burn/mm: | Band at HCD/ | CD Range:
10A, Imin . [15g/lsodium | 2mm;no | NONE - |+400-60 ASF
' isethionate treeing _ | S :
15A, 1min | 15g/lsodium | 2mm,no | NONE- . | +600 - LCD
isethionate treeing '
20A, 1 min 15g/1 sodium - 10mm no NONE ..} +800 - LCD
isethionate treeing - T
[0056] Diﬁ’ergnt-spdiﬁﬁz sources were added to a pﬁmj 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.



10055] Using the Hull Cell Ruler, the CD ranges of both 10 anp panels | ook
simlar. However, the initial panel w thout the presence of sodium -

i sethionate, has treeing along the panel edge. There is no tregj Vi Si

on the .pa%el with the sodiumisethionate addition. I'n appli c%tﬁg?ﬁmb?r 3 _
presence of the,,gdfRhNg woul d actually narrow the operati ngpemogmioodszt he-
plating bath.. . anple 6 . Anperage: Additions: Burn/nm Band at HCD/ CD
Range: ., aim 10A, "1 mi nNONE3 mm wi t hNONE+400- 60 ASF treeing al ong the

HOD edge 15A, 1 mi nNONEUnabl e to achi eve 15 anps, 10 anps max. 20A, 1 -

m NNONEUnabl e to achi eve 20 anps, 10 anps nmay. WO 00/56952 - 18 Exanple 7

24 Decenber 2003 PCTI US00/ 07362 Anper age; fgdi tions: Burn/ mm . Band at HCD/

. CD Range: mm '10A, | mnl5 g/| sodiunm2 nmm noNONE+40.0 - 60 ASF

i set hionatetreeing 15A, 1 m nl5 g/| sodiunm2 mm noNONE+600 - LCD

i sethi onatetreegfg, @4 1 nMnl5 g/1 sodiunlO-mm noNONE+800 - LCD

| set hi onatetreel ng 100561 Different sodi um sources were added to a pure Tin
MSA and

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

A '[0058] The same MSA Tin plating bath was prepared as aboye, and
additions of sodium isethionate were made. Plating 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 isethionate additions look to have similar benefits. The additions of
sodium isethionate are preferred however, since the sodium isethionate

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



bandi ng was significantly decreased or elim nated conpletely. The change in
~the- banding widened the current density range significantly; opening the
operating wndow of the system Bath Conposition: 10%v/v MSA_; /1 Sn
(as stannous nethane sulfonate) 0.1 g/1 salicylic acid, -3 g/IAg%B?g?“QET2003
5000 (Huntsmanywdomessz2, 9 - Dinethyl - 1,10-phenant hrol i ne [ @@%E0dAl7382i ng
Condi tions: using the HCHC, 10A, 1 min, 1500 rpm 100F. 24 Decenber 2003 WD
00/ 56952 PCTIi 1S00/ 07362 -19 Exanple 8 Additions: Burn/mm Band in LCD sCD
Range:. /mm -NONE5 mm25 mmd#00 - 200 ASF 1 g/l sodiunb nmm25 nm400 - 200 ASF
nmet hane sul fonate 10 g/1 sodiunb MM20 mm . 400 - 200 ASF net hane sul fonate
20 g/ 1 sodiunb nMNONE . 400 - 60 ASF net han osul fonate 100581 The same MBA-
Tin plating bath was prepared as above, and  additions of sodium

i sethionate were nmade. Plating Conditions; using the HCHC, 10A, 1mn, 1500

rpm 100F. 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



Exanpl e 9 Addi ti ons; . Burn/nm, Band at theCD Range: LCD s/mm NONE5Snm 25
00 - 200 ASF 5 g/| sodiun2.5 nm 20 nmi 400 - 200 ASF isethionate 20 g/l
sodi un2. 5 mMMNONE400 - 20 ASF isethionate [00591 Looking at the CD ranges
both sodi um met hdne sul fonate and sodi um i set hi onat e addi ti one* Pge&™ @ 2003
have simlar b%ﬂﬁﬁ&é@n The additions of sodiumisethionate gceustoahaered
however, since the sodiumisethionate mnimzes the burn as conpared to the
sodi um nmet hane sul fonate. In practice 24 Decenber 2003 WD 00156952

PCT/ 0S00/ 07362 20 there woul d be a wi der operating w ndow. In addition, the
sodium i sethionate |lightens the overall deposit evenly across the entire CD
range. Exanple 10 [00601 This exanple illus {ates the ability of the

al kanol sulfonate salt to inhibit the oxidation of the stannous ion in

~met hane sul fonate based tin plating bath solutions. [0061] Air was bubbl ed

through 100 ml of the follow ng . sal utj. 3. Lasid Q04 440 ibSvedit
room t enper at ur'én?’%’Fthgg’eﬁﬁ%gg: hfé‘é‘gyzig%slf%bl I‘-'ih%l\%Sn Osé%CI—G% 2 Fe% -
NaQBS( CH2) 20H 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



HO3SCH3 Sn+2 Sn+2 g/ literFe+2 g/I|terg/t|tergll|teerncentrat|on liter
-12310005. 7 223103004. 2 32310015. 4.5 .4231030153.6 [0062] The use of aIkaI
nmetal, alkaline earth netal, anmonium and substituted amoniu alts
al kyl and ai kanol sul fonic aci ds as additives in. pure met al %%@ ?r2003
‘al l oy fl uoroborwoeosksset r opl ati ng bat hs has a nunber of 24 DeeenipsoonZidd3 O
3627 W O00/56952 r . |, u 001 -21 unexpected benefits including w der
useful current density range and i nproved appearance. The netals and net al
all oys include but are not Iimted 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 mm Hull,,Cel|l were run at 2 Anps for 5
m nut es using cathode rod agitation. Copper “panels were plated after acid
cleanlng and rinsing. Bath Conposition:

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)



Run # 35% v/v HBF4 (as a 50%solution) 15 g/liter Tin (as Tin
Fl uoroborate) 12 g/liter Lead (as Lead Fluoroborate) 2 g/liter :
Hydr oqui none 26 g/liter Boric Acid 2% v/v HBF4 Makeup Additiv esul t
None 2 Gray matte deposit with a 5 nmwide burn at the high C%}B ﬁ?mber%003.
density edge. 2wagnisesSbdi um Li ght eni ng of .deposit and burn nBAGTREVIRE: hane
Sul fonate to 4 nmw de burn. 20 g/l Sodium Li ghtening of deposit and burn.-
narrows |sethionate to 3.5 nmw.de. [00641 This Exanple shows that upon
addi ti on of sodi um nethane sulfonate or sodi um-isethionate, 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 coatjsng expands. Halide Baths
10065] The use of alkali netal, alkaline earth nmetal, anmoni um and
substituted amoni um salts of aI kyl and al kanol sul foni c acids as additives
in pure netal Rug#etal Gidrayt/Tahede el extdiipé ati ng Resddss has a nunber of
unexpected benefits including w der useful current density range and :
i mproved -
S 1 2 Amps/2 minutes  None Dendrite growth 2m1_n
: 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



appearance. The netals and nmetal alloys include, but are not limted to
tin, lead, copper, nickel, zinc, cadmum tin/zinc, zinc/nickel and
‘tin/nickel. Exanple 12 .100661 A hal ogen based plating bath was, ?)val ugt e&OS
on the HCHC or Hydrodynamically Controlled Hull Cell. Plating %

nmade of steel wpdwséeere pretreated by soaking for 15 secondsPGPﬂJSawﬂ'éﬁkal i,
rinsing then immersing for 15 seconds in 10% sul furic acid and rinsing
‘agai n. (0067] The follow ng bath was eval uated to which various |evels of
sodi um isethionate 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/I Mranol ASC (an -
Amphot eric Surfactant) 24 Decenmber 2003 .\W@ 00/56952 PCT/ USOQ' 07362 -23 Run
# -Current/Tine Additive Results 2 Anps/2 mnutes None Dendrite growh 2 mm
wi de at high current density edge, remainder white matte/satin color 2 3
Anmps/ 2 mi nut esbé‘darae:x B%vgntbmmn spécids aivl/ ot seivarimelerdpe jetepgineghe ﬁﬁ?"\iﬂlde

Same .col or Hucgb vity and may affect electrodcposmon processes. However, ionic
conductlvxty is only one variable, which must be consu:lered in formulatmg platxng

baths.

[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



3 3 Anmps/ 2 minutes 4 g/l Sodium Burn not as pronounced |sethionate and has
-narrowed to about 3 nm Nice even snooth matte finish 4 3 Anps/2 m nutes '
6 g/1 Sodium Burn dimnished only .to |Isethionate high current_densit
edge. Sane nice even smooth matte finish as Run No. 3. [00681241'9?%9"&%’@@
clearly shows Lhgh=addi ng even small amount's of sodi um i setpyrasesestzo a
hal i de bath can increase the workable current density range by a factor of
50% THEORY SECTI ON [ 00691 Wil e not wi shing to be bound by theory, the
results of the present invention are believed to be based upon the
followi ng: [00701 The mixture of different ionic species fornms a unique’
conbi nation that can produce netallic coatings.with required properties,
It is well known that the overall ionic'c?(?h'ductivity of the solution
- depends on the character of individual ionic species and their
concentrations. The specific _interacti : - 24 Decenber 2003
. PCT/ USOQO/ 07362 bet ween d'f‘fferagﬁ?mflgﬁf%gglg%o\é%ge%g%gug%lfhvent mol ecul es_-
determ ne the overall c@ndugiimker pf decramyinedlfelin déctoredtipnsi ti on
processes. However, ioni coi.du%tai \éi}; its only one variabl e, which nust be
considered in fornulating pl £ gy Bat fs. [00711 It is also well known that
the structure of the el eftri gatentioldidop acepgsethe diffuse layer ' ‘

R gas constant

T temperature in K

E potential _

E, standard potential of the electroreduction reaction
,[0_073] It is also known that the size of the counter ion of supporting

electrolyte affects the ¢4 potential, and as a-consequencg, the rate constant of .
overall electroreduction process (Lasia et al., Fawcett et al., and Lasia et al., ‘

. 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 '



can affect the rates of electrodeposition. It was proven experinentally,
see for exanple, Lasia et al., Journal of Electroanalytical Chem stry, 266,
68-81 (1989); Fawcett et at, Journal of Electroanalytical Cheglﬁ%%é(mbgﬁ 3
243-256 (1990); Lasia et al., Journal of Electroanalytical Chemstry,

153- 165 (1990) woadoBs#kszh et al., Journal of Electroanal yti caPCONEIERG2y

. 427, 137-146 (1997), that the rate constant of electroreduction of certain
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 |layer of the. .
el ectrical double'layer. [0072] According tggthe Frunkin nodel, the rate -
constant for the reduction . process: Met"' + ne - Met is given by., In
kr=In (kYM +a. nF(d/ RT-asnF(E- EJ/ RT where-the synbols are: k1l apparent rate
constant k pot eniidabr inf}ERIAEIRE bn RRstihAhteh ddiestiBbewitAiShaopd\drad bpivit by
coefficient of th.e?specj es Met" in the bulk sol ution 24 Decenber 203% WO
00/ 56952 PCTI Usdbisdnumionzs sgpfogthin, thsfolfomng FlaimE.oef f i ci ent - for reducti on

. n nunmber of electrons involved in el ectroreduction F Faraday constant 4d

- potential drop across the diffuse layer 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 ﬁltmfroh]beqtte,sankidﬂhde 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 ’Ovh@i%%i?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

clainms. 27 24 Decenber 2003
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.



WHAT- | S CLAIMED 1S: 1. A method of inproving the plating perfornmance of an
aqueous el ectroplating bath selected fromthe group consisting of sulfate,
sul fonic acid, fluoroborate, and halide electroplating 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 selected fromthe group censisting of alkali 2a®e&hperabdsal i ne
earth netal, and amoni um or substituted ammoniumsalts. 2. The met hod of
d ai m 10. Themeihod bl €lamk -1, svirrdatie eddctrdphayits bx i€ Bypes ut Eppecalsi d. 3.
The et hod1 of Claim2, wherein the salt 1s sodiumisethionate. 4. The

met hod of Pl&fBgbath. 2 or 3, wherein the electroplating bath is a sulfate

el ectroplating bath. 5. The nmethod of Claiml1, 2, or 3 wherein the

el ectroplating bath is a sulfonic acid electroplating bath. 6. The nethod
of d aili The Retlod 3f Clvhims éih) wHesesie thead sctpplating fathas h chrsmdudh lonohwhdumt e

el ectroplgii ng .bat.h.. 7. The nmethod of daiml1, 2, or 3, wherein the

el ect r opl HHVYHHHEMN s a halide el ectroplating bath. 8. The nethod of
Clains 1-7, wherein the electroplating bath is a tin or tin alloy plating
bath. 9. The method of Cains 1-7, wherein the electroplating bath is a

ni ckel 18r The mkiiod of Ciaims pt A miherein tieteleceepRiinDbatbive cadddioth drdadifhen et hod of
Clainms 1- ei.n.the electroplating bath is a copper or copper alloy

pl ati ng b%{%%%%g% method of Clains 1-7, wherein the electroplating bath
is a chromumor chromum alloy plating bath. 12. The nmethod of d ains

1-7, wherein the el ectroplating bath is a cadm um or cadm 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. 13. The nmethod of Clains 1-7, wherein the

el ectroplating bath is an iron or iron alloy plating bath. 14. The nethod
of Clainms 1-7, wherein the electroplating bath is a rhodi umor rhodi um
alloy plating bath. 15. The nethod of Clains 1-7, wherein the

el ectroplating bath is a rutheniumor ruthenium alloy plating bath. 16.
The nethod of Clains 1-7, wherein the e@bectropl ating bath (28 Dacemb@ndazi nc
plating bath. 17. The nmethod of Clains 1-7, wherein the el ectroplating
bath is a(d)iasabtiofian plkgt subfpnivadeld andlBkanbhsulfomidadd Bf anGnddui® tolimhrovdeei n t he
i nprovenent in the plating erfornanc& corprises af | east an increase in

t he usef ul I.Phﬂ;]éllgp(? Prace QL s adpequg sy Hats elecaplaiing bath, whgrein thosaltis aqueous
sul fate el egL i -1 Sh NGy - rising a
Sour ce of SurFara Rl BB RSN Ao AR AL BB ST
wher ei n t he apimembher mehstlutedammoptineshlisr om the group consisting of tin,
ni ckel , copper, chromum cadm um iron, rhodium ruthenium zinc and

m xtures thereof; and 29 24 Decenber 2003 (c) a salt of an alkyl sulfonic

aci d and. Th&kap@topttlnbMatiCofaClafh i 0 vierafahutforid 4T QYSs b RAt of-aLdB Yy _
performance of the aqueous sulfate electroplating bath, wherein"the salt is

sel ect ed ¢thprautfheicgesup consisting of alkali netal, alkaline earth netal,
and amoni um or substituted ammoni um salts. 20. The el ectroplating bath of
Claim19, wherein the sulfonic acid salt is a salt of 2-hydroxy ethyl

sul f oni2q. Tk €lectiblatilizgtbat] Gtlapplatwingeibahdsafis ddimMigbhionterein the salt is
sodiumisethionate. 22. A nethod of inproving the plating perfornmance of

sul foni c acid based electroplating baths, conprising the step of replacing
an al ko Bofhsd SNuobhe (R Rl et ot BB Secllblagf =l ¢ !
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



i nprove the plating performance of the aqueous sulfate el ectroplating bath,
wherein the salt is selected fromthe group consisting of alkali netal,

al kaline earth netal, and ammonium or substituted amonium salts. 23. The
met hod of Claim 22, wherein the sulfonic acid is an al kyl sulfonic acid.
24. The nmethod of C aim 23, wherein the alkyl sulfonic acid is nethane
sulfonic acid. 25. The nethod of C aing22, wherein the salzt De®mberg@bt of
2- hydroxy ethyl sulfonic acid. 26. The nethod of C aim 22, wherein the

el ect ropl atép tfthddatghun fedtivd fmphrlof BeHitiatod pofddsiurhigetheicRatofdte ( the ButB2,
wherein the electroplating bath is a lead plating bath. 28. The net hod of
Claim 22, wherein the electroplating bath is a ti n/lead plating bath. 29. A

net hod f i tin

met haneesul ate lﬂgﬁeg{fﬁ%ﬁ&%g% 1%%?1%% 81% notgfx‘(itt|{nzi@9(fal(:3 {hﬁge at hi gher
speeds, sm]ﬁnmmmmgmaﬁmﬂshﬂgby fikovang akt1agaehtgmr speds, sicemethbdaddi ng an
effective am)unt@gf sodi u or potlassi um,rret?g_ﬁe sul fongte to th(a].l bat h. 30.
A et hod GFRRTHEL EF‘%‘?BOthFé’ 5ing 3 ileashprertion of Bgrmeibangiseifonigagid Wih a tin/ | ead
met hane gubfonatgomtat i ng bath and thereby allow ng plating at higher
speeds, said nethod conprising the step of replacing at |east a portion of
t he met hane sulfonic acid with sodiumisethionate. 31. The nethod of d aim

st bt ahale #8508 of CIR 0, HEGra ot of R el GplS b BT RO Bt hane

sul fonic @qmn;s%ﬂﬁ@ﬁlt@ced by sodi umisethionate. 33. The nethod of Caim
30, wherein up to 90% of the nethane sulfonic acid is replaced by sodium
i sethionate. 34. A nethod of inhibiting the oxidation of stannous ions in a

L1, PL 35l i Beha SOB ARG R IRRer SALE £ L rGRTRELSL AGLgL Pt o Of

addi ng "an P Ve ahount "o fonic
aci d. 35.sollhen ethi@thtef cl aim 34, wherein the sal ts are sel ect ed fromthe
group consi sting of alkali

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



metal, al kaline earth nmetal, and ammoni um or substituted amoni um salts.

36. An aqueous sulfonic acid electroplating bath conprising: (a) an alkyl
or al kanol sulfonic acid; (b) one or nore soluble platable netal salts,
wherein the platable netal is selected from the group consisting of tin,

| ead, copper, cadmum indium iron and m xtures thereof; and (c) a salt
of an alkyl sulfonic acid and al kanol suwlfonic acid in an aaDd&inbéraodinpr ove
the plating performance of the aqueous sulfate el ectroplating bath,

wher ei n t he sg@héniiug or sehsgalteahmemubhalgr oup consi sting of alkali netal,

al kaline earth netal, and 31 24 Decenber 2003 ammoni um or substituted
ammoni um salts. 37. The electroplating bath of Caim 36, wherein the
sul f oni The
ol 'ect ot it AelBirhalrB RS ol s ANGEA Hle BB ool RSy PBE BBy S07 o
i set hi onatthyl s3%on aeklk hod of i nproving the plating performance of an
aqueous fluoroborate based electroplating bath conpri si ng the step of

addi ng an effective per f ormance enhanci ng amount of a 'salt of an al kyl
sul fonig gl dea 1 & oftihinPBY Cwl‘i”&éﬂ tﬁé)su'l"ﬁ'rlfé RAL Bt WOSLi8hNsetiiBiatsal t 1S
selected fromth up con5|st|ngo al kal1 metal, alkaline earth netal
and ammoni um or substl tuted ammoni um sal ts. 40. The met hod of C aim 39,

vvherel the s S a sal 2-h sul f oni The

ot hod 28t Acnaithd abaRe i R b€ otk afvess Bigroa s 1c et hod
of any of elebtdgRingDatileorfRiR Me kRS o?b&ﬁﬁg P bEdRE peabitdnge 8nfldnBing! tin
alloy plating bath. 43. The nethod of any of clai m; 39-41, whereln the

el ect r opl ampwiyf obasait pEarmalkdsylfoniclagigding jalkgpol qslllfamcmglddatsnld bath, wheeeitret hod
of any of hl%lsgft 1 sefe%teﬁ]f% é}ilm@%rﬁoup éonglsﬁlllg? st alﬁﬁl Ak a? gdll%%le eat%h fefaPRREN OF

copper oy pla
ammonium 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.



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 clainms 39-41, wherein the electroplating bath is a iron or iron
alloy plating bath. 47. The nethod of any of clains 39-41, wherein the

el ectroplating bath is a cadmumor cadmumalloy plating bath. 48. The
met hod of any of clainms 39-41, wherein3the el ectropl ati ng kabbeemBera003
tin/lead plating bath. 49. The nethod of any of clainms 39-41, wherein the

el ect r gp| Hihd Methbabhamysofclditd/3oead wtefitthe efcabplagn®bith is Hizen dhgonraildiod of
Claim 39, wherein the inprovenent in the plating performance conprises at
| east an PladREkaAl in the useful upper current density range of the plating
bath. 51. An aqueous fluoroborate electroplating bath conprising: (a) a
source of fluoroborate anions; (b) one or nore sol uble platable netal

sal t s, 4GhEemnthblef phyaddhdiensBOt4ll, wiherefrethe @leedopinting bathés geaingumansi sting of

tin, |lead, copper, cadm indium iron and m xtures thereof; and (c) a
sal t of aq@dgptgr&alilgﬁpfagﬁgg%ci d and al kanol sulfonic acid in an anount to

i nprove the plating performance of the aqueous sulfate el ectroplating bath,
wherein the salt is selected fromthe group consisting of alkali netal,

al kal i #8. ‘Blag mhthpdofihny effdainmd®etl, sirersin thelsdicirvplptul bathond timlediplating52. The
el ectroplating bath of claimb51, wherein the sulfonic acid salt is a salt
of 2- hydrl?)a)zk} ethyl sulfonic acid. 53. The el ectroplating bath of claim52,

wherein the sulfonic acid salt is sodiumisethionate. 33 24 Decenber 2003

54. A nethod of inproving the plating performance of an aqueous halide ion
based 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.



el ectroplating bath conprising the step of adding an effective perfornmance
enhanci ng anount of a salt of an al kyl and/or al kanol-sulfonic acid to
said bath. 55. The nethod of claimb54, wherein the halide ion is selected
fromchloride and fluoride. 56. The nmethod of claim54, wherein the salts
are selected fromthe group consisting of alkali netal, alkaline earth
metal , and ammoni um or substituted amré‘ﬁl um salts. 57. The H&kebrolerdf03c| ai m

56, wherein the salt is a salt of 2- hydroxy ethyl sulfonic acid. 58. The
met hod 4t Aanethed stimppeng ihe nlaEgperforngnesedian sqienss hilideion bagd. The net hod

al 1oy pl SEVRITR bt oo IThE B o fodh & AR el e sl ighner o/ 1 e

el ectropl ahbwrg bath is a nickel or nickel alloy plating bath. 61. The

met hod of any of 55 t0_59, wherein the electroplating bath is a
copper %{as ﬁ‘é’??—&ijorpﬂn’&fifiohgulﬁ%ilt‘%m‘é@ saihathet hod of any of clains 55 to
59, wherein the el ectroplating bath is a zinc or zinc alloy plating bath.
63. The nmethod of any of clains 55 to 59, wherein the electroplating bath
is a cadniThemmethod oddiziniftavhayinghahalidy ibaisseleded FbnDekleride indfidide4. The
met hod of Claim 54, wherein the inprovenent in the plating performance
conprises at least an increase in the useful upper current density range

of the spl 7hé AGtHRALR claﬁﬁl 54Aﬁv}é%kﬁﬁié?saﬁé3&@|se1@&tb@¥roﬁﬁdhb‘éf‘oxﬁa' ®fisap & i ng bath
conprising: (a) an electrolyte conprising a source al1de 1ons; (b) one

or nore sgkubinstabl dkadink eatiemetal. sal tasymaeniemeir substidited ammohzmedal i s
selected from the group consisting of tin, nickel, copper, zinc, cadm um
and m xtures thereof; and (d) a salt of an al kyl sulfonic acid and al kanol

sul f onisg, Teé ghefhidd @ ATBLEY, wherdineQYR if D&t 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.



pl ati ng performance of the aqueous sulfate electroplating bath, wherein the
salt is selected fromthe group consisting of alkali netal, alkaline earth
nmetal, and anmonium or substituted anmonium salts. 66. The el ectropl ating
bath of C aim 65, wherein the sulfonic acid salt is a salt of 2-hydroxy
ethyl sulfonic acid. 67. The electroplating bath of Caim®66, wherein the
salt is sodiumi sethionate. 34 24 December 2003

64. The method of Claim 54, wherein the improvement in the plating performance comprises

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

65. An aqueous metal alloy halide electroplating bath comprising:
(a) an electrolyte 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.

.





