; ] ke3ea®F6TAL' z Z MAY 2A0- -1 TIN LEAD'OR TI N LEAD ALLOY ELECTROLYTES

FOR HI GH SPEED ELECTROPLATI NG Techni cal Fi e (s invention rel at €g) MAY 2002
el ectrol ytes based upon | ower al kyl orﬂmmm I m Mﬂ“ onic acids or their

derivatives for the high speed electro n, lead, or tin/lead
all oys, particularly those for use in high*speed el ectropl ati ng equi pnent.
Background of the Invention Electroplating baths for depositing tin, |ead,
or their alloys have been used for many years in el ectroplating equi pnent.
H gh speed electro [ equi nt I.QC [ -known in the

i ndustry and gener%ﬁs' 2‘8@1 R?;{;%&’%I X1 % %!55 plated into the
el ectropl ati ng celd—oem-ere m..u,H 12121 e &G preceed through the
el ectroplating cell and exit thereafter the cell at the other end. The

el ectro% aéi I I|§£ is removed or overflows the electroplating cell
into a Fest el e solution is punped fromthe reservoir back into
the el ectroplBisginedntian predatees WHoy@lers mdiyttats dra ssedd ugeinutlicoer

circul atj NAnY, MAF] & : el l.at4 I st but
t he gener}gﬁu’f eat ur \eljgiacffe sggsf(fg{slcgtr réb%zigls ﬂ%g?trg%grlgtdaer}%ﬁéﬁg?%&ggi rabl e

f eat ur eP¥ISRRE SRt lating o4 ddinon leesul @piddaYdesbrllgisoved

oper at | g dulifr iy PEhdte SHH RIFRN U P hifPEedd &1t ddlating 1. The
sol uti o?%rm.st be ab\ye to electroplate tl?l?re desired all oﬁdeposit at the high

speeds rRARRRNT 2. The deposit shoul d be |ustrous andyfi i ., even

at the high current densities required for high speed mwlmﬂmmﬂmlmmmmﬁhe

deposi t Bshc Ido ave d | derability and be capabl e of neeting the

.sol dera f N d for such deposits. 4. C%HE" sol uti on

shoul d be st &llectamplatsi eyl diatihee fonisteposizifg &iny tlesdgndmyiesiore to

the strong &l hAR W ied'Ydr 3l Jdld N AUl e g whi ch voul d
e ds a result of 1h t1n

take place | j e "Vi_gorods “sol ution novene gh speed
pl at i ng SFRBIATRRL . THELEY|SRYesh edleahinpplatiing GauPRent fank FRasaIsesi dity,

even at el rd-fSReral WS ik bl hdronyidiistDur to the high
current densitjes .invol ved am{@rel ati'vely low sol ution val ynes, these baths
tend t o HEECHPT 0 gIPhdd B BIAtES ANty Ui RFHEREA TN &S0t ut i on
reaches fagin |ore ierd Ata Xrowerry aird W aldipyateethecndsdidgh wase used nust be
of atypgt il not turn the sqQl ytion turhidq.,at h t

t enper alt% Elreecgs@%gcéa%ls o(fél\blhi gqi o1 o s"%'g:o IL{'Ttlﬁ""l(}C)er?l érgoe\?re%é‘?ﬁ ‘%Fi sa?)'Jl ‘Jx—[‘hlaeoﬁo‘{% e ng

wi t h ai end.herhe kectrapia tiong eednttieon rict vmay b an wetfliowsidihe nent al

to the %1%1{%19&&6}%%&101%1 0 Gle SRV HTE aCx{H‘g'!rlﬁ Urut s fHam can

build up In the res olr tank with resultant ov ow onto the floor,

t her eby RWRady BFom e qirsrrvaindany dinteh the desharl atinggeln Sone
appl i catgrensidd vigurtdd | £ tdaiiidh Rirdt istut idie diafddl d0idie. elmeaty opl at ed

are onl artially i rsed i,n that .a . portion . of the work i el.qw t he
Sorutt oy dAs fong JETRHERS aacri N e ie, e i« hls R Of
denmar catgeorersdp afegiured reeraurad alessbxidred.on from the plated portion of the
work. |If the i . i Y/ he formation
of a good Iir'llg{go#g ﬁ#ﬁ%%e?%ﬁﬁgcséws%%%ﬂ#é& B"rr\%fﬁﬁ%%e oper ati on
of the pifstrRRlatingisplukian shaydse rassess tfay dmpyoved PRRAAEQD t he
anode ang, e dade &t QPR 94 deddinmd) eeea thydoam Because of

t hese problens, the additives used shoul d not generate foam.in the plating
equi pnent . 1. The solution must be able to electroplate the

desired alloy deposit at the high speeds required.

2. The deposit should be lustrous and fine grained,
even at the high current densities required for high
speed plating.

3. The deposit should have good solderability and be
capable of meeting the solderability requirements
specified for such deposits.

4. The solution should be stable and the additives must
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-3 Many el ectrol ytes have been proposed for electroplating tin, |ead, and
tin/lead all oys and one of these is described in US Patent 4,70l,244. This
pat ent di'scl oses the electroplating of tin, lead or tin/lead alloys from

| ower al kyl sulfonic acid baths which contain brightening additives as well
as many wetting agents of various types. Surfactants clainmed to be useful
are betaines, al kyl ene oxi de pol yReFs, inidazolini um conpounds, quaternary
anmoni um conpounds, et hyl ene oxi de derivatives of am nes, phosphonates,

am des and many others. US Patent 4,662,999 discloses an el ectroplating
bath for electrodeposition of tin, lead, or tin/lead alloys from al kane or
al kanol sul f onj i t .al C I 2 f.a I ot her
additives. | n%%h%(yﬁg\dgﬂet%ﬁ%}{e}aes &%’f Zc&ea%['l&%gﬁ %é&ﬁoﬁgﬁ.‘gr&?g‘?\ (%Zsti oni c,

ani oni ¢ or anwedtlerisc toA tveedmtmodnaddamplods adrewhiebnwoud d kakear i ous
types of surfantant gand zié%%ﬂ?tﬁkxﬁnc AN egh% BnHERemeR t he

various types of wetting agents whic arr be use Patent 4,673,470
describes a ti¥ higdy speed ind/atdaw Fackhinsisati ng bat h based upon an

al i phati G.0r aFHITRdIGEWH DR Weraidr ideakNah@agrak hemal kene or
al kanol Smfo}.l;l-]c acj.ds disclosed in previous patents, this patent includes

a carboxylic adPyHFYoaleven die edeyRtied SePPSRREVERSISESRESd. The
el ectropl at i nQL2gat130 de vy iHirfhexanNt Pue WJ dhechigl agetentpl us a surface

active agent, wth. particular emphasis.on.thqgse.surface actjive agents that

are noni oni c. Ci%n\/s t@‘ﬁf’r o‘éﬂ"’}"&iﬁp‘%’%‘sﬁ&&# i ysapyaggig&lp&e agents is

descri bed as bsilvgpassefuliesentvhtitentedidl fter dveiatwept inghdgbntspemde recit ed.

In all of the prd t v N 4 Rr.o s SN g agents
SV e S it GrRAA" (BLOBBTEEA oG 2Rkl

t hat have been descri™b be for producing erther bright or matte
deposits are \RFULIERIHNN, ate 0t idayahied femperatbdeequTB® ent to one ot her.

NumeMr51 ous exawia@ﬁﬁw?sgid@a f[n{h:ﬁ_?% fot th aorthag_ ??.hlp@{&{ltt%rﬂ rect;ed f z
Z. r 200z a w.ade varil e O agents o many | eren pes, nos (6]
hene AR

whi ch contain Bt Gt SuGh &l ev@hgontamPET nd. The vast
maj ority &f sBECauserofinigetdudGaldftiiich alovementi had edlartidrgh speed

pl ati ng i n noder i spe | ati ng. equi pnent e tting agents
are mainly i n%m%%o%m}g%ﬁ% ;e}:ﬂ’%esolﬁe%ors({gf%go?epﬁ-ele_p’% ql}-':l&?enent s for

t hese el ectrolprasiicens® foam |wisiad jabdletr Hentpdesontthienvent i on resol ves
this probl em Qy e 1dd ly r e Iidhare highly
useful in high speed ‘gdeuéirrﬁggféa{c}% e.ql}?‘{)érgexﬁtéxg%g%%r %%Z‘g\gﬁslﬁ}lsdmmry of the

| nvention The e fi9adh a0 Al dmnine e F@seryoisy tandh ifded
el ectropl ati ngrddultdrinbviir Bl dv e Qo) ehes@my 13RSing dasi s

sol uti on of an alkylo sulfani ¢ Aol g, @ SOIHTGN TRLWY gdla.compund and! or
some applications of "controlled depth plating,™ the
parts to be electroplated are only partially
immersed in that a portion of the work is below the
solution level. It is desirable to have a distinct
and uniform line of demarcation separating the
unplated portion from the plated portion of the
work. If the solution generates foam, such foam
‘will prevent the formation of a good line of
demarcation. Foam can also interfere with the
operation of the pump that is being used to generate
agitation. Arcing between the anode and cathode is
also possible due to the presence of foam. Because
of these problems, the additives used should not
generate foam in the plating equipment.



and a surfactant of an organic conmpound having at |east one hydroxyl group
and 20 carbon atons or | ess condensed with an al kyl ene oxi de conpound, or a
sol ution 'sol ubl e derivative thereof, said organic conpound being a one or
two ring aromati c conpound in which the aromatic ring systemis substituted
by the at |east one hydroxyl group and pptionally by an alkyl noiety having
six or less carbon atons, with the pro¢1so that the organic conmpound is not
bi sphenol A; the sur f act ant inmparting to the electrolyte a cloud point of
about 43.3 C ( 1 10F), and the electrolyte being substantially non-foam ng
when used in high speed electroplating such that there is no buil d-up of

foam during chgglrapkatkoy uoug’paea bagnebEebbaey! 9&112%@9&5&&551{1%' 's an

electroplatlng cell, conti over nto a reservoi
cont i nuotidNy é?ﬁrnéﬂdtﬁlﬂﬁéeéélﬁ11968a§nﬂ006au§§ thgseois 8g5eaiPEA and

CIrculatiﬁnugfpseéﬂteheﬁbiOhxhe w@hhgn bbeneehlscTh8e8! akr ol yte may
P deposit is_desired. 2 2. NAY 2002

I ncl ude a_brij a
-5 To %%ﬁ?%g fﬂt gGngeH Bho&&aﬁopﬁttlpﬁéeaﬂk?iéﬁ¥so§FBE i8KBBUNd may be

et hyl eneabkyllesubeoria beiﬂBBatﬁBOUhlﬁﬁUEoﬁﬁdlﬂobﬂmbﬁﬁeﬁﬁn@th&hﬁﬂﬁvéslde

and preferahly,between si are used to farm.t
condens $|o§e¥%n%3uﬂap SBﬁﬁgéPgtﬁg H%FeggthFﬁBuﬁtﬁyPgﬁé oguﬁgaﬁ§§n53
repl acedchaimeg@r bpybenusefiidleare PeZaikA¥,28QRylefie oxide polymers,

imidazolinium compounds, quaternary ammonium compounds,
ethylene oxide derivatives of amines, phosphonates, amides and
many others. ‘

US Patent 4,662,999 discloses an electroplating bath for
electrodeposition of tin, lead, or tin/lead alloys from alkane
or alkanol sulfonic acid baths that also contain surfactants
plus other additives. 1In thls patent, the surfactant can be
non-ionic, cationic, anionic or amphoteric. A great many
examples are given for the various types of surfactants and
the patent enumerates a large number of the various types of
wetting agents which can be used.

US Patent 4,673,470 describes a tin, lead, or tin/lead
alloy plating bath based upon an aliphatic or aromatic
sulfocarboxylic acid. 1Instead of the alkene or alkanol
sulfonic acids disclosed in previous patents, this patent
includes a carboxylic acid radical in the organic sulfonic
acid compound. The electroplating baths described contain
brightening agents plus a surface active agent, with particu-
lar emphasis on those surface active agents that are non-
ionic. A.very broad group of non-ionic surface active agents
is described as being useful, and many different wetting
agents are recited.

In all of the prior art baths that have been proposed,
the wetting agents that have been described to be useful for
producing either bright or matte deposits are very broadly
described and are deemed equivalent to one other. Numerous
examples are given in each of these prior art patents directed



The aromatic organi c ¢conmpound preferably contains between 10 and 12 carbon
atons when it has two rings. Also, the aromatic organic conpound is
optional lI'y substituted by an al kyl noiety of six carbon atons or | @sMAY 2002
Preferably, - the aromatic organic conpound is phenol, styrenated phenol,
‘napht hol or an al kyl ated derivative thereof. The invention also includes a
met hod for the high speed electroplating of tin, lead, or tin/lead alloys.
The nethod utilizes the high speed el ectyoplating equi pment~ of the type
descri bed above. Such equi prent includes’'an electroplating cell, an
overflow reservoir adjacent the cell, a punp for returning solution from
the reservoir to the cell through one or nore sparge pipes, and neans far
directing a substrate to be plated froman entry point at one end of the
cel | to anocexwidertarters of apehieBfnphydiferes pc_esTh’r?os?bﬁ%fcﬁ'c\Sh%?n ﬁém& e
invention are introduced rnto the equipnment in a manner such that the cel

i s subst arficaitiyof simikd cphtensetien ebmpowmd.yt e Al so, the electrol yte
continuously overflows into t@g Qgsetvoir and is continuousI% returned into
the cell so thatD%iv8dh BROTHY; ¢LatiBnPrigidamn iveting @BeHs fe LRauitabi ferohighe

within th j j h t ; nt l.ouousl V.

el cct ropl SPe BURECE e, gfy o Beed o Ao e LLRHE: B a8

| nventi on afé Mmaingpadncagublé i off katbdyiakb| ymel@cill off alel RGRARAE FhORSesat €
described herein that are specjfically designed to deposit acceptable matte

or bright SHEHELES thatoare dissed pbpye: eShe Paesear wveniiemselves this pepblemohy at
hi gh i gh Y, 2002 . . el eztr opl At.i i t
onfy Pt U SBEAnE Y BRARLY, sy MK SR hign) BLOHS HighoRdd! PN

requi ren‘erﬂte&trbb&ti@s@ai#ﬁ@p’rﬁcﬁ%d%ﬂﬁ@@%fU| hi gh speed el ectroplating. These

conpounds conprise relatively | ow nol ecul ar wei ght ethyl ene oxi de
derivatives of aromatic al cohols containing a nmaxi mumof two aronmatic rings

whi ch maySQ% g! Eyolftﬁulfs‘;ei Efét ed providing the al kyl grouping contains six or
| ess carb i ng bis conpounds again provided that the alkyl

groupi ng contains six or |ess carbon atons. The aromati c conpound, whet her
al kyl ated or not, does not contain nore than 20 carbon atons prior to
condensat i on with inpwentidrkielaiaetonn dectolypofmdigispeed ] éarmiptatingi tits ledtht ar e

suitable for.tRLS;imventiaon include any al kyl or alkylol sulfonic acid
havi ng, up‘grt%‘:)tl %:a:tdr%@??' 3’%‘6%%70%5651 kane sul fonic acids, and in particular

met hane sul f onk ®agigisdlutidheoMmedieyls8Honither®e acids are generally present in
an amount of between to and 30 percent by volunme of the electrolyte, so

that free aci d2is¢lysiamseeinblestin sopipounthangldr af saltiore salubledlegd eomipolintie 2 or
| ess, usuglly less than 0.5) The surface active agents that are suitable
for, this T hvention ate those that satisfy all of the |listed above

requirenents, AaurghtaniSPAs biganlteaingnnd Holbeiabist bhY hy8RR9] BRhubearRr

lustrous finish Wth satisfactory grain refinement: the soluUtron should be
st abl e i 0 tasbariztprpsion less| condenet avith an aliylgneswdédiscornpmind) oud spbition of t he

sol ution be. aboue 'about. 110F and the, sal uti on should have little or
no foam (fg’p’%ﬁ%%fs ﬂgatéYeemcF %%?5?1? ﬁég%‘éf%?%‘md é‘?}ﬂ%iar?&eioé' HRIEIEF B t he

| abor at oregmipoundi H0 whiblashe H6mbfi¢ gt Bated Ss tBitfaledOby thOIE 18 hren hi gh
speed el ectropl ati ng machi nes. The sol ution contains the followi ng: Tin
metal (adYArexyearpapand yiptionalle by apceligylimpietihhaning sixf amiess earbdn aldes, by

Vol ure. U265 SSbisbSnaURR or SRIE Lo S5la 1 oPishiRndlg Temper at ure: ambi ent
the surfactant imparting to the electrolyte a cloud point of about 43.3°C
(110°F), and
the electrolyte being substantially non-foaming when used in high speed
electroplating such that there is no build-up of foam during eicctroplating in which
the electrolyte substantially fills an electroplating cell, continuously overflows into a
reservoir, and is continuously returned to the cell, so as to cause vigorous agitation
and circulation of said electrolyte within the cell.

The electrolyte may incjude a brightening agent if a bright deposit is desired.



2 2. MAY 2002 -a The relative degree to which the surface activ?zq@gqp@
formfoamin the basis solution is tested by placing 100 m of The sol'ltion
into'a 250 m graduated cylinder. Air.is supplied by a commerci al

| aboratory or fish tank aerator and fed into the bottomof the solution in
t he graduated cylinder through a sparger. Two tests are perforned. The
first one requires punping air for two-minutes to determne if the foam

hei ght exceeds 150 ml or goes over the top of the graduated cylinder If it
does, the surface active agent is considered unsuitable and no further work

is done. The sec | b [ J o d.n f olutihon for
ten séconds. ’,ﬁ& agﬁ%véﬁgéo¢9¥g%¥§§g0§$§§{, ‘Fﬁé‘%‘i{ieé d & an%f?gpé!{p%sbcr ead on
the gradigafiese e¥ldend@eredn beBwédnEbdu@rfofOaid U0 HENP!Ftehyledt Txidataaddown to
the original 100 mM mark is noted. In order for,a surfactant to pass such a

test, t hmeferatilyrubativeam s ghd renty-¢ightt argx vsesd 1 5®rm thercbndegsatione f or
foamto dissipate _shoul ﬂgt excee onds. . Cloud point. is neagured by

0 se
t aki ng CREPGHEEs SOMA | offt ‘fsnpﬂdﬁi%t@ﬁc‘?%Qx r FiEYe PECIEPIASEAgR IR and
slowy rajisi ha.tenperature until the solution begins to turn cloudy. A
cl oud p&?ﬁ@héﬁ%égggbproxinately 120'F is highly satisfactory: those 110'F
or below are generally found to be unsatisfactory. The basis solution for
use in high speed el ectroplating equi pnent and processes of this invention
generally contains relatively high concentrations of netals and acid. Such
hi gh concentrations also affect the cloud point of the electrolytes. For
exanpl e, a surfactant which would inpart a high cloud point to dilute
el ectrolytes may inpart a |low cloud point to these concentrated
el ectrolytes. Therefore, it is inportant to determ ne the cloud point for
the specific overall electrolyte that is contenplated for el ectroplating
the desired deposit. Z 2. MAY 2002 t - 9 The high speed el ectropl ating
characteristics and deposit grain refinenent potential of the solution are
determned in a Hull cell operated at 5 anps total current for 1 mnute at
120'F, with paddl e agitation. The solution contains: Tin netal (as tin
nmet hane sul fonate): 70 g/1 Total nethane sulfonic acid: 30% by vol une
Surfactant: 1-10 ml/ 1, as required. Under these conditions, the Hull cel
panel should show a deposit with no nore than 1/4" of burn in the high
current density area and the deposit on the bal ance of the panel should be
matte or sonmewhat |ustrous, with a pleasing grey, snooth finish. The
stability of the electrolyte containing the surfactant is determ ned by
el ectrolyzing the bath for at |east 20 anpere hours per, liter.  The
characteristics.of the electroplating solution and its deposit shoul d not
have been effected by electrolysis. The solderability of the deposit is
determ ned by followi ng the nethods given in MI-Std 202 F, dated April,
1986, Method 208 F. The deposit nust pass the test as given in this
mlitary specification. The surface active agents that are included in this
i nvention all include a hydrophobic organi c conpound which is condensed
with a sufficient amount of an al kyl ene oxi de, preferably ethyl ene oxide,
to satisfy the requirenents of high cloud paint, stability, and high
current density grain refinenment. Propylene oxide can also be included with
t he ethyl ene oxi de; however, the anount of propylene oxide used and its
ratio to ethyl ene oxide use nust be such that the cloud point is still high
enough to pass the above requirenents. Propyl ene oxide can be included
t o, reduce,the foam ng characteristics of a surfactant; however, only a
limted anbunt can be used since propyl ene oxide also | owers the Z 2. NAY
20D2



-*1i0 cloud point 'of the resultant electrolyte. One skilled in qﬁwagh can
easily determ ne the anount of propyl ene oxide by routine testi%z

or gani ¢ conpound can be any aliphatic hydrocarbon (saturated or
unsaturated) of 8 carbon atons or |ess containing at | east one hydroxy
group. Simlarly, the organic conpound can also be an aromatic ring
conpound such as benzene, napht hal ené,-phenol, toluene, bisphenol A
styrenated phenol, and the like, providing there is not nore than two rings
and the length of the substituted alkyl chain is limted to six carbon
atoms or less. Also, the ring can be substituted with one or nore hydroxyl
groups. As an illustration of specific conpounds, octylphenol et hoxyl ate

th 12 I f ethyl d b t
because |1 s IPSaMTRPUNT 2L EPRCE] CaRT Rt OB Feats Hie o8 -ERESal Ryl et n |

| engt hipeingat a® gtearbonBeaaemaphmaml wet hak3 mdnesrm%t hylfeh%OoxF@é is
suitable for .this_inv nt|o p Si h

r equi r 8FERES 3 Cst ?Fgﬁ%ﬁ cﬁjg%%ﬁ %gt \;\agﬂjglr&{a@;noél%ssa%%ﬁ?é e%e condensed
Wi th 121K§7U.e3n@ieeyh)dfenemxmctefhcsl ndtowsi ©abl kess nce FrefrREaPhree tifomat i ¢
rings. EtByhexyl atgdnhicsplepelund i shenolyi kalrenkeed Hheddention and is
capabl e of passing all of the above requirements. This conpound has two

ar onat i iaphtgeland ahr edkyllated dielydvagiyies therieef .sui t abl e surfactants for

this inventipon canjdiel 4de ehlyboxyhaiedeHutyl méeodbdl , foit heae whibhut
propyl ene oxide. As the chin | ength  of tgre@?gl phatic al zfehocli |s lln&reased

t he foanerg clakertePPsRF &8I PE altdd i n e THAM ARG chiracteristics
in thi gngr oNde 1964 CAIROUNESs Cahebeh ligicr spaed oaﬂrmmm]tﬁt;a.fcg/ el ipnertsi on
of some propyl ene oxide into the nol ecul e. However, this nust be controlled
to prefé&nthehdYreade sy died b aveoud wMteqwnmﬁnW@\nﬁks ahe conpound

unsui t ahke 5s Ut d pnt 855 o a’l,%é),, Jdhe i mum
Iength gf F%ﬂl%lﬁgro%% shﬁj%mg%afr%oén ato fgq.-_gb sg F‘ﬁgt cgﬁ% Series.

. 1~-3| RYPR sfqrn NG ROPTEAGH FHRR FhS Hes Y S u‘t'-‘Pth§oFEHe tin
and/ or theatgteiotles ,oxprmesfies adyarps migad, %l:l'lcf Gdatr% o ad kaeetiayl donat es,

plus s I a or_ al kan aci d Th ctants
Sui tab?ﬂB]‘E@éE %I gol nve%lfgoé; dr:%-' % &dh Jb rl%o q:I r?%rct’fe? ?13 gd%ﬁ

sui t abFeldefosiams aaiitctare srmarsl endafl thestaedds: MVelectt:OB-S‘taSSO
possi bbe thel MRVAHE e d¥d Hhitieafda tﬂﬁaﬂ%?@#@&% NgnKBOWArner

bri ghteni png ents such .as, those disclqgsed in_an the prior art patents
£BPE

|i st edSBEPI S teh S Rshantg adath fidled mithaHeeall of the
desi rab1|.2ctlﬂ'aaﬂ.§\ﬁe&rl Alises, afher dlfdcg:fﬁol@zl‘t§%rrtﬁrﬂ\ﬁﬁis p@ﬁei-flowérhe surface

t | ybl |1
2o e USRS SR P aan pYble Y {eelnigues generl Y
sur f aceo athiate vigeronsc @y ertdde; andy.cixdonlstifont |cr'.@ thsall ébaatrngy-te
PhoSPNa tHgn RHRSRRANALINGHANRKY! B4ill, bt igled the derivative

does not |rrpa| r the suitabi I|ty the mEtern al rfabr purposes of this

i nvent FBRESPEPEE LN SHSSTAPLakiRst @satdey Wege FHamioagh ofhai gRldpeed

el ectroplating equi prent commercially available today. one typical

apparaﬁu cl osed .i.n US Pat nt 38I9 502 to Meuldjik, while

ot her i i gh Speed El ectrogal vani zi ng
Line wi th |T<dnl, ubleadAn@mha ta.tn/XJerad 20 164 Iﬁd&tﬁ&pnmﬁ eebmpOERRLBHEON" by

M M t t Cn P I
M NOrd gt feshedben TRUMPIACILAS B LOVIAL drorgses DY dpdult oo
St eel BteeptabileDaedrtat iore ha:nckhFEu RiEpios tAp dromateleet rdiyy tes Viehaheare~A

a1 cP e B LT Eod P HSRe0 s ol o ERBaadr s omabdt et B8 T

Ei dschun. Each of these papers was presented at the Anerican

El ectropl ater~s Soci ety~s Second Continuous Plating Sem nar, Chicago,
[1linois, January 24-2b, 1977. It nust be enphasi zed that these high speed
el ectroplating.units are nerely illustrative and fall within the general
description given in this Z 2, MAY 2002 - ~z application. Those skilled
in the art are aware of a wde range of simlar machi nes which are usefu
for high speed electroplating according to this invention. EXAMPLES The
scope of the invention is further described in connection with the

foll owi ng exanples which are set forth for the sole purpose of illustrating
the preferred enbodi nents of the invention and which are not to be
construed as limting the scope of the invention in any manner. ' Three

stock solutions were used in each exanple to test the ability of each
surfactant to electroplate pure tin, a 90/10 tin/lead alloy and a 60/ 40
tin/lead alloy. These solutions. were as follows:.



Pure Tin 90 10 60 40 Tin netal (as tin methane sulfonate) g/1 72 72 40 Lead
netal (as | ead nethane sulfonate) g/1 -- 18 26 Met hane sulfonic aQiZjMM/gdU%
%9 15 15'15 The surfactants of each exanple were added in increnents unti

t he opti mum anount was reached. Test's of the solutions and the

el ectrodeposits were nmade using all the test nethods |isted above: 1)

foam ng 2) cloud point of solution 3)-grain refinenent (snooth, Ilght grey
satin finish) 4) speed of electroplating 5) solderability of deposits 6)
stability of solution Each of the solutions of these exanples exhibited a
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al dehydes such as chl orobenzal dehyde_or derivatives thereof, such as benzal
acet onearemabhy vinghRevwhbebemay| bei eihl;withatlbp‘as§u‘aeﬂ~1>n@vz.ééns theile it is
appazent t hat the anentlgn herein dis cal cul.ated to fulfi

Fppar i ukyE abaueiBYerentafslfit BE°inRPetriPel Fhate Bt bue

nodi fi catdPRgiAgdpeabednpBRhasBYabe de¥i88dabynhRosReski ki ed in the art,
and it ~.s intended that the appended clains cover all suc nDdlflcatlons

and ennmdmwmnmg asnftalihsweiki art hesgcoprbof ahempr eThat aramehticon.
compound, whether alkylated or not, does not contain more
than 20 carbon atoms prior to condensation with the alkylene
oxide compound.

The sulfonic acids that are suitanple for this invention
include any alkyl or alkylel sulfonic acid having up to 5
carbon atoms. The alkane sulfonic acids, and in particular
methane sulfonic acid, are preferred. These acids are
generally present in an amount of between 10 and 30 percent by
volume of the electrolyte, so that free acid is present. As
such, the pH of the electrolyte will be 2 or less, usually
less than 0.5.

The surface active agents that are suitable for this
invention are those that satisfy all of the listed above
requirements, namely: deposits have gocd solderability, good
matte or lustrous finish with satisfactory grain refinement;
the solution should be stable in the acid bath, electroplate
at high speeds, the cloud point of the solution should be
above about 110°F, and the sclution should have little or no
foam during the electroplating operation.

Foaming is determined in the laboratory by using a basis
solution that is typical of those used in high speed electro-
Plating machines. The solution contains the following:

Tin metal {as tin methane sulfonate): 20 g/l

Hethane sulfonic acid: 15% by volume

Surface active agent under test: 1% by volume

Temperature: ambient to 75°F.
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tin, lead ox a tin/lead alloy which conprises: a basis soluti al kyl
sul froni c' acid; a solution soluble tin conpound and/or a sol ution sol uble

| ead Conpound; arid a surfactant 'of an organi c conpound having at | east
vne hydroxyl group and 20 carbon atons or |ess condensed with an al kyl ene
oxi de conpound, or a solution solublesderivative thereof, said organic
conpound being a one or two ring aronmatic conmpound in which the aronmatic
ring systemis substituted by the at | east one hydroxy group and optionally
by an al kyl noiety having six or Iess carbon atons, with the proviso that

the organi Czrﬁ@rf&@m;iv?e RAich #He surfacd adtiveaiddmesto the
el ectrolyte a cloud point above 93 3C (110F), and the, el ec rolgte bei ng
subst afCF@ EP2morkR Jehﬂ rh}%ferﬁqﬂs@mm 36 grestirb PrIRATHA A9PLRA t hat
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aceor i 80 coflsPadl B eI il S atlil U Al ARAIL | £ GRSOLNAriC] udes an
al kyl nnlety havi ng, si x or | ess carbon, atons.

second test ‘involves bubbling air into a fresh solution for

ten seconds. At the end of ten seconds, the maximum foam

height is read on the graduated cylinder and a time for foam

to completely dissipate down to the original 100 ml mark is

noﬁed. 'in_prder for'a surfactant to pass such a test, the

maximum foam height should not exceed 150 ml, and the time for

foam to dissipate should hot exceed 20 seconds.

Cloud point is measured by taking the basis solution
containing 1% of the surface active agent and slowly raising
the temperature until the solution begins to turn cloudy. A
cloud point above approximately 120°F is highly satisfactory:
those 110°F or below are generally found to be unsatisfactory.

The basis solution for use in high speed electroplating
equipment and processes of this invention generally contains
relatively high concentrations of metals and acid. Such high
concentrations also affect the cloud point of the
electrolytes. For example, a surfactant which would impart a
high cloud point to dilute electrolytes may impart a low cloud
point to these concentrated electrolytes. Therefore, it is
important to determine the cloud point for the specific
overall electrolyte that is contemplated for electroplating
the desired deposit. |



5. An electrolyte according to any preceding claiar,~ further conprising a
brightening agent. 6. An electrolyte according to any preceding claim
wher.ei n the al kyl ene oxi de conmpound is ethylene oxide and whep @iMAYH8iIween 4
and 40 nol es of oxide are used to formthe condensation conpound. 7. 6 An

el ectrolyte according to claim5, wherein the ethylene oxide is partially
repl aced by propyl ene oxide. s. Amr &lectrol yte according to any preceding
claim wherein the surfactant is obtained by sulfating, sulfonating,
phosphati ng, phosphonating or carboxylating the condensati on conpound. 9. A
met hod f or high-speed electroplating of tin, lead or tin/lead alloys which
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Method 208 F. The deposit must pass the test as given in this
military specification.

The surface active agents that are included in this
invention all include a hydrophobic organic compound which is
condensed with a sufficient amount of an alkylene oxide,
preferably ethylene oxide, to satisfy the requirements of high
cloud point, stability, and high current deqsity grain
refinement. Propylene oxide can also be included with the
ethylene oxide; however, the amount of propylene oxide used
and its ratio to ethylene oxide use must be such that the
cloud point is still high enough to pass the above
requirements. Propylene oxide can be included to reduce. the
foaming characterlstlcs of a surfactant; however, only a limi-
ted amount can be used since propylene oxide also lowers the
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phenol, and the like, providing there is not more than two
rings and the length of the substituted alkyl chain is limited
to six carbon atoms or less. Also, the ring can be
substituted with one or more hydroxyl groups.

As an illustration of specific compounds, octylphenol
ethoxylate with 12 moles of ethylene oxide would not be
suitable f£or this invention because its foaming
characteristics are too great due to the alkyl chain length
being too great. Beta-naphthol with 13 moles of ethylene
oxide, is suitable for this invention and is capable of
passing all of the requirements. Styrenated phenol with two
or more moles of styrene condensed with 12 moles of ethylene
oxide is not suitable since it has three aromatic rings.
Ethyloxylated bisphenol A is also suitable for this invention
and is capable of passing all of the above requirements. This
compound has two aromatic rings and three alkyl carbon atoms.

Other suitable surfactants for this invention can include
ethyloxylated butyl alcochol, with or without propylene oxide.
As the chain length of the aliphatic alcohol is increased, the
foaming characteristics will also increase. The foaming
characteristics in this group of compounds can be decreased
considerably by the inclusion of some propylene oxide into the
molecule. However, this must be controlled to prevent the
lowering of the cloud point, which would make the compound
unsuitable if the resultant cloud point is less than 110°F.
The maximum length of the alkyl group should be 8 carbon atoms
or less in this series.
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In this invention, the plating bath contains solution
soluble tin and/or lead metals, preferably as alkyl sulfonates
or alkanol sulfonates, plus some extra or free alkane or
alkanol sulfonic acid. The surfactants suitable for this
invention have been described in order to produce sultable
deposits which are matte or semi-lustrous: however, it is
also possible to improve the brightness of the deposit by
adding known brightening agents such as those disclosed in any
of the prior art patents listed earlier. The resultant plat-
ing bath will then have all of the desirable characteristics
of a bright or semi-bright deposit. !

The surface active agents can be rendered more solution
soluble by techniques generally known in the art. Such
solution soluble derivatives of the desirable surface active
agents can be - made, e.g., by sﬁifating, sulfonating,
phosphating, phosphonating, carboxylating, etc., prdvided the
derivative does not impair the suitability of the material for
purposes of this invention stated previously.

There are a wide variety of high speed electroplating
equipment commercially available today. O©One typical apparatus
is disclosed in U.S. Patent No. 3,819,502 to Meuldjik, while
others are disclosed in articles entitled "High Speed
Electrogalvanizing Line with Insoluble Anode. at Kimitsu Works
of Nippon Steel Corporation" by M. Morimoto et al., "Swim
Plating as a Continuous Process" by J. J. Miles et al., and
"Continuous Plating of Copper, Nickel and Chromium on Wide
Steel Strip For Decorative and Function Applications"™ by H.
Wettner. A high speed machine for controlled depth
electroplating is disclosed in an article entitled "How to
Save Gold With Selective Deposits™ by C. D. Eidschun. Each of
these papers was presented at the American Electroplater’s
Society’s Second Continuous Plating Seminar, Chicago,
Illinois, January 24-26, 1977. It must be emphasized that
these high speed electroplating. units are merely illustrative
and fall within the general description given in this
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application. Those skilled in the art are aware of a wide
range of similar machines which are useful for high speed
electroplating according to this invention.

EXAMPLES

The scope of the invention is further described in
connection with the following examples which are set forth for
the sole purpose of illustrating the preferred embodiments of
the invention and which are not to be construed as limiting
the scope of the invention in any manner.

Three stock solutions were used in each example to test
the ability of each surfactant to electroplate pure tin, a
90/10 tin/lead alloy and a 60/40 tin/lead alloy. These
solutions were as follows:.

Pure Tin 90/10 60/40

Tin metal (as tin methane sulfonate) g/l 72 72 40
Lead metal (as lead methane sulfonate) g/l - 18 26
Methane sulfonic acid (vol. %) 15 15 15

The surfactants of each example were added in increments
until the optimum amount was reached. Tests of the solutions
and the electrodeposits were made using all the test methods
listed above:

1) foaming

2) cloud point of solution

3) érain refinement (smooth, light grey satin finish)

4) speed of electroplating

5) solderability of deposits

6) stability of solution

Each of the solutions of these examples exhibited a pH of
less than 0.5.
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Example 1
Beta Naphthol with 13 moles ethylene oxide was used in an

amount of between 0.5 and 1. ml. Solutions with this
surfactant passed all tests.
Example Z (Comparative)

Polystyrenated phenol with 12 moles ethvlene oxide was
used in an amount between 3 and 6 ml/l. This surfactant forms
too much foam and is not satisfactory despite that it passed
the other tests.

Example 3
Bright deposits can be obtained by adding known

brighteners such as aromatic aldehydes such as
chlorobenzaldehyde or derivatives thereof, such as benzal
acetone, to any of the above solutions that pass all the
tests.

While it is apparent that the invention herein disclosed
is well calculated to fulfil) the cbjects 'above stated, it
will be appreciated that numerous modifications and
embodiments may be devised by those skilled in the art, and it
is intended that the appended claims cover all such
modifications and embodiments as fall within the scope of the

Present invention.
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Claims:
1. An electrolyte for high speed electroplating tin, lead or a

tin/lead alloy which comprises:

2 basis solution of an alkyl sulfonic acid;

2 solution soluble tin compound and/or a solution soluble
lead compound; and

a surfactant 'of an organic compound having at least one
hydroxyl group and 20 carbon atoms or less condensed with an
alkylene oxide compound, or a solution jsoluble derivative
thereof, said organic compound being a one or two ring aromatic
cormpound in which the aromatic ring system is substituted by the
at least one hydroxy group and optionally by an alkyl moiety
having six or 1less carbon atoms, with the provise that the
organic compound is not bisphencl A:

the surfactant imparting to the electrolyte a cloud point
of above 43.3°C (110°F), and

the electrolyte being substantially non-foaming when used
in high speed electroplating such that there is no build-up of
foam during electroplating in which the electrolyte
substantially fills an electroplating cell, continuously
overflows into a reservoir, and is continuously returned to the
cell, so as to cause vigorous agitation and circulation of said

electrolyte within the cell.

2. An electrolyte according to Claim 1, wherein the aromatic

ring system of the organic compound contains 6-12 carbon atoms.

3. An electrolyte according to Claim 1, wherein the aromatic
compound is phenol, styrenated phencl, or benzene or naphthalene

substituted by at least one hydroxyl group; or an alkylated
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4. An electrolyte according to Claim 2 or Claim 3, wherein the

aromatic compound includes an alkyl moiety having six or less carbon

atoms.

5. An electrolyte according to any preceding claim, -
further comprising a brightening agent.

6. An electrolyte according to any preceding claim,
wherein the alkylene oxide compound is ethylene oxide
and wherein between 4 and 40 moles of oxide are used
to form the condensation compound.

7. An electrolyte according to claim 5, wherein the
ethylene oxide is partially replaced by propylene

oxide.

8. An electrolyte according to any preceding claim,
wherein +the surfactant is obtained by sulfating,
sulfonating, phosphating, phosphonating or

carboxylating the condensation compound.

9. 2 method for high~speed electropleting of <in,
lead or tin/lead alloys which comprises:

utilizing high-speed electroplating eguipment
comprising an electroplating cell; an overflow
reservoir adjacent said cell; means for returning
solution from said reservoir to said electroplating
cell; and means for directing a substrate to be
plated from an entry point at one end of szid cell to
an exit at a second end of said cell;

introducing into said equipment an electrolyte

according to any preceding claim; and
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tin-lead alloy at a sufficient current density and at a
sufficient temperature for high speed electroplaiing as said

substrates pass through said electroplating solution within said

cell.

10. A method according te Claim 9, comprising the step of

returning said electrolyte to said cell by means comprising a

punp.

11. A method according to Claim 10, comprising the step of
returning said electrolyte to said cell by means comprising one
or more sparge pipes located in said cell downstream of said

pump .



